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ABSTRACT 

In the process of generating discourse, speakers generate utterances which directly achieve the com-

municativ e goa l  o f  conveyin g a n informatio n ite m t o a  hearer ,  an d the y als o generat e utterance s whic h 

preven t  th e disruptio n o f  correc t  belief s maintaine d b y a  heare r  o r  th e inceptio n o f  incorrec t  beliefs .  I n 

thi s paper ,  w e propos e a  representatio n schem e whic h support s a  discours e plannin g mechanis m tha t 

exhibit s bot h behaviors .  Ou r  representatio n i s base d o n a  characterizatio n o f  commonl y occurrin g 

impairment s t o th e knowledg e acquisitio n proces s i n term s o f  a  mode l  o f  a  hearer' s beliefs .  A s a 

tesibe d o f  thes e ideas ,  a  discours e planne r  calle d W I S H F U L i s bein g implemente d i n th e domai n o f 

high-schoo l  algebra . 

INTRODUCTION 

In the process of generating discourse, speakers generate utterances which directly achieve the com-

municativ e goa l  o f  conveyin g a n informatio n ite m t o a  hearer̂ ,  an d the y als o generat e utterance s whic h 

preven t  th e disruptio n o f  correc t  belief s o r  th e inceptio n o f  incorrec t  belief s du e t o inference s per -
forme d b y a  hearer . 

Goal-based discourse planning systems constitute a significant trend in the discourse planning effort. In 
thes e systems ,  a  communicativ e goal ,  suc h a s K N O W (item) ,  i s  posted ,  an d the n a  pla n whic h include s 

speec h act s a s action s i s formulate d t o attai n thi s goal .  If ,  accordin g t o a  mode l  o f  a  hearer' s beliefs ,  a 

preconditio n t o a n actio n i s no t  satisfied ,  the n i t  i s  poste d a s a  subgoa l  (Appel t  1982 ,  Hov y 1988 , 

Moor e an d Swartou t  1989) .  I n particular ,  i n system s develope d b y Hov y an d b y Moor e an d Swartout , 

generate d discours e plan s includ e rhetorica l  relations ,  suc h a s Elaboratio n an d Evidence ,  fro m Rhetori -

cal  Structur e Theor y (Man n an d Thompso n 1987) .  Goal-base d discours e planner s mode l  successfull y 

th e first  aspec t  o f  huma n discours e generation .  However ,  the y fai l  t o accoun t  fo r  rhetorica l  device s 

suc h a s Revision s o f  previou s materia l  ["/ n chapte r  7 ,  w e sa w ho w t o factoriz e expression s .. .  " ]  an d 

Contradiction s t o erroneou s belief s o r  inference s ["Koala s ar e marsupials ,  no t  bears''] ,  whic h addres s 
belief s tha t  ar e indirectl y affecte d b y th e discourse .  Thes e rhetorica l  device s ar e accounte d fo r  b y 
discours e generatio n system s whic h appl y forwar d reasonin g (Zukerma n 1990a) .  Thus ,  i n orde r  t o 

model  bot h type s o f  huma n discours e generatio n strategie s an d t o generat e a  rang e o f  rhetorica l  device s 

whic h support s competen t  discourse ,  w e nee d t o appl y bot h forwar d an d backwar d reasoning . 

In this paper, we propose a uniform representation formalism which supports discourse planning by 

means o f  bot h type s o f  reasonin g processes ,  an d w e morivat e ou r  representatio n b y mean s o f  a  simpl e 

discours e plaime r  whic h applie s bot h reasonin g processe s i n sequence .  Ou r  formalis m relie s o n a  char -
acterizatio n o f  impairment s t o th e knowledg e acquisitio n process ,  suc h a s Confusion ,  Lac k o f  Under -

standin g an d Los s o f  Interest ,  whic h i s base d o n a  mode l  o f  i .  hearer' s beliefs . 

t  Th e term s speaker/write r  an d hearer/listener/reade r  ar e use d interchangeabl y i n thi s paper . 
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I n ih c followin g section ,  w e briefl y discus s a  mode l  o f  a  listener' s belief s capabl e o f  representin g unc -

ertai n belief s an d predictin g inference s commonl y draw n i n a  knowledg e acquisitio n setting .  Next ,  w e 

describ e a  simpl e discours e planne r  whic h applie s bot h forwar d an d backwar d reasoning .  W e the n 

presen t  ou r  characterizatio n o f  impairments ,  an d demonstrat e it s applicatio n i n discours e planning . 

NETWORK MODEL OF A LISTENER'S BELIEFS 

In  order to address beliefs presumably entertained by a particular listener, we maintain an epistemologi-

cal  mode l  whic h represent s a  listener' s belief s a s a  resul t  o f  direc t  an d indirec t  inference s draw n fro m 

presente d materia l  (Zukerma n an d Cheon g 1988 ,  Zukerma n 1990a) . 

Newl y Inlerre a Link s 

Noaes and Links to be added 
Bradte l 

Eliminatio n (BrE ) 
(pT ) 

has-goal f Jiis-goa l 

use-ifT ) Bracke t 
Simplrticatio n (BrS ) 

(cT ) 

appl y 

Terms Numoers Unlik e Term s (UT ) 
(pT ) 

super<lass(K ) Atgebra c 
Terms (AT ) 

(pT ) 

^  Distributiv e ^ 
^  L a w (DL )  (C )  I 
' ^ ^ ^ ^ ^ ^ ^ ^ 

""--..3Pp(y-IO(l ) 
: 3 \ c 4 /»PP'V-t o 
\appfy-to(0 

applyioil ) 

Fig. 1: Network Model of a Listener's Beliefs in High-School Algebra' 

We represent a listener's beliefs by means of a network whose nodes contain individual information 

item s an d whos e link s contai n th e relationship s betwee n th e node s (se e Figur e 1) .  Th e link s i n th e net -
wor k ar e labele d accordin g t o th e manne r  i n whic h the y wer e acquired ,  i.e. ,  the y ca n eithe r  b e Inferred , 

Tol d o r  previousl y Known ,  wher e Inferre d link s ar e generate d b y mean s o f  generall y applicabl e 

Common-sens e Inferenc e Rules .  I n addition ,  eac h lin k i s accompanie d b y a  Measur e o f  Belie f  (MB ) 

betwee n - 1 an d 1 ,  aki n t o Certaint y Factor s (Buchana n an d Shortliff e 1985) ,  whic h represent s a  user' s 

leve l  o f  expertise .  Th e informatio n i n th e networ k i s represente d a t  a  leve l  o f  detai l  whic h i s consisten t 

wit h th e leve l  o f  expertis e require d t o lear n th e subjec t  a t  hand ,  i.e. ,  a  simpl e an d well-know n concep t 

i s represente d b y a  p-nod e (primitive) ,  wherea s a  relativel y ne w o r  comple x concep t  i s represente d b y a 

c-nod e (complex )  whic h ha s othe r  node s a s constituents .  Lik e links ,  node s ma y b e Inferred ,  Tol d o r 

previousl y Known ,  an d eac h nod e ha s a  Degre e o f  Expertis e (DE )  betwee n 0  an d 1 .  Th e D E o f  a  c -

nod e i s a  functio n o f  th e DE s an d M B s o f  it s constituen t  node s an d links ,  respectively .  I n thi s paper , 

we focu s o n technica l  domains ,  wher e th e transmitte d informatio n typicall y pertain s t o procedures , 

object s an d goals .  Sinc e on e procedur e wil l  ofte n achiev e differen t  goal s whe n applie d t o differen t 

objects ,  w e defin e a  contex t  a s a  tripl e compose d o f  a  procedure ,  a n objec t  t o whic h i t  i s  applied ,  an d 

th e goa l  accomplishe d b y thi s procedur e whe n applie d t o thi s objec t  (labele d c1-c 4 i n Figur e 1) . 

t  I n th e actua l  networ k eac h lin k ma y hav e a  counterpar t  representin g th e invers e relationship .  However ,  fo r 

clarit y o f  presentation ,  onl y link s whic h ar e relevan t  t o ou r  discussio n ar e show n here . 
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Our  inferenc e mechanis m generate s plausibl e inference s fro m link s i n th e networ k b y mean s o f  gen -

erall y applicabl e Common-sens e Inferenc e Rule s whic h portra y reasonin g activitie s suc h a s generaliza -

tion ,  specializatio n an d similarity-base d inferenc e (se e Figur e 2) .  Thes e rule s ar e inspire d b y rul e adap -

tation s commonl y performe d b y student s whic h wer e studie d b y Mat z (1982) ,  Brow n an d Va n Leh n 

(1980) ,  Va n Leh n (1983 )  an d Sleema n (1984) .  I n orde r  t o accoun t  fo r  th e deductiv e abilitie s o f  a  par -

ticula r  typ e o f  listener ,  w e annotat e eac h rul e wit h a  measur e o f  uncertainty ,  denote d p ,  whic h 

represent s a  listener' s belie f  i n th e validit y o f  a  conclusio n give n tha t  th e evidenc e i s certain .  Thi s 

measur e resemble s th e rul e strengt h use d i n A C T *  (Anderso n 1983) . 

Rl 

,•  I f  procedur e PROCa initiall y  use s a  give n se t  o f  procedure s an d thes e procedure s appl y t o 

;  disjoin t  part s o f  a  give n objec t  OBJ „  then ,  wit h likelihoo d pi ,  PROCa i s applicabl e t o OBJ „ 

I F [  fo r  /=1 ,  •  • •  , « 3  a  use- 1 lin k betwee n PROCa an d P R O d wit h M B ka i 

A ND fo r  /=1 ,  •  • •  , « 3  a n apply-t o lin k betwee n PROCi  an d OBJ „  wit h M B ki „  ] 

T H EN (wit h certaint y p i  ) 
Pi  " 

Add a n apply-t o lin k o f  typ e /  betwee n PROCa an d OBJ „  wit h M B ka„=^—^kaiki „ 
"  1= 1 

Fig .  2 :  Sampl e Inferenc e Rul e 

T HE BASI C M E C H A N I SM 

As stated above, in a knowledge acquisition setting, a speaker's communicative goal not only pertains 

t o th e acquisitio n o f  a  particula r  ite m o f  knowledge ,  bu t  als o t o inference s a  heare r  i s likel y t o dra w 

and t o othe r  belief s hel d b y th e hearer .  Thus ,  give n a n Intende d Messag e (IM )  t o b e conveye d t o a 
hearer ,  th e followin g task s mus t  b e performed : 

1.  Generat e Periphera l  RDs ,  suc h a s Contradiction s an d Revisions ,  whic h ar e relate d t o th e I M bu t 

ar e no t  directl y instrumenta l  t o it s acquisition . 

2.  Generat e Supportiv e RDs ,  suc h a s Causa l  Explanations ,  Example s an d Descriptions ,  whic h ar e 

directl y instrumenta l  t o th e attainmen t  o f  th e goa l  K N O W i m ) ,  V m e  (IM ,  Periphera l  RDs} . 

3.  Sor t  th e I M an d th e propose d R D s accordin g t o rhetorica l  considerations . 

In general, these tasks should not be performed in strict sequence, but should be interleaved, since they 
affec t  eac h other' s results .  However ,  ther e ar e condition s unde r  whic h th e sequentia l  executio n o f  thes e 

task s lead s t o coheren t  tex t  (Zukerma n 1990b) .  Hence ,  a  two-stag e discours e planne r  whic h generate s 

Periphera l  an d Supportiv e R D s sequentiall y  wil l  suffic e i n orde r  t o illustrat e th e applicatio n o f  ou r 
characterizatio n o f  learnin g impairments . 

In the first stage, we apply forward reasoning to evaluate the impact of an IM on a listener's beliefs, 
and generat e Periphera l  R D s t o counterac t  learnin g impairment s whic h ar e likel y t o tak e place .  T o thi s 

effect ,  w e temporaril y  assum e tha t  th e goa l  K N O W ( m)  fo r  m e  {IM ,  Periphera l  RDs )  ca n b e attaine d 
by merel y statin g th e messag e i n questio n (thi s assumptio n i s eliminate d i n th e secon d step) .  Thi s stag e 
i s execute d a s follows :  initially ,  a  networ k representin g th e I M i s adde d t o th e networ k representin g a 

listener' s belief s (se e Figur e 1) .  Next ,  a  Recognitio n mechanis m use s a  characterizatio n o f  learnin g 

impairment s t o anticipat e whethe r  th e I M i s likel y t o caus e a n impairment .  I f  thi s i s th e case ,  a  Selec -

tio n procedur e suggest s a  preventiv e Periphera l  R D base d o n thi s impairment .  A  Propagatio n mechan -
is m the n perform s forwar d reasonin g b y activatin g Common-sens e Inferenc e Rule s t o dra w inference s 
fro m th e propose d R D an d th e IM .  Th e Recognition-Selection-Propagatio n cycl e i s repeate d wit h 

respec t  t o th e newl y draw n inference s unti l  n o impairment s remain ,  i.e. ,  n o Periphera l  R D s ar e pro -

posed .  Thi s mechanis m account s fo r  th e presenc e o f  th e Contradictio n (i n italics )  i n th e sentenc e 
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"Panda s ar e bears ,  bu t  re d panda s ar e not, "  whic h prevent s Misleamin g du e t o a n erroneou s inferenc e 

fro m th e firs t  par t  o f  th e text .  ( A detaile d descriptio n o f  thi s procedur e appear s i n [Zukerma n 1990a]. ) 

In the second stage, backward reasoning is applied to generate Supportive RDs which fulfill the 

precondition s fo r  th e acquisitio n o f  eac h o f  th e message s propose d i n th e first  stage .  Sinc e th e fulfill -

ment  o f  th e precondition s t o discours e action s (i.e. ,  speec h acts )  i s equivalen t  t o th e avoidanc e o f  learn -

in g impairments ,  a  characterizatio n o f  learnin g impairment s ma y b e use d t o determin e Supportiv e RDs . 

Thi s procedur e account s fo r  th e generatio n o f  a  Causa l  Explanatio n suc h a s ''the y ar e raccoons "  t o 

suppor t  th e Contradictio n i n th e abov e example .  I n th e remainde r  o f  thi s pape r  w c focu s o n ou r  char -

acterizatio n o f  learnin g impairment s base d o n ou r  mode l  o f  a  hearer' s beliefs ,  an d demonstrat e it s us e 

i n discours e plarming . 

CHARACTERIZING KNOWLEDGE ACQUISITION IMPAIRMENTS 

We distinguish between three main types of impairments which are responsible for a listener's failure 

t o acquir e th e belief s intende d b y th e speake r  fro m th e presente d information .  Ou r  distinctio n i s base d 

on th e rol e o f  thes e impairment s i n th e knowledg e acquisitio n process ,  namely ;  Comprehension -

related ,  Affect-related t  an d Inference-related .  Comprehension-relate d impairment s directl y inhibi t  \h t 

acquisitio n o f  a  message ,  whil e Affect -  an d Inference-relate d impairment s inhibi t  th e acquisitio n o f  a 

message throug h thei r  effec t  o n related  belief s hel d b y a  listener .  Thus ,  th e recognition  an d invalidatio n 

of  possibl e Comprehension-relate d impairment s i s performe d i n th e secon d stag e o f  th e abov e discours e 

plannin g procedure ,  yieldin g Supportiv e RDs ;  whil e th e recognitio n an d invalidatio n o f  th e othe r  learn -

in g impainnent s i s performe d i n th e first  stage ,  generatin g Periphera l  RDs . 

Affect-related Impairments 

Affect-related impairments occur when a hearer experiences adverse affective responses due to a con-

flict  betwee n th e presente d informatio n an d his/he r  existin g beliefs .  Thes e conflict s inhibi t  th e hearer' s 

acquisitio n o f  thi s informatio n eve n thoug h s/h e ma y understan d it .  I n a  knowledg e acquisitio n setting , 

tw o commo n Affect-relate d impairment s ar e Confusio n an d Los s o f  Interest . 

Confusion occurs when an inference decreases significantly a listener's confidence in a previous belief, 

i.e. ,  th e absolut e valu e o f  th e M B o f  a  lin k i n a  networ k representin g a  hearer' s belief s i s significantl y 

lowere d du e t o th e effec t  o f  a n inference .  Fo r  instance ,  upo n readin g th e statemen t  "On e canno t  alway s 

add Algebrai c Terms, "  whic h yield s a  negativ e valu e fo r  th e M B o f  th e lin k [+/ -  apply-t o AT ]  i n th e 

networ k i n Figur e 1 ,  a  hstene r  ma y erroneousl y infe r  tha t  on e canno t  alway s ad d Lik e Algebrai c 

Terms ,  i n direc t  contradictio n wit h his/he r  previou s belief .  Th e invalidatio n o f  Confusio n cause d b y th e 

effec t  o f  a n incorrec t  inferenc e o n a  correc t  lin k i s performe d b y a  Revisio n o f  thi s link ,  e.g. ,  "bu t 

Lik e Term s ca n alway s b e added" ;  whil e th e invalidatio n o f  Confusio n du e t o th e effec t  o f  a  correc t 

inferenc e o n a n incorrec t  lin k i s performe d b y a  Contradictio n o f  thi s link . 

Loss of Interest occurs when a listener who is initially motivated to acquire knowledge is presented 

wit h a n I M s/h e consider s redundant .  I n term s o f  ou r  model ,  thi s take s plac e i f  ther e exist s a  nod e B 

whic h subsume s a  ne w nod e A ,  i.e. ,  ne w distinguishin g link s inciden t  upo n A  ar e connecte d t o th e 

same node s an d hav e M B s o f  compatibl e magnitud e an d sig n a s th e correspondin g link s inciden t  upo n 

B.  Thi s situatio n i s illustrate d i n Figur e 1 ,  wher e w e tr y t o ad d th e nod e ODL,  representin g distributiv e 

law ,  an d th e link s [D L apply-t o AT ]  an d [D L has-goa l  BrE ]  t o th e networ k representin g a  listener' s 

beliefs .  However ,  th e existenc e o f  th e erroneou s lin k [Br S apply-t o AT ]  make s th e nod e Br S equivalen t 

t o DL ,  thereb y renderin g th e ne w procedur e redundant  an d causin g Los s o f  Interest .  I f  Los s o f  Interes t 

i s  cause d b y a n incorrec t  link ,  i t  i s  invalidate d b y a  Contradictio n o f  thi s link ,  e.g. ,  "On e ca n no t 

alway s simplif y brackete d algebrai c expressions" ;  wherea s i f  al l  th e Unk s participatin g i n thi s 

t  Th e ter m affec t  i s  use d i n thi s pape r  i n th e sens e o f  emotions . 
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impairmen t  ar e correct ,  th e generatio n o f  a  Motivatio n whic h add s ne w link s t o th e messag e t o b e 

transferre d i s calle d for .  Clearly ,  Los s o f  Interes t  ma y als o b e cause d b y boredo m o r  b y lac k o f  under -

standing .  However ,  i n thi s case .  Los s o f  Interes t  i s  a  secondar y learnin g impairmen t  whic h result s fro m 

othe r  impairments . 

Inference-related Impairments 

Inference-related impairments take place when a hearer has failed to realize the implications intended 

by a  speaker .  Tha t  is ,  inference s whic h pertai n t o belief s tha t  th e speake r  intend s th e heare r  t o hol d 

upon completio n o f  th e discours e produc e eithe r  correc t  bu t  wea k belief s o r  incorrec t  beliefs .  Thes e 

inference s ma y eithe r  affec t  previousl y existin g belief s o r  ma y b e responsibl e fo r  th e inceptio n o f  ne w 

beliefs .  Inference-relate d impairment s whic h ar e commo n i n a  knowledg e acquisitio n settin g ar e 

Mislearning ,  Insufficien t  Learnin g an d Insignifican t  Chang e i n a  listener' s knowledg e status .  A  charac -

terizatio n o f  thes e impairment s mus t  tak e int o consideratio n th e differenc e betwee n a  listener' s leve l  o f 

expertis e wit h respec t  t o a  lin k an d a  leve l  o f  expertis e considere d satisfactory . 

Mislearning  takes place when an erroneous belief with a relatively high degree of confidence is pro-

duce d b y a n incorrec t  inferenc e draw n b y a  listener ,  i.e. ,  th e lin k i n questio n acquire s a  hig h M B wit h 

a wron g sign .  Thi s impairmen t  i s invalidate d b y a  Contradictio n o f  th e inference . 

Insufficient Learning occurs when a correct inference yields a correct belief with a relatively high 

M B,  bu t  whic h stil l  fall s  shor t  o f  a  desire d M B representativ e o f  proficiency .  Thi s impairmen t  i s 

invalidate d b y a  Revisio n o f  th e inference . 

Finally, an Insignificant Change in a listener's knowledge status occurs when an inference produces a 

rathe r  inconsequentia l  chang e i n a  lin k wit h a n M B representativ e o f  insufficien t  proficiency .  Th e 

invalidatio n o f  thi s impairmen t  i n a  lin k wit h a  relativel y hig h M B i s performe d b y a  Revisio n o f  th e 
link ,  i f  i t  i s  correct ,  an d a  Contradiction ,  otherwise .  I n a  lin k wit h a  lo w M B ,  thi s impairmen t  i s con -

sidere d equivalen t  t o ignorance ,  an d i s invahdate d accordingly . 

The immediate invalidation of Affect-related impairments is essential for the smooth continuation of 
th e knowledg e acquisitio n process ,  sinc e thei r  persistenc e divert s a  listener' s menta l  resource s fro m th e 
tas k o f  acquirin g fiirther  knowledge .  O n th e othe r  hand ,  th e invalidatio n o f  Inference-relate d impair -

ment s wit h respec t  t o link s whic h ar e remove d fro m th e mai n focu s o f  th e discours e ma y b e postpone d 

i f  didacti c o r  stylisti c  constraint s prohibi t  th e invalidatio n o f  al l  th e recognize d impairments . 

Comprehension-related Impairments 

Different Supportive RDs may accomplish the same function with respect to the comprehension pro-

cess ,  e.g. ,  a  concep t  ma y b e create d i n memor y b y mean s o f  a  Descriptio n o r  a n Analogy .  Further ,  on e 

Supportiv e R D s ma y perfor m a  numbe r  o f  functions ,  e.g. ,  a  Descriptio n ma y b e use d t o creat e a  ne w 
concep t  o r  t o identif y a  know n concept .  Therefore ,  w e distinguis h betwee n thre e type s o f  Supportiv e 

RDs accordin g t o thei r  functio n rathe r  tha n thei r  structure ,  namel y Creative ,  Indicativ e an d Explana -

tory .  Creativ e R D s ar e generate d t o buil d o r  reinforc e a  menta l  representatio n o f  a  concept .  Indicativ e 
RDs ar e generate d t o identif y a n existin g concep t  i n memory ,  an d Explanator y R D s ar e produce d t o 

foste r  belie f  i n a  proposition .  Th e Comprehension-relate d impairment s characterize d belo w determin e 

th e typ e o f  a  Supportiv e R D t o b e generated . 

In order to characterize Comprehension-related impairments, we have found it convenient to separate 
th e comprehensio n proces s int o thre e phases :  (1 )  Acces s o f  di e concept s i n memor y intende d b y th e 
speaker ,  (2 )  Constructio n o f  a  representatio n i n memor y o f  th e presente d information ,  an d (3 )  Accep -

tanc e o f  th e correctnes s o f  th e presente d information .  W e postulat e tha t  i n a  knowledg e acquisitio n set -

ting ,  i f  a U thes e phase s ar e successfull y completed ,  the n a  messag e wil l  b e understood .  I n othe r  type s 

of  settings ,  suc h a s a  tas k oriente d setting ,  th e thir d phas e i s desirabl e bu t  no t  essential . 
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I n orde r  t o complet e th e Acces s phase ,  th e followin g subgoal s mus t  b e satisfied :  (1 )  Connectio n — th e 

heare r  mus t  reconcil e a  referrin g expressio n use d b y a  speake r  wit h a  nod e i n memor y whic h i s 

intende d b y th e speaker ,  an d (2 )  Conten t  — th e goa l  K N O W mus t  b e fulfille d wit h respec t  t o th e 

intende d node .  A  Content-relate d impairmen t  ma y occu r  i n conjunctio n wit h a  Connection-relate d 

impairment ,  thereb y requirin g th e generatio n o f  Supportiv e R D s whic h satisf y bot h subgoals .  Lac k o f 

Connectio n an d Misunderstandin g ar e Connection-relate d impairments ,  an d Lac k o f  Understandin g an d 

Insufficien t  Understandin g ar e Content-relate d impairments .  Thes e impairment s defin e th e precondi -

tion s t o th e attainmen t  o f  th e subgoal s o f  th e Acces s phase ,  an d ar e characterize d i n term s o f  ou r  net -

wor k mode l  a s follows^ . 

Lack of Connection occurs when one of the following conditions is satisfied: (1) a lexical item used by 

a speake r  t o refer  t o a n intende d nod e doe s no t  exis t  i n th e networ k whic h represent s a  listener' s 

beliefs ,  i.e. ,  th e listene r  i s unfamilia r  wit h th e terminolog y use d b y th e speaker ,  (2 )  th e lexica l  ite m 
exist s i n th e networic ,  bu t  i t  i s  no t  connecte d t o a  concept ,  (3 )  i t  i s  weakl y connecte d t o th e intende d 

nod e (an d n o othe r  node) ,  o r  (4 )  i t  i s connecte d t o th e intende d nod e (an d n o othe r  node) ,  bu t  thi s nod e 

i s no t  prime d i n th e networic ,  i.e. ,  i t  i s  outsid e th e hstener' s attentiona l  statê .  Th e las t  conditio n ma y 

occu r  whe n th e discours e diverge s bot h i n tim e an d plac e fro m th e intende d node ,  inhibitin g a 

listener' s abilit y  t o acces s it ,  eve n i f  it s nam e ha s bee n mentioned .  Th e invalidatio n o f  thi s impaimien t 

i s performe d b y mean s o f  a n Indicativ e R D ,  suc h a s th e Instantiatio n i n th e tex t  "Lik e Algebrai c 

Terms ,  e.g. ,  2x-t-3x. " 

Misunderstanding occurs when a lexical item mentioned by a speaker is connected to a node which is 

not  th e intende d node .  Thi s ma y b e du e t o a  tru e mis-connectio n o r  du e t o th e fac t  tha t  ther e i s mor e 

tha n on e concep t  wit h th e sam e name ,  an d th e 'wrong '  on e i s primed .  A  commo n exampl e o f  th e latte r 

cas e i s a  scenari o wher e tw o peopl e ar e talkin g abou t  anothe r  person ,  let' s  cal l  he r  Mary ,  bu t  eac h par -

ticipan t  i n th e dialogu e ha s a  differen t  Mar y i n mind .  Lik e Lac k o f  Understanding ,  thi s impairmen t  i s 

invalidate d b y mean s o f  a n Indicativ e R D ,  suc h a s "Mar y Smith ,  no t  Jones. " 

Lack of Understanding takes place when there does not exist in the network representing a hearer's 

belief s a  nod e whic h correspond s t o a n intende d concept .  I t  entail s a  cormection-relate d impairment , 

sinc e a  lexica l  ite m canno t  poin t  t o a n absen t  node .  Thi s impairmen t  i s invalidate d b y a  Creativ e RD . 

Finally, Insufficient Understanding takes place when there exists a node which corresponds to an 

intende d concept ,  bu t  th e Degre e o f  Expertis e associate d wit h thi s nod e indicate s lac k o f  proficiency . 

Thi s impairmen t  ma y occu r  i n conjunctio n wit h a  connection-relate d impairmen t  o r  b y itself .  I t  i s  als o 

invalidate d b y a  Creativ e R D ,  bu t  emphasi s i s place d o n addressin g missin g o r  erroneou s constituent s 

of  th e nod e i n question ,  rathe r  tha n th e entir e concept .  Fo r  example ,  "I n completio n t o square ,  yo u ad d 

an d subtrac t  i b 12 a f: ' 

If a lexical item is used by a speaker to refer to a concept, the recognition of an impairment calls for 

th e generatio n o f  a n Identificatio n whic h associate s a  propose d Supportiv e R D wit h thi s name ,  e.g. ,  " A 

croo k i s a  shepherd' s staff. "  Thi s ma y resul t  i n othe r  impairments ,  suc h a s Confusio n o r  Misleaming , 

i f  th e intende d nod e i s cormecte d (eithe r  correctl y o r  incorrectly )  t o anothe r  lexica l  item ,  i.e. ,  i t  i s  iden -

tifie d wit h anothe r  name ,  o r  i f  th e lexica l  ite m i s connecte d (eithe r  correctl y o r  incorrectly )  t o anothe r 

node ,  i.e. ,  ther e i s mor e tha n on e nod e wit h th e sam e name .  Bot h case s cal l  fo r  th e generatio n o f  a 

Revisio n o f  th e lin k i n question ,  i f  i t  i s  correct ,  an d a  Contradiction ,  otherwise .  I n th e abov e example , 

an impairmen t  m a y tak e plac e i f  th e heare r  associate s th e lexica l  ite m croo k wit h th e concep t  criminal . 

I f  a  speake r  di d no t  us e a  lexica l  item .  Lac k o f  Connectio n take s place ,  callin g fo r  th e generatio n o f  a n 

Indicativ e R D t o enabl e a  listene r  t o acces s th e nod e i n question .  I n addition ,  a  Creativ e R D ma y b e 

require d i f  th e listener' s expertis e wit h respect  t o thi s concep t  i s insufficient . 

t  W e assum e tha t  th e meanin g o f  links ,  e.g. ,  apply-t o an d subclass ,  i s understoo d b y a  listener ,  an d concentrat e 

on node s a s possibl e source s o f  impairments . 

X Th e ter m attentiona l  stat e i s du e t o Gros z an d Sidne r  (1986) . 
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At  present ,  w e recogniz e tw o precondition s fo r  a  Construction-relate d Impairmen t  wit h respec t  t o a 

give n message :  (1 )  th e recognitio n o f  a  Content-relate d impairmen t  i n th e Acces s phas e o f  th e 

comprehensio n o f  thi s message ,  o r  (2 )  a  lo w M B i n th e lirik s betwee n th e node s i n thi s messag e o r 

betwee n th e constituent s o f  thes e nodes .  Th e firs t  conditio n indicate s tha t  th e heare r  i s unfamilia r  wit h 

th e concept s themselves ,  and ,  hence ,  i s likel y t o b e unfamilia r  wit h th e w a y the y relat e t o eac h other .  I t 

m ay b e invalidate d b y forcin g Instantiation s i n Creativ e R D s propose d durin g th e Acces s phase .  T h e 

secon d conditio n indicate s tha t  althoug h th e listene r  m a y b e familia r  wit h th e concept s i n isolation ,  s/h c 

i s no t  proficien t  wit h respec t  t o th e w a y the y relat e t o eac h other .  Thi s conditio n m a y b e invalidate d b y 

means o f  Creativ e R D s wit h Instantiation s wit h respec t  t o th e contex t  a t  hand . 

Finally, we recognize two preconditions whose satisfaction anticipates an Acceptance-related Impair-

ment  wit h respec t  t o a  give n message :  (1 )  th e applicatio n o f  Common-sens e Inferenc e Rule s t o link s i n 

th e networ k whic h ar e clos e t o th e lin k representin g thi s messag e yield s a n M B fo r  thi s lin k whic h 

indicate s insufficien t  proficiency ,  o r  (2 )  ther e exist s a t  leas t  on e lin k whic h ha s a n M B indicativ e o f  a n 

erroneou s belie f  an d i s relate d b y mean s o f  a  Common-sens e Inferenc e Rul e t o th e lin k representin g 

th e messag e i n question .  Th e first  conditio n stipulate s tha t  th e combinatio n o f  th e belief s hel d b y a 

listene r  whic h ar e relate d t o th e belie f  t o b e acquire d fail s t o adequatel y explai n th e correctnes s o f  thi s 

belief ,  wherea s th e secon d conditio n stipulate s tha t  i t  i s  sufficien t  t o hav e on e belie f  whic h undermine s 

th e belie f  t o b e acquired ,  i n orde r  t o anticipat e a n acceptanc e failure .  Impairment s i n th e Acceptanc e 

phas e m a y b e invalidate d b y generatin g Explanator y R D s ,  wher e th e link s targete d b y thes e R D s ar e 

th e one s wit h th e lowes t  M B s .  Fo r  instance ,  i n th e sampl e networ k i n Figur e 1 ,  th e Contradictio n 

"Bracke t  simplificatio n doe s no t  alway s appl y t o Algebrai c T e r m s "  require s a  Causa l  Explanatio n 

suc h a s "becaus e yo u canno t  alway s ad d Algebrai c Terms, "  i f  th e erroneou s lin k [+/ -  apply-t o A T ]  ha s 

a positiv e M B .  T h e applicatio n o f  rul e R l  i n Figur e 2  o n thi s lin k an d th e lin k [Br S use- 1 +/- ]  result s 

i n th e lin k [Br S apply-t o A T ] ,  thereb y underminin g a  hearer' s beUe f  i n th e Contradiction . 

A WORKED EXAMPLE 

In this section, we briefly describe a possible behavior of our discourse plarming procedure when teach-
in g a  smden t  th e distributiv e law .  Thi s situatio n i s represente d b y th e incorporatio n o f  th e messag e [D L 
apply-t o A T has-goa l  BrE] ,  depicte d b y th e shade d nod e an d link s i n Figur e 1 ,  t o th e res t  o f  th e net -

wor k i n Figur e 1 .  Th e resul t  o f  thi s proces s i s summarize d i n Tabl e 1 . 

Tabl e 1 :  R D s Propose d fo r  th e Intende d Messag e [D L apply-t o A T has-goa l  BrE ] 

R D Typ e 

Revisio n 

Identificatio n 

Instantiatio n 

Contradictio n 

Causalit y 

Intende d Messag e 

Identificatio n 

Descriptio n 

Instantiatio n 

R D Content s 

[Br S apply-t o L T has-goa l  BrE ] 

(BrS ,  'bracke t  simplification' ) 
(Br S apply-t o LT ) 

[Br S -.apply-t o AT ] 

(+/—^apply-t o AT ) 

[D L apply-t o A T has-goa l  BrE ] 

(DL ,  'disuibutiv e law' ) 

(DL ) 

(D L apply-t o AT ) 

Possibl e Tex t 

We ca n alway s eliminat e bracket s i n lik e term s b y 
applyin g bracke t  simplification .  E.g. , 

2(,5x+3x )  =  2xS x =  16x . 

However ,  w e canno t  d o thi s fo r  al l  algebrai c terms , 

becaus e w e canno t  alway s ad d algebrai c terms . 

I n algebra ,  w e ca n eliminat e bracket s b y applyin g 

distributiv e law : 

We multipl y eac h ter m insid e th e bracket s b y th e 
ter m outsid e th e brackets . 

For  example ,  2(x+y )  =  2 x +  2y . 

As state d above ,  i n th e forwar d reasonin g stage .  Los s o f  Interes t  i s  recognize d du e t o th e incorrec t  lin k 
[Br S apply-t o A T ] ,  p rompun g th e generatio n o f  a  Contradicfio n o f  thi s link .  Th e propagatio n o f  infer -

ence s fro m thi s R D caus e Confusio n i n th e correc t  lin k [Br S apply-t o LT] ,  callin g fo r  th e generauo n o f 
a Revisio n o f  thi s link .  Sinc e n o furthe r  impairment s ar e recognize d i n thi s stage ,  w e procee d t o th e 

backwar d reasonin g stage .  Durin g th e Acces s phase ,  w e recogniz e Lac k o f  Understandin g wit h respec t 
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t o th e ne w concep t  distributiv e law ,  an d Lac k o f  Connectio n wit h respec t  t o th e concept s bracke t  sim -

plificatio n an d Lik e Terms .  Th e firs t  o f  thes e impairment s i s invalidate d b y mean s o f  a  Creativ e R D , 

suc h a s a  Description ,  an d th e res t  b y mean s o f  a n Indicativ e R D ,  say ,  a n Instantiation .  Next ,  durin g 

th e Constructio n phase ,  a n impairmen t  ma y b e detecte d wit h respec t  t o th e applicatio n o f  distributiv e 

la w t o Algebrai c Terms ,  requirin g a n Instantiatio n t o complemen t  th e Description .  Finally ,  i n th e 

Acceptanc e phase ,  a n impairmen t  ma y b e recogruze d wit h respec t  t o th e Contradiction ,  callin g fo r  a 

Causal  Explanation ,  a s explaine d above . 

CONCLUSION 

This paper offers a discourse planning paradigm based on a characterization of impairments to the 

knowledg e acquisitio n proces s i n term s o f  a  mode l  o f  a  hearer' s beliefs .  Ou r  characterizatio n provide s a 

parsimoniou s representatio n o f  th e precondition s fo r  th e fulfillmen t  o f  a  communicativ e goal ,  an d i t 

support s bot h backwar d an d forwarx l  reasoning  i n discours e planning .  Thi s characterizatio n require s a 

model  o f  a  hearer' s belief s whic h represents  uncertai n belief s an d support s th e generatio n o f  inferences . 

At  present ,  th e forwar d reasoning  proces s ha s bee n implemente d wit h respect  t o th e networ k i n Figur e 

1,  producin g Periphera l  R D s whic h ar e consisten t  wit h thos e appearin g i n naturall y occurrin g texts . 
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