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Abstrac t 

Effective arguments must be presented in a cohesive manner: 
simpl e collection s o f  believe d premise s an d connectin g infer -
ence s supportin g a  goa l  ma y no t  persuad e th e recipien t  i f  the y 
ar e no t  wel l  ordered .  W e us e semanti c activatio n an d Bayesia n 
propagatio n i n a  use r  mode l  t o simulat e th e effec t  o f  presen -
tin g a n argumen t  generate d b y ou r  system ,  N A G,  t o th e user . 
Thi s simulatio n i s use d t o selec t  a  strateg y fo r  presentin g th e 
argumen t  t o th e user .  Th e simulatio n als o identifie s superflu -
ous line s o f  reasonin g tha t  ma y b e removed ,  an d enable s N A G 
t o determin e ho w multipl e subargument s fo r  point s shoul d b e 
presented ,  e.g. ,  a s multipl e individua l  support s o r  collectively . 
A greed y algorith m i s the n use d t o ap p y  probabilisti c  prun -
in g an d semanti c suppressio n t o furthe r  simplif y  th e argument . 
Probabilisti c  prunin g remove s unnecessar y premise s fro m th e 
argument .  Semanti c suppressio n i s use d t o selec t  portion s o f 
th e argumen t  whic h ar e withi n th e user' s focu s o f  attention ,  an d 
whic h ar e als o readil y inferred ,  an d henc e ca n b e lef t  implici t 
withou t  damagin g th e effectivenes s o f  th e argument . In t roduc t io n 

Effectiv e argument s ar e rarel y simpl e collection s o f  materia l 
supportin g a  goal .  A n effectiv e argumen t  mus t  b e presente d 
i n a  cohesiv e manner ,  wit h point s followin g fro m thei r  prede -
cessor s i n a  sensibl e order .  I n addition ,  obviou s point s shoul d 
not  b e presented ,  i.e. ,  th e argumen t  shoul d b e enthymematic . 
N AG (Nic e Argumen t  Generator) ,  ou r  argumen t  generation -
analysi s system ,  attempt s t o buil d effectiv e argument s an d 
presen t  the m t o a  use r  i n suc h a  manner .  Thi s pape r  focuse s 
on ho w N A G achieve s it s presentatio n goals . 

N AG strike s a  balanc e betwee n argument s tha t  ar e norma -
tivel y correc t  an d argument s tha t  ar e persuasiv e fo r  a  particu -
la r  use r  b y simulatin g th e effec t  o f  it s  argument s o n tw o mod -
els :  (1 )  a  normativ e model ,  whic h represent s NAG' s beliefs , 
and (2 )  a  use r  model ,  whic h represent s a  user' s presume d be -
liefs .  Eac h mode l  incorporate s a  Bayesia n networ k (BN) .  A n 
argumen t  i s represente d a s a n Argumen t  Graph ,  whic h i s a 
subgrap h o f  relevan t  element s c o m m o n t o th e B N i n eac h 
model .  Th e node s i n a n Argumen t  Grap h represen t  prop -
ositions ,  an d thei r  connectin g link s represen t  th e inference s 
relatin g thes e propositions .  Th e Argumen t  Grap h appear s i n 
bot h model s s o tha t  th e effect s o f  presentin g th e argumen t  ca n 
be judge d i n bot h it s normativ e an d it s persuasiv e aspects . 
We hav e chose n B N s a s th e forma t  i n whic h N A G assem -
ble s it s arguments ,  sinc e the y suppor t  reasonin g unde r  uncer -
taint y wit h multipl e (possibl y interactive )  supportin g factors , 
and ca n b e readil y modifie d t o mode l  huma n cognitiv e weak -
nesse s (se e (Kor b e t  al. ,  1997)) .  A n Argumen t  Grap h start s 
fro m admissibl e premise s an d end s i n th e goa l  propositio n 

(th e propositio n t o b e argue d for) .  Admissibl e premise s ar e 

normativel y acceptabl e proposition s (represente d i n N A G ' s 
normativ e model) ,  whic h ar e believe d b y th e use r  accord -

in g t o NAG ' s use r  mode l  o r  assente d t o b y th e use r  (e.g. , 
draw n fro m a n accepte d source) .  N A G ' s argumen t  genera -
to r  build s th e Argumen t  Graph ,  whic h i s considere d complet e 

when th e anticipate d belie f  i n th e goa l  propositio n fall s  withi n 
tw o specifie d targe t  range s (o r  a s clos e t o the m a s possible) , 
one eac h fo r  th e use r  an d fo r  th e normativ e model .  ̂  Thes e 
targe t  range s ar e give n a s inpu t  t o N A G t o specif y th e degre e 
of  belie f  i n th e goa l  tha t  i s desire d fo r  eac h mode l  afte r  pres -
entatio n o f  th e argument .  T w o targe t  range s ar e employed , 
since ,  fo r  example ,  i t  m a y b e sufficien t  fo r  th e use r  t o achiev e 
onl y a  moderat e degre e o f  belie f  i n somethin g th e normativ e 
model  show s t o b e wel l  supported . 

NAG' s argumen t  generato r  passe s th e followin g informa -
tio n t o NAG' s presentatio n module :  (1 )  th e goa l  proposition , 

(2 )  th e tw o targe t  range s o f  belie f  t o b e achieved ,  an d (3 )  tw o 
hierarchica l  semanti c network s (SNs) ,  on e buil t  o n to p o f  th e 
B N i n th e normativ e mode l  an d on e buil t  o n to p o f  th e B N 
i n th e use r  model .  N A G use s thes e tw o hierarchica l  S N s t o 
conside r  semanti c connection s betwee n th e item s mentione d 
i n th e argument .  T w o semanti c network s ar e necessary ,  sinc e 
thes e connection s m a y diffe r  fo r  N A G an d fo r  th e user .  Th e 
presentatio n modul e determine s a  strateg y fo r  presentin g th e 
argument ,  organize s th e informatio n t o b e presente d i n th e 
framewor k o f  thi s strategy ,  an d prune s som e superfluou s line s 
of  reasonin g an d wha t  i s easil y inferre d an d s o m a y b e lef t 
implicit . 

Related Research 

Vreeswijk (1994) describes a system, lACAS, for generat-
in g argument s tha t  i s designe d t o b e interactive ,  lik e N A G . 
However ,  l A C A S doe s no t  attemp t  t o mode l  th e user' s atten -
tiona l  processes ,  o r  tailo r  th e presentatio n o f  it s argument s 
t o th e user .  Instead ,  l A C A S show s supportin g argument s fo r 
th e curren t  goa l  propositio n t o th e use r  i n a  sequenc e unti l 
th e use r  i s satisfie d o r  choose s a  ne w goa l  proposition .  Th e 
chose n sequenc e o f  presentatio n i s th e orde r  i n whic h lA -
C AS finds  it s arguments .  Th e argumen t  generatio n syste m o f 
Reed an d Lon g (1997) ,  lik e N A G ,  take s attentio n (salience ) 
int o consideratio n whe n decidin g h o w t o presen t  arguments . 
However ,  unlik e Ree d an d Long' s system ,  N A G als o consid -

^Refe r  t o (Zukerma n e t  al. ,  1998 )  fo r  a  detaile d descriptio n o f 
NAG's architecture . 
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er s salienc e whil e gatherin g th e informatio n necessar y t o gen -

erat e it s arguments . 

H u a n g an d Fiedle r  (1997 )  us e a  limite d implementatio n o f 

attentiona l  focu s t o selec t  whic h ste p i n a  proo f  shoul d h e 

mentione d next .  However ,  unlik e N A G ,  thei r  syste m doe s 

not  generat e enthymemati c arguments .  T w o othe r  system s 

tha t  ca n tur n a n existin g full y  explici t  argumen t  int o a n en -

thymemati c on e ar e describe d i n (Horacek ,  1994 )  an d (Mehl , 

1994) .  Neithe r  o f  thes e tw o system s ca n generat e a n argu -
ment  fro m constituen t  propositions . 

Fehre r  an d Horace k (1997 )  tak e advantag e o f  mathematica l 

propertie s t o structur e certai n type s o f  mathematica l  proofs . 

The y mode l  a  user' s inferentia l  abilit y  b y mean s o f  special -
ize d substitutio n rules ,  bu t  offe r  n o mechanis m (suc h a s th e 

semanti c activatio n i n N A G )  t o limi t  th e numbe r  o f  applica -
tion s o f  thei r  rules .  N A G ,  whil e develope d t o b e a  genera l 
argumentatio n architecture ,  coul d b e provide d wit h simila r 
heuristic s fo r  th e restricte d domai n o f  mathematica l  argumen -
tation . 

Selecting a Presentation Strategy 

Th e selectio n o f  a n argumentatio n strateg y determine s a  par -

tia l  orde r  o f  presentatio n o f  th e argument' s propositions .  Re -
finement s suc h a s handlin g subargument s an d omittin g easil y 
inferre d informatio n ar e discusse d late r  ( § Refinin g th e Pres -
entatio n Strategy) .  T w o basi c argumen t  presentatio n strat -

egie s ar e premise-to-goa l  an d goal-to-premise .  A  premise -
to-goa l  argumen t  start s fro m th e premise s whic h suppor t  in -
termediat e propositions ,  an d eventuall y reache s th e goal .  I n 
contrast ,  goal-to-premis e argument s star t  fro m th e goal ^  an d 

the n sho w h o w th e argument' s intermediat e proposition s an d 
premise s len d suppor t  t o it .  A  combinatio n o f  thes e strategie s 
m ay i n genera l  b e use d t o presen t  differen t  part s o f  a  large r  ar -

gument .  Presently ,  however ,  N A G choose s a  singl e argumen t 
presentatio n strateg y fo r  th e whol e argument . 

Hypothetica l  argument s an d reducti o a d absurdu m ar -
gument s ar e tw o application s o f  th e goal-to-premis e strat -

egy .  Hypothetica l  argument s ar e effectiv e i n situation s wher e 
th e goal ,  wer e i t  true ,  explain s otherwis e unlikel y premise s 
(whic h ar e sufficientl y believed) .  Reducti o a d absurdu m ar -
guments ,  instea d o f  startin g fro m th e goa l  pe r  se ,  star t  fro m 

it s negatio n an d som e admissibl e premise s an d reac h a  con -
tradiction ;  t o resolv e th e contradictio n whil e preservin g th e 
premises ,  th e goa l  itsel f  i s  the n asserted . 

Th e selectio n o f  a  strateg y t o us e fo r  th e presentatio n o f  th e 
argumen t  i s m a d e b y performin g a  coarse-graine d analysi s o f 
th e Argumen t  Graph .  I f  N A G ,  whic h i s designe d t o b e a n 

interactiv e system ,  find s itsel f  shor t  o n time ,  the n i t  wil l  no t 
attemp t  thi s analysi s an d wil l  instea d fal l  bac k t o th e strateg y 
of  buildin g a  simpl e premise-to-goa l  argument .  Thi s coarse -
graine d analysi s examine s separatel y th e impac t  o f  eac h indi -
vidua l  lin e o f  reasonin g contributin g t o th e belie f  i n th e goal . 
Sometimes ,  th e impac t  o f  certai n line s o f  reasonin g canno t  b e 
assesse d i n isolation ,  sinc e tw o o r  mor e line s m a y contribut e 
jointl y toward s th e belie f  i n a  propositio n i n a  mutuall y de -

penden t  manner .  Ofte n however ,  a t  leas t  a  portio n o f  th e con -
tributin g line s o f  reasonin g ar e independen t  o r  nearl y so ,  an d 

th e coars e analysi s ca n proceed .  N A G use s th e proces s out -

line d belo w t o selec t  a  presentatio n strategy : 

Coars e Analysi s -  Strateg y Selectio n Algorith m 

1.  Fo r  eac h (approximately )  independen t  lin e o f  reason -

in g line i  wit h premis e premisei ,  comput e th e value s 

Pipremisei) ,  P{premisei\goal )  an d P{goal\premisei) . 

2.  I f  ther e exist s som e line i  wher e P{premisei\-'goal )  « 

1 -  P(premisei )  an d premise i  i s  correctl y an d strongl y 

believe d b y th e user ,  the n se t  th e argumentatio n strateg y t o 
be reducti o a d absurdum. ^  Selec t  tha t  line i  whic h max -

imize s th e differenc e betwee n P{premisei\->goal )  an d 
Pipremisei) .  Exit. ^ 

3.  I f  ther e exist s som e line i  wher e P{premisei\goal )  -
P{premisei\-igoal )  w  1  an d premise i  i s  correctl y an d 
strongl y believe d b y th e user ,  the n se t  th e argumentatio n 
strateg y t o b e hypothetical .  G o t o ste p 5 . 

4.  Se t  th e argumentatio n strateg y t o b e premise-to-goal . 

5.  I f  th e argumentatio n strateg y i s premise-to-goal ,  the n 
ran k th e se t  o f  separabl e line s o f  reasonin g usin g 

P(goal\premisei )  fro m lowes t  t o highest .  Otherwis e ran k 
th e se t  usin g P{premisei\goal )  fro m lowes t  t o highest . 

6.  Se t  line j  t o b e th e firs t  elemen t  o f  th e ordere d se t  o f  sepa -
rabl e line s o f  reasoning . 

7.  Initia l  Pruning :  Tentativel y remov e th e curren t  lin e o f 

reasoning ,  linCj ,  fro m th e Argumen t  Grap h an d chec k 
whethe r  th e resultin g grap h i s stil l  satisfactor y wit h respec t 

t o bot h th e normativ e mode l  an d th e use r  model .  I f  i t  i s  not , 
reinstat e linej . 

8.  I f  th e previou s ste p remove d a  superfluou s lin e o f  reason -
ing ,  the n g o t o ste p 7 ,  otherwis e exit . 

The reductio ad absurdum strategy is the first option 
checke d b y N A G sinc e thi s typ e o f  argument ,  whe n avail -
able ,  i s  ver y effective .  Thi s i s because ,  onc e a  contradictio n 
betwee n th e negate d goa l  an d admissibl e premise s i s estab -
lished ,  an y respons e othe r  tha n acceptin g th e goa l  require s a 
prio r  belie f  o f  th e use r  (a n admissibl e premise )  t o b e retracted , 
whic h i s unlikel y t o b e th e user' s preferre d respons e t o th e ar -
gument .  Thi s relationshi p i s guarantee d b y th e probabilisti c 
requiremen t  o f  ste p 2  above ,  tha t  Pipremisei )  b e hig h an d 
so P{jpremisei\-'goal )  b e low . 

Shoul d a  reducti o a d absurdu m strateg y no t  b e applicable , 
N A G nex t  look s a t  th e possibilit y  o f  presentin g a  hypothet -
ica l  argument .  Hypothetica l  argument s ar e ofte n success -

ful ,  s o w e implemen t  the m i n N A G .  I f  th e Argumen t  Grap h 
contain s line s o f  reasonin g tha t  allo w a  hypothesize d belie f 
i n th e goa l  propositio n t o explai n som e otherwis e unlikel y 
premises ,  the n suc h a n appea l  t o th e user' s (correct )  belie f  i n 

thos e premise s wil l  b e tried .  I n th e fictiona l  exampl e o f  Fig -
ur e 1 ,  nod e A^6 .  whic h represent s documentatio n fro m trad e 

^Or ,  fro m th e negatio n o f  th e goal .  N A G can ,  o f  course ,  argu e 
eithe r  fo r  o r  agains t  a  goa l  proposition .  Her e w e assum e a  positiv e 
bias ;  i f  a  goa l  i s  t o b e argue d against ,  som e expression s belo w wil l 
need t o b e altere d accordmgly . 

^Here ,  an d i n th e nex t  step ,  threshold s ar e use d t o determin e th e 
degre e o f  approximatio n t o equalit y th e criteri a mus t  satisfy .  Th e 
selectio n o f  optima l  value s fo r  thes e threshold s i s a  curren t  topi c o f 
investigation . 

""i f  th e resultin g reducti o fail s  t o achiev e NAG' s argumentativ e 
goals ,  thi s coars e analysi s wil l  b e redone ,  bu t  ste p 2  wil l  b e skipped . 
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Figur e 1 :  Argumen t  Grap h fo r  th e Phobo s exampl e 

monitoring organizations showing Phobos' increased polo-

niu m (Po )  an d uraniu m (U )  purchases ,  i s believe d t o b e true . 
Poloniu m i s use d i n onl y a  smal l  numbe r  o f  processes ,  th e 
productio n o f  initiator s fo r  nuclea r  weapon s bein g amongs t 

them .  Hence ,  th e likelihoo d o f  a  natio n havin g documente d 
increase s i n it s intak e o f  polonium ,  P{premise) ,  i s  smal l  i n 
general ,  bu t  th e likelihoo d tha t  a  natio n buildin g a  stockpil e 
of  nuclea r  weapon s woul d d o so ,  P{premise\goal) ,  i s large. ^ 
I t  follows ,  then ,  tha t  P{premise\-'goal )  i s  small ,  an d s o th e 
forma l  condition s o f  ste p 3  fo r  N A G t o adop t  a  hypothetica l 
for m o f  argumen t  ar e satisfied . 

Line s o f  reasonin g tha t  m a k e onl y a  smal l  contributio n t o 
th e belie f  i n th e goa l  i n bot h th e normativ e mode l  an d th e use r 
model  wil l  b e droppe d i f  N A G show s tha t  afte r  thei r  deletio n 
th e belie f  i n th e conclusio n wil l  stil l  b e insid e th e specifie d 
normativ e an d use r  mode l  targe t  ranges. ^  Ste p 7  o f  th e algo -
rith m abov e perform s a n initia l  roun d o f  prunin g whic h re -
moves suc h mino r  contributor s t o th e Argumen t  Graph .  Thi s 
initia l  prunin g simplifie s th e resultin g argumen t  an d acceler -
ate s th e proces s o f  refinin g th e chose n presentatio n strateg y 
describe d i n th e nex t  section .  Thi s simplifyin g proces s i s cur -
rentl y limite d t o line s o f  reasonin g tha t  operat e largel y inde -
pendentl y o f  othe r  line s o f  reasoning ;  i n th e future ,  i t  m a y b e 
extende d t o remov e mor e comple x branche s o f  argument . 

Refining the Presentation Strategy 

Having determined an overall presentation strategy for the ar-
gument ,  N A G addresse s thre e mor e problems :  (1 )  dealin g 
wit h subarguments ;  (2 )  maximizin g th e semantic  cohesive -
nes s o f  th e argumen t  b y orderin g th e proposition s i n th e op -
tima l  manne r  consisten t  wit h th e chose n globa l  presentatio n 
strategy ;  an d (3 )  furthe r  prunin g o f  th e Argumen t  Graph .  W e 
discus s eac h o f  thes e problem s i n turn . 

^Thi s assume s tha t  th e trad e monitorin g organization s ar e per -
formin g thei r  jo b properly . 

*I t  i s possibl e tha t  th e initia l  Argumen t  Grap h passe d t o th e pres -
entatio n modul e i s no t  anticipate d t o generat e a  belie f  i n th e goa l 
propositio n fallin g withi n thes e targe t  range s o f  behef .  (Thi s i s a 
kin d o f  failur e o f  th e argumen t  generatio n process ,  whic h ma y occu r 
fo r  a  variet y  o f  reasons ,  includin g runnin g ou t  o f  time ;  c f  (Zukerma n 
et  al. ,  1998). )  Fo r  example ,  th e anticipate d effec t  o f  presentin g th e 
argumen t  ma y b e to o stron g an d excee d th e uppe r  boundar y o f  on e 
of  th e targe t  ranges .  I n thi s case ,  line s o f  reasonin g ma y b e delete d 
i f  thei r  deletio n bring s th e Argumen t  Grap h close r  t o conformanc e 
wit h th e targe t  ranges . 

Presentin g S u b a r g u m e n t s 

Most  argument s wil l  b e complex ,  i.e. ,  the y wil l  b e compose d 
of  subargument s supportin g chain s o f  intermediat e conclu -
sions .  Fo r  example ,  nod e A^ 5 i n Figur e 1  i s a n intermediat e 

conclusio n supporte d b y node s TV g an d Ng .  H o w shoul d th e 
suppor t  thes e tw o node s offe r  N 5 b e presented ? Currently ,  w e 
conside r  tw o policie s fo r  presentin g subarguments :  (1 )  col -
lectiv e an d (2 )  individual-sequential ,  describe d below . 

Collectiv e Policy .  I n thi s policy ,  al l  th e direc t  antecedent s 

of  a  conclusio n ar e mentione d immediatel y prio r  t o mention -
in g th e conclusio n itself .  Fo r  example ,  "Give n N s an d A^g , 

A^5 follows. "  (Th e sequencin g o f  thes e premise s i s deter -
mine d b y attentiona l  ordering ;  se e §  Attentiona l  Processin g 
below. )  Thi s polic y i s use d when :  (1 )  al l  th e antecedent s pro -
vid e simila r  level s o f  suppor t  fo r  th e consequent ;  o r  (2 )  th e 
antecedent s ar e no t  conditionall y independent .  B y groupin g 
thes e antecedent s together ,  N A G i s reflectin g th e fac t  tha t  the y 

ar e o f  roughl y equa l  impor t  o r  tha t  thei r  impor t  ca n onl y b e 
judge d jointly . 

Individual-sequential .  I n thi s policy ,  th e effec t  o f  on e an -
teceden t  o n th e consequen t  i s mentione d separatel y fro m th e 
othe r  antecedents .  Fo r  example ,  th e partia l  argument ,  "Give n 
iVs ,  i t  i s possibl e tha t  N i  i s true .  I n addition ,  N 3 offer s stron g 
independen t  suppor t  fo r  A'̂ i. "  Thi s polic y m a y b e use d w h e n 
on e anteceden t  offer s suppor t  tha t  i s  conditionall y indepen -
den t  fro m th e othe r  premises .  Th e mor e supportiv e lin e o f  ar -

gument  i s mentione d last ,  sinc e w e expec t  tha t  wha t  i s  men -
tione d las t  wil l  hav e greate r  impac t  o n th e audienc e (thi s i s 
suggeste d b y th e anti-primac y effec t  i n argumentation ;  se e 
(Bailenson ,  1997)) .  Hence ,  i n thi s example ,  th e stronge r  lin e 
of  reasonin g offere d b y Phobos '  increase d purchase s o f  polo -
niu m i s presente d afte r  pointin g ou t  tha t  Phobos '  riva l  De imo s 
has nuclea r  weapons . 

Thes e tw o presentatio n policie s m a y b e combined .  Fo r 
example ,  whe n som e antecedent s ar e presente d usin g th e 
individual-sequentia l  policy ,  th e remainin g antecedent s m a y 
be presente d usin g th e collectiv e policy ,  e.g. ,  "Give n A^2 ,  N ^ 
and A^5 ,  i t  i s  possibl e tha t  N i  i s  true .  I n addition ,  N ^  of -
fer s stron g independen t  suppor t  fo r  A'̂ i. "  Her e N 2 an d A^ 4 ar e 
mentione d togethe r  sinc e the y ar e conditionall y dependen t  o n 
eac h othe r  (reactor s requir e fue l  suc h a s processe d uraniu m t o 
run) .  Th e nod e N ^  i s mentione d i n conjunctio n wit h A^ 2 an d 
iV 4 sinc e i t  offer s a  simila r  leve l  o f  suppor t  fo r  th e goal ,  iVi . 
Finally ,  N ^  i s separat e an d las t  becaus e i t  offer s conditionall y 
independen t  an d stron g suppor t  fo r  th e goal . 

I n additio n t o thi s refinemen t  o f  presentatio n order ,  th e col -
lectiv e versu s individual-sequentia l  policie s m a y (i n th e fu -
ture )  b e use d t o selec t  natura l  languag e expression s tha t  sig -
nif y relation s betwee n propositions ,  suc h a s "together "  an d 
"independently "  above . 

Attentional Processing 

Attentiona l  processin g i s use d durin g presentatio n plannin g 
fo r  tw o purposes :  (1 )  t o maximiz e th e semanti c cohesivenes s 
of  th e presentatio n orde r  o f  th e argument ;  an d (2 )  t o decid e 
whethe r  a  propositio n i n th e Argumen t  Grap h ca n b e lef t  im -
plici t  whe n N A G present s th e argument . 

Whe r e a  strateg y o r  polic y doe s no t  dictat e a  complet e or -
dering ,  presentatio n orde r  i s base d upo n th e activatio n level s 
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o f  th e propositions .  Usuall y proposition s withi n a n argumen t 

ar e relate d semanticall y a s wel l  a s probabilistically ,  s o th e 
men t i o n o f  a  premis e m a y brin g immedia t e intermediat e con -

clusion s int o th e user' s focu s o f  attention ,  eve n befor e an y 

inferentia l  proces s c o m e s int o play .  I n addition ,  th e presenta -

tio n o f  o n e lin e o f  reasonin g fo r  s o m e (possibl y intermediate ) 

conclusio n m a y brin g th e premise s formin g th e beginnin g o f 

a secon d lin e o f  a r g u m e n t  int o th e focu s o f  attention .  Fo r  ex -

a m p l e ,  fo r  m a n y peopl e th e presentatio n o f  N e - > A^2 .  abou t 

u r a n i u m purchases ,  i s semanticall y connecte d wit h th e pres -
entatio n o f  N y - ^  N 4 ,  abou t  nuclea r  reactors .  Tha t  is ,  pres -
entin g informatio n abou t  u ran iu m semanticall y pr ime s peo -

pl e t o thin k abou t  nuclea r  devices ,  suc h a s reactors .  O u r  us e 
o f  activatio n t o furthe r  specif y th e presentatio n orde r  relie s 
u p o n th e fac t  tha t  hig h activatio n i s self-sustaining ,  wherea s 
l o w activatio n need s reinforcemen t  immediatel y prio r  t o an y 
relevan t  (intermediate )  conclusion .  S o ,  keepin g th e presenta -

tio n linke d t o th e user' s likel y focu s o f  attentio n allow s u s t o 

omi t  s o m e reference s t o previousl y presente d subargument s 
an d t o i m p r o v e th e flow  o f  th e argument . 

NAG uses two hierarchical SNs to capture connections be-
t w e e n th e item s ment ione d i n th e argument .  Figur e 2  illus -

trate s o n e suc h semantic-Bayesia n "pyramid" .  T h e S N (up -
pe r  level s o f  th e p y r a m i d )  an d th e B N (bas e o f  th e pyra -

m i d )  ar e use d b y N A G t o simulat e attentiona l  focu s i n eac h 
m o d el  durin g a rgumen t  generatio n a s describe d i n (Zuker -
m an e t  al. ,  1998) .  W h e n checkin g th e semanti c connectivit y 

o f  a  propose d presentatio n orderin g fo r  a n A r g u m e n t  G r a p h , 
th e proposition s c o m p o s i n g th e a rgumen t  ar e activate d i n th e 
use r  m o d e l  i n th e orde r  i n w h i c h the y wil l  b e presente d t o 

th e user .  I f  th e orderin g i s no t  completel y define d b y th e 

presentatio n strateg y an d policie s adopte d t o presen t  subar -
g u m e n t s ,  the n al l  th e possibl e ordering s consisten t  wit h thes e 
restriction s ar e tested .  W e us e activatio n wit h decay ,  simila r 

t o tha t  describe d i n (Anderson ,  1983) ,  spreadin g f ro m sahen t 
objects ,  t o m o d e l  th e focu s o f  attention .  Thi s proces s passe s 
activatio n throug h th e A r g u m e n t  G r a p h an d th e encompass -
in g pyramida l  semantic-Bayesia n network .  Dur in g thi s pro -
ces s eac h n o d e i n th e py rami d i s activate d t o th e degre e im -
plie d b y th e activatio n level s o f  it s neighbors ,  th e strengt h 
o f  associatio n t o thos e neighbors ,  an d it s immediatel y prio r 

activatio n leve l  (vitiate d b y a  time-deca y factor) .  Fo r  e x a m -
ple ,  i n th e situatio n describe d i n th e previou s paragraph ,  th e 
presentatio n o f  n o d e N q activate s N 2 ,  w h i c h i n tur n activate s 
A^7 ,  m a k i n g th e beginnin g o f  th e secon d lin e o f  reasonin g se -

manticall y connecte d t o th e first.  Othe r  consideration s bein g 
equal ,  N A G select s th e m o s t  strongl y semanticall y connecte d 
presentatio n order ,  i.e. ,  th e orde r  maintainin g th e stronges t 
activatio n o f  proposition s a s the y ar e abou t  t o b e mentioned . 

As indicated above, NAG uses attentional processing for 
a secon d purpose ,  namely ,  t o suppor t  th e generatio n o f  en -

thymemat i c arguments .  Us in g th e semanti c activatio n pro -

ces s describe d above ,  N A G ca n anticipat e wh i c h proposition s 
ente r  th e user' s spa n o f  attentio n a s a  resul t  o f  th e presenta -
tio n o f  othe r  material .  N A G utilize s thi s informatio n t o decid e 

w h e n proposition s ar e sufficientl y activate d tha t  the y m a y b e 

lef t  implici t  i n th e presentatio n o f  th e argument ,  usin g "se -
mant i c suppression "  (describe d be low) . 

Lower  leve l 
concept s lik e 
'polonium ' 

Highe r  leve l 
concept s lik e 
nuclea r  device ' 

N^  Semanti c 
Networ k 

Bayesia n 
Networ k 
(base ) 

Proposition ,  e.g. ,  [Phobo s ha s Increase d polonlut n purchases] , 
fro m th e Argumen t  Grap h 

Figur e 2 :  Semant i c an d Bayesia n N e t w o r k s 

Additional Pruning of the Argument Graph 

I n subsequen t  passe s throug h th e Argumen t  Graph ,  th e pres -
entatio n modul e attempt s t o furthe r  simplif y th e final  argu -

ment  b y invokin g probabilisti c  prunin g an d semanti c suppres -

sio n a s appropriate .  Bot h prunin g technique s ar e abandone d 
afte r  an y complet e pas s fail s t o effec t  a  chang e t o th e Argu -

ment  Grap h (o r  whe n tim e run s out) .  Durin g thi s additiona l 
prunin g phase ,  N A G continue s t o chec k whethe r  th e belie f  i n 

th e goa l  propositio n i n th e reduce d Argumen t  Grap h remain s 

withi n th e targe t  ranges .  Th e simulatio n o f  th e user' s atten -
tiona l  stat e describe d abov e i s performe d afte r  eac h propose d 
prunin g operatio n t o determin e whethe r  th e proposition s i n 
th e argumen t  remai n i n focu s whe n the y ar e needed .  Th e 
multi-pas s greed y algorith m outline d belo w implement s thi s 

proces s (detail s ar e provide d i n th e subsection s following) . 

Prunin g Algorith m 

1.  Tak e th e presentatio n orderin g <  Ni,...,N k >  o f  propo -
sitions ,  le t  i  inde x th e curren t  proposition .  Se t  i  < -  0 . 

2.  i  ̂ i  +  1 . 

3.  Prunin g th e Argumen t  Graph . 

I f  N i  i s a  premise : 
(a )  Invok e probabilisti c  pruning . 
(b )  I f  N i  i s  retained ,  activat e i t  fo r  attentiona l  processing . 

Otherwise ,  A'̂ i  i s a n intermediat e propositio n so : 

(c )  Simulat e th e user' s attentiona l  stat e ( § Attentiona l  Pro -

cessing) . 
(d )  Invok e semanti c suppressio n t o determin e whethe r  N t 

may b e lef t  implicit . 

4.  I f  thi s i s th e en d o f  a  complet e pas s throug h th e orderin g 
i n whic h n o chang e ha s bee n mad e (o r  i f  tim e ha s ru n out) , 
the n exit .  Otherwise ,  i f  thi s  i s th e en d a  complet e pass ,  se t 
i  ̂  0 .  G o t o ste p 2 . 

Probabilistic pruning removes two kinds of unnecessary 
propositions :  (1 )  thos e tha t  alte r  belie f  i n th e argumen t  goa l 
t o onl y a  smal l  degree ,  s o removin g the m doe s no t  endange r 
th e target s fo r  belief ;  an d (2 )  thos e formin g a  lin e o f  reasonin g 

tha t  take s th e goa l  outsid e th e targe t  belie f  ranges . 
Afte r  eac h deletion ,  N A G check s whethe r  th e anticipate d 

belie f  i n th e goa l  propositio n i s stil l  withi n th e targe t  ranges . 

I n addition ,  affecte d subgraph s i n th e Argumen t  Grap h ar e re -

ordere d accordin g t o th e policie s mentione d i n §  Attentiona l 

Processin g an d th e user' s attentiona l  focu s i s agai n simulate d 

672 



t o determin e whethe r  th e remainin g proposition s stil l  hav e 

sufficien t  activatio n fo r  th e use r  t o b e abl e t o follo w th e re -
sultin g argument .  Fo r  example ,  i f  th e use r  ab-ead y believe s 

Ns sufficiently ,  an d leavin g N w ou t  o f  th e argumen t  doc s 
not  badl y affec t  th e semanti c activatio n o f  th e remainin g ar -
gument  (i n whic h nod e A^ g i s n o w a  premise) ,  the n A î o wil l 

be probabilisticall y pruned .  Probabilisti c  prunin g fail s whe n 
N AG determine s afte r  a  propose d remova l  o f  a  propositio n 
that :  (1 )  th e anticipate d belie f  i n th e goa l  i s  outsid e a  targe t 
range, ^  o r  (2 )  th e leve l  o f  activatio n o f  a  subsequen t  propo -

sitio n i n th e revise d argumen t  ha s falle n belo w a  threshold . 

The m a x i m u m allowabl e decreas e i n activatio n i s  governe d 

by a  predetermine d threshold .  I n eithe r  o f  thes e cases ,  th e 
las t  remove d propositio n i s  reinstated ,  an d th e pas s throug h 
th e curren t  orderin g continue s (vi a ste p 3  above) . 

Semanti c suppressio n check s intermediat e conclusion s i n 
th e Argumen t  Grap h t o se e i f  the y ca n b e lef t  implicit ,  rathe r 
tha n bein g explicitl y  presente d t o th e user .  T o b e lef t  implici t 
a propositio n mus t  b e easil y inferred .  Proposition s ar e easil y 
inferre d whe n (1 )  the y resul t  fro m probabilisticall y stron g in -
ferences ,  an d (2 )  thei r  antecedent s ar e highl y activate d i n th e 
use r  mode l  durin g th e simulate d presentation . 

I f  (1 )  i s  tru e — tha t  is ,  i f  a n intermediat e conclusio n i s po -
tentiall y  greatl y strengthene d b y th e inference s connectin g i t 
t o it s immediat e antecedents ,  then ,  onc e th e value s o f  thos e 
antecedent s ar e known ,  th e valu e o f  th e intermediat e con -
clusio n itsel f  i s  ver y clear .  N A G use s partia l  propagatio n t o 
chec k th e strengt h o f  th e inference s connectin g intermediat e 
conclusion s t o thei r  antecedents .  T o d o this ,  th e Bayesia n 
subgrap h comprisin g th e propositio n N A G seek s t o m a k e im -
plici t  togethe r  wit h it s immediat e antecedent s i s copie d fro m 
th e Argumen t  Grap h fo r  testing .  I n thi s cop y o f  th e subgraph , 
th e antecedent s retai n thei r  curren t  probabilit y  value s an d th e 
singl e consequen t  propositio n i s se t  t o a  neutra l  valu e (i.e. , 
0.5 ,  sinc e al l  variable s i n N A G ar e propositional) .  N A G the n 
applie s th e modifie d Bayesia n belie f  updat e rule s t o thi s cop y 
of  th e subgrap h o f  th e use r  mode l  t o determin e th e conse -
quent' s posterio r  probability. ^  O f  course ,  thi s calculatio n i s 
performe d i n th e use r  mode l  only ,  sinc e i t  i s  th e use r  w h o 
must  follo w th e implici t  reasoning .  I f  th e posterio r  probabil -
it y o f  th e consequen t  i s sufficientl y raise d ove r  it s prio r  neu -
tra l  valu e (posterio r  -  0. 5 >  threshold )  the n N A G accept s 
tha t  th e inferenc e i s probabilisticall y stron g enoug h fo r  se -
manti c suppression . 

Give n that ,  th e secon d requiremen t  (tha t  th e antecedent s o f 
th e propositio n bein g considere d fo r  semanti c suppressio n b e 
highl y activated )  i s checke d usin g th e attentiona l  mechanis m 
describe d i n §  Attentiona l  Processing .  A  presentatio n o f  th e 
argumen t  represente d b y th e Argumen t  Grap h i s simulate d i n 
th e use r  model ,  an d i f  th e activatio n level s o f  th e antecedent s 
excee d a  threshol d value ,  th e propositio n i n questio n wil l  b e 
lef t  implicit . 

^Or ,  i n th e even t  tha t  N A G i s workin g wit h a  defectiv e argumen t 
suc h tha t  th e goa l  start s ou t  outsid e th e target(s) ,  prunin g fa i  s  i f  th e 
resul t  i s  t o driv e th e goa l  furthe r  fro m th e target(s) . 

®The propagatio n rule s use d t o updat e belief s whe n checkin g th e 
Argumen t  Grap h i n th e use r  mode l  ar e modifie d t o mode l  thre e cog -
nitiv e weaknesse s commonl y observe d i n huma n subjects .  Th e thre e 
weaknesse s modele d ar e belie f  bias ,  overconfidenc e an d th e bas e 
rat e fallac y Se e (Kor b e t  al. ,  1997 )  fo r  details . 

For  a n exampl e o f  semanti c suppression ,  th e prio r  proba -

bilit y o f  th e intermediat e conclusio n A^4 ,  [Phobo s i s buildin g 
nuclea r  reactors] ,  i s se t  t o 0.5 ,  an d th e modifie d Bayesia n be -

lie f  updat e rule s ar e applied .  T h e resultin g posterio r  proba -

bilit y i n th e intermediat e conclusio n i s  ver y high ,  sinc e her e 
th e inferenc e connectin g th e proposition s A^ 7 an d A^ 4 i s jus t 

"I f  yo u hav e reconnaissanc e report s o f  Phobo s havin g nuclea r 
reactors ,  the n Phobo s i s buildin g nuclea r  reactors, "  whic h i s a 
stron g inferenc e assumin g a  trustworth y intelligenc e source , 
as w e did .  Give n th e larg e posterio r  value ,  an d th e hig h se -

manti c activation ,  N A G leave s nod e A^ 4 implici t  an d thu s pro -
duce s a  simple r  argumen t  tha t  i s a s persuasiv e a s th e original . 

Not e tha t  onl y th e subgrap h leadin g t o th e intermediat e 
conclusio n i s copied ;  inference s connectin g th e intermediat e 

conclusio n t o subsequen t  conclusions ,  e.g. ,  A^ 4 - ^  N i ,  ar e 
not  examined .  Th e use r  eithe r  wil l  o r  wil l  no t  follo w th e im -

plici t  reasonin g t o th e omitte d proposition .  I f  th e use r  doe s 
follo w th e reasoning ,  then ,  sinc e th e omitte d propositio n i s 
k n o w n t o th e use r  (accordin g t o th e use r  model) ,  s/h e wil l  b e 
abl e t o follo w th e inference s tha t  lea d fro m thi s intermediat e 
conclusio n toward s th e globa l  argumen t  goal .  I n thi s case ,  th e 
implici t  propositio n wil l  continu e t o contribut e it s probabilis -
ti c  suppor t  t o th e conclusion s buil t  upo n it .  I f  th e use r  doe s 
not  follo w th e implici t  reasoning ,  the n checkin g an y furthe r 
consequence s o f  th e omissio n i s immaterial . 

Semanti c suppressio n ca n b e incrementall y applie d t o ad -
jacen t  proposition s i n th e Argumen t  Graph ,  possibl y creatin g 
large r  enthymemati c gap s i n th e presente d argument .  H o w -
ever ,  sinc e a n implici t  propositio n i s  unmentioned ,  i t  doe s 
not  achiev e th e highes t  leve l  o f  activation ,  s o th e chanc e o f 
successiv e suppression s i s no t  large .  Semanti c suppressio n 
fail s w h e n omittin g a  propositio n drive s th e leve l  o f  seman -
ti c activatio n o f  an y require d subsequen t  propositio n belo w a 
threshold. ^  I n thi s case ,  th e las t  remove d propositio n i s re -
instate d an d th e pas s throug h th e curren t  orderin g continues , 
unles s a  hal t  conditio n i s reached ,  w h e n th e Argumen t  Grap h 
i s finally  presente d t o th e user . 

Results and Discussion 

The exampl e use d throughou t  thi s pape r  ca n reasonabl y b e 
presente d usin g tw o o f  th e strategie s implemente d i n N A G .  I f 
th e probabilit y  P {Ne \N i )  -  P(A^6h-/Vi )  exceed s th e thresh -
ol d use d i n ste p 3  o f  th e Strateg y Selectio n Algorithm ,  the n 
a hypothetica l  argumen t  wil l  b e presente d t o th e user ,  w h o 
i s know n t o believ e nod e N q an d t o believ e strongl y i n th e 
link s connectin g N i  - ^  N 3 - ^  Nq .  Th e remainin g portion s 
of  th e Argumen t  Grap h ca n b e prune d awa y (A^2 .  -̂^ 4 an d N 5 
and thei r  supportin g line s o f  reasoning) ,  o r  suppresse d (N3) . 
Th e resultin g argumen t  m a y b e rendere d as :  "I f  Phobo s wa s 
buildin g nuclea r  weapons ,  tha t  woul d explai n otherwis e un -
likel y trad e monitorin g report s documentin g a n increas e i n 
Phobos '  poloniu m an d uraniu m purchases."^ °  I f  th e use r 
model  doe s no t  suppor t  a  hypothetica l  argument ,  a s judge d 
i n ste p 3 ,  the n N A G wil l  adop t  a  premise-to-goa l  strateg y 

®Note tha t  thi s i s distinc t  fro m checkin g fo r  subsequen t  proba -
bilisti c  effects ,  whic h N A G,  a s mentione d above ,  doe s no t  do . 

^°Th e Englis h argument s ar e hand-generate d fro m NAG' s final, 
ordere d Argumen t  Graph ,  sinc e N A G doe s no t  (yet )  generat e natura l 
language . 
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fo r  thi s argument .  Thi s als o suggest s tha t  additiona l  suppor t 

fo r  th e conclusio n ma y b e needed .  I n suc h a  cas e th e final 
presentatio n orderin g o f  th e revise d Argumen t  Grap h ma y 

be:  { N 9 , N q }  - ^  N i ,  N ^  - > N i .  Node s N g an d N q offe r 

collectiv e suppor t  fo r  th e goa l  node ,  Â i  (wit h N ^  bein g lef t 

implici t  afte r  semanti c suppression) .  I n addition ,  th e stronge r 

lin e o f  reasonin g fro m N q t o N i  i s the n presente d individu -

all y (wit h N 3 semanticall y  suppressed) .  Th e line s o f  reason -

in g N e - ¥ N 2 - ^  N i  an d N j  - ^  N 4 ^  N i  wer e remove d 

durin g coars e analysis ,  whil e node s A'̂1 0 an d N u wer e re -

moved late r  b y probabilisti c  pruning .  Th e outpu t  i n suc h a 
cas e migh t  be :  "Phobo s an d Deimo s ar e rival s an d Deimo s 
has nuclea r  weapons ,  suggestin g tha t  i t  i s  possibl e tha t  Pho -

bos i s buildin g nuclea r  weapons .  Furthermore ,  trad e moni -

torin g report s documentin g Phobos '  increase d purchase s o f 

poloniu m an d uraniu m strongl y sugges t  tha t  Phobo s i s build -
in g nuclea r  weapons. " 

Evaluation 

Thu s far ,  ou r  evaluatio n o f  N A G ha s bee n informa l  an d in -
complete .  Informally ,  w e ca n repor t  tha t  N A G ha s bee n ap -

plie d t o som e doze n argumen t  generatio n problem s fro m dif -
feren t  domain s — successfull y b y th e ligh t  o f  huma n intu -
ition .  I n thi s regard ,  w e shoul d poin t  ou t  tha t  th e argumen t 

generatio n method s w e hav e describe d i n thi s pape r  (an d else -
where )  hav e worke d acros s al l  o f  th e tes t  domains .  Applica -
tio n t o ne w problem s doe s involv e a  fai r  amoun t  o f  huma n in -
tervention ,  specificall y i n buildin g th e semanti c an d Bayesia n 
network s characterizin g th e domai n an d th e targe t  user .  H o w -

ever ,  onc e thos e ar e built ,  N A G ' s mechanism s d o no t  i n gen -
era l  requir e h u m a n intervention .  Th e automate d constructio n 
of  semanti c an d Bayesia n network s await s furthe r  successe s 

fro m th e machin e learnin g conununity . 

We hav e conducte d a  pre/j/n/natr y Web-base d forma l  evalu -
atio n o f  N A G ' s argumen t  generatio n an d th e prunin g o f  line s 

of  reasonin g deeme d superfluous .  Pre-tes t  an d post-tes t  ques -
tionnaire s showe d a  clea r  tendenc y amon g th e respondent s 
t o shif t  belie f  toward s th e argumentativ e goa l  a s a  resul t  o f 
readin g th e argument s presented .  Thi s suggest s tha t  NAG ' s 
prunin g o f  som e line s o f  reasonin g doe s no t  gread y damag e 
th e effectivenes s o f  it s arguments .  A  muc h mor e rigorou s 

evaluatio n o f  th e argumen t  generatio n an d presentatio n tech -
nique s presente d i n thi s paper ,  includin g th e selectio n o f  a 
presentatio n strategy ,  th e differen t  policie s fo r  presentin g sub -
argument s an d semanti c suppression ,  wil l  b e performe d i n th e 

near  future .  Thi s evaluatio n wil l  als o incorporat e comparativ e 
testin g wit h human-generate d arguments ,  i n a  kin d o f  Turin g 
tes t  o f  th e adequac y o f  N A G ' s argumentation . 

Conclusion 

N A G use s semanti c activatio n i n a  use r  mode l  t o simulat e th e 
user' s attentiona l  processin g durin g argumen t  presentation .  A 

restricte d an d modifie d for m o f  Bayesia n propagatio n i s use d 
t o chec k th e probabilisti c  strengt h o f  use r  inferences .  Th e 
strengt h o f  th e differen t  fines  o f  reasonin g supportin g a n argu -
ment  ar e use d t o selec t  a  presentatio n strateg y an d t o quickl y 

remov e superfluou s items .  A  greed y algorith m applie s proba -
bilisti c  prunin g an d semanti c suppressio n i n orde r  t o simplif y 

th e argument ,  whil e retainin g it s effectiveness .  Probabilis -

dc prunin g remove s premise s whic h ar e no t  necessar y fo r  th e 

use r  t o achiev e th e desire d degre e o f  belief .  Semanti c sup -

pressio n identifie s intermediat e conclusion s whic h ar e easil y 

inferred ,  an d henc e ca n b e lef t  implicit .  Semanti c activatio n i s 

als o use d t o orde r  th e remainin g proposiuon s i n th e argumen t 

so tha t  th e argumen t  proceed s smoothly ,  minimizin g disrup -

tiv e jump s i n th e user' s simulate d attenuona l  state . 
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