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Abstrac t 

We describe our work on developing a general purpose 
tutorin g syste m tha t  wil l  allo w student s t o practic e thei r 
decision-makin g skill s i n a  numbe r  o f  domains .  Th e 
tutorin g system ,  B2 ,  support s mixed-initiativ e natura l 
languag e interaction .  Th e natura l  languag e processin g 
and knowledg e representatio n component s air e als o gen -
era l  purpose—whic h lead s t o a  tradeof f  betwee n th e 
limitation s o f  superficia l  processin g an d syntacti c rep -
resentation s cin d th e difficult y o f  deepe r  method s an d 
conceptua l  representations .  Ou r  solutio n i s t o us e a 
mixed-dept h representation ,  on e tha t  encode s syntacti c 
and conceptua l  informatio n i n th e sam e structure .  A s 
a result ,  w e ca n us e th e sam e representatio n framework 
t o produc e a  detaile d representatio n o f  request s (whic h 
ten d t o b e well-specified )  an d t o produc e a  partia l  repre -
sentatio n o f  question s (whic h ten d t o requir e mor e infer -
ence abou t  th e context) .  Moreover ,  th e representation s 
use th e sam e knowledg e representatio n framework  tha t 
i s  use d t o reaso n abou t  discours e processin g an d domai n 
information—s o tha t  th e syste m ca n reaso n wit h (an d 
about )  th e utterances ,  i f  necessary . 

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

Buildin g decisio n suppor t  system s involve s th e collectio n 

and representatio n o f  a  larg e amoun t  o f  knowledge .  I t 

als o involve s providin g mechanism s fo r  reasonin g ove r 

thi s knowledg e efficiently .  T o mak e th e bes t  us e o f  thes e 

efforts ,  ou r  projec t  group ,  whic h involve s researcher s a t 

th e Universit y o f  Wisconsin-Milwaukee ,  th e Universit y o f 

Wisconsin-Parkside ,  an d th e Medica l  Colleg e o f  Wiscon -

sin ,  i s  workin g o n a  syste m t o redeplo y ou r  decisio n sup -

por t  tool s t o buil d ne w system s fo r  educatin g students . 

Our  ai m i s t o giv e student s a n opportunit y t o practic e 

thei r  decisio n makin g skill s b y considerin g a  numbe r  o f 

scenario s tha t  diffe r  fro m eac h othe r  i n a  controlle d man -

ner .  W e als o wis h t o giv e student s th e opportunit y t o 

ask th e syste m t o explai n wha t  factor s mos t  influence d 

th e system . 

Anothe r  importan t  goa l  o f  thi s wor k i s t o develo p tool s 

tha t  wil l  cove r  a  numbe r  o f  differen t  domains ,  includ -

in g medica l  diagnosis ,  lif e skill s  suc h a s goo d nutritio n 

and budgeting ,  an d studen t  succes s i n thei r  degre e pro -

gram .  Thus ,  th e graphica l  part s o f  th e syste m interfac e 

ar e fairl y  generic .  Mos t  interactio n betwee n th e studen t 

and th e syste m use s natura l  language .  Thi s approac h 

allow s th e syste m t o explai n fairl y  sophisticate d topic s 

(suc h a s wh y a  positiv e compute d tomography ,  C T ,  sca n 

support s th e diagnosi s o f  gallstones )  an d t o tailo r  th e 

interactio n t o th e user' s concern s an d apparen t  leve l  o f 

understanding .  Thi s approac h als o give s th e studen t  a 

grea t  dea l  o f  flexibility  i n ho w sh e phrase s he r  question s 

or  requests .  Students '  utterance s m a y b e shor t  an d am -

biguous ,  requirin g extensiv e reasonin g abou t  th e domai n 

or  th e discours e mode l  t o full y  resolve .  However ,  ful l  dis -

ambiguatio n i s rarel y necessary .  Ou r  solutio n i s t o us e a 

mixed-dept h representation . 

A mixed-dept h representatio n i s on e tha t  m a y b e shal -

lo w o r  dee p i n differen t  places ,  dependin g o n wha t  wa s 

know n o r  neede d a t  th e tim e th e representatio n wa s cre -

ate d (Hirs t  an d Ryan ,  1992) .  Moreover ,  "shallow "  an d 

"deep "  ar e a  matte r  o f  degree .  Shallo w representation s 

ca n b e a  surfac e syntacti c structure ,  o r  i t  ca n b e th e 

tex t  itsel f  (a s a  strin g o f  characters) .  Dee p represen -

tation s migh t  b e a  conventiona l  first-order  (o r  higher -

order )  A I  knowledg e representation ,  takin g int o accoun t 

suc h aspect s o f  languag e understandin g a s lexica l  disam -

biguation ,  markin g cas e relations ,  attachmen t  o f  modi -

fiers  o f  uncertai n placement ,  referenc e resolution ,  quanti -

fier  scoping ,  an d distinguishin g extensional ,  intensional , 

generic ,  an d descriptiv e nou n phrases .  Unlik e quasi -

logica l  form ,  whic h i s  use d primaril y fo r  storag e o f  in -

formation ,  mixed-dept h representation s ar e well-forme d 

propositions ,  subjec t  t o logica l  inference .  Disambigua -

tion ,  whe n i t  occurs ,  i s  don e b y reasoning . 

Othe r  system s tha t  represen t  sentenc e meanin g a t 

multipl e level s (e.g. ,  syntactic ,  semantic ,  an d pragmatic ) 

buil d separat e complet e structure s fo r  eac h level .  So ,  fo r 

example ,  whe n processin g a n utterance ,  a  parse r  mus t 

eithe r  defe r  al l  semanti c processin g o r  resolv e semanti c 

ambiguitie s withou t  th e ful l  knowledg e necessar y t o d o 

so correctly .  T h e mixed-dept h approac h opportunisti -

call y build s semanti c constituen t  structure s a s soo n a s 

enoug h informatio n i s  available .  (Minimally ,  thi s wil l 

be informatio n abou t  th e synta x o f  th e utteranc e bu t  i t 

m ay includ e som e semanti c informatio n abou t  proper -

tie s o f  discours e object s introduce d b y th e utterance) . 

Thi s allow s u s t o d o a s m u c h semanti c interpretatio n a s 

possible ,  a s soo n a s possible . 

I n ou r  work ,  w e us e a  parse r  wit h a  linguisticall y 
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base d grammai r  t o proces s th e student' s type d input s 

and produc e a  structur e tha t  capture s syntacti c mark -

in g an d bracketing ,  alon g wit h som e conceptua l  informa -

tion .  Encodin g decision s tha t  requir e reasonin g abou t 

th e domai n o r  abou t  th e discours e contex t  ar e lef t  t o 

th e knowledg e representatio n an d discours e processin g 

components ,  respectively .  Th e primcir y benefit s o f  thi s 

approac h sure : 

Generality The representation language and concep-

tuei l  structure s tha t  ai e buil t  durin g th e initia l  pgirsin g 

phas e ar e no t  specifi c  t o an y on e domain. 

Expressiveness The representation language is very 

expressive ;  ou r  grcunma r  cover s a  wid e variet y o f  syn -

tacti c construction s includin g fragment s am d sentence s 

wit h embedde d sentence s {e.g .  relativ e clause s an d 

claus e complements) .  Fo r  example ,  student s ca n re -

ques t  a  diagnosti c exercis e usin g a  vciriet y o f  form s 

includin g Giv e m e a  stor y problem ,  I  wan t  yo u t o de -

scrib e a  cas e fo r  me. ,  Tel l  m e a  story. ,  A  stor y please . 

or  Anothe r  case . 

Uniformity The structures that are built by the parser 

ar e al l  subjec t  t o inference ;  the y us e th e sam e con -

ceptua l  fremiewor k tha t  i s  use d b y th e othe r  compo -

nents ,  includin g discours e processing ,  planning ,  an d 

pla n recognition .  Fo r  example ,  student s ca n reques t 

a diagnosti c exercis e b y mentionin g an y ste p o f  th e 

tutorin g pla n includin g Tel l  m e a  story ,  o r  Qui z me . 

or  b y mentionin g th e overal l  tutorin g pla n wit h Tuto r 

me. 

This paper gives an overview of our tutoring system, 

B2.  I t  describe s th e natura l  languag e an d knowledg e rep -

resentatio n component s o f  B2 ,  an d ou r  approac h t o th e 

representatio n o f  question s an d requests .  Th e domai n 

tha t  w e hav e develope d mos t  thoroughl y help s medica l 

student s lear n a  statistica l  mode l  fo r  medica l  diagnosis . 

Many o f  th e example s wil l  b e take n fro m thi s domain. 

The Need for A Discourse Model 

The first  prototyp e o f  ou r  curren t  syste m i s Bante r  (Had -

dawy e t  al. ,  1996) .  Bante r  i s a  tutorin g shel l  tha t 

present s predefine d stor y problem s an d short-answe r 

question s o n th e basi s o f  store d informatio n abou t  a  par -

ticula r  medicji l  situation ,  suc h a s a  patien t  wh o see s he r 

docto r  complainin g o f  abdomina l  peiins .  Thi s informa -

tio n comprise s statistica l  relation s amon g know n aspect s 

of  a  patient' s medica l  history ,  findings  fro m physica l  ex -

amination s o f  th e patient ,  result s o f  previou s diagnosti c 

tests ,  an d th e differen t  candidat e diseases .  Th e infor -

matio n i s represente d a s a  Bayesia n belie f  network .  Th e 

syste m als o include s a  faicilit y  fo r  explainin g th e system' s 

reasonin g t o th e student .  Th e Bante r  shel l  ha s bee n de -

signe d t o b e genera l  enoug h t o b e use d wit h an y networ k 

havin g node s o f  hypotheses ,  observations ,  an d diagnosti c 

procedures . 

A preliminar y (an d informal )  use r  stud y o f  th e Bante r 

syste m wit h student s a t  th e Medica l  Colleg e o f  Wiscon -

si n reveale d tw o importan t  facts :  First ,  student s Uk e 

th e ide a o f  bein g abl e t o se t  u p hypothetica l  case s an d 

witnes s ho w differen t  action s migh t  (o r  migh t  not! )  af -

fec t  th e statistica l  likelihoo d o f  a  candidat e diagnosis . 

Second ,  student s d o no t  like ,  an d wil l  no t  use ,  a  sys -

te m tha t  overwhelm s the m wit h irrelevan t  informatio n o r 

tha t  risk s misleadin g the m becaus e i t  answer s question s 

more narrowl y tha n a  teache r  would .  Student s wan t  t o 

ask brief ,  context-dependen t  questions ,  suc h a s "Wh y 

C T ?"  o r  "Wha t  abou t  ultrasound? "  an d the y prefe r  t o 

giv e brief ,  context-dependen t  responses .  Moreover ,  stu -

dent s lik e explanation s tha t  ar e tailore d t o thei r  needs — 

sometime s onl y a  singl e wor d answer ,  sometime s th e an -

swer  alon g wit h it s justification .  A  discours e mode l  i s 

necessar y t o dea l  wit h this . 

The B2 Architecture 

The B 2 syste m perform s thre e distinct ,  bu t  interrelated , 

task s tha t  rel y o n a  variet y o f  informatio n sources .  Th e 

task s are : 

• Managing the interaction between the user and B2, 

includin g th e interpretatio n o f  context-dependen t  ut -

terances . 

• Reasoning about the domain, for example, the relation 

betwee n component s o f  a  medicEi l  cas e histor y an d dis -

ease s tha t  migh t  occur . 

• Meta-reasoning about the Bayesian reasoner and its 

conclusions ,  includin g a n abilit y  t o explai n th e con -

clusion s b y identifyin g th e factor s tha t  wer e mos t  sig -

nificant . 

The B2 system consists of seven components (see Fig-

ur e 1) .  I n th e diagram ,  solid ,  directe d arrow s indicat e 

th e directio n o f  informatio n flow  betwee n components . 

The syste m get s th e user' s inpu t  usin g a  graphica l  use r 

interfac e tha t  support s bot h natura l  lainguag e interac -

tio n an d mous e inputs .  Th e Parse r  componen t  o f  th e 

Parser/Generato r  perform s th e first  leve l  o f  processin g 

on th e use r  inpu t  usin g it s gramma r  an d th e domai n 

informatio n fro m th e Knowledg e Representatio n Com-

ponent .  Th e Parse r  interpret s th e user' s input s t o for m 

propositiona l  representation s o f  surface-leve l  utterance s 

fo r  th e Discours e Analyzer .  Th e Generato r  produce s 

natura l  languag e output s fro m th e tex t  message s (propo -

sitiona l  description s o f  text )  tha t  i t  receive s fro m th e 

Discours e Planner . 

The syste m a s a  whol e i s controlle d b y a  modul e calle d 

th e Discours e Analyzer .  Th e Discours e Analyze r  deter -

mine s a n appropriat e respons e t o th e user' s action s o n 

th e basi s o f  a  mode l  o f  th e discours e an d a  mode l  o f  th e 
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Figur e 1 :  Th e B 2 architectur e 

domain ,  store d i n th e knowledg e representatio n compo -

nent .  Th e Analyze r  invoke s th e Discours e Planne r  t o se -

lec t  th e conten t  o f  th e respons e an d t o structur e it .  Th e 

Analyze r  relie s o n a  componen t  calle d th e Mediato r  t o 

intercic t  wit h th e Bayesia n networ k processor .  Thi s Me -

diato r  processe s domai n leve l  information ,  suc h a s rank -

in g th e effectivenes s o f  alternativ e diagnosti c tests .  Al l 

phase s o f  thi s proces s ar e recorde d i n th e knowledg e rep -

resentatio n component ,  resultin g i n a  complet e histor y 

of  th e discourse .  Thus ,  th e knowledg e representatio n 

component  serve s a s a  centra l  "blackboard "  fo r  al l  othe r 

components . 

Togethe r  thes e seve n component s handl e th e thre e 

task s mentione d above .  The y interac t  b y addressin g Jin d 

handlin g querie s t o eac h other .  However ,  th e knowledg e 

underlyin g thes e querie s an d th e knowledg e neede d t o 

generat e a  respons e ca n com e fro m a  variet y o f  knowl -

edge sources .  Translatin g betwee n knowledg e source s i s 

not  a n effectiv e solution . 

The informatio n source s tha t  3 2 use s include : 

• Linguistic knowledge — knowledge about the mean-

ing s o f  utterance s an d plan s fo r  expressin g meaning s 

as text . 

• Discourse knowledge — knowledge about the inten-

tional ,  social ,  an d rhetorica l  relationship s tha t  lin k 

utterances . 

• Domain knowledge — factual knowledge of the medi-

cal  domai n an d th e medica l  cas e tha t  i s unde r  consid -

eration . 

• Pedagogy — knowledge about the tutoring task. 

• Decision-support — knowledge about the statistical 

model  an d ho w t o interpre t  th e informatio n tha t  i s 

derivabl e fro m th e model . 

In 32, the interaction between the tasks is possible be-

caus e th e informatio n fo r  al l  knowledg e source s i s rep -

resente d i n a  unifor m frzmiework .  Th e knowledg e rep -

resentatio n componen t  serve s a s a  centra l  "blackboard " 

fo r  al l  othe r  components . 

The Knowledge Representation 

B l a c k b o a r d 

3 2 represent s bot h domai n knowledg e an d discours e 

knowledg e i n a  unifor m framewor k a s a  propositiona l  se -

manti c network .  Thi s allow s th e syste m t o reaso n wit h 

(an d about )  utterance s i f  necessary . 

A propositiona l  semanti c networ k i s a  framewor k fo r 

representin g th e concept s o f  a  cognitiv e agen t  wh o i s ca -

pabl e o f  usin g languag e (henc e th e ter m semantic) .  Th e 

informatio n i s represente d a s a  grap h compose d o f  node s 

and labele d directe d arcs .  I n a  propositiona l  semanti c 

network ,  th e proposition s ar e represente d b y th e nodes , 

rathe r  tha n th e arcs ;  arc s represen t  onl y non-conceptua l 

binar y relation s betwee n nodes .  Th e particula r  sys -

tems tha t  ar e bein g use d fo r  3 2 ar e SNeP S an d A N A -

L OG (Ali ,  1994a ;  Ali ,  1994b ;  Shapir o an d Group ,  1992 ) 

whic h provid e facilitie s fo r  buildin g an d finding  node s 

as wel l  a s fo r  reasonin g an d truth-maintenance .  Thes e 

system s satisf y th e followin g additiona l  constraints : 

• Each node represents a unique concept; 

• Each concept represented in the network is represented 

by a  uniqu e node ; 

• The knowledge represented about each concept is rep-

resente d b y th e structur e o f  th e entir e networ k con -

necte d t o th e nod e tha t  represent s tha t  concept . 

These constraints allow efficient inference when process-

in g natura l  language .  Fo r  example ,  suc h network s ca n 

represen t  comple x description s (commo n i n th e medica l 

domain) ,  an d ca n suppor t  th e resolutio n o f  eUipsi s an d 

anaphora ,  a s wel l  a s genera l  reasonin g task s suc h a s sub -

sumptio n (Ali ,  1994a ;  Ali ,  1994b ;  Maid a an d Shapiro , 

1982 ;  Shapir o an d Rapaport ,  1987 ;  Shapir o an d Rapa -

port ,  1992) . 
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Figur e 2 :  A  rul e statin g tha t  i £ V I  i s th e cas e numbe r  o f 

a case ,  an d V 2 an d V 3 cir e tw o piece s o f  cas e information , 

the n a  pla n fo r  generatin g a  descriptio n o f  th e cas e wil l 

presen t  th e tw o piece s o f  informatio n i n a  coordinatin g 

conjunction . 

We characterize a knowledge representation as uni-

for m whe n i t  allow s th e representatio n o f  differen t  kind s 

of  knowledg e i n th e saim e knowledg e bas e usin g th e sam e 

inferenc e processes .  Th e knowledg e representatio n com -

ponen t  o f  B 2 i s unifor m becaus e i t  provide s a  representa -

tio n o f  th e discours e knowledge ,  domaii n knowledge ,  an d 

probabilisti c  knowledg e (fro m th e Bayesia n net) .  Thi s 

support s intertas k communicatio n an d cooperatio n fo r 

interactiv e processin g o f  tutoria l  dialogs . 

The rul e i n Figur e 2  i s a  goo d exampl e o f  ho w th e 

unifor m representatio n o f  informatio n i n th e semanti c 

networ k eillow s u s t o relat e domeii n informatio n ( a med -

ica l  case )  t o discours e plannin g informatio n ( a pla n t o 

describ e it) .  Thi s networ k represent s a  tex t  pla n fo r  de -

scribin g a  medica J cas e t o th e user .  Tex t  plan s ar e rep -

resente d a s rule s i n th e knowledg e representation .  Rule s 

ar e genera l  statement s abou t  object s i n th e domain ;  the y 

axe represente d b y usin g cas e frames ^  tha t  hav e FORALL 

or  EXIST S arc s t o node s tha t  represen t  variable s tha t  ar e 

boun d b y thes e quantifie r  arcs .  I n Figur e 2 ,  nod e M1 3 

i s a  rul e wit h thre e universadl y quantifie d variable s (a t 

th e en d o f  th e FORALL arcs) ,  a n anteceden t  (a t  th e en d 

of  th e AN T axe) ,  an d a  consequen t  (a t  th e en d o f  th e C Q 

arc) .  Thi s mean s tha t  i f  a n instanc e o f  th e anteceden t 

i s believed ,  the n a  suitabl y instantiate d instanc e o f  th e 

consequen t  i s believed .  Nod e P I  represent s th e concep t 

tha t  somethin g i s a  member  o f  th e clas s cas e an d P 2 

represent s th e concep t  tha t  th e cas e concep t  ha s a  cas e 

number  an d cas e information .  Fo r  mor e detail s abou t 

th e knowledg e representation ,  se e (McRo y e t  al. ,  1997) . 

'Cas e frames  ax e conventionall y agree d upo n set s o f  arc s 
emanatin g from  a  nod e tha t  ar e use d t o expres s a  proposition . 
For  example ,  t o expres s tha t  A  is a B  w e us e th e M E M B E R-
CLASS cas e frame  whic h i s a  nod e wit h a  M E M B ER ar c an d 
a CLASS,  ar c (Shapir o e t  al. ,  1994 )  provide s a  dictionar y o f 
standar d cas e frames.  Additiona l  cas e frames  ca n b e define d 
as needed . 

Interpretatio n o f  exchange s 

exchange s (pair s o f  Interpretations ) 

system' s Interpretatio n o f  eac h utteranc e 

sequenc e o f  utterance s 

utteranc e leve l 

F i g u r e 3 :  F i v e L e v e l s o f  R e p r e s e n t a t i o n 

The Representation of the Discourse 

The discours e mode l  ha s five  level s o f  representation , 

shown i n Figur e 3 .  Thes e level s captur e wha t  th e stu -

dent  an d th e syste m hav e eac h said ,  a s wel l  a s ho w thei r 

utterance s exten d th e ongoin g discourse .  Unlik e man y 

systems ,  B2' s mode l  o f  discours e wil l  includ e a  repre -

sentatio n o f  question s an d requests ,  a s wel l  a s state -

ment s o f  fact .  (System s tha t  d o no t  represen t  ques -

tion s an d request s typicall y giv e thes e utterance s a  pro -

cedura l  semantics ,  interpretin g the m a s operation s t o 

be performed. )  Havin g a n explici t  representatio n o f 

question s an d request s simplifie s th e interpretatio n o f 

context-dependen t  utterance s suc h a s Why ? o r  What 

about  H I D A ^  (Haller ,  1996) .  I t  als o allow s th e sys -

te m t o recove r  fro m misunderstandings ,  shoul d the y oc -

cur  (McRoy ,  1995 ;  McRo y an d Hirst ,  1995) . 

We wil l  conside r  eac h o f  thes e level s i n turn ,  startin g 

wit h th e utteranc e level ,  show n a t  th e botto m o f  Fig -

ur e 3 . 

The Utterance Level 

For  al l  inputs ,  th e parse r  produce s a  representatio n o f  o f 

it s surfac e content ,  whic h th e analyze r  wil l  asser t  a s pcir t 

of  a n occurrenc e o f  a n even t  o f  typ e SAY.  Th e conten t 

of  th e user' s utteranc e i s alway s represente d b y wha t 

she sai d literally .  I n th e ceis e o f  requests ,  th e studen t 

may reques t  a  stor y proble m directly ,  a s a n imperativ e 

sentenc e Tel l  m e a  stor y o r  indirectly ,  a s a  declarativ e 

sentenc e tha t  expresse s a  desir e /  wan t  yo u t o tel l  m e 

a story .  Th e complet e representatio n o f  th e imperativ e 

sentenc e Tel l  m e a  stor y  i s show n i n Figur e 4 . 

For  th e system' s utterances ,  th e utteranc e leve l  rep -

resentatio n correspond s t o a  tex t  generatio n even t  (thi s 

contain s muc h mor e fine-grained  informatio n abou t  th e 

system' s utterance ,  suc h a s mod e an d tense. )  Th e con -

ten t  o f  th e system' s utteranc e i s th e tex t  messag e tha t 

i s sen t  t o th e languag e generator . 

Sequence of Utterances 

The secon d leve l  correspond s t o th e sequenc e o f  utter -

ances .  (Thi s leve l  i s  comparabl e t o th e linguisti c struc -

tur e i n th e tripartit e mode l  o f  (Gros z an d Sidner ,  1986)) . 

^HID A stand s fo r  radio-nuclid e hepatobilar y imaging ,  a 
diagonisti c test . 
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Figur e 4 :  Nod e B 3 represent s a n utteranc e whos e for m 

i s imperative ,  an d whos e conten t  (M4 )  i s th e propositio n 

tha t  th e heare r  (Bl )  wil l  tel l  a  stor y (32 )  t o th e speake r 

(85) . 

I n th e semanti c network ,  w e represen t  th e sequencin g 

of  utterance s explicitly ,  wit h asserte d proposition s tha t 

use th e B E F O R E - A F T ER cas e frame .  Th e orde r  i n 

whic h utterance s occurre d (syste m an d user )  ca n b e de -

termine d b y traversin g thes e structures .  Thi s represen -

tatio n i s discusse d i n detai l  i n (McRo y e t  al. ,  1997) . 

The Interpretation Level 

I n th e thir d level ,  w e represen t  th e system' s inter -

pretatio n o f  eac h utterance .  Eac h utteranc e even t 

(fro m leve l  1 )  wil l  hav e a n associate d syste m interpre -

tation ,  whic h i s represente d usin g th e INTERPRETA-

T I O N . O F — I N T E R P R E T A T I ON cas e frame .  Fo r  ex -

ample ,  conside r  th e interpretatio n o f  th e utteranc e Tel l 

me a  stor y (a s wel l  a s /  wan t  yo u t o tel l  m e a  story.) , 

shown i n Figur e 5 .  (Ever y utteramc e ha s on e o r  mor e 

interpretations ;  a t  an y time ,  onl y on e i s believe d an d a 

justification-base d trut h maintenanc e syste m i s use d t o 

trac k change s i n belief. ) 

The Exchange and Exchange Interpretation 

Level s 

The fourt h an d fifth  level s o f  representatio n i n ou r  dis -

cours e mode l  ar e exchange s an d interpretation s o f  ex -

changes ,  respectively .  A  conversationa l  exchang e i s a 

pai r  o f  interprete d event s tha t  fit  on e o f  th e conventiona l 

structure s fo r  dialo g {e.g .  Q U E S T I O N - A N S W E R ).  Fig -

ur e 6  give s th e networ k representatio n o f  a  conversa -

tiona l  exchang e an d it s interpretation .  Nod e Ml  1 3 rep -

resent s th e exchang e i n whic h th e syste m ha s aske d 

a questio n an d th e use r  ha s answere d it .  Usin g th e 

M E M B E R - C L A SS cas e frame ,  propositiona l  nod e Ml  1 5 

assert s tha t  th e nod e Ml  1 3 i s a n exchange .  Propositiona l 

node Ml  1 2 represent s th e system' s interpretatio n o f  thi s 

exchange :  tha t  th e use r  ha s accepte d th e system' s ques -

M22V INT T "l̂ l  TATin N 

im iwR i  lAriii N 

IBJKCr i 

retiucx l 

yrac m 

MEMB a-AS S 

Figur e 5 :  Nod e M31 i s a  propositio n tha t  th e interpreta -

tio n o f  Tel l  m e a  stor y (whic h i s glosse d i n thi s figure)  i s 

M22.  Nod e M2 2 i s th e propositio n tha t  th e use r  requeste d 

tha t  th e syste m describ e a  cas e t o th e user . 

tion (i.e. that the user has understood the question and 

require s n o furthe r  clarification) .  Finally ,  propositiona l 

node M11 6 represent s th e system' s behe f  tha t  nod e M11 2 

i s th e interpretatio n o f  th e exchang e represente d b y nod e 

M113. 

Interaction among the Levels 

A majo r  advantag e o f  th e networ k representatio n i s th e 

knowledg e sharin g betwee n thes e five  levels .  W e ter m 

thi s knowledg e sharin g associativity .  Thi s occur s be -

caus e th e representatio n i s unifor m an d ever y concep t 

i s represente d b y a  uniqu e node .  A s a  result ,  w e ca n re -

triev e an d mak e us e o f  informatio n tha t  i s represente d i n 

th e networ k implicitly ,  b y th e arc s tha t  connec t  propo -

sitiona l  nodes .  Fo r  example ,  i f  th e syste m neede d t o 

explai n wh y th e use r  ha d sai d HI D A ,  i t  coul d follo w th e 

arc s fro m th e nod e representin g th e utteranc e tha t  Use r 

sai d HID A t o th e system' s interpretatio n o f  tha t  utter -

ance ,  nod e M108 ,  t o determin e tha t 

• The user's utterance was understood as the answer 

withi n a n exchang e (nod e Ml  13) ,  an d 

• The user's answer indicated her acceptance and un-

derstandin g o f  th e discourse ,  u p t o tha t  poin t  Ml  12 . 

This same representation could be used to explain why 

th e syste m believe d tha t  th e use r  ha d understoo d th e 

system' s question .  Thi s associativit y i n th e networ k i s 

vita l  i f  th e interactio n start s t o fail . 

The Current Status of B2 

B2 i s bein g develope d usin g th e Common LIS P program -
min g language .  We ar e usin g th e SNePS 2.3. 1 an d ANA -
L OG 1. 1 tool s t o creat e th e lexicon ,  parser ,  generator . 
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Figur e 6 :  Nod e M l  1 5 represent s the  propositio n tha t 

nod e M11 3 i s  a n exchang e comprise d o f  th e event s M9 9 

an d M108 .  M10 8 i s th e propositio n tha t  Th e use r  an -

swere d "H ID A i s th e bes t  tes t  t o rul e i n Gallstones" . 

Additionally ,  nod e M11 6 represent s th e propositio n tha t 

the  interpretatio n o f  M11 3 i s  even t  M112 .  M11 2 i s th e 

propositio n tha t  th e use r  ha s accepte d M96 .  (M9 6 i s th e 

questio n tha t  th e syste m aske d i n even t  M99. ) 

an d underlyin g knowledg e representation s o f  domai n an d 

discours e information(Shapir o an d Group ,  1992 ;  Shapir o 

an d Rapaport ,  1992 ;  Ali ,  1994a ;  A U ,  1994b) . 

A n Internet-ax;cessible ,  graphica l  front-en d t o B 2 ha s 

bee n develope d usin g th e J A V A 1. 1 programmin g lan -

guage .  I t  ca m b e ru n usin g a  networ k browser ,  suc h a s 

Netscape .  T h e interfac e tha t  th e use r  see s communicate s 

wit h a  server-sid e prograi n tha t  initiate s a  LIS P process . 

Summary 

The goal of the B2 project is to give students an oppor-

tunit y t o practic e thei r  decisio n makin g skill s  wher e th e 

primar y modedit y o f  interactio n i s English .  W e giv e stu -

dent s th e opportunit y t o as k th e syste m t o explai n wha t 

factor s wer e mos t  influentia l  t o it s decisio n an d why . 

T h e natura l  languag e processin g an d knowledg e rep -

resentatio n component s o f  B 2 ar e genera l  purpose .  I t 

build s a  five-leve l  mode l  o f  th e discourse ,  tha t  repre -

sent s wha t  wa s Uterall y said ,  wha t  wa s meant ,  an d ho w 

eac h utteranc e an d it s  interpretatio n relate s t o previ -

ous ones .  Thi s i s necessar y becaus e students '  utterance s 

m ay b e shor t  an d ambiguous ,  requirin g extensiv e rea -

sonin g abou t  th e domai n o r  th e discours e mode l  t o full y 

resolve .  W e hav e show n ho w ou r  mixed-dept h repre -

sentation s encod e syntacti c an d conceptua l  informatio n 

i n th e sam e structure .  Thi s allow s u s t o defe r  an y ex -

tensiv e reasonin g unti l  needed ,  rathe r  tha n whe n pars -

ing .  W e us e th e sam e representatio n framewor k t o pro -

duc e a  detaile d representatio n o f  request s an d t o pro -

duc e a  representatio n o f  questions .  T h e representation s 

us e th e sam e knowledg e representatio n framewor k tha t 

i s use d t o reaiso n abou t  discours e processin g an d domai n 

information—s o tha t  th e syste m ca n reaso n wit h (an d 

about )  th e utterances . 
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