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Abstrac t 

Most Natural Language Generation systems de-
velope d t o dat e assum e tha t  a  use r  wil l  lear n onl y 
what  i s  explicitl y  state d i n th e discourse .  Thi s 
assumptio n lead s t o th e generatio n o f  discours e 
tha t  slate s explicitl y al l  th e informatio n t o b e 
conveyed ,  an d tha t  doe s no t  addres s furthe r  in -
ference s fro m th e discourse .  Th e conten t  plan -
nin g mechanis m describe d i n thi s pape r  addresse s 
thes e problem s b y takin g int o consideratio n th e 
inference s th e use r  i s likel y t o mak e fro m th e pre -
sente d information .  Thes e inference s ar e modele d 
by mean s o f  inferenc e rules ,  whic h ar e applie d i n 
a prescriptiv e manne r  t o generat e discours e tha t 
convey s th e intende d information ,  an d i n a  pre -
dictiv e mod e t o dra w furthe r  conclusion s fro m th e 
presente d information .  I n addition ,  ou r  mecha -
nis m minimize s th e generate d discours e b y pre -
sentin g onl y informatio n th e use r  doe s no t  kno w 
or  abou t  whic h s/h e ha s misconceptions .  Th e do -
mai n o f  ou r  implementatio n i s th e explanatio n o f 
concept s i n hig h schoo l  algebra . 

Introduction 

I t  ha s bee n widel y accepte d tha t  muc h o f  wha t  i s inten -
tionall y conveye d durin g languag e us e i s no t  explicitl y 
expresse d [Gric e 1978] .  Th e recognitio n o f  thi s fac t 
has significantl y influence d researc h i n Natura l  Lan -
guag e Understanding ,  e.g. ,  [Norvi g 1989] ,  an d i n Pla n 
Recognition ,  e.g. ,  [Alle n an d Perraul t  1980] ,  wher e ex -
tensiv e inference s ar e draw n fro m a  piec e o f  discourse . 
A fe w Natura l  Languag e Generatio n ( N L G )  system s 
hav e addresse d particula r  type s o f  inference s whic h ca n 
be mad e fro m statement s issue d b y a  syste m [Josh i  e t 
al .  1984 ,  Reite r  1990 ,  Zukerma n i990,'Cawse y 1991] . 
However ,  mos t  N L G system s develope d t o date ,  e.g. , 
[Appel t  1982 ,  M c K e o w n 1985 ,  Pari s 1988 ,  Hov y 1988 , 
Moor e an d Swartou t  1989 ,  Cawse y 1990] ,  assum e tha t 
a user ^  wil l  lear n onl y wha t  i s explicitl y  state d i n th e 
discourse . 

'Th e term s hearer/user/addresse e ar e use d interchange -
abl y i n thi s paper . 

Thi s assumptio n m a y resul t  i n th e generatio n o f  dis -
cours e tha t  o n on e han d i s  overl y explicit ,  i.e. ,  in -
clude s informatio n tha t  coul d hav e bee n easil y inferre d 
by th e heare r  fro m th e presente d information ,  an d o n 
th e othe r  han d fail s t o addres s possibl e indirec t  infer -
ence s draw n b y th e user ,  i.e. ,  i s no t  complemente d b y 
informatio n tha t  contradict s possibl e erroneou s infer -
ences .  Fo r  example ,  a  possibl e erroneou s indirec t  in -
ferenc e fro m th e statemen t  "wallabie s ar e lik e kanga -
roos "  i s tha t  wallabie s ar e th e sam e siz e a s kangaroos . 
A syste m tha t  i s sensitiv e t o a  user' s inference s shoul d 
complemen t  thi s statemen t  wit h th e disclaime r  "bu t 
smaller. " 

I n thi s paper ,  w e presen t  a  conten t  plannin g mecha -
nis m whic h addresse s thes e problems .  Ou r  mechanis m 
generate s Rhetorica l  Device s (RDs) ,  suc h a s Descrip -
tions ,  Instantiation s an d Similes .  T h e generatio n o f 
R Ds i s  performe d b y applyin g inferenc e rule s whic h 
relat e R D s t o beliefs .  Thes e rule s ar e applie d i n tw o 
differen t  way s durin g th e discours e plannin g process : 
forwar d reasonin g an d backwar d reasoning . 

F o r w a r d reasonin g reason s fro m th e R D s t o thei r 
possibl e effects .  Thi s proces s account s fo r  th e gener -
atio n o f  th e disclaime r  fo r  th e abov e Simil e betwee n 
wallabie s an d kangaroos ,  b y firs t  applyin g a  similarity -
base d inferenc e rul e whic h conjecture s tha t  th e heare r 
wil l  transfe r  wha t  s/h e know s abou t  kangaroo s t o wal -
labies ,  an d the n blockin g th e transferenc e o f  feature s 
whic h ar e no t  correc t  wit h respec t  t o wallabies .  Thi s 
reasonin g mechanis m wa s use d i n [Zukerma n 1990 ]  fo r 
th e generatio n o f  Contradiction s an d Revision s o f  a 
user' s possibl e inferences . 

B a c k w a r d reasonin g reason s fro m a  communica -
tiv e goa l  t o th e R D s tha t  m a y b e use d t o achiev e it . 
For  instance ,  th e concep t  o f  a  stac k m a y b e conveye d 
t o a  studen t  b y mean s o f  a  Definition ,  a n Analog y (sa y 
t o a  stac k o f  plate s i n a  cafeteria) ,  a n Example ,  o r  a 
combinatio n o f  thes e R D s .  Thi s reasonin g mechanis m 
has bee n widel y use d i n N L G systems ,  e.g. ,  [Appel t 
1982 ,  Hov y 1988 ,  Moor e an d Swartou t  1989 ,  Cawse y 
1990] .  However ,  thes e system s d o no t  represen t  ex -
plicitl y th e inferentia l  proces s tha t  allow s a  heare r  t o 
deduc e a  belie f  fro m a n R D .  I n ou r  system ,  thi s proces s 
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i s  modele d b y th e inferenc e rules . 

I n th e followin g section ,  w e describ e briefl y th e rule s 
of  inferenc e use d b y ou r  mechanism .  I n th e remainde r 
of  thi s paper ,  w e describ e th e task s performe d b y th e 
conten t  planner . 

The Rules of Inference 

Our  mechanis m take s int o consideratio n thre e type s o f 
inferences ;  (1 )  direc t  inferences ,  (2 )  indirec t  inferences , 
and (3 )  uniquenes s implicatures . 

Direc t  inference s reproduc e directl y th e conten t 
of  th e discourse .  Th e likelihoo d tha t  a  heare r  wil l  un -
derstan d a  statemen t  b y mean s o f  a  direc t  inferenc e i s 
influence d b y th e complexit y an d abstractnes s o f  th e 
informatio n i n th e statemen t  an d b y th e addressee' s 
abilit y  t o understan d abstrac t  explanations ,  suc h a s 
stand-alon e description s o r  definitions .  Th e abstract -
understan d inferenc e rul e assesse s thi s likelihood . 

Indirec t  inference s produc e inference s tha t  ar e 
furthe r  remove d fro m wha t  wa s said .  Thes e inference s 
ar e no t  alway s sound .  Th e indirec t  inferenc e rule s con -
sidere d a t  presen t  i n ou r  mode l  ar e base d o n th e one s 
describe d i n [Zukerma n 1990] ,  namely :  generalization , 
specialization ,  similarit y an d applicability .  However , 
the y dra w inference s fro m RDs ,  rathe r  tha n fro m al -
read y acquire d beliefs .  Th e first  thre e rule s reflec t  stu -
dent  behaviou r  observe d i n [Mat z 1982] .  Th e gener -
alizatio n rul e wa s als o postulate d i n [Va n Leh n 1983 , 
Sleema n 1984] .  Applicabilit y  i s  a  simpl e deductiv e rea -
sonin g rule .  I t  state s tha t  i f  w e ca n appl y th e first  se t 
of  step s o f  a  procedur e t o a n object ,  the n w e ca n appl y 
th e entir e procedur e t o thi s object .  Th e likelihoo d o f 
acquirin g a  messag e throug h indirec t  inference s fro m 
an R D depend s o n th e hearer' s confidenc e i n th e corre -
spondin g inferenc e rule s an d o n th e strengt h o f  th e be -
lief s whic h participat e i n th e inferenc e process .  Fo r  in -
stance ,  i n th e abov e wallabies-kangaroo s example ,  th e 
likelihoo d tha t  th e heare r  wil l  infe r  th e desire d feature s 
of  wallabie s fro m th e Simil e "wallabie s ar e lik e kanga -
roos "  depend s o n his/he r  knowledg e abou t  kangaroo s 
and o n his/he r  confidenc e i n th e similarit y inferenc e 
rule .  Finally ,  i n th e curren t  system ,  th e applicatio n o f 
indirec t  inferenc e rule s emulate s a  behaviou r  observe d 
i n [Sleema n 1984] ,  whereb y goo d student s retai n mor e 
correc t  conclusion s tha n incorrec t  ones ,  whil e th e op -
posit e happen s fo r  mediocr e students . 

Give n a  propositio n P{0) ,  uniquenes s implica -
ture s licens e th e inferenc e tha t  P  i s tru e onl y wit h re -
spec t  t o O .  Fo r  example ,  upo n hearin g th e statemen t 
•'Jo e ha s on e leg, "  mos t  peopl e wil l  probabl y infe r  tha t 
Joe ha s on e le g onl y [Hirschber g 1985]̂ .  Althoug h th e 
occurrenc e o f  uniquenes s implicature s i s mainl y influ -
ence d b y th e wordin g o f  th e discourse ,  thei r  impac t  o n 
a hearer' s understandin g o f  th e discours e i s affecte d b y 

^Uniquenes s implicature s diife i  {ro m th e implicature s 
discusse d i n [Reite r  1990] ,  sinc e the y pertai n t o proposi -
tions ,  rathe r  tha n t o concepts . 

th e hearer' s belief s an d b y th e manne r  i n whic h th e 
heare r  processe s th e incomin g information .  Tha t  is , 
peopl e usuall y expec t  t o ad d th e incomin g informatio n 
t o thei r  knowledg e poo l  [Zukerma n 1991b] .  However , 
i f  othe r  informatio n i s alread y i n place ,  a  conflic t  en -
sues du e t o th e uniquenes s implicatur e resultin g fro m 
th e norma l  wordin g o f  th e discourse .  Fo r  instance ,  i f  a 
speake r  say s "Bracke t  Simplificatio n applie s t o Lik e Al -
gebrai c Expressions, "  th e uniquenes s implicatur e wil l 
licens e th e inferenc e tha t  Bracke t  Simplificatio n applie s 
onl y t o Lik e Algebrai c Expressions .  Now ,  i f  th e use r 
believe s tha t  Bracke t  Simplificatio n applie s t o Num-
bers ,  th e uniquenes s implicatur e wil l  caus e a  conflic t 
wit h thi s belief . 

The domai n o f  ou r  inferenc e rule s i s RDs ,  an d thei r 
rang e i s beliefs .  Tha t  is ,  thei r  forma t  is :  Inference(RD ) 

^  Belief ,  wher e p r  i s  th e probabilit y  tha t  whe n applie d 
t o th e R D i n th e antecedent ,  th e rul e wil l  produc e th e 
belie f  i n th e consequent .  Fo r  example ,  i f  th e R D i s a n 
Instantiatio n an d th e rul e i s generalization ,  the n p r  i s 
th e probabilit y  tha t  th e heare r  wil l  generaliz e th e in -
tende d belie f  fro m th e Instantiation .  Thus ,  ou r  rule s 
allo w ou r  syste m t o conjectur e th e effec t  o f  a n R D o n 
a hearer' s beliefs ,  an d ac t  accordingly ,  i.e. ,  omi t  infor -
matio n tha t  ma y b e inferre d fro m thi s RD ,  an d ad d in -
formatio n tha t  addresse s possibl e incorrec t  inference s 
fro m th e RD . 

Operation of the Content Planner 

Our  conten t  planne r  receive s a s inpu t  a  concep t  t o b e 
conveye d t o th e heare r  (e.g. .  Distributiv e Law) ,  a  lis t 
of  aspect s tha t  mus t  b e conveye d abou t  thi s concep t 
(e.g. ,  operatio n an d domain) ,  an d a  communicativ e 
goal  whic h state s th e degre e t o whic h thes e aspect s 
must  b e know n (e.g. ,  kno w well) .  Th e outpu t  o f  th e 
conten t  planne r  i s a  se t  o f  RDs ,  wher e eac h R D i s com -
pose d o f  a  rhetorica l  action ,  suc h a s Asser t  an d Instan -
tiate ,  applie d t o a  proposition . 

I n orde r  t o conve y th e intende d aspect s o f  a  concept , 
our  mechanis m first  determine s th e informatio n t o b e 
presented ,  an d the n propose s RD s t o conve y thi s in -
formation .  However ,  i t  i s possibl e tha t  th e heare r  doe s 
not  understan d th e concept s mentione d i n a  particu -
la r  R D wel l  enoug h t o understan d thi s RD .  Therefore , 
th e generatio n proces s i s repeate d wit h ne w commu-
nicativ e goal s an d aspect s wit h respec t  t o th e concept s 
mentione d i n th e propose d RDs ,  i n orde r  t o ad d in -
formatio n abou t  thes e concepts ,  i f  necessary .  Othe r 
discours e plannin g tasks ,  suc h a s organizin g th e gen -
erate d messages ,  an d selectin g a  se t  o f  RD s amon g a 
number  o f  candidat e set s o f  RD s whic h conve y th e in -
tende d information ,  ar e th e subjec t  o f  futur e research . 

Throughou t  thi s section ,  w e wil l  us e th e followin g 
sampl e inpu t  t o illustrat e th e operatio n o f  th e conten t 
planner :  (Bracket-Simplification ,  {domain,operation} , 
K N O W ).  I n thi s input ,  th e communicativ e goa l  i s  fo r 
th e heare r  t o kno w th e domai n an d operatio n o f  th e 
Bracke t  Simplificatio n procedure . 
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Tab 
A s p e c t 

domai n 

operatio n 

e 1 :  Proposition s Relevan t  t o th e S a m p l e Aspec t s 
D o m a i n Predicat e 

Bracket-Simplificatio n apply-t o Like-Algebraic-Expressions ] 
Bracket-Simplificatio n apply-t o Numbers ] 

[Bracket-Simplificatio n use- 1 ± ] 
[Bracket-Simplificatio n use- 2 x ] 

Dec id i n g w h i c h I n f o r m a t i o n t o P r e s e n t 

I n thi s step ,  ou r  syste m produce s a  lis t  o f  proposition s 
tha t  mus t  b e conveye d i n orde r  t o satisf y a  give n com -
municativ e goa l  wit h respec t  t o specifie d aspect s o f  a 
give n concept .  Ou r  syste m cater s fo r  Grice' s M a x i m 
of  Quantit y [Gric e 1975 ]  i n tha t  th e generate d propo -
sition s contai n onl y informatio n tha t  th e use r  doe s not 
kno w o r  abou t  whic h th e use r  ha s misconceptions .  Thi s 
featur e i s particularl y usefu l  i n situation s suc h a s th e 
ones describe d i n [Sleema n 1984] ,  wher e th e use r  know s 
most  o f  th e step s i n a  procedure ,  an d need s t o b e in -
structe d onl y wit h respec t  t o a  fe w o f  them . 

Our  syste m firs t  retrieve s fro m a  knowledg e bas e 
th e proposition s relevan t  t o th e give n aspects .  Next , 
base d o n consultatio n wit h a  mode l  o f  th e hearer' s be -
lief s [Zukerma n 1992] ,  th e proposition s alread y know n 
by th e use r  ar e filtere d out ,  an d proposition s whic h 
addres s misconception s hel d b y th e use r  ar e added . 
Proposition s tha t  ar e weakl y believe d b y th e heare r  ar e 
presented ,  but  the y mus t  b e prefixe d wit h a  Met a C o m -
ment  whic h credit s th e heare r  wit h th e belie f  i n ques -
tio n [Zukerma n 1991b] ,  e.g. ,  ''A s yo u probabl y know , 
Bracke t  Simplificatio n applie s t o .Numbers. " 

For  instance ,  i n orde r  t o satisf y th e aspect s i n ou r 
sampl e input ,  th e firs t  ste p determine s tha t  th e propo -
sition s i n Tabl e 1  mus t  b e know n b y th e hearer"* .  Now , 
conside r  a  situatio n wher e th e heare r  ha s th e followin g 
belief s wit h respec t  t o th e aspect s i n question : 

[Bracket-Simplificatio n apply-t o 
Algebraic-Expressions ] 

[Bracket-Simplificatio n apply-t o Numbers ] 
Bracket-Simplificatio n use- 2 x 

I n thi s case ,  th e proposition s [Bracket-Simplificatio n 
use- 2 x ]  an d [Bracket-Simplificatio n apply-t o Numbers ] 
ar e omitte d fro m th e proposition s t o b e conveyed , 
and th e negatio n o f  th e wrongl y believe d propositio n 
[Bracket-Simplificatio n apply-t o Algebraic-Expressions ]  i s 
added .  Thi s proces s result s i n th e proposition s i n Ta -
bl e 2 . 

Proposing Rhetorical Devices 

I n thi s step ,  th e conten t  planne r  propose s R D s t o con -
vey th e se t  o f  proposition s produce d i n th e previou s 

step .  T o thi s effect ,  i t  take s int o consideratio n infer -
ence s a  heare r  i s likel y t o perfor m base d o n thes e R D s . 
Our  procedur e i s base d o n th e tene t  tha t  whil e pro -
cessin g a  piec e o f  discours e i n a n interactiv e setting , 
a heare r  wil l  dra w immediat e inference s fro m th e dis -
course ,  bu t  wil l  perfor m furthe r  reachin g inference s af -
te r  th e entir e discours e ha s bee n processed .  Thus ,  i n 
orde r  t o addres s thes e immediat e inferences ,  ou r  algo -
rith m draw s on e roun d o f  inference s fro m a  propose d 
R D.  Eac h inferenc e rul e tha t  i s  applicabl e t o thi s R D 
m ay b e instantiate d mor e tha n onc e durin g a  roun d o f 
inferences .  Thi s proces s i s carrie d ou t  b y th e proce -
dur e Propose-RDs . 

Propose-RDs(proposiiions-to-bt-conveyed) 

1.  Selec t  a  se t  o f  proposition s tha t  pertai n t o a  partic -
ula r  aspec t  t o b e conveyed . 

2.  Appl y inferenc e rule s i n backwar d reasonin g m o d e i n 
orde r  t o propos e a  se t  o f  R D s whic h conve y thes e 
propositions .  Eac h R D i n thi s se t  constitute s a  dif -
feren t  alternativ e fo r  conveyin g th e proposition s i n 
question . 

3.  Fo r  eac h alternativ e R D i n th e se t  o f  R D s ,  appl y 
inferenc e rule s i n forwar d reasonin g m o d e i n orde r 
t o dra w th e inference s tha t  ca n d e m a d e fro m thi s 

RD. 
(a )  Updat e th e lis t  o f  proposition s t o b e conveye d a s 

follows : 

i .  I f  a n inferenc e i s correc t  an d i t  correspond s t o 
on e o f  th e proposition s t o b e conveyed ,  the n i f 
th e inferenc e i s stron g enough ,  th e propositio n 
no longe r  ha s t o b e said ,  an d i t  i s  delete d fro m 
th e lis t  o f  proposition s t o b e conveyed .  Other -
wise ,  th e inferenc e ha s ha d som e effec t  o n th e 
propositio n t o b e conveyed ,  bu t  thi s effec t  i s  no t 
sufficien t  t o determin e tha t  th e propositio n wil l 
be believe d b y th e addressee .  ( A correc t  in -
ferenc e tha t  doe s no t  correspon d t o on e o f  th e 
proposition s t o b e conveye d ha s n o effec t  o n th e 
discourse''. ) 

ii .  I f  a n inferenc e i s incorrect ,  the n i f  i t  doe s no t 
correspon d t o an y o f  th e proposition s t o b e con -
veyed ,  it s negatio n i s adde d t o th e lis t  o f  propo -
sition s t o b e conveyed .  (I f  i t  correspond s t o a 

•'Th e relationship s use- 1 an d use- 2 indicat e th e tempora l 
orderin g o f  a  mathematica l  operation . 

*  [Zukerma n 1990 ]  describe s a  mechanis m whic h pro -
duce s discours e tha t  addresse s suc h inference s i f  the y ar e 
weak. 
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Tabl e 2 :  Proposition s t o b e Conveye d 
Aspec t 

domai n 

operatio n 

D o m a i n Predicat e 

[Bracket-Simplificatio n apply-t o Like-Algebraic-Expressions ] 
-•[Bracket-Simplificatio n (always )  apply-t o Algebraic-Expressions ] 

[Bracket-Simplificatio n use- 1 ± ] 

propositio n t o b e conveyed ,  i t  i s  alread y bein g 
addressed. ) 

(b )  Updat e th e mode l  o f  th e heare r  wit h th e abov e 
inferences . 

(c )  I f  th e update d lis t  o f  proposition s t o b e con -
veye d i s no t  empty ,  the n ad d th e R D s pro -
duce d b y Propose-RDs(updated-propositions-to -
be-conveyed )  t o th e R D propose d i n thi s alter -
native . 

T o illustrat e th e working s o f  thi s algorithm ,  le t  u s 
retur n t o ou r  Bracke t  Simplificatio n example .  Fo r  ou r 
discussion ,  w e assum e tha t  th e addresse e i s  abl e t o 
understan d abstrac t  explanations ,  i.e. ,  th e p r  o f  th e 

rul e Abstract-understand(Assertton )  — Belie f  i s  quit e 
high .  N o w ,  th e aspect s t o b e conveye d wit h respec t  t o 
Bracke t  Simplificatio n ar e domai n an d operation .  I n 
th e curren t  implementation ,  w e selec t  operatio n first, 
sinc e th e inference s fro m th e R D s generate d t o con -
ve y thi s eispec t  ten d t o affec t  othe r  proposition s t o 
be conveyed .  Next ,  w e appl y rule s o f  inferenc e i n 
backwar d reasonin g m o d e t o generat e R D s tha t  ca n 
conve y th e propositio n [Bracket-Simplificatio n use- 1 ± ] . 
Thi s ste p yield s th e R D s {Assertion }  an d {Assertio n + 
Instantiation} ,  wher e bot h R D s hav e a  sufficientl y hig h 
probabilit y o f  conveyin g th e intende d proposition .  I n 
bot h alternatives ,  th e relationshi p use- 1 i n th e Asser -
tio n i s conveye d b y a  descripto r  suc h a s "befor e multi -
plying "  whic h identifie s th e positio n o f  th e ±  operatio n 
i n th e Bracke t  Simplificatio n procedure . 

Let  u s first  conside r  th e alternativ e initiate d b y 
{Assertion} .  I n thi s case ,  th e applicatio n o f  th e infer -
enc e rule s i n forwar d reasonin g m o d e doe s no t  affec t 
any o f  th e othe r  proposition s t o b e conveyed .  Hence , 
we updat e th e mode l  o f  th e heare r  t o reflec t  th e fac t 
tha t  s/h e ha s bee n informe d o f  th e first  ste p o f  Bracke t 
Simplification ,  an d re-activat e ou r  algorith m wit h re -
spec t  t o th e proposition s i n th e aspec t  domain . 

Durin g th e backwar d reasonin g step ,  ou r  mechanis m 
determine s tha t  th e propositio n [Bracket-Simplificatio n 
apply-t o Like-Algebraic-Expressions ]  m a y als o b e con -
veye d eithe r  b y a n Assertio n o r  b y a n Assertio n accom -
panie d b y a n Instantiation .  I n bot h cases ,  durin g th e 
forwar d reasonin g stage ,  th e followin g inference s m a y 
be draw n fro m th e Assertion :  (1 )  a  similarity-base d in -
ferenc e base d o n th e hearer' s belie f  tha t  Number s ar e 
simila r  t o Lik e Algebrai c Expressions ;  (2 )  a  general -
izatio n base d o n th e belie f  tha t  Lik e Algebrai c Expres -
sion s ar e a  subse t  o f  Algebrai c Expressions ;  an d (3 )  a 
uniquenes s implicature .  T h e similarity-base d inferenc e 

corroborate s th e hearer' s correc t  belie f  tha t  Bracke t 
Simplificatio n applie s t o Numbers ;  th e generalizatio n 
corroborate s his/he r  incorrec t  belie f  i n th e applicabil -
it y o f  Bracke t  Simplificatio n t o Algebrai c Expressions ; 
an d th e uniquenes s implicatur e conclude s tha t  Bracke t 
Simplificatio n applie s onl y t o Lik e Algebrai c Expres -
sions ,  an d henc e no t  t o Number s o r  t o Algebrai c Ex -
pressions . 

T h e uniquenes s implicature ,  whic h conflict s wit h th e 
similarity-base d inferenc e an d wit h th e user' s belie f 
tha t  Bracke t  Simplificatio n applie s t o Numbers ,  ma y 
be prevente d b y prefixin g th e propose d Assertio n wit h 
informatio n tha t  corroborate s th e user' s belief ,  e.g. , 
"/ n additio n t o Numbers ,  Bracke t  Simplificatio n ap -
plie s t o Lik e Algebrai c Expressions. "  A t  first  glance , 
i t  appear s tha t  informatio n tha t  wa s omitte d i n th e 
filtering  proces s (se e precedin g section )  i s  no w bein g 
reinstated .  However ,  th e generatio n o f  thi s preambl e 
link s th e ne w informatio n t o a n existin g belie f  hel d 
by th e hearer ,  rathe r  tha n informin g th e heare r  tha t 
Bracke t  Simplificatio n applie s t o Numbers . 

T h e generalization ,  whic h conflict s wit h th e unique -
nes s implicatur e an d corroborate s th e hearer' s erro -
neou s belie f  tha t  Bracke t  Simplificatio n applie s t o Al -
gebrai c Expressions ,  i s alread y bein g addresse d b y th e 
secon d domai n propositio n i n Tabl e 2 .  Hence ,  noth -
in g need s t o b e adde d t o th e lis t  o f  proposition s t o b e 
conveyed .  However ,  th e fac t  tha t  th e generalizatio n 
ca n b e inferre d fro m th e propose d Assertio n support s 
th e generatio n o f  a n expectatio n violatio n Met a Com -
ment  [Zukerma n 1991b] ,  suc h a s "but "  o r  "however, " 
whic h link s thi s Assertio n wit h th e RD(s )  tha t  wil l  b e 
generate d t o conve y th e secon d domai n proposition . 

T h e generatio n o f  R D s fo r  th e secon d domai n propo -
sitio n i n Tabl e 2  i s performe d similarly .  Thi s yield s th e 
outpu t  i n Tabl e 3  fo r  th e alternativ e wher e a n Asser -
tio n wa s generate d fo r  th e first  an d thir d propositio n 
i n Tabl e 2 ,  an d a  Negatio n fo r  th e secon d proposition . 
Our  curren t  implementatio n produce s th e name s o f  th e 
R Ds an d th e propositiona l  representation .  T h e Englis h 
tex t  ha s bee n adde d fo r  illustrativ e purposes . 

We conclud e thi s discussio n b y considerin g briefl y 
th e alternativ e heade d b y {Assertio n +  Instantiation } 
of  th e propositio n [Bracket-Simplificatio n use- 1 ± ] .  Thi s 
alternativ e wil l  resul t  i n a  discours e whic h i s markedl y 
differen t  fro m th e on e i n Tabl e 3 ,  i f  th e propositio n i s 
instantiate d wit h respec t  t o a  Lik e Algebrai c Expres -
sion ,  suc h a s 2(2 i  +  3 i ) ,  an d thereafter ,  i n th e for -
war d inferenc e step ,  th e generalizatio n inferenc e rul e 
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1 Tabl e 3 :  S a m p l e R D s P roduce d durin g Con ten t  P lannin g ) 

M e n t i o n 

Asser t 

N e g a t e 

Asser t 

[Bracket-Simplificatio n apply-t o Numbers ] 

"I n additio n t o Numbers , 

[Bracket-Simplificatio n apply-t o Like-Algebraic-Expressions ] 
Bracke t  Simplificatio n applie s t o Lik e Algebrai c Expressions , 

[Bracket-Simplificatio n (always)apply-t o Algebraic-Expressions ] 
but  i t  doe s no t  alway s appl y t o Algebrai c Expressions . 

[Bracket-Simplificatio n use- 1 ± ] 
Befor e multiplying ,  w e ad d o r  subtrac t  th e term s insid e th e brackets. " 

produce s th e inferenc e [Bracket-Simplificatio n apply-t o 
Like-Algebraic-Expressions ]  fro m thi s Instantiation .  I n 
thi s case ,  thi s propositio n wil l  b e delete d fro m th e lis t 
of  proposition s t o b e conveyed . 

Conveying the Concepts in an RD 

At this point in the content planning process, we have 
a numbe r  o f  candidat e set s o f  RDs ,  wher e eac h se t 
convey s th e specifie d aspect s o f  th e intende d concept . 
For  eac h o f  thes e sets ,  w e no w hav e t o ascertai n tha t 
th e heare r  understand s th e concept s mentione d i n it s 
R Ds wel l  enoug h t o understan d thes e RDs .  T o thi s 
effect ,  fo r  eac h o f  thes e concepts ,  th e conten t  planne r 
perform s th e followin g actions :  (1 )  i t  determine s th e 
aspect s o f  th e concep t  whic h ar e relevan t  t o th e un -
derstandin g o f  th e propositio n whic h contain s th e con -
cept ,  (2 )  i t  determine s a  communicativ e goa l  fo r  thes e 
aspects ,  an d (3 )  i t  regresse s t o generat e R D s tha t  ac -
complis h thi s communicativ e goa l  wit h respec t  t o th e 
selecte d aspect s o f  th e concept .  Thi s proces s general -
ize s th e mechanis m describe d i n [Zukerma n 1991a] . 

Th e determinatio n o f  th e aspect s th e heare r  mus t 
kno w abou t  a  concep t  i n orde r  t o understan d a  propo -
sitio n whic h contain s thi s concep t  i s base d o n th e mai n 
predicat e o f  th e propositio n an d o n th e rol e o f  th e con -
cep t  wit h respec t  t o thi s predicate .  Fo r  example ,  i n or -
der  t o understan d th e Assertio n [Bracket-Simplificatio n 
apply-t o Like-Algebraic-Expressions ]  propose d above , 
th e heare r  mus t  kno w wha t  Like-Algebraic-Expression s 
ar e an d wha t  the y loo k like .  Hence ,  th e syste m return s 
th e aspect s membership-clas s an d structure . 

Th e determinatio n o f  a  communicativ e goa l  wit h re -
spec t  t o th e selecte d aspect s o f  a  concep t  i s base d o n 
th e relevanc e o f  thi s concep t  t o th e origina l  c o m m u -
nicativ e goal .  Tha t  is ,  th e mor e relevan t  th e concep t 
i s t o thi s communicativ e goal ,  th e bette r  i t  shoul d b e 
known b y th e addressee ,  an d vic e versa .  Thi s consid -
eratio n i s implemente d b y lowerin g th e expertis e re -
quirement s wit h respec t  t o a  concep t  a s th e recursio n 
becomes deeper .  I n thi s manner ,  w e preclud e th e elab -
oratio n o f  concept s whic h ar e fa r  remove d fro m th e 
mai n concep t  t o b e conveyed ,  whil e a t  th e sam e time , 
ensurin g a  minima l  leve l  o f  competenc e wit h respec t 
t o thes e concepts . 

C o n c l u s i o n 

The content planning mechanism presented in this pa-
per  generate s R D s b y takin g int o consideratio n th e in -
ference s a  heare r  i s likel y t o dra w fro m th e presente d 
information .  T o thi s effect ,  ou r  mechanis m applie s in -
ferenc e rule s bot h i n b2u:kwar d an d i n forwar d reason -
in g mode .  Althoug h thes e inferenc e rule s ar e generall y 
applicable ,  th e condition s fo r  th e applicatio n o f  th e di -
rec t  an d indirec t  inferenc e rule s an d fo r  th e acquisitio n 
of  th e conclusion s the y dra w var y fo r  differen t  type s o f 
users .  Uniquenes s implicatures ,  o n th e othe r  hand ,  ar e 
influence d b y expectation s whic h ar e c o m m o n t o al l 
users ,  i n additio n t o th e wordin g o f  th e discourse . 

Our  mechanis m minimize s th e generate d discours e 
by presentin g onl y informatio n tha t  th e use r  doe s no t 
kno w o r  abou t  whic h s/h e ha s a  misconception ,  an d b y 
omittin g informatio n whic h th e heare r  i s likel y t o infe r 
fro m th e presente d information .  Th e inferenc e mech -
anis m tha t  support s th e latte r  capabilit y  als o enable s 
our  mechanis m t o addres s possibl e incorrec t  inference s 
fro m th e discourse .  T o perfor m thes e tasks ,  ou r  mech -
anis m require s a  mode l  o f  a  user' s belief s an d skills , 
and o f  his/he r  possibl e inferences .  Th e forme r  m a y 
be acquire d wit h th e hel p o f  a  diagnosti c system ,  suc h 
as th e one s describe d i n [Sleema n 1982 ,  Burto n 1982] , 
and th e latte r  i s  base d o n researc h b y [Mat z 1982 ,  Va n 
Leh n 1983 ,  Sleema n 1984 ]  abou t  mathematica l  infer -
ence s commonl y draw n b y students . 

A prototyp e o f  ou r  conten t  plannin g mechanis m i s 
i n cidvance d stage s o f  implementation .  T h e imple -
mentatio n o f  th e generatio n o f  Assertions ,  Negation s 
and Instantiation s i n th e framewor k o f  th e algorith m 
Propose-RD s ha s bee n completed .  T h e generatio n o f 
Analogie s an d Simile s i s currentl y bein g implemented . 
Once th e syste m i s full y  operational ,  i t  wil l  b e eval -
uate d b y presentin g th e text s generate d fo r  differen t 
type s o f  student s t o th e correspondin g targe t  audi -
ences .  Th e respons e o f  th e student s t o thes e text s wil l 
be compare d wit h thei r  respons e t o text s fro m algebr a 
textbook s an d text s produce d b y th e traditiona l  N L G 
approach . 

Finally ,  a n interestin g lin e o f  investigatio n fo r  fur -
the r  wor k consist s o f  activatin g th e syste m i n a  reflec -
tiv e m o d e afte r  a  sessio n wit h th e use r  ha s bee n com -
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pleted .  I n thi s mode ,  th e syste m woul d dra w furthe r 
reachin g inference s fro m th e generate d discourse .  Typ -
ically ,  thes e inference s woul d interac t  wit h eac h other , 
thereb y requirin g a  processin g mechanis m tha t  com -
bine s th e inference s unti l  th e beliefi s i n th e use r  mode l 
reac h quiescence .  Th e resul t  o f  thi s proces s woul d the n 
be th e startin g poin t  o f  th e nex t  interactio n wit h th e 
user . 
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