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Abstrac t 

Content planning systems generate explanations to 
achiev e a  communicativ e intent ,  ofte n wit h respec t  t o a 
particula r  audience .  However ,  curren t  researc h i n con -
ten t  plannin g doe s no t  tak e int o consideratio n th e fac t 
tha t  a n addresse e ma y sto p payin g attentio n t o a n expla -
natio n becaus e o f  boredo m o r  cognitiv e overload .  I n thi s 
case ,  th e generate d explanatio n fail s t o achiev e th e com -
municativ e intent .  I n thi s paper ,  w e presen t  a  computa -
tiona l  representatio n o f  boredo m an d cognitiv e overload , 
and cas t  th e proble m o f  conten t  plannin g a s a  constraint -
base d optimizatio n problem .  Th e objectiv e functio n i n 
thi s proble m i s a  probabilisti c  functio n o f  a  user' s beliefs , 
and th e constraint s Jir e restriction s pl<ice d o n th e bore -
do m An d cognitiv e overloa d th e use r  ca n experience ,  an d 
on th e minima l  leve l  o f  expertis e th e use r  shoul d achieve . 
We discus s tw o technique s fo r  solvin g th e optimizatio n 
problem ,  zin d conside r  tw o type s o f  constraint s fo r  ad -
dressin g th e expertis e requirements .  W e als o examin e 
ho w variation s i n th e population s t o whic h constraint s 
ar e applie d affec t  th e generate d discourse . 

Introduction 

Curren t  researc h i n conten t  plannin g focuse s o n plannin g 
discours e tha t  achieve s a n intende d communicativ e goal , 
ofte n wit h respec t  t o a  particula r  audience ,  e.g. ,  (Paris , 
1988 ;  Moor e &  Swartout ,  1989 ;  Cawsey ,  1990 ;  Zukerma n 
& McConachy ,  1993b) .  However ,  thi s researc h doe s no t 
tak e int o consideratio n th e fac t  tha t  a n addresse e m a y 
get  bore d o r  m a y b e unabl e t o follo w th e threa d o f  th e 
explanation ,  an d sto p listenin g t o th e speaker .  I n thi s 
case ,  regardles s o f  ho w carefull y th e discours e ha s bee n 
planned ,  i t  wil l  fai l  t o achiev e th e intende d communica -
tiv e goal . 

I n thi s paper ,  w e presen t  a  conten t  plannin g mecha -
nis m whic h addresse s thi s problem .  Ou r  mechanis m gen -
erate s a  se t  o f  Rhetorica l  Device s (RDs )  whic h achieve s 
as m u c h o f  th e intende d communicativ e goa l  a s possi -
ble ,  whil e ensurin g tha t  th e use r  doe s no t  experienc e 
boredo m o r  cognitiv e overload ,  an d tha t  s/h e achieve s 
at  leas t  a  m i n i m u m leve l  o f  expertise .  A n R D consist s o f 
a rhetorica l  action ,  suc h a s Asser t  o r  Instantiate ,  applie d 
t o a  proposition .  A  se t  o f  R D s typicall y contain s (1 )  R D s 
tha t  conve y th e intende d propositions ,  (2 )  subordinat e 
set s o f  R D s tha t  presen t  prerequisit e o r  referrin g infor -
mation ,  an d (3 )  R D s tha t  addres s erroneou s inferences . 
Thes e R D s ar e the n organize d b y th e discours e structur -
in g procedur e describe d i n (Zukerma n &  McConachy , 

1993a) ,  an d rendere d i n Englis h b y th e Functiona l  Uni -
ficatio n G r a m m a r  describe d i n (Elhadad ,  1992) . 

Tabl e 1  illustrate s tw o type s o f  discours e generate d b y 
our  mechanis m t o conve y informatio n abou t  photosyn -
thesi s t o a  fairl y wea k student .  Th e discours e o n th e left -
hand-sid e contain s al l  th e informatio n tha t  th e syste m 
deems necessar y t o achiev e th e intende d communicativ e 
goal .  I n contrast ,  th e discours e o n th e right-hand-sid e i s 
considerabl y shorter ,  sinc e th e syste m anticipate s tha t 
th e studen t  wil l  ge t  bore d wit h th e longe r  text ,  an d henc e 
decide s t o presen t  onl y th e R D s tha t  conve y th e gis t  o f 
th e communicativ e goal . 

I n th e followin g section ,  w e discus s factor s tha t  caus e 
explanatio n failure .  Next ,  w e specif y th e optimizatio n 
problem ,  an d describ e tw o procedure s tha t  solv e thi s 
problem :  (1 )  ful l  optimization ,  an d (2 )  partia l  optimiza -
tio n combine d wit h heuristics .  W e the n analyz e th e ef -
fec t  o f  variation s i n constraint s o n th e discours e gener -
ate d b y ou r  system ,  an d presen t  concludin g remarks . 

Factors that cause explanation failure 

An explanatio n fail s t o achiev e a n intende d communica -
tiv e goa l  whe n th e addresse e stop s listenin g t o it .  T w o 
factor s tha t  lea d t o thi s behaviou r  ar e boredo m an d cog -
nitiv e overload .  Ou r  measure s fo r  anticipatin g whethe r 
th e discours e bein g planne d i s  likel y t o caus e boredo m 
or  overloa d ar e based  o n th e followin g observations . 

Boredom due to excessive discourse length. Most 
peopl e find  m a n y instructiona l  text s inherentl y uninter -
esting .  Henc e the y ge t  bore d i f  instructiona l  discours e 
i s to o long .  Th e lengt h o f  discours e a  use r  ca n tolerat e 
depend s o n his/he r  abilit y an d attitude ,  e.g. ,  wea k stu -
dent s ar e generall y les s abl e t o cop e wit h lon g discours e 
tha n stronge r  students . 

Boredom due to unnecessary RDs. People get 
bore d i f  discours e contain s informatio n tha t  the y alread y 
kno w o r  ca n infe r  eeisily .  W h e n a  speake r  addresse s a  het -
erogeneou s audience ,  an d aim s th e presentatio n a t  th e 
averag e addressee ,  th e addressee s tha t  ar e bette r  tha n 
averag e ar e likel y t o experienc e thi s typ e o f  boredom . 

Cognitive overload. People experience cognitive over-
loa d whe n the y canno t  integrat e th e piece s o f  a n ex -
planatio n t o for m a  coheren t  bod y o f  knowledg e [Jus t 
& Carpenter,  1987] .  Thi s ca n happe n becaus e the y nee d 
t o follo w a  length y argumen t  o r  assimilat e larg e amount s 
of  backgroun d o r  clarifyin g information .  Length y argu -
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Tabl e 1 :  Sampl e discours e with/withou t  considerin g boredo m 

W i t h o u t  considerin g b o r e d o m 
Plant s photosynthesize .  Thi s proces s consume s water ,  carbon -
dioxid e an d nutrients ,  an d produce s glucos e an d oxygen .  Plant s 
use light ,  whic h i s a  for m o f  energy ,  t o photosynthesize .  However , 
plant s canno t  us e othe r  form s o f  energ y t o photosynthesize .  Plant s 
contai n chlorophyll ,  whic h i s a  gree n pigmen t  tha t  absorb s light . 
However ,  chlorophyl l  doe s no t  absor b gree n light .  I n additio n t o 
photosynthesizing ,  plant s respire .  Respiratio n consume s oxyge n 
and glucose ,  an d produce s carbo n dioxid e an d water .  Plant s pho -
tosynthesiz e mor e tha n the y respire .  Therefore ,  plant s produc e 
mor e oxyge n tha n the y consume . 

Considerin g b o r e d o m 
Plant s photosynthesize .  Thi s pro -
ces s produce s oxygen .  Plant s als o 
respire .  Thi s proces s consume s oxygen . 
Plant s photosynthesiz e mor e tha n the y 
respire .  Therefore ,  plant s produc e mor e 
oxyge n tha n the y consume . 

ment s ar e ofte n require d whe n th e addresse e ha s t o mak e 
larg e change s i n belief ;  whil e larg e amount s o f  back -
groun d o r  clarifyin g informatio n ar e indicativ e o f  rela -
tivel y smal l  shift s wit h respec t  t o severa l  beliefs .  Cogni -
tiv e overloa d als o take s plac e whe n a n addresse e ha s dif -
ficult y understandin g part s o f  a n explanation .  However , 
thi s situatio n i s identifie d i n ou r  system ,  an d correcte d 
by generatin g supporting ,  backgroun d o r  clarifyin g in -
formation ,  thu s yieldin g th e tw o abov e mentione d cases . 

The predictio n o f  boredo m an d cognitiv e overloa d re -
quire s informatio n regardin g th e lengt h o f  discourse ,  th e 
amount  o f  know n o r  easil y inferre d information ,  an d th e 
m a x i m u m shif t  i n belie f  a n addresse e ca n tolerate .  I n 
th e curren t  research ,  thes e threshold s ar e determine d fo r 
stereotypica l  use r  model s b y testin g th e effec t  o f  differen t 
value s o n th e discourse ,  whil e ensurin g tha t  the y mak e 
sens e relativ e t o eac h other .  Fo r  example ,  stron g stu -
dent s ca n usuall y cop e wit h a  highe r  cognitiv e loa d tha n 
weak students . 

Predicting boredom due to excessive length 

We compar e th e lengt h o f  th e discours e wit h th e maxi -
m um lengt h whic h a n addresse e ca n presumabl y tolerate . 

A goo d approximatio n o f  th e lengt h o f  a  piec e o f  dis -
cours e i s  simpl y th e numbe r  o f  R D s i n th e discours e 
|{/2Z?},aid| -  Clearly ,  thi s approximatio n ca n sometime s 
be wrong ,  bu t  i t  i s no t  productiv e t o realiz e a  piec e o f 
discours e currentl y bein g planne d jus t  t o measur e it s ex -
act  length .  Thus ,  th e requiremen t  t o avoi d boredo m du e 
t o excessiv e lengt h i s expresse d b y th e followin g formula : 

\{RD}. U <  TRDmariM ) (1 ) 

wher e T R D m a x { M )  i s th e m a x i m u m numbe r  o f  R D s a 
user  wh o belong s t o use r  mode l  M ca n tolerate . 

Predicting boredom due to unnecessary 

RDs 

We determin e th e amoun t  o f  planne d discours e tha t  i s 
alread y know n o r  ca n b e easil y inferre d b y th e addressee , 
and compar e i t  wit h th e amoun t  o f  suc h superfluou s dis -
cours e tha t  th e addresse e ca n presumabl y tolerate . 

The superfluou s par t  o f  th e discours e i s th e differenc e 
betwee n th e planne d discours e an d wha t  reall y need s 
t o b e sai d t o achiev e a  communicativ e goal .  Thus ,  th e 

requiremen t  t o avoi d boredo m du e t o unnecessar y R D s 
i s expresse d b y th e followin g formula : 

\{RD).aid - {RDUduc.d{M)\ < URDmariM) (2) 

where {RD},aid is the set of RDs generated, 
{RD}reducediM )  i s th e mos t  reduce d versio n o f 
{RD},ai d tha t  ca n stil l  conve y th e intende d proposition s 
t o a n addresse e wh o belong s t o a  particula r  mode l  M , 
and U R D m a x { M)  i s th e m a x i m u m numbe r  o f  unnec -
essar y R D s a  use r  w h o belong s t o use r  mode l  M ca n 
tolerate . 

{RD}redviced{M )  i s  obtaine d b y removin g R D s fro m 
{RD},ai d s o lon g a s th e communicativ e goa l  i s  stil l 
achieve d wit h respec t  t o mode l  M .  W h e n removin g a n 
R D,  w e als o remov e th e R D s tha t  depen d onl y o n thi s 
R D,  i.e. ,  th e set s o f  R D s tha t  conve y prerequisit e an d re -
ferrin g informatio n fo r  thi s R D only ,  an d th e R D s tha t 
contradic t  erroneou s inference s fro m thi s R D . 

Predicting cognitive overload 

We compar e th e tota l  shif t  i n belie f  require d b y th e com -
municativ e goa l  wit h a n addressee' s conjecture d abilit y 
t o tolerat e shift s i n belief . 

The tota l  shif t  i n belie f  require d t o achiev e a  c o m m u -
nicativ e goa l  depend s o n a n addressee' s curren t  belief s 
and o n th e inference s s/h e i s  likel y t o make .  Fo r  in -
stance ,  a  use r  w h o ha s stron g erroneou s belief s wil l  nee d 
t o mak e mor e adjustment s tha n a  use r  whos e belief s ar e 
clos e t o th e intende d ones . 

We distinguis h betwee n thre e type s o f  proposition s fo r 
th e purpos e o f  predictin g cognitiv e overload :  P  -  propo -
sition s tha t  wer e previousl y unknow n o r  correctl y be -
lieve d b y th e user ;  P '  -  proposition s tha t  wer e wrongl y 
believe d b y th e use r  an d mus t  no w b e contradicted ;  an d 

P -  proposition s tha t  wer e wrongl y inferre d b y th e use r 
as a  resul t  o f  discours e planne d t o conve y P  o r  ->P '  an d 
must  no w b e contradicted .  Th e difficult y associate d wit h 
th e differen t  type s o f  shift s i n belie f  i s  represente d b y F 
factor s a s follows .  F p { M )  reflect s th e amoun t  o f  effor t 
require d t o acquir e ne w information ,  Fp i {M )  reflect s th e 
amount  o f  effor t  require d t o revers e a  previou s belief ,  an d 
F p { M )  reflect s th e amoun t  o f  effor t  require d t o revers e 
a ne w inferenc e { F p { M )  <  F p { M )  <  Fp>(M)) .  Thes e 
factor s depen d o n th e typ e o f  th e user ,  e.g. ,  a  stron g 
studen t  usuall y ha s stronge r  conviction s tha n a  wea k 
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Tabl e 2 :  Propositiona l  inpu t  tha t  yield s th e sampl e text s 

Proposition s t o b e C o n v e y e d Intende d Degree " 
of  Belie f 

Significanc e 

[̂plant s do-actio n photosynthesis ] 
photosynthesi s consum e water ] 
photosynthesi s consum e carbon-dioxide ] 
photosynthesi s consum e nutrients ] 
photosynthesi s produc e glucose ] 
[̂photosynthesi s produc e oxygen ] 
plant s do-actio n photosynthesi s (us e light) ] 
plant s contai n chlorophyll ] 

'̂ [plant s do-actio n respiration ] 
•[respiratio n consum e oxygen ] 

respiratio n consum e glucose ] 
respiratio n produc e carbon-dioxide ] 
respiratio n produc e water ] 

plant s do-actio n photosynthesis(Ar) ] 
plant s do-actio n respiration(y) ] 

plant s produc e oxygen(Z) ] 
plant s consum e oxygen(VV') ] 

* [ Z > W ] 

BELIEVED 
RATHER BELIEVE D 
RATHER BELIEVE D 

BELIEVED 
RATHER BELIEVE D 

BELIEVED 
BELIEVED 

RATHER BELIEVE D 
BELIEVED 
BELIEVED 

RATHER BELIEVE D 
RATHER BELIEVE D 
RATHER BELIEVE D 

RATHER BELIEVED 

RATHER BELIEVED 

CRITICA L 
MEDIUM 
MEDIUM 

HIGH 
MEDIUM 

CRITICA L 
HIGH 
HIGH 

CRITICA L 
CRITICA L 
MEDIUM 
MEDIUM 
MEDIUM 

HIGH 

HIGH 

student ,  an d henc e wil l  hav e mor e difficult y reversin g 
a belief . 

T h e followin g formul a expresse s th e tota l  weighte d 
shif t  i n belie f  experience d b y a  use r  w h o belong s t o mode l 
M whe n attemptin g t o achiev e a n intende d degre e o f  be -
lie f  wit h respec t  t o a  se t  o f  propositions . 

Tshift{M) = ^fsHIFTM{p)-FpiM) + 
pep 

^  fSHIFTm{p)Fp'{M )  + 
peP' 

Y.fsHIFTM{p)Fp{M ) 

p&p 
wher e fshiftf ^  (p )  represent s th e contributio n o f  propo -

sitio n p  t o T s h i f t { M ) .  Thi s contributio n i s th e absolut e 
valu e o f  th e differenc e betwee n th e actua l  an d th e previ -
ous belie f  i n p  fo r  a  use r  w h o belong s t o mode l  M ^ . 

fshiftM^P) - |te/ae(M(P) " ^e/<,/d;^ (p)| 

Thus ,  th e requiremen t  t o avoi d a  tota l  shif t  i n belie f 
whic h result s i n cognitiv e overloa d i s  expresse d b y th e 
followin g formula : 

T s h i f t { M )  <  belshiftma^iM )  (3 ) 

wher e belshift^axi^ )  i s th e m a x i m u m shif t  i n belie f  a 
use r  w h o belong s t o mode l  M ca n tolerate . 

The Content Planner 

Our  mechanis m use s a  constraint-base d optimizatio n 
procedur e whos e objectiv e i s t o maximiz e a  user' s be -
lie f  wit h respec t  t o a  se t  o f  intende d propositions ,  an d 

^The 'actual' degree of belief is conjectured by means of 
a functio n whic h simulate s a  user' s chang e i n belie f  a s a  re -
sul t  o f  a  piec e o f  discourse .  Thi s functio n depend s o n th e 
user' s abilit y an d o n th e complexit y an d abstractnes s o f  th e 
informatio n (Zukerma n &  McConachy ,  1993b) . 

whose constraint s ar e restriction s place d o n th e boredo m 
an d cognitiv e overloa d th e use r  m a y experience ,  an d o n 
th e m i n i m u m leve l  o f  expertis e th e use r  shoul d achieve . 

Our  syste m receive s tw o type s o f  input :  propositiona l 
and user-mode l  related .  Th e propositiona l  inpu t  con -
tain s (1 )  a  se t  o f  proposition s t o b e conveyed ;  (2 )  th e 
degre e o f  belie f  th e use r  i s expecte d t o achiev e wit h re -
spec t  t o eac h proposition ;  an d (3 )  th e significanc e o f 
eac h proposition ,  i.e. ,  ho w importan t  i t  i s  tha t  th e use r 
believe s it .  Thes e las t  tw o input s ar e ofte n correlated . 
However ,  usin g separat e measure s fo r  thes e input s al -
low s u s t o mode l  case s tha t  diffe r  fro m th e norm .  Fo r 
example ,  whe n conveyin g backgroun d informatio n fo r 
an intende d propositio n i t  i s  crucia l  tha t  a  use r  acquir e 
at  leas t  a  passin g acquaintanc e wit h th e informatio n i n 
question .  Tabl e 2  show s th e propositiona l  inpu t  fro m 
whic h th e text s i n Tabl e 1  ar e generated .  Th e tex t  o n th e 
left-hand-sid e o f  Tabl e 1  convey s al l  th e inpu t  proposi -
tions ,  whil e th e tex t  o n th e right-hand-sid e convey s onl y 
th e proposition s marke d wit h a n asteris k (•) . 

Th e user-mode l  relate d inpu t  i s a  spac e o f  use r  model s 
accompanie d b y a  probabilit y  distribution .  Th e proba -
bilit y  distributio n m a y b e interprete d eithe r  a s th e sys -
tem' s uncertaint y regardin g whic h model(s )  a  particula r 
user  belong s to ,  o r  a s th e percentag e o f  a  grou p o f  ad -
dressee s tha t  belong s t o eac h o f  thes e models .  Th e mod -
el s ar e use d t o determin e th e informatio n tha t  need s t o 
be presente d t o achiev e a  give n communicativ e goa l  wit h 
respec t  t o a  particula r  audience .  Eac h mode l  represent s 
th e beliefs ,  inferenc e pattern s an d attitud e o f  a  particu -
la r  typ e o f  user .  T h e attitud e model s a  user' s abilit y t o 
understan d abstrac t  information ,  his/he r  confidenc e i n 
his/he r  inferences ,  an d th e lengt h o f  discourse ,  cognitiv e 
overloa d an d amoun t  o f  unnecessar y R D s s/h e i s likel y 
t o tolerate .  I n th e curren t  implementatio n w e maintai n 
five  stereotypica l  use r  models :  excellent ,  good ,  average . 
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Tabl e 3 :  Se t  o f  R D tha t  yield s th e unconstraine d sampl e tex t 

Assert[plant s do-actio n photosynthesis ] 
Asser t  photosynthesi s consum e water ] 
Asser t  photosynthesi s consum e carbon-dioxide ] 
Asser t  photosynthesi s consum e nutrients ] 
Asser t  photosynthesi s produc e glucose ] 
Asser t  photosynthesi s produc e oxygen ] 
Asser t  plant s do-actio n photosynthesi s (us e light) ] 

oAssert[ligh t  is a form-of-energy ] 
oNegate[plant s do-actio n photosynthesi s 

(us e other-form-of-energy) ] 

Assert[plant s contai n chlorophyll ] 
oAssert[chlorophyl l  is a green-pigment ] 
oAssert[chlorophyl l  absorb s light ] 

oNegate[chlorophyl l  absorb s green-light ] 
Assert[plant s do-actio n respiration ] 

oMention[plant s do-actio n photosynthesis ] 
Assert[respiratio n consum e oxygen ] 
Asser t  respiratio n consum e glucose ] 
Asser t  respiratio n produc e carbon-dioxide ] 
Asser t  respiratio n produc e water ] 
do-actio n respiration} ] 

oxygen} ] 

Compare 
Compare 

{plant s do-actio n photosynthesis }  >  {plant s 
{plant s produc e oxygen }  >  {plant s consum e 

mediocr e an d wea k ( a detaile d descriptio n o f  thes e mod -
el s appear s i n (Zukerma n &  McConachy ,  1993b)) . 

The outpu t  o f  th e conten t  planne r  i s a  se t  o f  RD s 
whic h ar e relate d t o eac h othe r  b y mean s o f  discours e 
relation s suc h a s prerequisit e an d causalit y (Man n k 
Thompson,  1987) .  Tabl e 3  contain s th e se t  o f  RD s whic h 
yield s th e tex t  o n th e left-hand-sid e i n Tabl e 1  (withou t 
th e discours e relations) .  Th e RD s marke d wit h a  dia -
mond (o )  conve y backgroun d informatio n an d contradic t 
erroneou s inferences . 

Specification of the Optimization Process 

The objectiv e o f  th e optimizatio n proces s i s t o pla n dis -
cours e tha t  minimize s th e distanc e betwee n th e actua l 
and th e intende d degre e o f  belie f  wit h respec t  t o a  lis t 
of  intende d proposition s withou t  violatin g th e boredom , 
overloa d an d minimum-expertis e constraints .  Th e be -
lie f  objectiv e mus t  b e achieve d probabilisticall y wit h re -
spec t  t o al l  use r  models .  Further ,  w e emulat e behaviou r 
whereb y speaker s mak e sur e tha t  importan t  proposition s 
ar e conveyed ,  whil e placin g les s emphasi s o n les s impor -
tan t  propositions .  T o thi s effect ,  w e tak e int o consider -
atio n bot h th e significanc e o f  th e intende d proposition s 
and th e degre e t o whic h thes e proposition s ar e t o b e be -
lieve d upo n completio n o f  th e discourse .  Thi s yield s th e 
followin g objectiv e functio n fo r  th e optimizatio n process : 

^MJ2il2fBEL{p)Si9ip)}Prob{M)} (4) 

wher e 

fBELuiP )  -

M 

fO i f  |6e/actM(P)̂ *«''n'(P) l  ̂^ ^ 
s%gn{helact M {p))=sign{bel,n t  (p) ) 

\belact,̂ ip) -
6e/,„t(p) |  otherwise . 

Sig{p )  i s th e significanc e o r  importanc e o f  a  proposi -
tion ,  an d fBEiip )  represent s th e contributio n o f  propo -
sitio n p  t o th e objectiv e function .  Thi s contributio n i s 
0 i f  belactMip )  exceed s o r  equal s th e intende d belie f  i n 
P,  beli„i{p) ,  fo r  a  use r  wh o belong s t o mode l  M .  Oth -
erwise ,  i t  i s th e absolut e valu e o f  th e differenc e betwee n 
th e intende d an d th e actua l  belie f  i n p . 

The boredo m an d overloa d constraint s ar e expresse d 
by Equation s (1-3) .  However ,  i n orde r  t o tak e int o 

consideratio n th e system' s uncertaint y regardin g whic h 
model  a  use r  belong s to ,  w e moderat e th e threshold s b y a 
functio n whic h relaxe s th e constraint s a s th e probabilit y 
tha t  th e use r  belong s t o a  particula r  mode l  decreases . 
The followin g formulatio n specifie s on e constrain t  fo r 
each typ e o f  explanatio n failur e an d eac h use r  model : 

For  i  €  {excellent ,  good ,  average ,  mediocre ,  wea k } 

Boredo m (length ) 

\{RD},aid \  <  TRDma.iMi )  •  fproi{Mi )  (5 ) 

Boredom (unnecessary RDs) 

\{RD},aid-{RD]reduced{Mi)\<URDmaAMi}fprobiMi ) 

(6 ) 
Overloa d 

TsHiFTiMi )  <  belshtft̂ ,,{Mi )  •  fprot{Mi )  (7 ) 

In addition, we propose two alternative formulations 
fo r  expertise-relate d constraints : 

^^T.^^fB^^'-(P)S'9{p)}Prob{M) < Thr (8) 

M p 

For i e {excellent, good, average, mediocre, weak } 

5]te/act^,(p)5i</(p) > Prc<M. ^fee/,„,(p)5i>(p) (9) 

p P 

Equatio n 8  stipulate s tha t  th e averag e shortfal l  fro m 
th e intende d leve l  o f  expertis e weighte d acros s al l  use r 
model s shoul d no t  excee d a  certai n threshol d (th e short -
fal l  i s  average d ove r  th e numbe r  o f  proposition s t o b e 
conveyed) .  Thi s constraint ,  whic h i s place d o n th e ob -
jectiv e function ,  ensure s tha t  a n adequat e leve l  o f  exper -
tis e i s achieve d o n averag e fo r  eac h propositio n ove r  al l 
th e use r  models .  I n contrast .  Equatio n 9  demand s tha t 
a use r  wh o belong s t o a  particula r  mode l  attai n a  cer -
tai n percentag e o f  th e intende d leve l  o f  expertise .  Fo r 
example ,  a  wea k studen t  ma y b e expecte d t o attai n a t 
leas t  5 0 % o f  th e intende d expertise ,  whil e a n excellen t 
studen t  ma y b e expecte d t o attai n a t  leas t  90% . 

The abov e constraint s ar e no t  necessaril y  applie d t o al l 
user  model s wit h non-zer o probability .  Give n a  (possi -
bl y  0 )  to p margi n an d botto m margin ,  th e syste m drop s 

\{P)\ -
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fro m consideratio n th e model s a t  th e tai l  o f  th e distribu -
tio n whos e probabilitie s fal l  withi n thes e margins .  Fo r 
instance ,  a n inpu t  suc h a s (10% ,  2 0 % )  mean s tha t  th e 
constraint s ar e no t  applie d wit h respec t  t o th e model(s ) 
whose probabilitie s fal l  withi n th e to p 1 0 % o r  th e botto m 
2 0 % o f  th e user-mode l  distribution .  I n addition ,  w e hav e 
use d Equatio n 9  i n tw o differen t  ways :  (1 )  applie d t o al l 
use r  model s tha t  ar e bein g considered ,  an d (2 )  applie d 
t o th e weakes t  use r  mode l  unde r  consideration . 

T h e abov e formulatio n yield s a  non-linea r  intege r  op -
timizatio n proble m eve n withou t  th e constraints .  Hence , 
a we2i k searc h metho d i s applied .  W e hav e implemente d 
tw o method s t o solv e thi s problem :  (1 )  a  ful l  optimiza -
tio n (Zukerma n &  McConachy ,  1995) ,  an d (2 )  a  partia l 
optimizatio n combine d wit h heuristics .  I f  thes e method s 
canno t  find a  solutio n tha t  satisfie s al l  th e constraints , 
the y rela x th e communicativ e goal ,  i.e. ,  the y conve y 
some proposition s t o a  lesse r  exten t  tha n originall y spec -
ifie d and/o r  giv e u p conveyin g som e proposition s alto -
gether .  Thi s approac h i s suitabl e fo r  a  situatio n wher e 
tim e i s runnin g short ,  an d th e informatio n provide r  i s 
willin g t o foreg o th e conveyanc e o f  non-essentia l  infor -
matio n s o lon g a s crucia l  informatio n i s conveyed .  A n al -
ternativ e approac h whic h consist s o f  relaxin g th e single -
discours e requirement ,  i.e. ,  conveyin g th e sam e amoun t 
of  informatio n i n separat e chunk s o f  discourse ,  i s de -
scribe d i n (Zukerma n &  McConachy ,  1995) . 

Full optimization 

Thi s procedur e first  determine s minimall y sufficien t  set s 
of  R D s whic h conve y al l  th e proposition s fo r  eac h use r 
model ,  wher e a  se t  o f  R D s i s minimall y sufficien t  i f  th e 
remova l  o f  an y R D cause s th e se t  t o sto p conveyin g th e 
intende d information .  I t  the n iterativel y select s th e se t 
of  R D s wit h th e bes t  objectiv e functio n amon g th e set s 
of  R D s whic h satisf y al l  th e constraints ,  an d generate s 
R Ds tha t  conve y prerequisit e an d referrin g informatio n 
fo r  th e selecte d se t  o f  R D s .  T h e resultin g se t  o f  R D s , 
i.e. ,  th e selecte d se t  plu s th e R D s whic h conve y it s refer -
rin g an d prerequisit e information ,  i s adde d t o th e poo l 
of  candidat e sets ,  an d it s constraint s ar e re-calculated . 
T h e optimizatio n proces s terminate s whe n i t  finds  a  se t 
of  R D s whic h satisfie s al l  th e constraint s an d require s n o 
additiona l  prerequisit e o r  referrin g information . 

I f  al l  th e candidat e set s o f  R D s violat e on e o r  mor e 
constraints ,  th e communicativ e goa l  i s relaxe d a s follows . 
T h e syste m successivel y remove s on e R D fro m eac h se t 
of  R D s tha t  satisfie s th e expertis e constraint(s) ,  an d in -
spect s th e effec t  o f  eac h remova l  o n th e constraint(s )  an d 
th e objectiv e function .  Durin g thi s process ,  whe n remov -
in g a n R D w e als o remov e th e R D s tha t  depen d onl y o n 
thi s R D (a s whe n generatin g {RD}reduce d whil e predict -
in g boredo m du e t o unnecessar y R D s ) .  Eac h reduce d se t 
of  R D s whic h result s fro m thi s proces s satisfie s al l  th e 
constraint s whil e yieldin g a n objectiv e functio n whos e 
valu e i s wors e tha n before . 

Partial optimization 

Thi s procedur e first  applie s th e mechanis m describe d i n 
(Zukerma n &  McConachy ,  1994 )  t o generat e th e optima l 
set  o f  R D s fo r  eac h o f  th e use r  model s bein g considered . 

Th e set s o f  R D s ar e the n sorte d wit h th e valu e o f  th e 
objectiv e functio n a s th e primar y sortin g key ,  an d th e 
number  o f  constraint s violate d a s th e secondar y key .  Th e 
highest-ranke d se t  tha t  violate s n o constraint s i s the n 
selected . 

I f  al l  th e set s o f  R D s violat e on e o r  mor e constraints , 
th e communicativ e goa l  i s relaxe d a s follows .  Th e syste m 
select s th e top-ranke d se t  o f  R D s ,  an d applie s rule s whic h 
tak e int o consideratio n th e significanc e an d th e intende d 
shif t  i n belie f  o f  th e proposition s t o b e conveye d i n orde r 
t o selec t  a  propositio n whic h m a y b e conveye d t o a  lesse r 
exten t  (o r  no t  a t  all) .  Thes e rule s selec t  first  proposi -
tion s o f  lo w significance ,  nex t  proposition s o f  mediu m 
significanc e whic h requir e a  lo w o r  med iu m shif t  i n be -
lief ,  an d s o on .  On e o f  th e R D s tha t  convey s th e selecte d 
propositio n i s the n removed ,  an d th e constraint s an d ob -
jectiv e functio n ar e re-calculated .  I f  th e resultin g se t  o f 
R Ds violate s n o constraints ,  i t  i s  selecte d fo r  presenta -
tion .  Otherwise ,  th e se t  o f  R D s i s re-ranke d accordin g 
t o th e valu e o f  it s objectiv e functio n an d th e numbe r  o f 
constraint s i t  violates ,  an d th e proces s i s repeated . 

Results 

The system was run with several combinations of the 
followin g parameters :  (1 )  th e tw o optimizatio n proce -
dures ;  (2 )  th e tw o constraint s fo r  m i n i m u m expertise , 
wher e Equatio n 9  wa s applie d i n tw o modes :  t o al l  use r 
model s an d onl y t o th e weakes t  use r  model ;  an d (3 )  th e 
tw o type s o f  targe t  populations ,  vi z al l  th e use r  model s 
and onl y use r  model s tha t  fal l  insid e specifie d margins . 
Th e applicatio n domain s include d technica l  area s suc h 
as nuclea r  fission,  chemistr y an d biology . 

W h en boredo m constraint s ar e turne d of f  ther e i s n o 
penalt y fo r  excessiv e lengt h o r  unnecessar y R D s ,  henc e 
th e generate d tex t  include s examples ,  backgroun d infor -
matio n an d elaboration s t o ensur e tha t  th e materia l  i s 
conveye d (left-hand-sid e o f  Tabl e 1) .  W h e n constraint s 
pertainin g t o boredo m du e t o lengt h ar e activated ,  R D s 
tha t  conve y proposition s o f  lowe r  significanc e ten d t o b e 
omitte d first  (right-hand-sid e o f  Tabl e 1) .  I f  a  proposi -
tio n wit h a  highe r  significanc e require s man y R D s ,  the n 
thes e R D s becom e goo d candidate s fo r  omission . 

W h en overloa d constraint s ar e activated ,  proposition s 
tha t  requir e a  larg e shif t  i n belie f  ar e removed .  Thi s 
i s illustrate d i n th e exampl e i n Tabl e 4 ,  wher e th e R D 
tha t  convey s propositio n 1  an d it s dependent ,  th e R D 
tha t  convey s propositio n 2 ,  ar e removed .  I n contrast , 
when constraint s pertainin g t o boredo m du e t o lengt h 
ar e activate d fo r  thi s example ,  proposition s 3  an d 4  ar e 
omitte d (propositio n 6  remain s becaus e i t  i s  linke d t o 
propositio n 5) . 

W h en bot h type s o f  boredo m constraint s ar e acti -
vated ,  i f  th e probabilitie s o f  th e use r  model s ar e evenl y 
distributed ,  th e onl y wa y t o satisf y bot h set s o f  con -
straint s i s t o conve y ver y littl e information ,  yieldin g a n 
objectiv e functio n wit h a  hig h value .  I n thi s case ,  fol -
lowin g accepte d teachin g practices ,  th e syste m relaxe s 
th e unnecessary-RD s constraints ,  i.e. ,  i t  give s a  highe r 
priorit y t o th e requirement s o f  th e weake r  use r  models . 

Th e ful l  optimizatio n procedur e take s betwee n 30-6 0 
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Tabl e 4 :  Sampl e discours e considerin g overloa d versu s boredo m du e t o lengt h 

Proposition s t o b e Conveye d 

1.  Networ k covalen t  substance s sublime , 
2.  whic h i s goin g fro m a  soli d stat e directl y t o vapor . 
3.  Ioni c substance s melt . 
4.  Metalli c  substance s melt . 
5.  Metalli c  substance s ar e flexible, 
6.  bu t  ioni c substance s ar e no t  flexible. 

Intende d D e g r e e 
of  Belie f 

BELIEVED 
RATHER BELIEVE D 
RATHER BELIEVE D 
RATHER BELIEVE D 
RATHER BELIEVE D 
RATHER BELIEVE D 

Significanc e 

HIGH 
HIGH 

MEDIUM 
MEDIUM 

HIGH 
MEDIUM 

second s o f  C P U tim e o n a  SPARCstation2 .  Th e partia l 
optimizatio n combine d wit h th e heuristi c functio n cut s 
th e processin g tim e significantl y (b y 1/ 4 -  2/ 3 depend -
in g o n th e numbe r  o f  violate d constraint s an d th e rela -
tionshi p betwee n th e intende d propositions) .  I n general , 
th e ful l  optimize r  convey s mor e proposition s (a t  leas t 
partially )  tha n th e partia l  optimizer ,  an d yield s a  bet -
te r  objectiv e function .  I n contrast ,  th e partia l  optimize r 
generall y achieve s large r  belie f  shift s fo r  th e proposition s 
tha t  ar e no t  removed .  Ther e i s a  marke d diff"erenc e be -
twee n th e discours e generate d b y th e partia l  an d th e ful l 
optimize r  whe n th e conten t  planne r  initiall y  generate s a 
smal l  se t  o f  R D s t o conve y a  fe w proposition s tha t  ar e 
strongl y relate d t o eac h othe r  (wher e th e R D s generate d 
t o conve y on e propositio n affec t  th e others) .  I n thi s case , 
th e partia l  optimize r  relaxe s th e communicativ e goa l  b y 
removin g on e o f  th e R D s fro m th e se t  o f  RDs ,  whil e th e 
ful l  optimize r  ofte n replace s th e entir e se t  o f  R D s wit h a 
different ,  smalle r  set . 

The tw o formula s representin g expertise-relate d con -
straint s affec t  th e system' s outpu t  a s follows .  I f  Equatio n 
9 i s use d wit h respec t  t o model s tha t  ar e no t  strongl y 
represente d i n th e use r  population ,  th e outpu t  wil l  b e 
markedl y differen t  fro m th e outpu t  obtaine d whe n Equa -
tio n 8  i s used .  Thi s happen s becaus e Equatio n 9  force s 
th e syste m t o addres s th e need s o f  thes e models ,  whil e 
Equatio n 8  largel y ignore s thes e model s owin g t o thei r 
smal l  relativ e probability . 

Finally ,  ignorin g portion s o f  th e populatio n tha t  fal l 
belo w th e botto m margi n yield s mor e concis e text ,  sinc e 
les s explanation s nee d t o b e presented ,  whil e ignorin g th e 
portion s tha t  fal l  abov e th e to p margi n allow s th e syste m 
t o generat e mor e R D s withou t  violatin g th e unnecessary -
R Ds constraints . 

Conclusion 

We hav e oflfere d a  computationa l  definitio n o f  thre e 
cause s o f  explanatio n failure :  cognitiv e overload ,  bore -
do m du e t o excessiv e discours e lengt h an d boredo m du e 
t o unnecessar y RDs .  W e hav e ceis t  conten t  plannin g a s 
a constraint-base d optimizatio n proces s whic h take s int o 
accoun t  a  speaker' s uncertaint y regardin g th e use r  mode l 
t o whic h a n addresse e belongs .  I n thi s process ,  th e con -
straint s represen t  requirement s place d o n th e addressee' s 
boredo m an d overload ,  an d o n th e leve l  o f  expertis e s/h e 
i s expecte d t o attain ,  an d th e objectiv e functio n i s a 
probabilisti c  functio n o f  th e exten t  t o whic h th e com -
municativ e goa l  ha s bee n achieved .  W e hav e discusse d 

tw o procedure s fo r  solvin g thi s proble m i n combinatio n 
wit h tw o type s o f  expertise-relate d constraints ,  an d w e 
hav e considere d th e effec t  o f  ignorin g segment s o f  th e 
user  populatio n tha t  ar e a t  th e tai l  o f  th e distribution . 
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