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Abstrac t 

Thi s pape r  offer s a  mechanis m fo r  th e genera -
tio n o f  expression s tha t  conve y a  concep t  t o a 
hearer .  Thes e expression s ofte n includ e rhetor -
ica l  devices ,  suc h a s Description s an d Instantia -
tions .  Ou r  mechanis m i s base d o n th e representa -
tio n o f  th e precondition s fo r  th e understandin g o f 
a concep t  i n term s o f  faulure s i n communication . 
We distinguis h betwee n tw o type s o f  communica -
tio n fzdlure s base d o n thei r  cause :  failur e du e t o 
a hearer' s inabiht y t o evok e a n intende d concept , 
and failur e du e t o th e hearer' s lac k o f  expertis e 
wit h respec t  t o th e aspect s o f  a  concep t  whic h ar e 
necessar y fo r  th e comprehensio n o f  th e discourse . 
Thi s categorizatio n support s th e principle d selec -
tio n o f  rhetorica l  device s whic h ar e tailore d t o th e 
preventio n o f  undesirabl e situation s tha t  resul t  i n 
th e failur e o f  a  conununicativ e goal .  Thes e idea s 
ar e bein g implemente d i n a  discours e planne r  i n 
th e domai n o f  high-schoo l  algebra . 

Introduction 

I n knowledg e acquisitio n settings ,  on e agen t  transfer s 
informatio n whic h i s believe d b y him/he r  t o anothe r 
agent ,  wit h th e inten t  tha t  th e secon d agen t  lear n thi s 
information .  I n thes e settings ,  th e speaker' s commu-
nicativ e goa l  L s KNOW(Hearer,Hem) ,  wher e th e mean -
in g o f  th e goa l  K N O W i s tha t  th e heare r  lear n pre -
scribe d aspect s o f  th e ite m i n question .  Thi s ite m ma y 
be a  singl e concept ,  suc h a s a  procedur e o r  a n object , 
or  a  messag e compose d o f  predicate s an d concepts . 
For  example ,  th e messag e [Distributive-La w apply-t o 
Algebraic-Terms ]  i s compose d o f  th e predicat e apply-t o 
and th e concept s Distributive-La w an d Algebraic-Terms . 
I n a n introductor y algebr a class ,  whe n th e teache r  de -
mands tha t  th e student s kno w thi s message ,  s/h e usu -
all y mean s tha t  the y shoul d kno w ho w t o appl y Dis -
tributiv e La w t o Algebrai c Terms .  I n a  differen t  set -
ting ,  th e requirement s pose d b y th e goa l  K N O W ma y 
differ .  Educationa l  setting s ar e representativ e o f  situa -
tion s wher e th e ite m bein g conveye d i s a  singl e concept , 
e.g. ,  KNOW(Hearer,Conceptual-Dependency) ,  sinc e i n 
thes e settings ,  a  lesso n ofte n revolve s aroun d teachin g 

differen t  aspect s o f  a  concept ,  suc h a s it s representa -
tio n an d it s semantics . 

A necessar y bu t  no t  sufficien t  preconditio n fo r  th e 
satisfactio n o f  th e goa l  KNOW(Hearer ,  message )  i s 
tha t  th e subgoal s R E T R I E V E (Hearer,concept )  an d 
KNOW(Hearer,concept )  b e satisfie d wit h respec t  t o 
th e concept s i n th e message .  Tha t  is ,  th e heare r 
shoul d b e abl e t o recal l  th e concept s intende d b y th e 
speaker ,  an d s/h e shoul d als o hav e a  leve l  o f  exper -
tis e wit h respec t  t o thes e concept s whic h i s sufficien t 
t o understan d th e message .  Fo r  instance ,  i f  i n th e 
abov e message ,  th e speake r  use s th e ter m 'Algebrai c 
Terms '  t o refe r  t o th e concep t  Algebraic-Terms ,  thi s 
ter m shoul d enabl e th e heare r  t o reac h th e intende d 
concep t  i n his/he r  memory .  I n addition ,  th e heare r 
shoul d kno w enough  abou t  Algebrai c Term s t o under -
stan d ho w Distributiv e La w ca n b e applie d t o them . 
A necessar y an d sufficien t  conditio n fo r  th e fulfillmen t 
of  th e goa d KNOW(Hearer,concept )  stipulate s tha t  th e 
subgoa l  K N O W (Hearer,message )  b e satisfie d wit h re -
spec t  t o a  se t  o f  message s th e speake r  consider s suffi -
cien t  t o defin e th e concept . 

Followin g [Webbe r  1983] ,  w e distinguis h betwee n 
tw o differen t  aspect s o f  th e goa l  R E T R I E V E accord -
in g t o it s plac e i n th e discourse :  E V O K E -  wher e a 
concep t  i s retrieve d fo r  th e first  time ,  an d ACCESS 
-  whic h pertain s t o subsequen t  retrievals .  However , 
we depar t  fro m Webber' s interna l  perspectiv e t o dis -
course ,  whic h deal s wit h relation s amon g discours e en -
tities ,  an d adop t  Appelt' s  externa l  perspective ,  whic h 
pertain s t o relation s amon g th e actua l  object s referre d 
t o b y th e discours e entitie s [Appel t  1986] . 

I n thi s paper ,  w e specif y condition s fo r  th e satisfac -
tio n o f  th e subgoal s K N O W an d E V O K E wit h respec t 
t o concepts ,  an d presen t  a  mechanis m whic h generate s 
expression s tha t  satisf y thes e subgoals .  I n thi s con -
text ,  w e addres s th e generatio n o f  a  clas s o f  Rhetori -
cal  Device s (RDs )  whic h include s Descriptions ,  Instan -
tiation s an d Analogies .  Ou r  mechanis m follow s th e 
Impairmen t  Invalidatio n paradig m [Zukerma n 1990a , 
Zukerma n 1990b ]  whic h postulate s tha t  RD s ar e gen -
erate d i n orde r  t o preclud e anticipate d impairment s t o 
a hearer' s comprehensio n process .  Thus ,  th e precon -
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dition s fo r  th e attainmen t  o f  th e abov e subgoal s ar e 
cas t  i n term s o f  failure s o f  th e communicatio n process . 
Thi s approac h generalize s th e principl e o f  leas t  collab -
orativ e effor t  [Clar k k .  Schaefe r  1989 ]  t o th e genera -
tio n rhetorica l  devices .  Accordin g t o thi s principle ,  a 
speake r  correct s his/he r  ow n mistake s i n a n effor t  t o 
minimiz e th e anticipate d effor t  th e heare r  wil l  mak e t o 
understan d th e discourse . 

I n th e followin g sections ,  w e presen t  th e procedure s 
fo r  pleinnin g expression s whic h satisf y th e subgoal s 
E V O KE an d K N O W,  w e examin e th e impairment s t o 
th e satisfactio n o f  thes e subgoals ,  an d discus s th e RD s 
whic h invalidat e thes e impairments .  Next ,  w e presen t 
a simpl e algorith m whic h combine s thes e procedures . 
Finally ,  w e compar e ou r  approac h wit h th e traditiona l 
plannin g approach . 

Planning Expressions for the Subgoal 

E V O KE 

Peopl e us e differen t  word s t o refe r  t o th e sam e thing , 
and the y als o us e th e sam e wor d t o refe r  t o differen t 
things .  Thus ,  fo r  a  particula r  hearer ,  som e wording s 
may b e mor e felicitou s tha n other s i n achievin g suc -
cessfu l  communication .  Further ,  sometime s i t  ma y b e 
best  no t  t o refe r  t o a n ite m b y it s  name ,  rather ,  indirec t 
means,  suc h a s simile s o r  descriptions ,  ma y b e prefer -
able .  Th e mechanis m presente d i n thi s sectio n take s 
thes e observation s int o consideratio n fo r  th e generatio n 
of  evocativ e expressions . 

An evocativ e expressio n i s compose d o f  tw o parts : 
(1 )  A  Simpl e Referrin g Expressio n (SRE) ,  whic h ma y 
be a  lexica l  ite m o r  nil ;  an d (2 )  A n Indicativ e R D whic h 
complement s th e S R E i f  i t  i s  insufficien t  t o evok e th e 
intende d concept .  Thus ,  a n evocativ e expressio n ma y 
compris e a n S R E b y itself ,  e.g. ,  "Loo k a t  Mary, "  a n 
Indicativ e R D b y itself ,  e.g. ,  "Loo k a t  th e gir l  wit h 
re d hair, "  o r  bot h "Loo k a t  Mary ,  th e gir l  wit h re d 
hair. "  Th e followin g procedur e propose s evocativ e ex -
pression s whic h combin e thes e parts . 

1.  Consul t  th e speaker' s knowledg e bas e an d a  mode l 

of  th e hezirer' s belief s t o propos e a  lis t  o f  candidat e 
SREs fo r  a  give n concep t  (onl y correc t  SRE s ar e 
extracte d fro m th e mode l  o f  th e hejurer' s  beliefs) . 

2.  Fo r  eac h candidat e SRE ,  consul t  a  mode l  o f  th e 
heeirer' s belief s t o ascertai n whethe r  th e S R E i s likel y 
t o caus e a n impairmen t  t o th e evocatio n o f  th e in -
tende d concept .  I f  so ,  propos e a n Indicativ e R D tha t 
invalidate s th e impairment .  I f  ther e i s mor e tha n on e 
suitabl e Indicativ e R D ,  a  se t  o f  candidat e evocativ e 
expression s i s buil t  b y combinin g eac h Indicativ e R D 
wit h th e SRE . 

For  instance ,  i n th e abov e example ,  th e candidat e 
SREs are :  "Mary "  an d nil .  Now ,  i f  th e speake r  i s un -
certai n tha t  th e heare r  know s tha t  th e nam e o f  th e 
referen t  i s Mary ,  th e speake r  wil l  propos e a n Indica -
tiv e RD ,  suc h a s a  partia l  Description ,  whic h include s 
sufficien t  attribute s o f  Mar y t o enabl e th e heaure r  t o 

identif y her .  A  nul l  candidat e S R E implie s tha t  th e 
speake r  doe s no t  kno w o r  doe s no t  wis h t o us e th e 
name o f  a  concept ,  an d thu s force s th e generatio n o f 
an Indicativ e RD . 

Impairments to the Evocation of a 

Concep t 

We hav e identifie d tw o impairment s whic h preclud e th e 
evocatio n o f  a  concept :  Lac k o f  Connectio n an d Mis -
understanding . 

Lac k o f  Connectio n occur s whe n th e heare r  can -
not  lin k th e expressio n use d b y th e speake r  wit h th e 
concep t  intende d b y th e speaker .  W e anticipat e Lac k o f 
Connectio n whe n on e o f  th e followin g condition s holds : 
(1 )  a  nul l  S R E i s give n b y th e speaker ,  (2 )  th e S R E use d 
by th e speake r  t o refe r  t o a n intende d concep t  doe s no t 
exis t  i n th e use r  model ;  (3 )  th e S R E exist s i n th e use r 
model ,  bu t  i t  i s  no t  connecte d t o a  concept ;  (4 )  th e 
S RE i s weakl y connecte d t o th e intende d concep t  (an d 
no othe r  concept) ;  o r  (5 )  th e S R E i s connecte d t o th e 
intende d concep t  (an d n o othe r  concept) ,  bu t  th e S R E 
i s no t  accessibl e i n th e use r  model ,  i.e. ,  th e S R E i s no t 
sufficien t  t o activat e th e correspondin g ter m i n th e use r 
modeP.  Th e followin g dialogu e illustrate s a  situatio n 
wer e th e las t  conditio n holds : 

SI :  I  sa w Mar y yesterday . 
S2:  [WanJ c star e ] 
SI :  Yo u know ,  th e on e wit h re d hai r  an d glasses . 
S2:  Oh !  Tha t  Mary ! 

Misunderstandin g occur s whe n th e concep t  re -
trieve d b y th e heare r  i s no t  th e on e intende d b y th e 
speaker .  Thi s impairmen t  i s predicte d i f  on e o f  th e 
followin g condition s holds :  (1 )  th e S R E mentione d b y 
a speake r  i s strongl y connecte d (eithe r  correctl y o r  in -
correctly )  t o concept s whic h ar e differen t  fro m th e in -
tende d one ,  an d eithe r  (1.1 )  th e intende d concep t  doe s 
not  exis t  i n th e use r  model ,  o r  (1.2 )  i t  i s  no t  connecte d 
t o th e SRE ,  o r  (1.3 )  i t  i s  weakl y connecte d t o th e SRE ; 
or  (2 )  th e S R E i s connecte d t o severa l  concepts ,  includ -
in g th e intende d one ,  an d eithe r  mor e tha n on e concep t 
i s  primed ,  i.e. ,  th e propose d S R E i s ambiguous ,  o r  th e 
'wrong '  concep t  i s primed .  Fo r  instance ,  i n th e abov e 
dicJogue ,  th e first  conditio n woul d hol d i f  th e heare r 
and th e speake r  di d no t  kno w th e sam e Mary . 

Invalidating Evocation-related 

Impa i rmen t s 

The invalidatio n o f  a n evocation-relate d impairmen t 
require s a n Indicativ e R D whic h identifie s th e intende d 
concep t  uniquely .  Thi s R D i s compose d o f  a  se t  o f  con -
cept s whic h ar e relate d t o th e intende d concept .  Th e 
leve l  o f  detai l  o f  a n Indicativ e R D mus t  b e sufficien t 
t o satisf y th e subgoa l  E V O K E v/it h respec t  t o th e con -
cept s mentione d i n it ,  i.e. ,  th e fulfillmen t  o f  th e subgoa l 
K N O W is no t  necessar y wit h respec t  t o thes e concepts . 

'Thi s conditio n i s state d fo r  th e sak e o f  completeness , 
but  ha s no t  bee n implemented . 
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We distinguis h betwee n tw o type s o f  Indicativ e RDs : 
positiv e an d negaiiv e complement .  A n Indicativ e R D 
i s positive ,  i f  th e selecte d concept s indicat e wha t  th e 
intende d concep t  is ,  a s oppose d t o wha t  i t  i s  not ,  e.g. , 
"Knowledg e Representation ,  wher e w e studie d Predi -
cat e Calculu s an d Semanti c Nets. "  I t  i s negativ e com -
plement ,  i f  i t  contain s th e complemen t  o f  th e intende d 
concept ,  i.e. ,  cd l  th e concept s tha t  th e intende d con -
cept  i s not ,  e.g. ,  "Knowledg e Representation ,  whic h i s 
not  Searc h o r  Automate d Reasoning. " 

I n orde r  t o generat e a  positiv e Indicativ e R D fo r  a n 
intende d concept ,  w e mus t  presen t  a  se t  o f  concept s 
whic h identif y uniquel y thi s concept ,  i.e. ,  w e mus t  find 
a se t  o f  concepts ,  5 ,  suc h tha t  th e intersectio n o f  th e 
concept s outsid e S  t o whic h al l  th e concept s i n S  ar e 
connecte d consist s onl y o f  th e intende d concep t  an d n o 
othe r  concept .  Accordin g t o Grice' s Maxi m o f  Quan -
tit y [Gric e 1975] ,  S  shoul d b e th e smadles t  se t  whic h 
satisfie s thi s constrednt .  However ,  thi s requiremen t 
makes ou r  proble m NP-complet e (provabl e b y reduc -
tio n t o th e grap h coverin g problem) .  I n thi s research , 
we appl y a  heuristi c simila r  t o th e on e use d i n [Appel t 
1982 ,  Dcd e 1990] ,  whereb y a  uniquel y identifyin g se t  o f 
concept s i s buil t  b y iterativel y addin g concept s t o a n 
initia l  identifyin g concept ,  unti l  th e intende d concep t 
i s th e onl y on e connecte d t o al l  th e concept s i n th e 
resultin g se t  o f  concepts . 

Negativ e complemen t  R D s ma y b e generate d onl y i f 
th e followin g condition s hold :  (1 )  th e hezire r  i s  awar e o f 
th e existenc e o f  th e intende d concept ,  an d (2 )  th e sit -
uatio n a t  hein d i s a  'close d world '  situation ,  wher e th e 
number  o f  candidat e concept s t o whic h a n S R E coul d 
be referrin g i s small .  Fo r  example ,  i f  th e onl y topic s 
covere d i n a n Artificia l  Intelligenc e cours e wer e Knowl -
edge Representation ,  Searc h an d Automate d Reason -
ing ,  a  mediocr e studen t  ma y believ e tha t  al l  thre e 
topic s ar e possibl e meaning s o f  th e S R E 'Knowledg e 
Representation' .  I n thi s case ,  a  lecture r  ma y iden -
tif y th e intende d concep t  b y sayin g "Knowledg e Rep -
resentation ,  whic h i s no t  Searc h o r  Automate d Rea -
soning, "  provide d th e studen t  i s unlikel y t o experi -
enc e evocation-relate d impairment s wit h respec t  t o th e 
term s i n th e Indicativ e R D . 

I n Lac k o f  Connection ,  th e heare r  ha s n o lin k be -
twee n th e give n S R E an d othe r  unintende d concepts . 
Hence,  thi s impairmen t  ca n b e invalidate d onl y b y 
means o f  a  positiv e Indicativ e R D .  Misunderstandin g 
may b e invalidate d eithe r  b y mean s o f  a  positiv e In -
dicativ e R D o r  a  negativ e complemen t  Indicativ e RD . 
Bot h type s o f  R D s singl e ou t  th e intende d concept . 
However ,  negativ e complemen t  RD s als o addres s di -
rectl y a  hearer' s belief s whic h ar e relate d t o th e in -
tende d concep t  an d th e SRE ,  whil e positiv e RD s ad -
dres s thes e belief s onl y indirectly .  Fo r  instance ,  i n th e 
Artificia l  Intelligenc e example ,  th e negatio n o f  th e er -
roneou s meaning s wil l  bot h singl e ou t  th e intende d 
concep t  an d contradic t  th e erroneou s beliefs .  O n th e 
othe r  hand ,  a  perspective ,  suc h a s "Knowledg e Rep -

resentation ,  wher e w e studie d Predicat e Calculu s an d 
Semanti c Nets, "  doe s no t  directl y contradic t  th e erro -
neou s beliefs .  Not e tha t  i f  al l  th e possibl e meaning s 
of  a  lexica l  ite m ar e correct ,  a  negativ e complemen t 
RD shoul d b e limite d t o a  negatio n o f  intent ,  e.g. ,  "H e 
was holdin g a  crook ,  no t  th e crimina l  kind. "  How -
ever ,  i f  som e o f  th e possibl e meaning s ar e correc t  an d 
some ar e not ,  th e generate d tex t  mus t  addres s thes e 
case s explicitl y  i n orde r  t o avoi d erroneou s presuppo -
sitions .  Fo r  example ,  conside r  a  situatio n wher e th e 
heare r  correctl y believe s tha t  'crook '  mean s bot h shep -
herd' s staf f  an d criminal ,  an d s/h e incorrectl y believe s 
tha t  i t  als o mean s cookin g utensil .  I n thi s case ,  i f  th e 
speake r  mean s 'crook '  i n th e sens e o f  shepherd' s staff , 
s/h e shoul d sa y somethin g lik e " /  don' t  mea n a  crimi -
nal ,  an d a  croo k i s no t  a  cookin g utensil. " 

At  thi s stag e o f  th e generatio n process ,  al l  th e In -
dicativ e RD s whic h singl e ou t  a n intende d concep t  ar e 
considere d possibl e alternatives . 

Planning Expressions for the Subgoal 
K N OW 

The expertise required from the hearer for the goal 
KNOW(concept )  t o b e satisfie d i s determine d b y th e 
speaker' ^  communicativ e intent ,  whic h i n tur n i s influ -
ence d b y th e followin g fzw:tors :  (1 )  th e relationshi p be -
twee n th e concep t  an d th e message ;  (2 )  th e relevanc e 
of  th e messag e t o a  mai n ide a th e speake r  wishe s t o 
convey ;  (3 )  th e socia l  setting ,  e.g. ,  classroo m o r  casua l 
conversation ;  an d (4 )  th e speaker' s perceptio n o f  th e 
hearer' s conversationa l  goals .  Th e speaker' s commu-
nicativ e goa l  affect s th e expertis e requirement s alon g 
tw o dimensions :  Conten t  an d Strength . 

Conten t  determine s th e aspect s o f  a  concep t  whic h 
must  b e know n b y th e heare r  t o satisf y th e goa l 
K N O W.  Fo r  instance ,  th e aspect s o f  a  procedur e are : 
sequenc e o f  steps ,  goal ,  type ,  object s t o whic h i t  applie s 
and condition s fo r  it s  apphcation .  Th e aspect s o f  a n 
objec t  are :  components ,  attributes ,  function ,  interna l 
process ,  typ e an d subclasses .  However ,  dependin g o n 

th e speaker' s communicativ e goal ,  onl y som e o f  thes e 
aspect s ma y b e require d t o satisf y th e subgoa l  K N O W. 
Consider ,  fo r  example ,  th e followin g dieilogue : 

SI :  I  cleane d u p i n 500 . 
S2:  Wha t  i s 500 ? 
SI :  I t  i s  a  car d game . 

I n thi s dialogue ,  whe n S I  i s questione d b y S 2 abou t 
th e concep t  500 ,  h e doe s no t  provid e a n explanatio n 
whic h convey s a  ful l  understandin g o f  thi s concept . 
Rather ,  S I  present s onl y on e aspec t  o f  th e concept , 
namel y it s type ,  sinc e h e believe s tha t  thi s informatio n 
i s sufficien t  t o enabl e S 2 t o understan d th e message . 

Strengt h determine s th e degre e o f  expertis e th e 
user  shoul d hav e wit h respec t  t o th e aspect s selecte d 
by Content .  Fo r  example ,  a  lo w o r  mediu m degre e o f 
expertis e woul d usuall y b e require d fo r  a  concep t  whic h 
i s mentione d i n passing . 
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Lik e fo r  th e subgoa l  E V O K E,  w e consul t  a  mode l 
of  th e hearer' s belief s i n orde r  t o ascertai n whethe r  a n 
expertise-relate d impairmen t  i s anticipate d i n relatio n 
t o th e concep t  i n question .  I f  so ,  a  Creativ e R D i s 
propose d t o preven t  thi s situation .  Eac h Creativ e R D 
whic h ca n perfor m thi s tas k i s maintaine d a s a  can -
didat e unti l  th e final  selectio n process .  Fo r  instance , 
an Analogy ,  a  Descriptio n an d a n Instantiatio n ar e al l 
possibl e candidate s t o explai n a n unknow n concept . 
Not e tha t  th e conten t  o f  Creativ e an d Indicativ e R D s 
m ay overlap ,  sinc e a  Creativ e R D whic h describe s a 
concep t  i s likel y t o identif y i t  uniquel y a s well . 

Expertise-related Impairments 

We hav e identifie d tw o impairment s whic h preclud e th e 
goal  o f  knowin g a  concept :  Lac k o f  Understandin g an d 
Insufficien t  Understanding . 

Lac k o f  Unders tand in g i s anticipate d whe n ther e 
does no t  exis t  i n th e use r  mode l  a  concep t  whic h corre -
spond s t o a n intende d concept .  I t  entail s a n evocation -
relate d impairment ,  sinc e a n S R E canno t  poin t  t o a 
concep t  whic h i s unknow n b y th e hearer . 

Insufficien t  Understandin g i s predicte d whe n 
ther e exist s a  concep t  i n a  hearer' s memor y whic h cor -
respond s t o a n intende d concept ,  bu t  th e heare r  ha s 
a lo w leve l  o f  expertis e wit h respec t  t o som e aspect s 
whic h ar e require d b y th e speake r  fo r  th e comprehen -
sio n o f  thi s concept .  Fo r  example ,  th e hezire r  i s un -
awar e o f  a  ste p o f  a  procedur e o r  a  par t  o f  a n ob -
ject .  Thi s impairmen t  m a y occu r  i n conjunctio n wit h 
a evocation-relate d impairmen t  o r  b y itself . 

Invalidating Expertise-related 

I m p a i r m e n t s 

The invalidatio n o f  Lac k o f  Understandin g require s th e 
generatio n o f  a  Creativ e R D whic h satisfie s th e subgoa l 
KNOW(concept) .  Th e informatio n include d i n thi s R D 
depend s o n th e typ e o f  th e concept ,  e.g. ,  procedur e o r 
object ,  th e aspect s o f  th e concep t  considere d relevan t 
by th e speaker ,  th e user' s abilit y  an d his/he r  exper -
tise .  Fo r  example ,  i f  th e concep t  i n questio n i s a  pro -
cedure ,  suc h a s Distributiv e Law ,  th e speake r  m a y b e 
intereste d onl y i n th e sequenc e o f  it s  step s an d i n th e 
object s t o whic h i t  applies ,  requirin g a  Creativ e R D 
whic h convey s thes e aspects ,  suc h a s a  Descriptio n o r 
an Instantiation .  However ,  differen t  user s ar e likel y t o 
dra w differen t  inference s fro m th e presente d informa -
tion ,  dependin g o n thei r  abilit y  an d expertise .  Thes e 
inference s mus t  b e taike n int o consideratio n whe n se -
lectin g a n R D .  Fo r  example ,  i f  th e selecte d Creativ e 
R D i s a n Instantiatio n whic h show s ho w Distributiv e 
La w applie s t o a n Algebrai c Term ,  suc h a s 2{ x +  y) ,  a . 
talente d studen t  wil l  probabl y mak e al l  th e correc t  in -
ference s regardin g th e othe r  object s t o whic h Distribu -
tiv e La w applies ,  an d wil l  als o generaliz e th e procedur e 
fro m th e Instantiation .  O n th e othe r  hand ,  a  mediocr e 
studen t  canno t  b e relie d upo n t o mak e thes e inferences . 
Furthermore ,  s/h e m a y dra w som e erroneou s inference s 

whic h hav e t o b e addressed .  Thus ,  fo r  a  mediocr e stu -
dent ,  al l  th e relevan t  informatio n mus t  b e spelle d out . 
Finally ,  th e subgoal s A'A'^OH'an d E V O K E h&v e t o b e 
satisfie d wit h respec t  t o th e proposition s an d concept s 
presente d i n a  selecte d R D .  Thi s m a y requir e addi -
tiona l  Creativ e and/o r  Indicativ e R D s .  Fo r  instance , 
i f  th e heare r  i s no t  proficien t  wit h respec t  t o th e mul -
tiplicatio n o f  Algebrai c Terms ,  a  Creativ e R D mus t  b e 
generate d t o satisf y th e subgoa l  K N O W(rr\u\t'\p\]cat\o n 
apply-t o Algebraic-Terms ^  a t  a  leve l  o f  expertis e con -
sidere d adequat e t o understan d th e applicatio n o f  Dis -
tributiv e L a w t o Algebrai c Terms . 

Lik e fo r  Lac k o f  Understanding ,  a  Creativ e R D i s re -
quire d t o invalidat e Insufficien t  Understanding .  How -
ever ,  i n thi s case ,  th e lac k o f  expertis e m a y b e localize d 
t o som e weak ,  missin g o r  erroneou s constituents .  Thus , 
th e R D m a y b e focuse d o n thes e constituents .  How -
ever ,  i n orde r  t o preven t  wron g implicatures ,  structura l 
constraint s mus t  b e appHed .  Thes e constraint s stipu -
lat e tha t  i f  th e heare r  i s no t  proficien t  wit h respec t  t o 
some informatio n item s i n a  particula r  aspect ,  an d th e 
syste m decide s t o mentio n thes e items ,  the n al l  th e in -
formatio n item s whic h pertai n t o thi s aspec t  mus t  b e 
mentioned .  Fo r  instance ,  i f  th e speake r  i s intereste d 
i n th e object s t o whic h Distributiv e L a w apphes ,  an d 
th e heare r  know s onl y tha t  Distributiv e L a w applie s 
t o Algebrai c Terms ,  simpl y sayin g "Distributiv e L a w 
applie s t o Numbers "  m a y carr y th e wron g implicatur e 
tha t  Number s i s al l  tha t  Distributiv e L a w applie s to . 
Thi s implicatur e i s prevente d b y repeatin g wha t  th e 
heare r  alread y knows ,  e.g. ,  "/ n additio n t o Algebrai c 
Terms ,  Distributiv e L a w apphe s t o Numbers. " 

Th e proces s o f  generatin g Creativ e R D s i s imple -
mente d b y presentin g th e informatio n correspondin g 
t o eac h aspec t  i n a  lis t  o f  aspect s whic h mus t  b e know n 
by th e heare r  i n orde r  t o satisf y th e subgoa l  K N O W. 
At  present ,  thi s lis t  o f  aspect s i s han d code d fo r  eac h 
concep t  i n a  message ,  bu t  a t  a  late r  stage ,  i t  m a y b e 
inferre d fro m th e predicate s i n th e message .  Fo r  in -
stance ,  i f  th e intende d concep t  i s a  chair ,  an d th e as -
pect s type ,  functio n an d component s ar e specified ,  th e 
followin g tex t  m a y b e generated :  " A chai r  i s  a  piec e o f 
furnitur e {type )  whic h i s use d fo r  sittin g {iunction) ,  an d 
has a  seat ,  a  bac k an d usuall y fou r  leg s (components). " 
Th e mau n distinctio n betwee n thi s lis t  o f  aspect s an d 
schema s [McKeow n 1985 ]  o r  proces s trace s [Pari s 1988 ] 
i s tha t  schema s an d proces s trace s lis t  th e type s o f  in -
formatio n t o b e presente d i n orde r  t o conve y a  concept , 
wherea s ou r  lis t  o f  aspect s constitute s desiderat a whic h 
th e heare r  shoul d kno w i n orde r  t o understan d a  con -
cept .  Thes e desiderat a m a y b e fulfille d i n a  straight -
forwar d manne r  b y mean s o f  a  Description ,  a s i n th e 
abov e example ,  o r  b y indirec t  means ,  suc h a s Analogie s 
or  Instantiations .  Partia l  description s ar e generate d b y 
omittin g fro m a  propose d Creativ e R D relation s which , 
accordin g t o ou r  model ,  ar e know n b y a  hearer ,  sub -
jec t  t o th e abov e structura l  constraints .  I n addition , 
i f  base d o n a  hearer' s profile ,  a  concep t  i s considere d 
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to o abstrac t  o r  difficul t  fo r  th e hejirer ,  a n Instantiatio n 
may b e proposed . 

At  present ,  th e onl y Creativ e RD s whic h hav e bee n 
implemente d ar e Descriptions ,  wher e th e constituent s 
of  a  concep t  ar e als o describe d i f  thi s i s require d b y 
th e subgOc J K N O W.  I n orde r  t o avoi d indefinit e recur -
sion ,  thi s proces s i s repeate d onl y once ,  fo r  th e con -
stituent s o f  th e mai n concept .  Th e implementatio n 
of  indirec t  Creativ e RDs ,  suc h a s Analogies ,  Simile s 
and stemd-alon e Instantiations ,  require s rule s o f  infer -
enc e whic h stipulat e th e condition s fo r  inferrin g th e 
desiderat a fro m thes e RDs . 

The Main Algorithm 

The main algorithm combines the procedures described 
i n th e previou s section s t o generat e a n expressio n 
whic h accomplishe s th e goal s K N O W an d E V O K E 
wit h respec t  t o th e concept s i n a  message .  Th e al -
gorith m receive s a s inpu t  a  concep t  C  an d perform s 
th e followin g steps . 

1.  Creat e a  se t  calle d C R Ds whic h include s Creativ e 
R Ds tha t  achiev e th e goa l  K N O W { C ) .  I f  n o 
expertise-relate d impairment s ar e anticipate d wit h 
respec t  t o C ,  thi s se t  i s  empty . 

2.  Creat e a  se t  o f  pair s calle d SRE-IRDs ,  wher e 
eac h pai r  contain s a n S R E ein d a n Indicativ e R D 
tha t  complement s th e S R E t o achiev e th e goa l 
E V O K E { C ) .  I f  n o evocation-relate d impairment s 
ar e anticipate d betwee n a  particula r  S R E an d C , 
thi s S R E wil l  appea r  i n SRE-IRD s wit h a  ni l  RD . 

3.  Creat e a  ne w se t  o f  RD s calle d JOINRDs ,  i n whic h 
eac h elemen t  i n C R Ds i s combine d wit h eac h elemen t 
i n SRE-IRDs . 

4.  Fo r  eac h elemen t  i n JOINRDs ,  chec k whethe r  othe r 
belief s maintaine d b y th e heare r  ar e adversel y af -
fecte d b y thi s element .  I f  so ,  ad d t o thi s elemen t  a n 
RD whic h prevent s thi s effec t  [Zukerma n 1990a] . 

5.  Selec t  th e mos t  succinc t  elemen t  i n JOINRDs . 

I n thi s procedure ,  expertise-relate d impairment s ar e 
checke d first,  followe d b y evocation-relate d impair -
ments .  I f  Lac k o f  Understandin g i s anticipate d i n th e 
first  ste p an d Lac k o f  Connectio n i s anticipate d i n th e 
secon d step ,  n o Indicativ e R D i s necessary ,  sinc e th e 
Creativ e R D propose d t o invalidat e th e Lac k o f  Under -
stauidin g i s sufficien t  t o identif y uniquel y th e intende d 
concept .  However ,  othe r  combination s o f  evocation -
and expertise-relate d impairment s ma y requir e bot h 
Indicativ e an d Creativ e RDs . 

Let  u s illustrat e th e working s o f  ou r  procedur e b y 
means o f  th e followin g example .  Give n th e mes -
sag e [Distributive-La w has-goa l  Bracket-Elimination] ,  ou r 

procedur e i s cictivate d wit h respec t  t o th e concept s 
Distributive-La w an d Bracket-Elimination .  Now ,  le t  u s 
focu s o n Distributiv e Law .  W e assum e tha t  th e onl y 
aspec t  o f  Distributiv e La w whic h i s necessar y t o un -
derstan d th e messag e i s th e sequenc e o f  it s  operators . 
Hence,  i f  thi s sequenc e i s no t  wel l  know n b y th e hearer , 

Insufficien t  Understandin g i s anticipated ,  an d a  Cre -
ativ e R D containin g thi s sequenc e mus t  b e presented . 
Thi s ma y b e a n Instantiation ,  a  Description ,  o r  a  com -
binatio n o f  both .  Further ,  i f  a n individua l  ste p i s no t 
wel l  known ,  the n a  Creativ e R D mus t  b e generate d fo r 
i t  a s well .  Next ,  candidat e SRE s ar e proposed ,  an d 
evocation-relate d impairment s ar e considered .  I n thi s 
case ,  th e SRE s ar e ni l  an d 'Distributiv e Law' .  Th e 
nul l  S R E trigger s Lac k o f  Connection ,  callin g fo r  a 
positiv e Indicativ e R D .  However ,  sinc e th e sequenc e 
of  step s o f  Distributiv e La w i s sufficien t  t o identif y 
it ,  n o additiona l  Indicativ e R D i s necessary .  A  tex t 
suc h a s th e followin g ma y b e generate d i f  a  nul l  SR E 
i s used :  "W e appl y th e followin g procedur e t o elimi -
nat e brackets. "  Th e S R E 'Distributiv e Law '  result s 
i n th e anticipatio n o f  Misunderstanding ,  i f  th e heare r 
i s conjecture d t o believ e tha t  th e nam e 'Distributiv e 
Law'  point s t o anothe r  concept ,  sa y Bracke t  Simplifi -
cation .  I n thi s case ,  lik e fo r  Lac k o f  Connection ,  n o 
positiv e Indicativ e RD s nee d t o b e proposed ,  bu t  a 
negativ e complemen t  Indicativ e R D i s stil l  a n option , 
e.g. ,  "whic h i s no t  Bracke t  Simplification. "  Afte r  th e 
thir d ste p i n ou r  algorithm ,  th e RD s i n JOINR D in -
clude :  (1 )  al l  th e propose d Creativ e RDs ,  wher e eac h 
RD i s accompanie d b y a  nul l  SRE ,  (2 )  al l  th e propose d 
Creativ e RDs ,  wher e eac h R D i s accompanie d b y th e 
S RE 'Distributiv e Law' ,  an d (3 )  al l  th e propose d Cre -
ativ e RDs ,  wher e eac h R D i s accompanie d b y th e SR E 
'Distributiv e Law '  an d b y a  negativ e complemen t  In -
dicativ e RD . 

If a candidate SRE is a lexical item and an RD was 
propose d fo r  it ,  th e inference s fro m th e presentatio n o f 
thi s informatio n ma y caus e advers e effect s wit h respec t 
t o a  hearer' s belief s whic h ar e relate d t o th e intende d 
concep t  an d th e SRE .  Thes e effect s tak e plac e i f  on e o f 
th e followin g condition s hold s an d th e inference s con -
flic i  wit h thi s condition :  (1 )  th e intende d concep t  i s 
connecte d (eithe r  correctl y o r  incorrectly )  t o anothe r 
lexica l  item ,  i.e. ,  i t  i s  identifie d wit h anothe r  name ; 
or  (2 )  th e lexica l  ite m i s connecte d (eithe r  correctl y 
or  incorrectly )  t o anothe r  concept ,  i.e. ,  ther e i s mor e 
tha n on e concep t  associate d wit h th e lexica l  item .  Th e 
anticipatio n o f  suc h comprehensio n impairment s call s 
fo r  th e generatio n o f  a  Revisio n o f  th e informatio n i n 
questio n i f  i t  i s  correct ,  an d a  Contradictio n otherwis e 
[Zukerma n 1990a] .  Not e tha t  thes e condition s d o no t 
conflic t  wit h th e understandin g an d retrieva l  o f  th e in -
tende d concept ,  rather ,  the y affec t  relate d beliefs .  Fo r 
example ,  i f  th e speake r  say s "Sh e wa s holdin g a  crook , 
whic h i s a  shepherd' s staff "  a  heare r  wh o i s no t  profi -
cien t  i n Englis h ma y experienc e confusio n wit h respec t 
t o his/he r  previou s belie f  tha t  a  croo k i s a  criminal , 

sinc e a  possibl e implicatur e fro m thi s statemen t  i s tha t 
a croo k i s onl y a  shepherd' s staff .  Indeed ,  whe n thi s 
exampl e wa s give n t o a  non-nativ e Englis h speaker ,  h e 
voice d thi s concern .  Th e generatio n o f  a  negativ e com -
plemen t  Indicativ e R D t o invalidat e Misunderstandin g 
prevent s th e secon d o f  th e abov e conditions .  However , 
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as state d above ,  thes e RD s ma y b e generate d onl y i f 
th e heare r  i s awar e o f  th e intende d meanin g o f  th e SRE . 

Our  algorith m terminate s b y selectin g th e mos t  suc -
cinc t  o f  th e propose d expressions .  A t  present ,  w e ar e 
considerin g a  measur e o f  succinctnes s base d o n th e 
probabilit y  o f  th e component s o f  a  message . 

Planning versus Failure Prevention 

The plan-base d approac h consist s o f  applyin g goal -
base d reasonin g t o generat e utterance s tha t  satisf y in -
creasingl y refine d communicativ e goal s [e.g. ,  Appel t 
1982 ,  Hov y 1988 ,  Moor e &  Swartou t  1989 ,  Cawse y 
1990] .  Th e failure-preventio n approach ,  o n th e othe r 
hand ,  propose s remedia l  action s t o preven t  o r  over -
come anticipate d fciilure s i n th e communicatio n pro -
cess .  It s explici t  representatio n o f  communicatio n feiil -
ure s support s th e us e o f  a  unifor m mechanis m t o per -
for m task s tha t  requir e specia l  purpos e mechanism s i n 
th e plan-base d approach .  Fo r  example ,  th e proble m 
of  satisfyin g th e subgoa l  K N O W ma y b e cas t  bot h a s 
a plannin g proble m an d a s a  failure-preventio n prob -
lem.  Fo r  thi s subgoal ,  bot h approache s ar e equivalen t 
i n th e sens e tha t  the y addres s th e proble m o f  plannin g 
discours e b y tryin g t o satisf y th e precondition s fo r  th e 
attainmen t  o f  a  communicativ e goal .  However ,  whil e 
i n th e plan-base d approac h th e presentatio n o f  back -
groun d informatio n i s addresse d b y addin g domain -
dependen t  precondition s t o th e pla n operator s [Cawse y 
1990] ,  i n th e failure-preventio n approach ,  thi s tas k i s 
handle d throug h th e recognitio n an d subsequen t  inval -
idatio n o f  expertise-relate d impairments .  Further ,  th e 
generatio n o f  discours e t o satisf y th e subgoa l  E V O K E 
i s a n associativ e tas k whic h i s no t  amenabl e t o han -
dlin g b y planning .  Thus ,  specia l  purpos e mechanism s 
ar e invoke d b y a  planne r  t o perfor m thi s tas k [Dal e 
1990] .  I n th e failure-preventio n approach ,  thi s tas k i s 
performe d b y mean s o f  th e recognitio n an d subsequen t 
invahdatio n o f  evocation-relate d impairments .  Finally , 
th e impairmen t  invalidatio n paradig m als o account s fo r 
th e generatio n o f  additiona l  RD s tha t  addres s impair -
ment s t o th e comprehensio n proces s du e t o inference s 
whic h affec t  othe r  belief s maintaine d b y th e heeirer . 

Conclusion 

The discours e plemnin g procedur e offere d i n thi s pape r 
generate s expression s whic h includ e rhetorica l  device s 
tha t  addres s comprehensio n problem s wit h respec t  t o 
concepts .  T o thi s effect ,  ou r  mechanis m relie s o n a 
characterizatio n o f  precondition s t o th e comprehensio n 
of  a  concep t  i n term s o f  possibl e faiilure s i n communi -
cation .  Thes e failures ,  i n turn ,  ar e expresse d i n term s 
of  condition s whic h pertai n t o a  hearer' s beliefs . 

The propose d mechanis m require s a n accurat e mode l 
of  certai n aspect s o f  a  user' s beliefs .  Thus ,  i t  i s  par -
ticularl y suitabl e fo r  highl y interactiv e situations ,  an d 
fo r  situation s wher e a  larg e amoun t  o f  informatio n i s 
availabl e abou t  common use r  belief s an d misconcep -
tions ,  suc h a s educationa l  settings . 

Our  mechanis m wa s use d successfull y t o analyz e 
text s i n a  variet y o f  domain s rangin g fro m educationa l 
textbook s t o everyda y dialogues .  A t  present ,  step s 1 
and 4  o f  th e mai n procedur e hav e bee n implemente d 
wit h respec t  t o a  smal l  subse t  o f  high-schoo l  algebra , 
and ste p 2  i s currentl y bein g implemented .  Th e outpu t 
of  ou r  mechanis m i s i n th e for m o f  predicates . 

References 

Appelt ,  D.E .  (1982) .  Plannin g Natura l  Languag e Ut -
terance s t o Satisf y Multipl e Goals ,  Technica l  Not e 259 , 
SRI  International ,  Marc h 1982 . 

Appelt ,  D.E .  (1986) .  Toward s a  Plan-base d Theor y o f 
Referrin g Actions .  Kempen ,  G .  (Ed.) ,  Natura l  Lan -
guage Generation :  Ne w Result s i n Artificia l  Intelli -
gence ,  Psycholog y an d Linguistics ,  Kluwe r  Academi c 
Publishers ,  63-70 . 

Cawsey,  A .  (1990) .  Generatin g Explanator y Discourse . 
Dale ,  R. ;  MeUish ,  C ;  an d Zock ,  M .  (Eds.) ,  Curren t 
Researc h i n Natura l  Languag e Generation ,  Academi c 
Press ,  75-102 . 

Clark ,  H.H .  an d Schaefer ,  E.F .  (1989) .  Contributin g 
t o Discourse .  Cognitiv e Scienc e 13(2):259-294 . 

Dale ,  R .  (1990) .  Generatin g Recipes :  A n Overvie w 
of  Epicure .  Dale ,  R. ;  Mellish ,  C. ;  an d Zock ,  M . 
(Eds.) ,  Curren t  Researc h i n Natura l  Languag e Gener -
ation ,  Academi c Press ,  229-255 . 

Grice ,  H.P .  (1975) .  Logi c an d Conversation .  Cole ,  P.J . 
and Morgan ,  J.L .  (Eds.) ,  Synta x an d Semantics ,  Vol -
ume 3 :  Speec h Acts ,  Academi c Press . 

Hovy ,  E.H .  (1988) .  Plannin g Coheren t  Multisenten -
tia l  Text .  I n Proceeding s o f  th e Twenty-Sixt h Annua l 
Meetin g o f  th e Associatio n fo r  Computationa l  Linguis -
tics ,  163-169 . 

McKeown,  K.R .  (1985) .  Discours e Strategie s fo r  Gen -
eratin g Natura l  Languag e Text .  Artificia l  Intelligenc e 
27:1-41 . 

Moore ,  J.D .  an d Swartout ,  W.R .  (1989) .  A  Reac -
tiv e Approac h t o Explanation .  I n Proceeding s o f  th e 
Elevent h Internationa l  Join t  Conferenc e o n Artificia l 
Intelligence ,  1504-1510 . 

Paris ,  C.L .  (1988) .  Tailorin g Objec t  Description s t o a 
User' s Leve l  o f  Expertise .  Computationa l  Linguistic s 
14(3):64-78 . 

Webber ,  B.L .  (1983) .  S o Wha t  Ca n W e Tal k Abou t 
Now? Brady ,  M .  an d Berwick ,  R.C .  (Eds.) ,  Computa -
tiona l  Model s o f  Discourse ,  M I T Press . 

Zukerman ,  I .  (1990a) .  A  Predictiv e Approac h fo r  th e 
Generatio n o f  Rhetorica l  Devices .  Computationa l  In -
telligence ,  6(l):25-40 . 

Zukerman ,  I .  (1990b) .  Toward s a  Failur e Drive n Mech -
anis m fo r  Discours e Planning :  a  Characterizatio n o f 
Learnin g Impairments .  I n Proceeding s o f  th e Twelft h 
Conferenc e o f  th e Cognitiv e Scienc e Society ,  495-502 . 

411 


	cogsci_1991_406-411



