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Abstrac t 

This paper presents a message planner, TVaumaGEN, 
tha t  draw s o n rhetorica l  structur e an d discours e theor y 
t o addres s th e proble m o f  producin g integrate d message s 
from  individua l  critiques ,  eac h o f  whic h i s designe d t o 
achiev e it s ow n communicativ e goal .  T raumaGE N take s 
int o accoun t  th e pvurpos e o f  th e messages ,  th e situatio n 
i n whic h th e message s wil l  b e received ,  an d th e socia l 
rol e o f  th e system . 

Introduction 

The generatio n o f  multisententia l  discours e ha s focuse d 
on generatin g tex t  tha t  accomplishe s on e particula r 
rhetorica l  goal ,  suc h a s describin g a  physica l  device .  I n 
contrast ,  t o delive r  real-tim e decisio n suppor t  i n traum a 
management ,  ou r  tex t  generatio n syste m mus t  b e abl e 
t o tak e a n arbitrar y an d ofte n inter-relate d se t  o f  com -
municativ e goal s an d produc e a  messag e tha t  realize s 
th e entir e se t  i n a s concis e an d coheren t  a  manne r  a s 
possible .  Thi s pape r  present s ou r  implemente d system , 
T r a u m a G E N,  tha t  addresse s thi s problem .  I t  describe s 
th e strategie s tha t  w e hav e adopte d t o produc e coheren t 
integrate d message s an d discusse s ho w ou r  syste m take s 
int o accoun t  factor s suc h a s th e socia l  rol e o f  th e system . 

Real-Time Decision-Support System 

TraumAI D (Webber ,  R y m o n ,  an d Clarke ,  1992 )  i s a  de -
cisio n suppor t  syste m fo r  addressin g th e initia l  definitiv e 
management  o f  multipl e trauma .  T raumaTI Q (Gertne r 
and Webber ,  1996 )  i s a  modul e tha t  compare s a  physi -
cian' s pla n fo r  managin g patien t  car e wit h TraumAID' s 
own managemen t  pla n an d critique s significan t  differ -
ence s betwee n them .  T o hypothesiz e th e physician' s 
plan ,  T raumaTI Q first  chain s t o identif y possibl e expla -
nation s fo r  a n action ;  i t  the n evaluate s thes e possibl e 
explanation s o n th e basi s o f  relevanc e t o TraumAID' s 
curren t  managemen t  pla n an d evidenc e provide d b y th e 
physician' s othe r  actions .  Onc e th e bes t  explanation(s ) 
hav e bee n incorporate d int o th e system' s mode l  o f  th e 
physician' s plan ,  T raumaTI Q identifie s difference s be -
twee n tha t  pla n an d TraumAID' s curren t  managemen t 
pla n an d notifie s th e physicic m o f  thos e discrepancie s 
tha t  coul d seriousl y impac t  patien t  care .  Thes e includ e 
action s tha t  hav e bee n ordere d bu t  ar e no t  ye t  justified , 
procedure s tha t  air e suboptimal ,  schedulin g errors ,  an d 
omitte d actions .  TraumaTIQ' s critique s ar e conveye d 

usin g natura l  languag e sentence s generate d b y filling  i n 
sentenc e schemata . 

Th e proble m w e addres s her e i s that ,  whil e i n isola -
tio n eac h o f  TraumaTIQ' s critique s m a y effectivel y war n 
a physicia n abou t  a  proble m i n thei r  plan ,  i n mos t  case s 
when T raumaT I Q finds  th e physician' s pla n deficient , 
severa l  problem s ar e detecte d an d thu s multipl e critique s 
ar e produced .  W e foun d tha t  ther e wa s informationa l 
overla p amon g th e critiques ,  tha t  som e critique s detract -
ed fro m othe r  ones ,  an d tha t  som e critique s woul d mak e 
mor e sens e i f  the y too k explici t  accoun t  o f  thos e appear -
in g earlier .  Thu s a  tex t  planne r  wa s neede d t o generat e 
coheren t  an d concis e integrate d message s tha t  satisf y th e 
multipl e goal s o f  th e individua l  critiques . 

Text Planning for Multiple Goals 

Th e syste m w e buil t  t o solv e thi s problem ,  Trauma -
G E N,  i s presente d wit h severa l  communicativ e goal s an d 
a mean s fo r  achievin g eac h goa l  i n isolation .  I t  use s a  se t 
of  transformationa l  rule s t o transfor m thes e int o coher -
ent  messag e unit s tha t  achiev e th e overal l  se t  o f  goals . 
Thes e messag e unit s ar e the n translate d int o natura l  lan -
guag e usin g sentenc e schemata . 

Thi s transformationa l  proces s differ s fro m previou s 
tex t  plannin g effort s i n severa l  ways .  First ,  Trauma -
GEN' s eventua l  messag e mus t  achiev e severa l  top-leve l 
communicativ e goal s a s a  unit .  Thi s differ s fro m tradi -
tiona l  tex t  planner s tha t  mus t  satisf y a  singl e rhetorica l 
goal  suc h a s relatin g th e tempora l  sequenc e o f  event s i n 
whic h a  particula r  shi p i s a  par t  (Hovy ,  1991 )  o r  achiev e 
a singl e intentiona l  goa l  suc h a s gettin g th e use r  t o mak e 
a particula r  chang e i n a  Lis p progra m (Moor e an d Paris , 
1993) .  I n suc h cases ,  th e tex t  planne r  ca n construc t 
a pla n top-dow n fro m th e singl e goa l  an d includ e thos e 
proposition s tha t  fit  int o a  coheren t  piec e o f  tex t  an d con -
tribut e t o achievin g th e top-leve l  goal .  Althoug h Wol z 
(1990 )  develope d a  syste m fo r  generatin g tex t  satisfy -
in g dual ,  bu t  related ,  discours e goal s suc h a s respond -
in g an d enriching ,  he r  syste m focuse d o n eliminatin g ob -
viou s o r  redundan t  information ,  no t  o n producin g in -
tegrate d message s fro m individual ,  possibl y conflicting , 
critiques .  Similarly ,  th e W I S H F U L syste m (Zukerma n 
and McConachy ,  1995 )  include s a n optimizatio n stag e 
durin g whic h i t  choose s th e optima l  wa y t o achiev e a  se t 
of  relate d communicativ e goals ;  however ,  th e syste m ca n 
choos e t o eliminat e proposition s an d i t  doe s no t  hav e t o 
deal  wit h conflic t  withi n th e informatio n t o b e conveyed . 
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Individua l  critique s produce d b y TraumaTIQ : 
Caution :  chec k fo r  medicatio n allergie s an d orde r  pulmonar y car e immediatel y t o trea t  th e lef t  pulmonar y 
parenchyma l  injury . 

Caution :  chec k fo r  medicatio n allergie s an d orde r  pulmonar y car e immediatel y t o trea t  th e compoun d ri b 
fractur e o f  th e lef t  chest . 
Caution :  chec k fo r  medicatio n allergie s an d d o a  laparotom y immediatel y t o trea t  th e intra-abdomina l  injury . 

Caution :  d o a  lapcurotom y cui d repai r  th e lef t  diaphrag m immediatel y t o trea t  th e lacerate d lef t  diaphragm . 

Conside r  checkin g fo r  medicatio n allergie s no w t o trea t  a  possibl e G I  trac t  injury . 

Merged message: 

Caution :  chec k fo r  medicatio n cillergie s a s par t  o f  treatin g th e lef t  pulmonar y parenchyma l  injury ,  treatin g 
th e compoun d ri b fractur e o f  th e lef t  chest ,  treatin g th e intra-abdomina l  injury ,  an d treatin g a  possibl e 
GI  trac t  injury .  The n orde r  pulmonar y car e t o complet e treatin g th e lef t  pulmonar y parenchyma l  injur y 
an d treatin g th e compoun d ri b fractur e o f  th e lef t  chest ,  an d d o a  laparotom y t o complet e treatin g th e 
intra-abdomina l  injury . 

Figure 1: Original Critiques and a Merged Message 

Second ,  th e mezms fo r  achievin g eac h o f  th e individ -
ual  goal s ha s alread y bee n identifie d b y othe r  modules . 
Thu s T V a u m a G EN i s no t  responsibl e fo r  identifyin g th e 
conten t  o f  th e messag e bu t  mus t  instea d determin e ho w 
t o realiz e a n effectiv e overal l  messag e fro m th e se t  o f  in -
dividua l  critiques .  W e not e tha t  thi s proble m i s likel y t o 
aris e elsewher e a s sophisticate d system s distribut e thei r 
processin g acros s individua l  modules ,  eac h o f  whic h m a y 
nee d t o communicat e wit h th e user . 

Althoug h natura l  languag e ha s bee n use d i n othe r 
healt h car e system s suc h a s M I G R A I N E (Buchana n e t 
al. ,  1995 )  an d Pigle t  (Binsted ,  Cawsey ,  an d Jones ,  1995) , 
thei r  appUcation s hav e no t  require d tha t  the y combin e 
severa d independen t  bu t  inter-relate d tex t  plan s int o a 
singl e integrate d message .  Th e wor k mos t  closel y relate d 
t o our s i s HealthDo c (Hirs t  an d DiMarco ,  1996 ;  Wanne r 
an d Hovy ,  1996) ;  however ,  HealthDo c (currentl y unde r 
development )  focuse s o n editin g sentence s selecte d fro m 
a maste r  text ,  suc h a s b y insertin g pronoun s o r  b y delet -
in g reference s t o proposition s tha t  d o no t  appea r  earlie r 
i n th e selecte d text . 

Constructing Effective Message Units 

Th e natur e o f  traum a managemen t  an d ou r  observation s 
of  communicatio n i n th e emergenc y roo m traum a ba y 
suggeste d severa l  feature s tha t  shoul d influenc e th e gen -
eratio n process : 

•  Purpose :  Sinc e th e purpos e o f  message s i s t o sup -
por t  decision-making ,  th e system' s recommendation s 
shoul d continu e t o b e organize d i n term s o f  rele -
van t  domai n goals ,  s o tha t  th e physicia n ca n evaluat e 
th e system' s recommendation s an d decid e whethe r  t o 
adop t  them . 

•  Situation :  Sinc e th e emergenc y roo m i s a  chaoti c set -
tin g fo r  time-critica l  decisions ,  th e message s mus t  b e 
succinct ,  unambiguous ,  an d easil y assimilated . 

•  Socia l  role :  Sinc e th e system' s socia l  rol e o n th e med -
ica l  tea m i s tha t  o f  a n exper t  consultan t  t o th e physi -

cia n w h o retain s responsibilit y  fo r  th e qualit y o f  pa -
tien t  care ,  i t  mus t  recogniz e tha t  th e physicia n ca n 
ignor e it s recommendations .  Thi s differ s fro m othe r 
scenarios ,  suc h a s tutoring ,  wher e th e syste m i s th e 
sol e arbite r  o f  correc t  behavior . 

Our transformational rules take these factors into ac-
count . 

Informationa l  Over la p O n e prevalen t  proble m i n 
TraumaTIQ' s outpu t  i s informationa l  overla p — action s 
ofte n appea r  i n severa l  differen t  warning s an d thu s th e 
message a s a  whol e appear s repetitious .  Fo r  exaimple , 
th e uppe r  hal f  o f  Figur e 1  present s a  se t  o f  fiv e individ -
ual  warnin g message s generate d b y TraumaTI Q a t  on e 
poin t  i n a  case .  Eac h warn s abou t  th e omissio n o f  war -
rante d actions ;  th e fift h on e i s realize d differentl y du e 
t o th e lesse r  estimate d disutilit y  o f  th e identifie d error . 
Whil e i t  seem s obviou s tha t  thi s se t  o f  comment s shoul d 
be combine d int o a  mor e coheren t  message ,  i t  i s  muc h 
les s clea r  whic h o f  m a n y way s t o effec t  th e combination . 
Our  approac h fo r  mergin g critique s i s motivate d b y fou r 
ofte n conflictin g goals :  1 )  grou p b y relevan t  treatmen t 
goals ,  2 )  avoi d repeate d mentio n o f  th e sam e actions , 
sinc e thi s ca n erroneousl y sugges t  multipl e instance s o f 
th e action ,  3 )  produc e concis e messages ,  an d 4 )  produc e 
few ,  rathe r  tha n many ,  individua l  messages . 

Rhetorica l  structur e theor y (Man n an d Thompson , 
1987 )  posit s tha t  a  coheren t  tex t  pla n consist s o f  seg -
ment s relate d t o on e anothe r  b y rhetorica l  relation s suc h 
as motivatio n o r  background .  T o addres s th e proble m o f 
informationa l  overlap ,  w e foun d tha t  i t  wa s necesszir y t o 
dra w o n th e multi-nuclea r  Sequenc e relatio n o f  R S T .  W e 
posite d tha t  separat e plan s fo r  simila r  communicativ e 
goal s involvin g set s o f  recommende d action s i n th e orig -
ina l  message s (suc h a s th e tw o plan s i n Figur e 2 )  coul d 
be reorganize d a s a  sequenc e o f  communicativ e goad s i n 
a singl e plan ,  wit h th e recommende d action s distribute d 
ove r  th e sequentiall y  relate d goal s (a s i n th e pla n i n Fig -
ur e 3) ,  a s lon g a s th e ne w pla n capture s th e relationship s 
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(Conside r  Use r  |  AO.  A2 .  A3| ) 

N| ^ ^S 
(Recommend Syste m Use r  (AO ,  A2 ,  A3) )  (Persuade d Use r  (AO ,  A2 ,  A.1| ) 

DoA0,A2,a>ulA 3 | n 
(Moiivalio n {AO,A2.A3| .  |G1) ) 

I '^ 
(Bel  Use r  (Achieve s ]AO,A2.A3 )  (Gl)) ) 

[ n 
(Infor m Syste m Use r  (Achieve s (A0,A2,A3 |  |G1)) ) 

toG I 

(Conside r  Use r  (Al ,  A2 ,  A3,A4) ) 

(Recommend Syste m Use r  (A1,A2,A3,A4) )  (Persuade d Use r  (Al ,  A2 ,  A3,A4) ) 
DoAl,A2,A3,andA 4 N 

(Motivauo n {A1,A2,A3,A4) ,  (G2) ) 
I  N 

(Bel  Use r  (Achieve s |A1,A2,A3,A4 )  (G2)) ) 
| n 

(Infor m Syste m Use r  (Achieve s (A1,A2,A3,A4 )  (G21) ) 
U>G2 

Figure 2: Two Individual Text Plans 

betwee n r e c o m m e n d e d action s a n d thei r  motivation s giv -
en i n th e origina l  plans .  Reorganizin g message s int o se -
quentiall y  relate d goal s allowe d u s t o construc t  m e r g e d 
message s tha t  exploi t  informationa l  overla p i n th e indi -
vidua l  message s ye t  stil l  achiev e th e goal s o f  th e origina l 
messages . 

T h u s ou r  firs t  rule ,  Combine-Similar-Intentions ,  look s 
fo r  overla p amon g th e component s o f  individua l  mes -
sage s tha t  hav e a  similzu :  communicativ e goa l  (suc h a s 
a goa l  o f  gettin g th e physicia n t o perfor m som e omit -
te d actions )  an d evaluate s th e resultan t  messag e usin g 
a metri c tha t  weigh s 1 )  th e numbe r  o f  segment s tha t  a 
goal  i s distribute d ove r  i n th e resultan t  message ,  2 )  th e 
reductio n i n repetitio n o f  actions ,  3 )  whethe r  goal s mus t 
be repeated ,  an d 4 )  th e numbe r  o f  individuc d critique s 
tha t  ar e merged . 

The first  ter m i n ou r  metri c measure s ho w muc h th e 
origina l  message s wer e reorganized .  Sinc e th e origina l 
messages represen t  a n organizatio n i n term s o f  treatmen t 
goals ,  th e mor e segment s comprisin g a  merge d message , 
th e les s th e messag e i s organize d i n term s o f  ho w t o Jid -
dres s a  relevan t  goa l  an d th e mor e i t  resemble s a n actio n 
recipe .  Th e merge d messag e i n Figur e 1  consist s o f  tw o 
segments ,  eac h realize d a s a  sentence .  On e consequenc e 
i s tha t  th e goa d o f  treatin g th e compoun d ri b fractur e 
i s no w distribute d acros s bot h segments .  W e arbitraril y 
limi t  combine d message s t o thre e segment s i n orde r  t o 
maintai n a  goal-oriente d organization ,  a s dictate d b y th e 
purpos e o f  ou r  messages . 

The nex t  thre e component s o f  ou r  metri c measur e ho w 
wel l  a  merg e achieve s concise ,  unambiguous ,  an d easi -
l y assimilate d message s (a s require d b y th e situatio n i n 
whic h th e message s wil l  b e received) .  Th e reductio n i n 
repetitio n o f  action s contribute s bot h t o concis e mes -

sage s an d decreasin g ambiguity ;  however ,  achievin g thi s 
ofte n require s th e repetitio n o f  goals ,  whic h detract s fro m 
th e succinctnes s o f  th e message .  W e hypothesiz e tha t 
a fe w coheren t  message s wil l  b e mor e easil y assimilate d 
tha n man y individua l  message s an d thu s ou r  metri c take s 
int o accoun t  th e numbe r  o f  individua l  critique s tha t  ar e 
merge d int o th e resultan t  message . 

Figur e 2  illustrate s th e tex t  plan s underlyin g th e in -
dividua l  critiques : 

Caution: do < Aq >, < A2 >, and < v43 > to 
<Gi  > . 
Caution :  d o <  yl i  > ,  <  A 2 > ,  <  A 3 > ,  an d <  A 4 > 
t o <  G 2 > . 

while Figure 3 illustrates the text plan produced by 
T r a u m a G EN fo r  th e merge d messag e 

Do < Ao > as part of < Gi > and < Ai > as part 
of  <  G 2 > .  Nex t  d o <  j4 2 >  an d <  Î s  >  t o addres s 
bot h o f  thes e goals .  The n d o <  A 4 >  t o complet e 
<G2 > 

For reasons of efficiency and real-time response, Trauma-
G EN applie s it s transformationa l  rule s directl y t o th e 
logica l  for m o f  th e critique s produce d b y TraumaTIQ . 
An exampl e o f  a n actua l  merge d messag e produce d b y 
T r a u m a G EN i s show n i n Figur e 1 . 

IVailing Comments When several critiques are 
merge d int o a  singl e message ,  th e messag e m a y refe r 
t o action s tha t  ar e als o par t  o f  critique s tha t  di d no t 
participat e i n th e merge .  Onc e thes e action s hav e bee n 
introduce d i n th e merge d message ,  discours e theory ,  par -
ticularl y wor k o n focusin g heuristic s (McKeown ,  1985) , 
sugges t  tha t  th e othe r  critique s referencin g thes e action s 
be include d i n th e merge d messag e a s well .  However , 
rathe r  tha n restructur e th e resul t  o f  ou r  merg e trans -
formation ,  w e appen d the m t o th e en d o f  th e message . 
Thu s w e refe r  t o the m a s trailin g comments . 

Unfortunately ,  trailin g comment s hav e th e potentia l  t o 
erroneousl y sugges t  ne w instance s o f  actions .  Ou r  solu -
tio n t o thi s proble m i s t o (1 )  mak e th e previousl y focuse d 
actio n th e subjec t  o f  th e sentence ,  reflectin g it s give n sta -
tu s i n th e discourse ,  an d (2 )  utiliz e cu e word s t o cal l  ad -
ditiona l  attentio n t o it s occurrenc e earlie r  i n th e messag e 
and t o th e ne w informatio n bein g conveyed .  Thu s th e 
first  trailin g commen t  i s introduce d wit h th e cu e wor d 
moreove r  sinc e thi s cu e wor d carrie s th e implicatio n o f 
sayin g mor e abou t  somethin g alread y discussed ,  an d th e 
cue wor d als o i s use d t o introduc e th e additiona l  infor -
mation .  I n th e followin g critique ,  fo r  example ,  th e final 
sentenc e (underline d fo r  exposition )  contain s a  trciilin g 
comment : 

Check fo r  distende d nec k vein s an d decrease d breat h 
sound s t o asses s th e possibilit y  o f  a  lef t  ten -
sio n pneumothora x an d a  pericardia l  tamponade . 
Then chec k fo r  muffle d hear t  sound s an d con -
tinue d shoc k t o complet e assessin g th e possibili -
t y o f  a  pericardia l  tamponade .  Moreover ,  checkin g 
fo r  muffle d hear t  sound s i s als o indicate d t o asses s th e 
possibilit y  o f  a  pericardia l  injury . 
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(CiinMdc r  Use r  {AO.A l  | 1 

(Cimslilc i  Use r  |A0 .  Al .  A2 ,  A3 ,  A4| ) 
"fhiir 

(ConsliieiUse r  (All) ) (Consld c 

(ConsldctUMtlAZ ,  A3| ) 
S 

(Conjide f  Us«{A4) ) 

iRcainimcn J Syslcn i  Use e lAOl )  (Pctsuailci l  Usc t  |A01)(Rcc»mnicrH l  Syste m Use r  (Al| )  (Pcrsujilc d Use r  I A 
DoM N 

(MiHivaUo n |AII |  | G U ) 
(BclUscr(Pan-.il |A0| |GI|)) 

i oK l 

n-). l  1 / 

(InfiirmSyslemUscnPinH. f  {AO I  |GI|) ) 
Of  r t n o/G l 

iiilciJU v |AI| ) 

(ReiimimeiKlSyslc m Use r  IA2.A3I )  (PenuidcdUsc r  (A2.A3| )  (Recnmmende d Usc i  |A41 )  (Persuade d Use r  IA41 ) 

(BelUser(Piiil-<.r |A2,A3| {0I.02|)I (Bel User (End |A4| |G2|)) 
I  N  I  N 

| N (lnr<»mSysleniUscr(Piuni l  IA2.A3 I  101.021) )  (lnri)m i  Sysle m Use r  (En d |A4 |  (C2)) | 
(Be l  Use r  (Pan-Il l  (Al l  |G2|) ) 

(Inliimi Syslem User (Pan of |AI 1 |02))) 

(M.HIvalion|AI |  {G21 ) 

t o a d d n u bot h o f O i m food . t o eompU u G2 . 

Figur e 3 :  Tex t  Pla n fo r  Firs t  Merge d Messag e 

Performin g loca l  visua l  exploratio n o f  al l  abdomina l 
wound s i s preferre d ove r  doin g a  peritonea l  lavag e fo r 
rulin g ou t  a  suspiciou s abdomina l  wal l  injury . 

Please remember to check for laparotomy scars before 
yo u d o a  peritonea l  lavage . 

Figure 4: Two Conflicting Critiques 

I f  ther e i s a  secon d treiilin g comment ,  i t  i s  the n intro -
duce d wit h th e cu e phras e i n additio n sinc e i t  suggest s 
presentin g ne w informatio n o f  a  simila r  nature ,  i n thi s 
cas e zinothe r  referenc e t o a  previousl y introduce d action . 

A trailin g commen t  m a y nee d t o refe r  t o othe r  action s 
i n additio n t o th e on e previousl y focuse d on .  W e ac -
complis h thi s b y subordinatin g thos e action s i n a  phras e 
introduce d b y th e cu e phras e alon g with ,  i n a  sentenc e i n 
whic h th e previousl y focuse d actio n i s th e subject .  Fo r 
example ,  i n Figur e 1 ,  th e fourt h critiqu e i s no t  include d 
i n th e merge d messag e bu t  include s a n actio n {doin g a 
laparotomy )  tha t  i s  par t  o f  th e merge d message .  Thu s 
th e fourt h critiqu e i s realize d a s a  trailin g commen t  a t 
th e en d o f  th e merge d message : 

Moreover ,  doin g th e laparotom y i s als o indicated , 
alon g wit h repairin g th e lef t  diaphragm ,  t o trea t  th e 
lacerate d lef t  diaphragm . 

Revising Interacting Critiques In TraumaTIQ's 
origina l  output ,  w e notice d tha t  on e critiqu e coul d de -
trac t  firom  anothe r  critique ,  althoug h eac h wa s bot h 
justifie d cin d coheren t  i n isolation .  Consider ,  fo r  ex -
ample ,  th e tw o critique s show n i n Figur e 4 .  Th e firs t 
caution s th e physicia n tha t  a  procedur e othe r  tha n th e 
just-ordere d peritonea l  lavag e i s th e recommende d pro -
cedur e i n thi s instance ,  althoug h th e disparit y i s no t 
criticjd .  Th e secon d reflect s th e fac t  tha t  a  peritonea l 
lavag e shoul d no t  b e don e o n someon e wit h abdomina l 
scarring .  Sinc e T r a u m A I D doe s no t  ye t  hav e an y infor -
matio n abou t  th e presenc e o f  abdomina l  scarrin g i n thi s 
patient ,  th e critiqu e remind s th e physicia n o f  th e nee d 
t o first  chec k fo r  it . 

However ,  togethe r  th e tw o critique s appea r  incoherent . 

Thi s c£i n b e mor e pronounce d whe n th e tw o critique s ar e 
separate d b y othe r  comments ,  sinc e th e secon d critiqu e 
give s th e impressio n tha t  a  peritonea l  lavag e wil l  b e per -
formed .  I n som e situations ,  suc h a s tutoring ,  i t  migh t 
be appropriat e t o discar d th e secon d critique .  However , 
i n real-tim e decision-support ,  thi s m a y b e inappropriat e 
sinc e i t  presume s tha t  th e syste m i s th e sol e arbite r  o f 
high-qualit y performanc e whos e advic e mus t  b e followed . 

Our  solutio n t o thi s proble m i s t o allo w revisio n rule s 
tha t  ar e triggere d whe n tw o critique s hav e a  potentia l 
conflict .  I n suc h cases ,  th e tw o critique s ar e merge d int o 
a singl e message ,  an d th e conflictin g critiqu e i s revised . 
For  example ,  ou r  rul e Revise-Conflic t  i s triggere d when -
eve r  a  critiqu e whos e goa l  i s  tha t  a n actio n b e properl y 
schedule d occur s wit h a  critiqu e whos e intentio n i s tha t 
th e actio n b e replace d wit h on e mor e highl y preferred . 
Revise-Conflic t  merge s th e tw o critique s int o a  singl e 
message ,  wher e th e merge d messag e reflect s a  conces -
sio n tha t  th e origina l  actio n migh t  stil l  b e execute d an d 
th e schedulin g critiqu e i s revise d s o tha t  i t  i s  condition -
all y dependen t  o n th e origina l  actio n bein g done .  Fo r 
example ,  i n th e cas e o f  th e critique s i n Figur e 4 ,  th e tw o 
critique s woul d b e revise d an d merge d int o th e singl e 
messag e 

Performin g loca l  visua l  exploratio n o f  al l  abdomina l 
wounds i s preferre d ove r  doin g a  peritonea l  lavag e fo r 
rulin g ou t  a  suspiciou s abdomina l  wal l  injury .  How -
ever ,  i f  yo u d o a  peritonea l  lavage ,  the n remembe r  t o 
firs t  chec k fo r  laparotom y scars . 

Figure 5 illustrates the text plan underlying the revised 
message .  Not e tha t  th e ne w messag e stil l  recommend s 
th e bette r  procedure ,  bu t  leave s th e final  choic e wit h 
th e physicia n w h o i s responsibl e fo r  qualit y patien t  care . 
On th e othe r  hand ,  i f  th e secon d critiqu e i n Figur e 4  ap -
peare d b y itself ,  n o revisio n o f  th e messag e woul d occur . 

Anothe r  rule ,  Revise-Interactions ,  i s  triggere d whe n a 
critiqu e whos e goa l  i s  t o postpon e a  dependen t  actio n 
occur s i n conjunctio n wit h a  critiqu e whos e goa l  i s  exe -
cutio n o f  th e actio n o n whic h th e dependenc y i s based . 
For  example .  Figur e 6  present s tw o o f  TraumaTIQ' s cri -
tiques .  Whil e th e tw o critique s d o no t  confiict ,  th e rela -
tio n betwee n thei r  communicativ e goal s ca n b e exploite d 
t o produc e a  mor e concis e an d coheren t  message .  Revise -
Interaction s establishe s a  Sequenc e relatio n betwee n do -
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(Conside r  Use r  (LVE) ) 

(Recommend Syste m (Jse r  |LVE) )  (Persuade d Use r  |LVH| ) 
(impluit )  N 
(Motjvalion |LVE) PrefProc) 

I  N 
(Bel  Use r  (Preferre d |LVE )  Pcr-La v |Abd-W-lnj)) ) 

N 
(Infor m Syste m Use r  (Preferre d (LVE )  Per-Lavag e (Abd-W-Inj) ) 

Performing local visual exploration of all abdominal 
wounds i s preferre d ove r  doin g a  peritonea l  lavag e 

fo r  rulin g ou t  a  suspiciou s abdomina l  wal l  injury . 

However 

(Concessio n Syste m Use r  Per-Lav ) 

(Infor m Syste m Use r  (D o Use r  Per-Lav) ) 
you d o a  peritonea l  lavage , 

(Correct-Exe c Use r  Per-Lav ) Usei 
f N 

(Conditio n (Lap-Scar )  Per-Lav ) 

N 
(Infor m Syste m Use r 

(Conditio n (Lap-Scar )  Per-Lav) ) 
remember to first check for 
laparotom y scar s 

Figur e 5 :  Tex t  P la n fo r  Revise d M e s s a g e 

Caution :  d o a  peritonea l  lavag e immediatel y a s par t 
of  rulin g ou t  abdomina l  bleeding . 

Do not reassess the patient in 6 to 24 hours until after 
doin g a  peritonea l  lavage .  T h e ou tcom e o f  th e latte r 
m ay affec t  th e nee d t o d o th e former . 

Figure 6: Two Dependent Critiques 

in g th e peritonea l  lavag e a n d th e decisio n abou t  whethe r 
t o d o th e reassessment ,  a n d produce s th e messag e 

D o a  peritonea l  lavag e immediatel y a s par t  o f  rulin g 
ou t  abdomina l  bleeding .  Us e th e result s o f  th e peri -
tonea l  lavag e t o decid e whethe r  o r  no t  t o reasses s th e 
patien t  i n 6  t o 2 4 hours . 

Other Influences on Effective Messages 

T h e Rol e o f  Focu s Focu s (Grosz ,  1977 ;  M c K e o w n , 
1985 )  ha s bee n th e objectiv e o f  muc h discours e research , 
and i t  play s severa l  role s i n ou r  generatio n o f  messages . 
As note d earlier ,  trailin g comment s captur e communica -
tiv e goal s tha t  relat e t o previousl y mentione d actions , 
and cu e word s ar e use d t o shif t  focu s bac k t o th e earlie r 
actions .  I n addition ,  i f  ther e i s mor e thei n on e trailin g 
comment ,  the y appea r  i n orde r  o f  th e mos t  recentl y in -
troduce d action ,  thu s representin g successiv e pop s o f  a 
focu s stack . 

Focu s als o affect s th e wa y i n whic h som e communica -
tiv e gozd s ar e realize d i n messages .  Fo r  example ,  i f  a 
goal  o f  gettin g th e use r  t o recogniz e severa l  scheduUn g 
constreiint s  i s th e sol e conten t  o f  a  message ,  i t  woul d b e 
realize d wit h th e subordinat e claus e first  t o cal l  attentio n 
t o th e orderin g constraint ,  a s i n th e following : 

Befor e gettin g th e urinalysis ,  inser t  th e lef t  ches t  tub e 
an d ge t  th e pos t  ches t  tub e x-ra y becaus e the y hav e a 
highe r  priority . 

However, if the physician has omitted some of the ac-
tion s a n d th e schedulin g constrain t  i s  incorporate d int o 
th e tex t  pla n fo r  gettin g th e physicia n t o d o th e omit te d 

actions ,  the n focu s consideration s dictat e tha t  th e m a i n 
claus e appea r  first  sinc e i t  continue s th e action s i n fo -
cus .  T h e followin g i s suc h a n e x a m p l e p roduce d b y ou r 
system : 

Chec k fo r  medicatio n allergies ,  giv e antibiotics ,  se t 
u p th e auto-transfuse r  fo r  th e lef t  ches t  tube ,  in -
ser t  a  lef t  ches t  tube ,  a n d ge t  a  pos t  ches t  tub e x -
ra y t o trea t  th e simpl e lef t  hemothorax .  Inser t  th e 
lef t  ches t  tub e a n d ge t  th e pos t  ches t  tub e x-ra y befor e 
doin g th e peritonea l  lavag e becaus e the y hav e a  highe r 
priority . 

Definite Versus Indefinite References Critiques or 
any othe r  messag e fro m th e syste m shoul d b e phrase d 
i n term s o f  wha t  i s share d knowledg e i n th e emergen -
cy room .  W e equat e share d knowledg e wit h th e cur -
ren t  stat e o f  th e case ,  a s i t  ha s bee n entere d int o th e 
computer-base d medica l  recor d ( C B M R ) .  W h e n a  pro -
cedur e i s ordered ,  i t  thu s become s par t  o f  thi s share d 
knowledge .  Consequently ,  w e us e definit e article s t o re -
fe r  bot h t o procedure s an d action s alread y introduce d 
int o th e treatmen t  pla n b y on e o f  th e system' s message s 
an d t o entitie s introduce d vi a th e scrib e nurse' s entr y 
of  a  procedur e o r  actio n int o th e C B M R.  Fo r  exzimple , 
eve n thoug h a  peritonea l  lavag e doe s no t  appea r  i n an y o f 
th e system' s earlie r  messages ,  a  messag e abou t  a  relate d 
schedulin g preconditio n wil l  b e realize d as : 

Pleas e remembe r  t o chec k fo r  laparotom y scar s befor e 
yo u d o th e peritonea l  lavage . 

However, the system may disagree with the physician 
abou t  whethe r  a  procedur e i s appropriate .  Sinc e th e us e 
of  th e definit e articl e suggest s a n action' s acceptJinc e int o 
th e treatmen t  plan ,  w e us e indefinit e expression s whe n 
referrin g t o procedure s abou t  whic h ther e i s conflict .  Fo r 
example ,  i f  th e physicia n ha s ordere d a  peritonea l  lavag e 
and th e syste m believe s tha t  th e nee d fo r  i t  i s  dependen t 
on th e result s  o f  a  ches t  x-ray ,  th e syste m woul d generat e 
th e messag e 

Do no t  d o a  peritonea l  lavag e unti l  afte r  gettin g a 
ches t  x-ra y sinc e th e outcom e o f  th e latte r  m a y affec t 
th e nee d t o d o th e former . 
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Evaluatio n 

While the final evaluation of TraumaGEN's effectiveness 
can onl y b e measure d b y deployin g i t  i n a  traum a ba y 
and evaJuatin g th e degre e t o whic h it s message s chang e 
physicia n behavior ,  preliminfir y eveduatio n ca n b e use d 
t o determin e it s benefit s an d limitation s an d t o identif y 
wher e furthe r  wor k i s needed .  We ra n TVaumaGEN o n 
48 collecte d case s o f  actua l  traum a cax e unde r  a  scenari o 
i n whic h critique s wer e produce d aite i  eac h physicia n 
order . 

We compare d th e critique s generate d b y TraumaTI Q 
alon e wit h th e message s produce d whe n i t  wa s aug -
mente d wit h TraumaGEN .  We foun d tha t  TraumaGE N 
reduce d th e numbe r  o f  messages ,  resulte d i n mor e con -
cis e message s (measure d i n term s o f  th e numbe r  o f  nou n 
phrase s i n a  message) ,  an d require d fewe r  shift s i n focu s 
t o assimilat e th e messages . 

To evEduat e coherenc e an d qualit y  o f  th e messages ,  w e 
aske d a  humji n subjec t  no t  affiliate d wit h ou r  projec t  t o 
evaluat e th e ne w message s wit h respec t  t o th e origina l 
ones .  Th e subjec t  wa s give n th e message s produce d b y 
TraumaTI Q an d TraumaGE N fo r  a  doze n cases .  I n te n 
of  th e twelv e cases ,  th e huma n subjec t  preferre d Trauma -
GEN's messages ;  i n eigh t  o f  thes e cases ,  th e preferenc e 
was ver y stron g whil e i n th e othe r  tw o case s i t  wa s mod -
erate .  I n th e singl e instanc e i n whic h th e subjec t  pre -
ferre d th e origina l  message s produce d b y TraumaTIQ , 
th e preferenc e wa s base d o n th e Englis h translatio n o f 
tw o gozJs ;  th e subjec t  foun d th e phrasin g confusin g whe n 
th e message s wer e combine d (sinc e th e tw o goal s ha d 
ver y simila r  translations )  bu t  no t  confusin g whe n th e 
messages wer e separated .  Th e subject' s comment s in -
dicate d tha t  hi s preference s fo r  TraumaGEN' s message s 
were generall y base d o n reductio n o f  repetition ,  mergin g 
of  relate d messages ,  an d eliminatio n o f  conflict . 

Conclusion 

Thi s pape r  ha s presente d ou r  messag e planner ,  Trauma -
GEN,  tha t  draw s o n rhetorica l  structur e an d discours e 
theor y t o produc e integrate d message s firom  individua l 
critique s eeic h o f  whic h i s designe d t o achiev e it s ow n 
conmiunicativ e goad .  Th e nee d t o construc t  coheren t 
tex t  fro m multipl e individua l  tex t  plan s i s a  proble m 
tha t  wil l  increasingl y fac e natura l  lainguag e system s a s 
sophisticate d system s distribut e thei r  processin g acros s 
individua l  module s eac h o f  whic h ma y nee d t o commu-
nicat e wit h th e user .  TraumaGE N take s int o accoun t 
knowledg e abou t  th e purpos e o f  th e messages ,  th e situa -
tio n i n whic h th e message s wil l  b e received ,  an d th e socia l 
rol e o f  th e system .  Preliminar y evaluatio n o f  Trauma -
G EN indicate s tha t  i t  successfull y construct s coheren t 
integrate d message s fro m individua l  critique s an d tha t 
th e resultan t  message s ar e comprehensibl e an d a  signif -
icjm t  improvemen t  ove r  th e origina l  critiques . 
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