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Abstrac t 

To communicate effectively, intelligent tutoring 
system s shoul d b e abl e t o generat e clea r  expla -
nation s o f  phenomen a i n thei r  domain .  T o ex -
plai n comple x phenomen a i n scientifi c  domains , 
the y mus t  b e abl e t o produc e extensiv e multi -
paragrap h discourse .  Traditionally ,  discours e 
planner s hav e take n a  monoiom c approac h t o gen -
eration :  onc e the y mak e a  decision ,  tha t  deci -
sio n i s neve r  revoked .  Becaus e thes e approache s 
make n o provisio n fo r  evaluatin g an d modifyin g a 
pla n afte r  i t  ha s bee n constructed ,  thei r  flexibility 
i s  limited .  Tiii s  inflexibilit y  i s  particularl y acut e 
when attemptin g t o generat e multi-paragrap h dis -
course . 

We propos e a  revision-base d mode l  o f  discours e 
plannin g tha t  construct s instructiona l  multi -
paragrap h discours e plans ,  evaluate s them ,  an d 
restructure s them .  Thi s i s accomplishe d b y delay -
in g organizationa l  commitment s a s lon g a s pos -
sibl e an d interleavin g th e planner' s conten t  de -
terminatio n an d organizatio n activities .  Thi s 
model  accord s wel l  wit h researc h o n writing .  I t 
has bee n implemente d i n a n experimenta l  sys -
tem,  K N I G H T ,  a  discours e generato r  fo r  intelli -
gent  tutorin g systems .  K N I G H T generate s multi -
paragrap h explanation s i n th e domai n o f  biology . 
A domai n exper t  hai s analyze d K N I G H T ' s expla -
nation s an d foun d the m t o b e clea r  an d accurate . 

Introduction 

The principl e missio n o f  a n intelligen t  tutorin g sys -
te m (ITS )  i s t o communicat e knowledg e t o a  studen t 
[Wenger ,  1987] .  Th e explanatio n generato r  o f  a n IT S 
shoul d generat e explanation s tha t  ar e appropriat e fo r 
th e student' s curren t  master y o f  domai n concepts .  Fur -
thermore ,  a n IT S fo r  scientifi c  domain s mus t  b e abl e 

t o explai n ver y comple x phenomena ,  s o it s explanatio n 
generato r  mus t  b e abl e t o produc e extensiv e (multi -
paragraph )  explanations . 

For  th e pas t  tw o decades ,  researcher s i n natura l 
languag e generatio n hav e bee n explorin g th e proble m 
of  constructin g tex t  fro m a  forma l  representatio n o f 
knowledge .  Generator s tha t  produc e multi-sententia l 
or  multi-paragrap h tex t  hav e traditionall y take n a 
monotoni c approac h t o discours e planning .  ̂  W e sa y 
tha t  a  discours e planne r  i s monotoni c if ,  onc e i t  make s 
a decision ,  tha t  decisio n i s neve r  revoked .  Fo r  example , 
schema-base d planner s generat e discours e b y instanti -
atin g th e rhetorica l  predicate s o f  schemat a [McKeown , 
1985 ,  Paris ,  1988 ,  McCoy ,  1989] ;  onc e th e schemat a ar e 
selecte d an d thei r  predicate s ar e instantiated ,  th e con -
ten t  an d organizatio n o f  th e discours e ar e fixed.  Mor e 
recent ,  hierarchica l  discours e planner s [Hovy ,  1988 , 
Moor e an d Swartout ,  1991 ]  ar e als o monotonic .  Give n 
a rhetorica l  goal ,  thes e planner s subgoa l  t o construc t  a 
tre e whos e leave s ar e specification s fo r  producin g smal l 
piece s o f  text ;  the y neve r  revok e thei r  selectio n o f  op -
erator s o r  chang e thei r  bindin g o f  operato r  variables . 

Becaus e thes e approache s t o discours e plannin g 
make n o provisio n fo r  evaluatin g an d modifyin g a  pla n 
onc e i t  ha s bee n constructed ,  thei r  flexibility  i s  limited . 
Therefore ,  the y rel y o n designer s t o develo p schemat a 
and plannin g operator s tha t  alway s "ge t  i t  right "  th e 
first  time .  A s th e lengt h o f  th e tex t  t o b e generate d ex -
pands ,  i t  become s increasingl y difficul t  t o anticipat e al l 
plannin g contingencies .  Thi s i s especiall y tru e fo r  a  dis -
cours e planne r  tha t  i s  suppose d t o b e contezt-sensitive , 
e.g. ,  th e discours e planne r  fo r  a n IT S tha t  customize s 
th e conten t  an d organizatio n o f  it s  explanation s fo r  a 
student' s curren t  master y o f  domai n concepts . 

What' s neede d i s a  mor e fluid  metho d o f  discours e 
production ,  suc h a s th e on e employe d b y huma n writ -
ers .  Researcher s wh o stud y th e writin g proces s argu e 
tha t  revisio n play s a  crucia l  rol e i n compositio n [Haye s 

'Thi s researc h i s supporte d b y th e Nationa l  Scienc e 
Foundatio n unde r  gran t  IRI-8620052 ;  th e Ai r  Forc e Hu -
man Resource s Laborator y unde r  gran t  F33615-90-C-0014 ; 
and donation s fro m th e researc h laboratorie s o f  Hughe s an d 

GTE. 

^We follo w th e typica l  decompositio n o f  natura l  lan -
guage generatio n int o planning ,  whic h i s concerne d wit h 
conten t  determinatio n an d high-leve l  organizatio n issues , 
and realization ,  whic h i s concerne d wit h sententia l  organi -
zation ,  pronominalization ,  ellipsis ,  an d lexica l  choice . 
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and Flower ,  1986] .  Althoug h a  goo d cas e ha s bee n 
made tha t  natura l  languag e generator s ca n benefi t  sub -
stantiall y  fro m revisio n [Yazdani ,  1987] ,  onl y a  fe w 
project s hav e explore d revisio n computationall y [Man n 
and Moore ,  1981 ,  Vaugha n an d McDonald ,  1986 , 
W o ng an d S immons ,  1988 ,  Gabriel ,  1988] .  Thes e 
project s contribut e t o ou r  understandin g o f  th e revi -
sio n process ,  bu t  the y focu s o n loca l  sententia l  trans -
formations ,  suc h a s formin g comple x sentence s fro m 
simpl e one s an d combinin g tw o sentence s wit h th e 
same ver b phrases ,  rathe r  tha n o n method s fo r  globall y 
restructurin g discourse . 

We hav e designe d a  revision-base d mode l  o f  dis -
cours e plannin g tha t  construct s multi-paragrap h dis -
cours e plans ,  evaluate s them ,  an d globall y restructure s 
them .  Th e planne r  ca n revis e it s plan s becaus e i t  de -
lay s organizationa l  commitment s a s lon g a s possibl e 
and interleave s th e conten t  determinatio n an d organi -
zatio n activities .  T h e mode l  ha s bee n implemente d 
i n a n experimenta l  system ,  K N I G H T ^ ,  a  context -
sensitiv e discours e generato r  fo r  ITSs .  K N I G H T gen -
erate s multi-paragrap h explanation s i n th e domai n o f 
biology . 

Revision-Based Production 

The revision-base d plannin g algorith m control s th e as -
sembl y o f  discours e plans .  T o provid e organizationa l 
flexibility ,  i t  delay s organizationa l  commitment s a s 
lon g a s possible .  B y delayin g organizationa l  commit -
ments ,  i t  ca n mor e easil y revis e plan s t o improv e thei r 
organizatio n an d t o includ e additiona l  content .  Ini -
tially ,  th e discourse-elements—specification s fo r  sen -
tence s t o b e generated—o f  a n evolvin g pla n ar e place d 
i n th e plannin g spac e i n a  loosel y organize d fashio n 
(Figur e 1) .  Fo r  organizationa l  purposes ,  th e plannin g 
spac e i s  partitione d int o clusters ,  eac h o f  whic h wil l 
eventuall y resul t  i n a  paragrap h o f  text .  A s th e pla n 
develops ,  th e planne r  add s ne w element s t o th e plan , 
transfer s element s fro m on e cluste r  t o another ,  an d cre -
ate s ne w cluster s a s needed .  Thu s i t  interleave s th e 
constructio n an d organizatio n o f  elements .  I t  graduall y 
impose s increasin g orde r  o n th e element s unti l  the y ar e 
sequential ,  a t  whic h tim e i t  passe s th e element s t o th e 
realizer ,  whic h translate s the m int o text . 

Th e plannin g algorith m i s show n i n Figur e 2 .  Plan -
nin g begin s whe n a  quer y i s  posed .  Th e planne r 
firs t  construct s th e initia l  grou p o f  discourse-element s 
by identifyin g th e relevan t  knowledg e i n th e Botan y 
Knowledg e Base ,  a  large-scale ,  frame-base d representa -
tio n tha t  w e an d ou r  colleague s hav e bee n constructin g 
fo r  th e pas t  fou r  year s [Porte r  e t  ai ,  1988] .  Thi s knowl -
edge bas e contain s ove r  tw o thousan d frame s abou t 
botanica l  object s (i.e. ,  plan t  anatomy )  an d th e pro -
cesse s tha t  chang e the m (i.e. ,  plan t  physiolog y an d 
development) .  Next ,  th e planne r  evaluate s th e ini -

^KNowledge-Iutegration-based Generator of History-
sensitiv e Tex t 

Knowledg e 
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User 
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Quer y 
Interprete r 

Query 

I 
^ 

Explanatio n 

Planne r 

I E I 

Realize r 

Plannin g Spac e 
Explanatio n 

Figur e 1 :  T h e architectur e 

Plan <— construct-elements(Query); 
repea t 

fo r  eac h restructurin g operato r  R  d o 
i f  applicable(iZ ,  P lan )  t he n 

Pla n * — restructure-plan(P/an ,  R ) ; 
fo r  eac h elaborato r  E  relevan t  t o R  d o 

i f  applicable(£' .  Plan )  t h e n 
Pla n < — elaborate-plan(F/an ,  E ) ; 

i f  change d Pla n the n 
fo r  eac h patchin g operato r  P  d o 

i f  applicable(P ,  Plan )  t he n 
Pla n ̂  patch-plan(P/an ,  P ) 

unti l  n o mor e change s 
fo r  eac h Cluste r  i n Pla n d o 

Cluste r  « — schedule-elements(C/uater) ; 
realize(C/uater ) 

Figur e 2 :  T h e explanatio n plannin g algorith m 

tia l  pla n t o determin e i f  s o m e element s ca n b e rear -
range d t o improv e th e organization .  I f  so ,  i t  consider s 
formin g n e w cluster s an d transferrin g element s a m o n g 
clusters .  I f  th e pla n w a s restructured ,  th e planne r  de -
termine s i f  th e reorganize d pla n shoul d includ e addi -
tiona l  content .  I f  so ,  th e planne r  applie s elaborator s 
tha t  construc t  additiona l  element s an d insert s t h e m 
int o th e plan .  I t  the n re-evaluate s th e pla n t o deter -
m i n e i f  an y coherenc e ha s bee n lost .  I f  repair s ar e 
calle d for ,  i t  install s th e necessar y patches ,  whic h tak e 
th e for m o f  outlin e statements ,  transitio n statements , 
an d summar ies .  Finally ,  i t  schedule s th e element s i n 
eac h cluste r  an d passe s t h e m t o th e realizer . 

Planning a Discourse 

To demonstrat e K N I G H T ' s operation ,  i t  wa s pose d 
th e query ,  "Ho w doe s a n embry o sa c form? "  Th e rel -
evan t  portio n o f  th e knowledg e bas e i s show n i n Fig -
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Figur e 3 :  Portio n o f  knowledg e bas e an d studen t  mode l 
on embry o sa c formatio n 

ur e 3 .  (Th e concept s tha t  wer e familia r  t o th e studen t 
ar e indicate d b y th e darkene d outlines. )  Th e explana -
tio n K N I G H T constructe d i s show n i n Figur e 4 . 

Initial Plan Construction 

The planne r  construct s th e initia l  pla n b y select -
in g subgraph s o f  th e knowledg e base ,  constructin g 
discourse-element s fro m thes e propositions ,  an d insert -
in g th e element s int o clusters .  T o determin e th e ini -
tia l  conten t  o f  th e discourse ,  K N I G H T use s grap h 
schemat a t o selec t  th e cor e o f  th e explanation .  I t  in -
stantiate s th e grap h schem a associate d wit h th e typ e o f 
th e quer y t o extrac t  subgraph s o f  th e knowledg e base . 
For  example ,  t o explai n a  proces s P ,  K N I G H T applie s 
a process-descriptio n grap h schem a t o defin e a  grap h 
consistin g o f  P  itself ,  th e actor s i n P ,  th e locatio n o f  P , 
th e subprocesse s o f  P ,  an d th e subprocesses '  actors. ^ 

As i t  select s th e relevan t  subgraph s o f  th e knowledg e 
base ,  K N I G H T construct s discourse-element s fro m 
th e subgraphs '  constituen t  propositions ,  an d i t  assign s 
the m t o cluster s i n th e plannin g space .  Th e type s o f 
clusters ,  a s wel l  a s thei r  order ,  depen d o n th e typ e o f 
quer y issued .  Fo r  example ,  th e cluste r  type s associate d 
wit h th e Describ e proces s quer y typ e ar e th e Moti -
vatio n cluster ,  whic h convey s th e overal l  significanc e 
of  th e process ;  th e Introductio n cluster ,  whic h provide s 
an overvie w o f  th e process ;  an d th e Mechams m cluster , 
whic h discusse s th e mechanis m b y whic h th e proces s 

''Becaus e K N I G H T i s a  context-sensitiv e planner ,  i t 
uses specialize d selectio n strategie s t o determin e additiona l 
subgraph s tha t  ar e appropriat e fo r  th e student .  We discus s 
thes e method s fo r  context-sensitiv e discours e plannin g else -
wher e [Leste r  an d Porter ,  1991] . 

S T U D E N T:  Ho w doe s a n embry o sa c form ? 

KNIGHT: 
Reproductio n i s a  centra l  functio n o f  biologica l  enti -
ties .  On e kin d o f  reproductio n i s angiosper m sexua l 
reproduction .  Embry o sa c formatio n i s a  ste p o f  an -
giosper m sexua l  reproduction .  Befor e explainin g em-
bry o sa c formation ,  w e wil l  first  discus s som e prereq -
uisit e informatio n abou t  cells . 

Two kind s o f  cell s  ar e a  diploi d cel l  an d a  hap -
loi d cell .  A  diploi d cel l  ha s 2  set s  o f  chromosome s i n it s 
nucleus ,  bu t  a  haploi d cel l  ha s 1  se t  o f  chromosome s 
i n it s nucleus .  Durin g meiosis ,  a  diploi d cel l  repro -
duces ,  resultin g i n 4  haploi d cells .  On e kin d o f  diploi d 
cel l  i s  a  megaspor e mothe r  cell ,  whic h i s involve d i n 
embry o sa c formation .  On e kin d o f  haploi d cel l  i s  a 
megaspore ,  whic h i s involve d i n embry o sa c formation . 

Now w e ca n explai n embry o sa c formation . 
Embryo sa c formatio n i s a  kin d o f  development .  I t 
take s plac e i n a n ovule .  A n ovul e i s par t  o f  a n ovary . 
Durin g embry o sa c formation ,  a  megaspor e mothe r  cel l 
develop s int o a n embry o sac ,  whic h i s a  gametophyte . 

Embryo sa c formatio n consist s o f  megasporo -
genesis ,  megaspor e degeneration ,  an d embry o sa c de -
velopment .  First ,  durin g megasporogenesis ,  a  megas -
por e mothe r  cel l  reproduces ,  resultin g i n 4  megas -
pores .  Later ,  durin g megaspor e degeneration ,  3 
megaspore s degenerate .  Durin g embry o sa c develop -
ment ,  1  megaspor e develop s int o a n embry o sac . 

Let' s revie w th e ke y points .  Reproductio n i s 
a centra l  functio n o f  biologica l  entities .  On e kin d o f 
reproductio n i s angiosper m sexua l  reproduction .  Em-
bry o sa c formatio n i s a  ste p o f  angiosper m sexua l  re -
production .  Embry o sa c formatio n i s a  kin d o f  devel -
opment .  Durin g embry o sa c formation ,  a  megaspor e 
mothe r  cel l  develop s int o a n embry o sac . 

Figure 4: Explanation of embryo sac formation 

occurs .  Thes e cluste r  type s wer e derive d fro m a n anal -
ysi s o f  discours e pattern s foun d i n scienc e textbooks . 
Figur e 5  show s a  snapsho t  o f  th e plannin g spac e afte r 
th e initia l  constructio n phase .  Monotoni c planner s ter -
minat e afte r  thi s phase ,  bu t  K N I G H T evaluate s an d 
revise s plan s t o improv e them . 

Restructuring Plans 

Once th e planne r  ha s complete d th e initia l  construc -
tio n phase ,  i t  evaluate s th e pla n t o determin e i f  i t  ca n 
make improvements .  I t  decide s i f  a  revisio n shoul d 
be mad e b y determinin g th e conceptua l  similarit y o f 
discourse-element s i n differen t  clusters .  I f  element s 
fro m differen t  cluster s satisf y th e similarit y criteria ,  i t 
form s a  ne w cluste r  b y groupin g th e simila r  element s 
and positionin g th e ne w cluste r  i n a n appropriat e lo -
catio n i n th e plan . 

K N I G H T ' s criteri a fo r  conceptua l  similarit y ar e 
base d o n ou r  theor y o f  vie w type s [Southe r  e t  ai ,  1989] , 
whic h gaug e th e coherenc e o f  group s o f  concepts .  Eac h 
vie w typ e aggregate s concept s accordin g t o a  particu -
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F i g u r e 5 :  P l a n afte r  initia l  c o n s t r u c t i o n p h a s e 

la r  perspective .  Fo r  example ,  th e categorica l  vie w typ e 
aggregate s a  concep t  an d th e concept s i n it s taxonomi c 
heritage .  Hence ,  K N I G H T use s a  restructurin g opera -
to r  t o grou p "categorically "  simila r  information .  Cat -
egorica l  restructurin g i s accomplishe d b y finding  tw o 
discourse-elements ,  eac h o f  whic h discusse s tw o con -
cept s a s bein g specialization s o f  a  c o m m o n concept , 
and groupin g the m together .  I n attemptin g t o ap -
pl y th e categorica l  restructurin g operator ,  K N I G H T ' s 
searc h throug h th e plannin g spac e reveal s tha t  a  cat -
egorica l  elemen t  i n th e Introductio n cluste r  explain s 
tha t  a  megaspor e mothe r  cel l  i s  a  kin d o f  cell ,  an d an -
othe r  categorica l  elemen t  i n th e Mechanis m cluste r  ex -
plain s tha t  a  megaspor e i s a  kin d o f  cell .  Rathe r  tha n 
distributin g th e discussio n acros s tw o possibl y distan t 
paragraphs ,  groupin g th e element s togethe r  provide s a 
coheren t  foru m fo r  presentin g a  top-dow n taxonomi c 
discussio n o f  cells . 

Of  course ,  i f  th e designer s o f  th e constructio n meth -
ods coul d hav e anticipate d thi s situation ,  th e categori -
cal  cluste r  coul d hav e bee n include d i n th e initia l  plan . 
However ,  th e nee d fo r  suc h a  cluste r  mus t  b e deter -
mine d a t  run-time ;  onl y the n ca n i t  b e know n tha t 
ther e ar e element s tha t  fortuitousl y explai n tw o con -
cept s i n term s o f  th e sam e generalization . 

Elaborating Plans 

In addition to improving the organization of the dis-
course ,  restructurin g als o provide s opportunitie s fo r  in -
cludin g additiona l  content .  Thi s i s particularl y signif -
ican t  fo r  discours e planner s use d b y ITS s becaus e i t 

allow s the m t o interjec t  importan t  supplementar y in -
formatio n tha t  i s importan t  i n th e domain .  T h e plan -
ner  use s elaborator s fo r  thi s purpose . 

For  example ,  afte r  a  categorica l  restructurin g ha s 
bee n performed ,  a s describe d i n th e previou s section , 
th e pla n wil l  includ e a  cluste r  tha t  discusse s th e sub -
classe s o f  a  particula r  concept .  A n appropriat e elabo -
ratio n migh t  ad d discourse-element s tha t  compar e th e 
subclasses .  K N I G H T use s suc h a  compariso n elabo -
rator .  Give n tw o categorica l  discourse-element s tha t 
explai n tw o concept s i n term s o f  th e sam e generaliza -
tion ,  K N I G H T searche s fo r  th e crucia l  difference s be -
twee n th e tw o concepts .  W h e n i t  applie s th e compar -
iso n elaborato r  t o th e discourse-element s o f  th e cat -
egorica l  cluster ,  i t  determine s tha t  megaspor e mothe r 
cel l  an d megaspor e ar e bot h kind s o f  a  cell ,  an d tha t 
thes e concept s begi n t o diffe r  i n th e taxonom y a t  th e 
concept s diploi d cel l  an d haploi d cell .  I t  construct s th e 
discourse-element s tha t  discus s th e tw o kind s o f  cell s 
and thei r  difference s an d add s thes e element s t o th e 
newl y create d Categorica l  cluster . 

Finalizing Plans 

The ability to dynamically restructure discourse plans 
and t o generat e elaboration s o n th e fly  provide s hig h 
flexibility.  However ,  flexibility  i s  sometime s achieve d 
at  th e expens e o f  coherence .  I n thes e cases ,  th e planne r 
applie s patchin g operator s t o restor e coherence .  Fo r 
example ,  i t  construct s a n outlin e elemen t  an d add s i t 
t o th e Motivatio n cluster ,  i t  construct s a  transitio n 
elemen t  an d add s i t  t o th e Introductio n cluster ,  an d 
i t  construct s a  summar y cluste r  an d attache s i t  t o th e 
end o f  th e plan .  Th e final  pla n i s show n i n Figur e 6 . 

Th e final  ste p i s t o lineariz e th e element s withi n 
a cluster .  Th e planne r  invoke s it s schedulin g opera -
tor s t o provid e thi s service .  Eac h schedulin g opera -
to r  i s base d o n a  commonl y occurrin g patter n o f  text . 
For  example ,  textbook s typicall y discus s th e subpro -
cesse s o f  a  proces s i n th e orde r  i n whic h the y occur ,  s o 
K N I G H T ' s Mechanis m schedulin g operato r  impose s a 
tempora l  orde r  o n th e element s tha t  discus s th e sub -
processe s o f  a  process . 

Conclusion 

ITSs in scientific domains require explanation genera-
tor s tha t  ca n produc e coheren t  multi-paragrap h expla -
nations .  Th e revision-base d mode l  o f  discours e plan -
nin g satisfie s thi s requirement .  K N I G H T ' s outpu t 
was favorabl y evaluate d b y a  domai n expert ,  w h o an -
alyze d thre e explanation s i t  generated ,  includin g th e 
one discusse d here .  H e foun d th e explanation s t o 
be bot h accurate—thei r  statement s wer e scientificall y 
correct—an d clear—thei r  presentation s wer e easil y un -
derstandable . 

Th e planne r  achieve s thes e result s b y dynamicall y 
restructurin g discours e plans .  Restructurin g i s possi -
bl e becaus e i t  delay s organizationa l  commitments .  I n 
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Plannin g S p a c e 

1 Modvido n 1 
(oonn«otlon-to-oor « EST r«produotIon ) 

(outlln«-»tm t  c«l l  tSF ) 
I  Cttagorlca l  ] 

(«ctor-c«t« g m«g-moth»r-o»l l  c«ll l 
(ACtor-cata g mvgAapor s call ) 

(ob3«ct-conp« r  dlplold-c«l l  h«plold-o»ll » 
(Cwo-Xind s dlploid-c«l l  hAploid-call ) 
(«pllC-conn*c C haplold-c«l l  magaspor* } 
(ipllt-oonn»c C dlplold-c«l l  fii»o-moth«r-c»ll ) 

(involv»d-l n iii«g«spor « ESF) 
<lnvolv»d-l n n»g-moth«r-o«l l  ESF) 
(proc»sfl-d««c r  maioil a r«produation ) 

1 IntroducUo n | 
(proc«as-datc r  ESP davalopmant ) 

(ako-proc«a a EST d*v«lopin*nt ) 
(actor-cjtt» g ES g*in*tophyt* ) 

(proc»«f-locatio n EST ovul» ) 
(•up«r«tructur « ovul s ov»jy ) 

(ti'&Ĵsicion-atm t  ESF) 
1 MachanlM n | 

tproc«9s-d»sc r  ES-d«v« l  d«v«lopm«nt ) 
(proc*a9-d«sc r  iii«g-d*g« n d«g*nar« t  Ion ) 
(proc«as-d««c r  mag-g«na«l « raproduction ) 

(oonslsta-o f  EST m*g-g* n m«g-d*g« n ES-d«val ) |Summ>ry | 
(proc«s«-daic r  ESF davalopmant ) 

(«ko~proc«s s ESF d*v*lopn«nt ) 
(connactlon-to-cor a ESF raproductIon ) 

(aumiBary-atm t  ESF) 

Figur e 6 :  T h e final  pla n 

contras t  t o monotoni c discours e planners ,  the  revision -
base d mode l  allow s decision s abou t  organizatio n t o 
be evaluate d an d revise d a t  run-time .  Thi s accord s 
wel l  wit h researc h o n writing .  I n short ,  revision-base d 
plannin g offer s cognitiv e plausibilit y an d constitute s a 
promisin g approac h t o multi-paragrap h discours e gen -
eration . 
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