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A Cognitiv e Mode l  o f  Argumentatio n 

Kevi n B .  Korb ,  Richar d McConach y an d Ingri d Zukerma n 
Departmen t  o f  Compute r  Scienc e 

Monash Universit y 
Clayton ,  Victori a 3168 ,  A U S T R A L I A 

email :  {korb ,  ricky,  ingrid}@cs.monash.edu.a u 

Abstrac t 

In  order to argue effectively one must have a grasp of 
bot h th e normativ e strengt h o f  th e inference s tha t  com e 
int o pla y an d th e effec t  tha t  th e propose d inference s wil l 
hav e o n th e audience .  I n thi s pape r  w e describ e a  pro -
gram,  N A G (Nic e Argumen t  Generator) ,  tha t  attempt s t o 
generat e argument s tha t  ar e bot h persuasiv e an d correct . 
To d o s o N A G incorporate s tw o models :  a  normativ e 
model ,  forjudgin g th e normativ e correctnes s o f  a n argu -
ment ,  an d a  use r  model ,  forjudgin g th e persuasiv e effec t 
of  th e sam e argumen t  upo n th e use r  Th e use r  mode l 
incorporate s som e o f  th e commo n error s human s mak e 
when reasoning .  I n orde r  t o limi t  th e scop e o f  it s rea -
sonin g durin g argumen t  evaluatio n an d generatio n N A G 
exphcitl y  simulate s attentiona l  processe s i n bot h th e use r 
and th e normativ e models . 

I n t r oduc t i o n 

In order to argue well one must have a grasp of both the 
normativ e strengt h o f  th e inference s tha t  com e int o pla y an d 
th e effec t  tha t  th e propose d inference s wil l  hav e o n th e au -
dience .  Ou r  progra m N A G (Nic e Argumen t  Generator )  i s 
intende d t o argu e wel l  — dia t  is ,  t o presen t  argument s tha t  ar e 
persuasiv e fo r  a n intende d audienc e an d als o ar e a s clos e t o 
normativel y correc t  a s suc h persuasivenes s allows .  I n orde r  t o 
develo p suc h a  syste m w e hav e ha d t o incorporat e tw o model s 
withi n N A G :  a  normativ e model ,  fo r  judgin g th e normativ e 
correctnes s o f  a n argument ,  an d a  use r  model ,  forjudgin g th e 
persuasiv e effec t  o f  th e sam e argumen t  upo n th e user .  Th e 
use r  mode l  shoul d ideall y reflec t  al l  o f  th e huma n cognitiv e 
heuristic s an d weaknesse s tha t  cognitiv e psychologist s m a y 
establis h a s widespread ,  suc h a s th e failur e t o us e bas e rat e 
informatio n i n inductiv e reasonin g (Tversk y an d Kahneman , 
1982a )  an d overconfidenc e (Lichtenstei n e t  al. ,  1982) .  Th e 
normativ e mode l  shoul d ideall y incorporat e a s man y item s o f 
knowledg e a s w e ca n muste r  an d th e bes t  evaluativ e tool s fo r 
judgin g thei r  relationships .  Neithe r  th e use r  bein g modele d 
by th e syste m no r  N A G itsel f  ar e unlimite d cognitiv e agents , 
of  course .  I n orde r  t o limi t  th e scop e o f  wha t  migh t  b e draw n 
int o consideratio n durin g argumen t  evaluatio n an d generatio n 
we explicitl y  simulat e attentiona l  processe s i n bot h th e use r 
and th e normativ e models . 

I n thi s pape r  w e first  sketc h th e overal l  architectur e o f  N A G . 
We the n describ e thos e desig n feature s specifi c  t o implement -
in g th e psychologica l  mechanism s mentioned ,  som e possibl e 
direction s fo r  extendin g them ,  an d th e effect s o f  suc h psycho -
logica l  modelin g o n N A G ' s argumentation . 

An Overvie w o f  N A G 

NAG is designed to analyze arguments and to compose its 
o wn argument s intende d t o b e persuasiv e fo r  particula r  inter -
locutors .  Give n a  use r  model ,  a  contex t  an d a  goa l  proposi -
tion,  N A G produce s a n argumen t  supportin g th e goa l  which , 
accordin g t o it s use r  model ,  wil l  b e effectiv e i n bringin g th e 
use r  t o a  degre e o f  belie f  i n th e goa l  propositio n withi n a  targe t 
range .  W h e n presente d wit h a n argumen t  b y th e user ,  N A G 
wil l  respon d eithe r  b y agreein g o r  b y presentin g a n effectiv e 
counterargument .  Th e syste m i s compose d o f  th e followin g 
modules :  Argumen t  Generator ,  Abductio n Engine ,  Argumen t 
Analyzer ,  an d Argumen t  Strategis t  (Figur e I). ' 

Th e Argumen t  Strategis t  govern s th e argumentatio n pro -
cess .  I n th e first  instanc e i t  eithe r  receive s a  goa l  propositio n 
or  a  use r  argument .  Give n a  goa l  propositio n i t  invoke s th e 
Generato r  t o initiat e th e constructio n o f  a n argument .  Th e 
Generato r  use s th e argumentativ e contex t  an d th e goa l  t o con -
stiTic t  a n Argumen t  Skeleton .  Th e Argumen t  Skeleto n form s 
th e initia l  basi s fo r  th e system' s argument ,  whic h i s represent -
ed a s a  Bayesia n networ k w e cal l  a n Argumen t  Graph .  Th e 
Strategis t  passe s thi s initia l  argumen t  t o th e Analyzer ,  whic h 
test s th e effec t  o f  th e argumen t  o n th e goa l  propositio n i n bot h 
th e use r  an d th e normativ e models ,  usin g Bayesia n networ k 
propagatio n i n th e submodel s correspondin g t o th e Argumen t 
Grap h (Pearl ,  1988 ;  Neapolitan ,  1990) ,  whil e takin g int o ac -
coun t  th e psychologica l  mechanism s describe d belo w i n ̂ Th e 
Psycholog y o f  Inference .  I n thi s wa y th e Analyze r  ma y dis -
cove r  tha t  som e o f  th e premise s employe d ar e insufficienti y 
supporte d i n eithe r  th e use r  o r  th e normativ e model ,  o r  tha t 
an inferenc e employe d i n th e argumen t  i s weak .  Th e Strate -
gis t  use s th e evaluatio n returne d b y tiie  Analyze r  t o determin e 
whether ,  an d how ,  t o strengthe n th e argument ,  fo r  exampl e b y 
providin g a  wea k premis e i n th e argumen t  t o th e Generato r  a s 
a ne w goal ,  s o tha t  a  supportin g subargumen t  ma y b e built . 
Th e iterativ e proces s o f  invokin g Generato r  an d Analyze r  con -
tinues  unti l  eithe r  som e Argumen t  Grap h i s generate d whic h 
bring s th e origina l  goa l  propositio n int o th e targe t  rang e fo r 
strengt h o f  belief ,  th e Strategis t  i s unabl e t o fix  a  proble m re -
porte d b y th e Analyzer ,  som e operatin g constrain t  i s violate d 
whic h canno t  b e overcom e (e.g. ,  th e overal l  complexit y o f  th e 
argumen t  canno t  b e reduce d t o a n acceptabl e level )  o r  time 
run s out .  Finally ,  th e Strategis t  wil l  repor t  th e argumen t  t o th e 
user ,  i f  a  suitabl e on e ha s bee n produced . 

'Fo r  a  mor e detaile d descriptio n o f  NAG' s architecture ,  se e Zuk -
erman ,  Kor b an d McConach y (1996 )  o r  McConachy ,  Zukerma n an d 
Kor b (1996) . 
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Figure 1: System Architecture 

If instead the user has initiated argumentation, the Strategist 
wil l  invok e th e Analyze r  i n orde r  t o uncove r  flaws  i n th e user' s 
reasoning .  Sinc e mos t  (i f  no t  all )  argument s ar e enthymemat -
i c (suppressin g on e o r  mor e premises) ,  apparen t  weaknesse s 
ar e no t  necessaril y  treate d a s error s i n th e user' s argument . 
Instead ,  th e Strategis t  wil l  invok e th e Generato r  i n a n attemp t 
t o exten d th e use r  argumen t  vi a abductiv e processes, ^  unti l  th e 
Analyze r  report s a n Argumen t  Grap h tha t  i s bot h normativel y 
acceptabl e an d acceptabl e t o th e use r  model .  I f  thi s iterativ e 
proces s fails ,  th e Strategis t  identifie s som e propositio n i n th e 
Argumen t  Grap h wher e th e tw o model s diffe r  i n thei r  assess -
ment s a s th e basi s fo r  th e constructio n o f  a  counterargument . 
I f  th e proces s o f  filling  ou t  th e argumen t  succeeds ,  N A G ,  o f 
course ,  accept s th e user' s argument . 

N A G,  then ,  employ s th e mode l  o f  th e user' s cognitio n an d 
th e normativ e mode l  t o m a k e a  trade-of f  durin g argumen t  con -
structio n an d analysis :  th e ai m i s no t  simpl y t o find  argument s 
whic h N A G consider s t o b e th e bes t  possibl e normatively ,  bu t 
t o find  argument s whic h ar e sufficientl y effectiv e give n th e 
user' s cognitiv e apparatu s (a s represente d i n th e use r  mod -
el )  an d als o sufficientl y correc t  give n th e normativ e model . 
The ai m i s t o find  wha t  w e cal l  nic e arguments ,  i n contras t 
wit h strictl y normativel y correc t  (good )  arguments ,  bot h fo r 
presentin g t o th e use r  an d fo r  understandin g wha t  a  use r  ha s 
presente d t o N A G .  H o w N A G shoul d pla y thi s trade-of f  dur -
in g argumen t  generation ,  fo r  exampl e whethe r  t o rel y upo n 
th e user' s reporte d cognitiv e weaknesse s largely ,  moderatel y 
or  no t  a t  all ,  i s determine d b y a  use r  profil e associate d wit h th e 
user  mode l  an d a  syste m attitud e parameter .  Th e use r  profil e 
inform s N A G t o wha t  weaknesse s th e use r  i s susceptibl e an d 
th e syste m attitud e tell s N A G t o wha t  exten t  i t  i s  allowe d t o 
exploi t  suc h weaknesses . 

The Psychology of Inference 

Attentio n 

I f  w e ar e t o predic t  th e effec t  o f  ou r  argument s o n others ,  clear -
l y w e mus t  hav e som e understandin g o f  h o w other s reason . 
The first  fac t  abou t  cognitio n i s that ,  unlik e th e presumption s 
of  som e philosophers ,  n o cognitiv e agen t  ha s acces s t o infinit e 
reserve s o f  tim e o r  inferentia l  power .  ̂  W e propos e a  mecha -

^NAG' s abductiv e mechanism s ar e describe d mor e full y  i n Mc -
Conachy ,  Zukerma n an d Ker b (1997) . 

'Se e Chemia k (1986 )  fo r  a n interestin g investigatio n o f  th e dif -
ficultie s wit h suc h philosophica l  commitments . 

nis m tha t  i s simpl e i n it s basi c concept ,  bu t  difficul t  i n detail , 
t o cop e wit h th e combinatio n o f  a  larg e collectio n o f  belief s 
and a  smal l  slic e o f  tim e withi n whic h t o brin g th e belief s t o 
bear  upo n som e inferentia l  task :  namely ,  attention . 

Th e exac t  natur e o f  attentio n i s no t  ye t  wel l  understood . 
Psychologist s recogniz e tha t  attentio n an d cognitio n ar e close -
l y related ,  bu t  th e natur e o f  th e relationshi p i s fa r  fro m bein g 
established .  Nevertheless ,  ther e i s genera l  agreemen t  tha t 
attentio n serve s t o appl y limite d cognitiv e capacitie s t o prob -
le m solvin g b y regulatin g th e flow  o f  informatio n t o cognitiv e 
processe s (e.g. ,  Baars' s function s o f  attention ,  1988 ;  cf .  als o 
Allport ,  1989 ,  an d C o w e n ,  1995) .  W e implemen t  suc h a n 
attentiona l  proces s throug h th e followin g promisin g candi -
date s fo r  feature s o f  cognitio n tha t  contribut e t o determinin g 
th e focu s o f  one' s attention :  salience ,  th e exten t  t o whic h a 
cognitiv e object *  i s  prominen t  withi n th e se t  o f  object s be -
in g processe d b y a n agen t  a t  som e time; '  recency ,  th e tim e 
elapse d sinc e th e cognitiv e objec t  wa s las t  "touched "  b y a 
cognitiv e process ;  semanti c distance ,  th e degre e o f  semanti c 
relationshi p betwee n objects. *  Additiona l  cognitiv e feature s 
whic h w e expec t  t o emplo y i n th e futur e include :  vividnes s 
and concreteness ,  th e associatio n o f  th e objec t  wit h imager y 
or  wit h a  specifi c  inciden t  o r  example ;  availability ,  th e eas e 
wit h whic h th e objec t  ca n b e recalle d fro m m e m o r y an d use d 
i n th e curren t  context ,  potentiall y  mediate d b y analogica l  rea -
soning ,  pragmati c reasonin g schemat a (Chen g an d Holyoak , 
1985) ,  o r  menta l  model s (Johnson-Laird ,  1983) . 

Th e abov e lis t  i s  hardl y exhaustive ,  howeve r  i t  i s  ah-ead y a n 
ambitiou s lis t  o f  feature s t o tackl e i n a n initia l  computationa l 
model  fo r  argumentation .  W h a t  w e hav e don e i s t o erec t  hi -
erarchica l  semanti c network s abov e th e Bayesia n network s i n 
our  use r  an d normativ e model s (Figur e 2) .  T h e semanti c net -
work s represen t  th e semanti c relatednes s o f  item s directly ,  i n 
term s o f  link s betwee n node s an d thei r  associatio n strengths . 
We tak e th e contex t  i n whic h a n argumen t  occur s t o provid e 
th e salien t  cognitiv e object s fo r  ou r  system :  fo r  example ,  i f 
th e use r  present s a n argumen t  t o N A G ,  th e proposition s i n th e 
argument ,  an d i n th e precedin g discussion ,  wil l  b e marke d 
as salient .  W e us e activatio n wit h deca y (Anderson ,  1983) , 
spreadin g fro m th e salien t  object s (whic h ar e clamped) ,  t o 
determin e th e focu s o f  attention :  al l  item s i n th e Bayesia n 
network s whic h achiev e a  threshol d activatio n leve l  whil e 
th e spreadin g activatio n proces s i s iterativel y applie d wil l  b e 
brough t  int o th e spa n o f  attention .  Th e spreadin g activatio n 
proces s passe s activatio n throug h th e pyramida l  semantic -
Bayesia n networks ,  eac h nod e bein g activate d t o th e degre e 
implie d b y th e activatio n level s o f  it s neighbors ,  th e strengt h 
of  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) .  Thi s itera -

""B y cognitiv e objec t  w e mea n whateve r  representatio n i s bein g 
used i n cognition .  I n th e cas e o f  N A G ,  thi s mean s a  nod e i n a n 
argumen t  graph ,  representin g a  proposition . 

'Salienc e migh t  b e considere d a  quantitativ e measur e o f  attentio n 
itself ,  t o b e sure ,  rathe r  tha n a  determine r  o r  componen t  o f  attention . 
I n an y case ,  w e d o no t  clai m tha t  th e variou s determinin g feature s 
we describ e her e ar e eithe r  idea l  o r  orthogona l  t o eac h other . 

*B y labelin g th e relationshi p semanti c w e d o no t  mea n t o restric t 
ourselve s t o relation s tha t  migh t  b e identifie d i n a  dictionary .  Tweet y 
may b e closel y semanticall y relate d t o Sylveste r  eve n thoug h canar y 
and ca t  ar e not . 
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Figure 2: Semantic and Bayesian Networks 

tive process ceases when an activation cycle fails to activate 
an y n e w node .  B y thes e m e a n s w e hav e a  direct ,  an d useful , 
implementatio n o f  attentio n vi a salience ,  semanti c relatednes s 
an d recency . 

T h e simulatio n o f  attentio n i s clearl y necessar y w h e n m o d -
elin g users ,  since ,  fo r  examp le ,  thei r  attentio n determine s wha t 
mean ing s the y inten d thei r  sentence s t o hav e (disambiguation ) 
an d th e strength s wh i c h the y attribut e t o variou s inferentia l 
step s durin g argumentation .  But ,  a s ment ione d above ,  at -
tentio n i s  als o necessar y fo r  model in g normativel y correc t 
inference ,  sinc e an y suc h m o d e l  necessaril y  wil l  als o cop e 
wit h finite  resource s an d preferentiall y  wil l  cop e wit h larg e 
a m o u n t s o f  information .  O n e consequenc e o f  a n attention -
base d m o d e l  o f  cognitio n i s  tha t  th e cognitio n i s  inherentl y 
incomplete :  th e syste m m u s t  b e prepare d t o dea l  wit h n e w 
item s o f  informatio n s w i m m i n g int o attentiona l  focu s a t  an y 
time .  Thi s allow s u s t o represen t  i n bot h th e normativ e an d 
th e use r  m o d e l s w h a t  Bayesia n networ k propagatio n prope r 
doe s no t  acknowledge :  tha t  th e impor t  o f  evidenc e m a y no t  b e 
full y realize d w h e n tha t  evidenc e i s acquired ,  tha t  it s  impac t 
o n relate d proposition s m a y b e onl y partiall y  resolve d u p o n 
it s acquisitio n an d the n furthe r  a c c o m m o d a t e d a s tim e an d 
circumstanc e allo w (partia l  propagatio n ha s previousl y bee n 
investigate d b y Draper ,  1995) .  H e n c e ,  ou r  probabilit y  propa -
gatio n s c h e m e i s partial ,  an d i n consequenc e a  use r  argument , 
eve n b y bringin g int o focu s onl y proposition s previousl y be -
Ueve d b y N A G ,  m a y caus e a  chang e i n h o w N A G normativel y 
assesse s conclusions . 

Error 

We sugges t  tha t  th e attentiona l  proces s describe d above ,  o r 
some othe r  proces s fulfillin g lik e functions ,  i s  necessar y fo r 
any comple x cognitiv e agent .  Sinc e N A G need s als o t o mode l 
specificall y it s h u m a n interlocutors ,  w e als o provid e mecha -
nism s specifi c  t o N A G ' s use r  mode l  t o dea l  wit h som e o f  th e 
cognitiv e error s o r  illusion s tha t  psychologist s hav e foun d i n 
h u m an reasoning .  Th e phenomen a o f  thi s kin d ar e to o divers e 
an d comple x fo r  u s t o attemp t  modelin g m a n y o f  the m i n a n 
initia l  automate d arguer  (se e Evans ,  1989 ,  fo r  a  usefu l  revie w 
of  bot h deductiv e an d inductiv e cognitiv e illusions) .  W h a t  w e 
currentl y mode l  ar e beUe f  bias ,  overconfidenc e an d th e bas e 
rat e fallacy . 

Multiplie r 

0. 5 1. 0 
Prio r  Belie f 

Figur e 3 :  Logarithmi c Belie f  Bia s Curv e 

l.O i 

Belie f 

0. 5 1. 0 
Frequenc y 

Figur e 4 :  Overconfidenc e Curv e 

Belief bias is the assessment of an inference as stronger 
(weaker )  tha n i t  i s  normativel y becaus e i t  support s (under -
mines )  a n existin g belie f  (Evan s e t  al. ,  1983) .  T o mode l  thi s 
effec t  w e emplo y a  functio n whic h convert s th e user' s prio r 
degre e o f  belie f  i n a  propositio n int o a  multiplicativ e facto r 
use d i n an y updat e t o tha t  belief. ^  Figur e 3  show s th e multi -
plicativ e facto r  i n th e cas e o f  positiv e evidence ,  i.e. ,  evidenc e 
supportin g th e propositio n i n question ,  plotte d agains t  a  loga -
rithmic  vertica l  axis .  I f  th e user' s prio r  belie f  i s  0.5 ,  the n th e 
multiplicativ e facto r  i s 1 ,  s o tha t  th e belie f  i s update d i n th e 
norma l  way .  A n extrem e disbelie f  o n th e othe r  han d suppress -
es th e impac t  o f  evidenc e vi a a  ver y lo w multiplier ,  wherea s a 
stron g belie f  enhance s tha t  impac t  vi a a  facto r  greate r  tha n 1 . 
As a  result ,  N A G tend s t o assum e tha t  user s wil l  requir e mor e 
and bette r  argument s t o b e persuade d t o chang e thei r  strongl y 
hel d belief s tha n N A G hold s t o b e normativel y necessary . 

Overconfidenc e i s th e attitud e tha t  peopl e ten d t o adop t 
toward s ver y frequent,  o r  ver y infrequent ,  phenomena :  peo -
pl e ten d t o exaggerat e th e probabiht y o f  likel y event s an d th e 
improbabilit y  o f  unlikel y event s (Lichtenstei n e t  al. ,  1982) . 
N A G use s thi s bia s t o selec t  prio r  probabihtie s fo r  proposi -
tion s i n th e use r  mode l  whe n i t  ha s no t  bee n give n explici t 
informatio n abou t  th e user' s probabilities ,  bu t  onl y frequen-
cy information .  I n particular ,  i n a  direc t  implementatio n o f 
overconfidenc e N A G applie s a n S-curv e (Figur e 4 )  t o conver t 
frequencies  int o use r  probabihties .  N A G doe s no t  us e thi s 
S-curv e directl y whe n th e bas e rat e fallac y applies ,  sinc e i n 
tha t  cas e bot h error s ar e deal t  wit h a t  once . 

'Th e facto r  i s multiplie d int o th e likelihoo d rati o durin g belie f 
updates . 
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Figure 5: Base Rate Fallacy Curve (2 outcomes) 

The base rate fallacy is the tendency humans have to 
ignor e objectiv e prio r  probabilit y  informatio n whe n i t  i s  give n 
(Tversk y an d Kahneman ,  1982a) .  A  strikin g exampl e o f  thi s 
i s  th e ca b proble m (Tversk y an d Kahneman ,  1982b) : 

A cab was involved in a hit and run accident at night. 
T wo ca b companies ,  th e Gree n an d th e Blue ,  operat e i n 
th e city .  Yo u ar e give n th e followin g data : 

•  8 5 % o f  th e cab s i n th e cit y ar e Gree n an d 1 5 % ar e 
Blue . 

•  A  witnes s identifie d th e ca b a s Blue .  Th e cour t  teste d 
th e reliabilit y  o f  th e witnes s unde r  th e sam e circum -
stance s tha t  existe d o n th e nigh t  o f  th e acciden t  an d 
conclude d tha t  th e witnes s correctl y identifie d eac h 
one o f  th e tw o color s 8 0 % o f  th e tim e an d faile d 2 0 % 
of  th e time . 

By Bayes's theorem it is straightforward that the probabil-
it y  tha t  th e ca b wa s Blu e base d o n th e evidenc e give n i s 
0.41 ,  becaus e th e prio r  probabilit y  bein g onl y 0.1 5 dominate s 
th e computation. ^  Nevertheless ,  mos t  peopl e presente d wit h 
th e stor y respon d tha t  th e probabilit y  tha t  th e offendin g ca b 
was Blu e i s 0.8 .  No t  coincidentally ,  tha t  respons e woul d b e 
correc t  i f  th e prio r  probabilitie s wer e uniforml y distribute d 
among th e availabl e options :  thi s i s characteristi c o f  mos t 
people' s respons e t o man y situation s involvin g uncertaint y 
— the y flatten  al l  prio r  probabihties .  Thi s respons e (a s wit h 
many othe r  cognitiv e illusions )  i s suppresse d i n area s o f  rea -
sonin g wher e peopl e ar e highl y experience d o r  expert .  A s 
mentione d earher ,  whethe r  th e bas e rat e fallacy ,  o r  th e othe r 
cognitiv e illusions ,  ar e modele d an d exploite d fo r  a  give n us -
er  i s  determine d b y tha t  user' s profil e an d th e syste m attitud e 
parameter. ' 

I n orde r  t o accommodat e th e tendenc y t o flatten  priors , 
when informatio n abou t  th e user' s prior s i s no t  directl y give n 
but  mad e availabl e vi a frequency  dat a (dat a tha t  i s  indicate d t o 
be know n t o th e user) ,  N A G compute s th e user' s prio r  prob -
abilit y  usin g th e functio n i n Figur e 5 .  Thi s functio n incorpo -
rate s overconfidenceb y flattening  th e tw o end s correspondin g 
t o extrem e frequencies  an d incorporate s th e bas e rat e fallac y 
by flattening  mos t  o f  th e res t  i n th e middle ,  th e resul t  i n a 
binar y situatio n bein g tw o S-curve s squashe d together . 

'Th e computatio n bein g 0.4 1 =  (. 8 x  .15)/(. 8 x  .15-f-.2 x .85) . 
'i n th e futur e w e ma y ti e suc h profil e informatio n t o submodels , 

so tha t  argument s i n differen t  domain s wil l  b e modele d differently . 

R e m a r k s o n E r r o r  a n d Attentio n 

We ar e no t  prepare d t o argu e tha t  ou r  method s o f  modelin g 
eithe r  th e cognitiv e error s describe d immediatel y abov e o r  at -
tentio n ar e full y  satisfactory ;  rather ,  the y ar e admittedl y sim -
pl e an d probabl y naive .  O n e featur e o f  cognitiv e error s tha t 
has repeatedl y surface d i n th e experimenta l  literatur e i s tha t 
suc h error s ar e situation-specific :  i t  i s  ofte n eas y t o enhanc e o r 
suppres s suc h error s b y relativel y subtl e manipulation s o f  th e 
experimenta l  contex t  (e.g. ,  Tversk y an d Kahneman ,  1986) . 
Yet  ther e i s nothin g ver y subtl e abou t  ou r  implementation . 
Jonatha n St .  B .  T .  Evan s (1989 )  argue s a t  lengt h tha t  mos t  o f 
th e cognitiv e illusion s uncovere d thu s fa r  ar e t o b e explaine d 
as selectio n biases :  tha t  is ,  th e error s ca n ofte n b e explaine d 
by a  failur e t o pa y attentio n t o on e o r  mor e relevan t  feature s 
of  th e proble m context .  Thus ,  fo r  example ,  Nisbett ,  Borgida , 
Crandal l  an d Ree d (1976 )  argu e tha t  th e bas e rat e fallac y i s 
explaine d b y th e fac t  tha t  palUd ,  imageles s dat a ten d t o b e 
ignored ,  an d th e bas e rate s i n thes e case s ar e give n a s palh d 
quantities .  W h e n ,  b y contrast ,  dat a ar e presente d vi a vivi d 
example s the y ar e bette r  utilize d i n proble m solving .  Again , 
when th e ca b stor y i s change d t o stat e tha t  Gree n cab s caus e 
8 5 % o f  accident s involvin g cab s (rathe r  tha n merel y tha t  the y 
m a ke u p 8 5 % o f  th e cab s i n th e city) ,  the n peopl e d o no t 
ignor e th e informatio n (Evans ,  1989) .  Presumably ,  wher e th e 
dat a fit  naturall y int o som e causa l  schem a o r  menta l  model , 
the y ar e utilized . 

I n consequence ,  w e suppos e tha t  th e mor e comple x reason -
in g structure s an d processe s tha t  w e hav e chose n t o ignor e i n 
our  initia l  wor k — suc h a s reasonin g schemata ,  menta l  mod -
el s an d analogie s — m a y b e crucia l  t o a  ful l  representatio n o f 
human cognitiv e failure s (an d successes ,  o f  course) .  Further -
more ,  Evans '  suggestio n tha t  selectio n i s a  dominan t  facto r 
i n suc h error s implie s tha t  attentio n an d biase s ar e intimate -
l y boun d u p wit h on e another ,  a s oppose d t o bein g separat e 
processes ,  a s modele d b y N A G .  Sinc e w e wis h t o kee p th e 
normativ e mode l  a s free  a s possibl e from  merel y h u m a n fail -
ings ,  thi s suggest s tha t  th e attentiona l  mechanism s fo r  th e 
use r  an d normativ e model s i n futur e version s o f  N A G wil l  di -
verge .  Fo r  th e tim e being ,  ou t  o f  shee r  complexit y o f  th e tas k 
at  hand ,  w e pus h thes e consideration s ahea d o f  us :  wherea s 
al l  o f  thes e consideration s ar e relevant ,  ou r  initia l  simplifie d 
model  nevertheles s show s promis e i n havin g produce d a  va -
riety  o f  plausibl e argument s an d analyse s o f  arguments ,  a  fe w 
of  whic h w e n o w illustrate . 

Some Arguments Advanced by NAG 

Studie s hav e show n tha t  a n individual' s futur e researc h per -
formanc e (measure d b y th e admittedl y crud e techniqu e o f 
countin g referee d publications )  ca n b e estimate d b y a  numbe r 
of  factors ,  includin g bu t  no t  limite d to :  th e rankin g o f  th e 
institutio n wher e sh e o r  h e complete d a  Ph.D. ;  th e numbe r  o f 
publication s produce d prio r  t o th e Ph.D. ;  an d th e researcher' s 
abilit y  (a s measure d b y standardize d tests ;  se e Rodger s an d 
Maranto ,  1989) .  Give n a  mode l  describin g th e relationship s 
betwee n proposition s describin g applicants ,  N A G ca n gen -
erat e argument s abou t  whethe r  the y ar e likel y t o b e highl y 
productiv e i n th e future .  Belo w w e presen t  som e sampl e ar -
gument s o f  thi s typ e an d sho w h o w modelin g th e cognitiv e 
error s describe d i n ̂ Th e Psycholog y o f  Inferenc e lead s N A G 
t o construc t  differen t  argument s i n orde r  t o tak e thei r  influenc e 
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Figur e 6 :  Normat iv e A r g u m e n t  G r a p h fo r  D r  A 

into account. 

Suppose ,  fo r  example ,  a  researc h institutio n i s lookin g t o 
hir e n e w researc h staff .  Professo r  H ,  w h o i s o n th e hirin g 
committee ,  k n o w s a  recen t  graduate .  Dr .  A ,  an d suggest s tha t 
sh e shoul d appl y fo r  th e position .  Dr .  A  ha s decen t  qualifi -
cation s an d ha s publishe d previously .  Prof .  H  ha s a  positiv e 
opinio n o f  Dr .  A ,  havin g k n o w n he r  fo r  severa l  years .  D r  A 
i s brough t  i n fo r  a n interview ,  bu t  unfortunatel y th e intervie w 
goe s poorly .  G ive n thi s informatio n a  normativ e argumen t  fo r 
w h y Dr .  A  wil l  pubUs h frequentl y i n th e futur e woul d hav e 
t o b e concessive:' °  "Whi l e Dr .  A  interviewe d poorly ,  sh e ha s 
decen t  qualification s an d ha s alread y published .  Hence ,  sh e 
i s reasonabl y likel y t o publis h ofte n i n th e future. "  T h e nor -
mativ e A r g u m e n t  G r a p h produce d b y N A G fo r  thi s argumen t 
i s s h o w n i n Figur e 6. " 

W h en Prof .  H  consider s whethe r  i t  i s  probabl e tha t  Dr .  A 
wil l  publis h frequentl y i n th e future ,  i t  i s  likel y tha t  th e pro -
fesso r  wil l  updat e hi s belief s i n a  differen t  w a y fro m tha t 
suggeste d b y Figur e 6 .  I n a n exampl e o f  belie f  bias .  Prof .  H 
wil l  over -  o r  under-weig h th e evidence ,  s o tha t  hi s final  de -
gre e o f  belie f  tha t  Dr .  A  wil l  publis h ofte n i n th e futur e i s 
stronge r  tha n i n th e normativ e case .  T o s h o w h o w N A G ' s 
outpu t  change s dependin g o n th e modelin g o f  belie f  bias , 
conside r  wha t  happen s w h e n N A G trie s t o persuad e Prof .  H 
tha t  Dr .  A  i s highl y likel y t o publis h frequentl y i n th e futur e 
(i.e. ,  increasin g a n alread y positiv e belief) .  N A G ca n tak e t w o 
differen t  approaches .  I f  th e syste m attitud e paramete r  allow s 
it ,  N A G ca n us e th e existin g positiv e belie f  abou t  Dr .  A  an d 
th e consequentia l  belie f  bia s (b y applyin g th e multiphcativ e 
factor s i n Figur e 3  t o th e lin k coefficients) ,  i n whic h cas e 
N A G build s th e simpl e A r g u m e n t  Grap h s h o w n i n Figur e 7 . 
I f  th e syste m paramete r  doe s no t  allo w suc h a  departur e from 
th e normative ,  N A G wil l  b e force d t o buil d a  large r  Argu -
m e nt  G r a p h (not  picture d du e t o spac e constraints) ,  becaus e 
th e smalle r  grap h i s no t  sufficien t  t o generat e a  ver y stron g 
final  belie f  i n D r  A' s futur e productivit y (not e th e strengt h 
difference s i n th e posterio r  probabilitie s o f  th e doubl e boxe d 
goa l  node s i n Figure s 6  an d 7) .  Thi s situatio n i s simila r  t o tha t 
wh ic h arise s w h e n N A G i s calle d upo n t o argu e o n behal f  o f 
an applican t  abou t  w h o m Prof .  H  ha s n o prio r  impressions . 

'°A t  presen t  N A G ' s outpu t  take s th e for m o f  a n Argumen t  Graph . 
Th e tex t  presente d i s a n illustratio n o f  wha t  N A G ' s outpu t  mean s i n 
thi s case . 

"i n th e Argumen t  Graph s i n th e figures  th e numbe r  nex t  t o eac h 
inferenc e lin k i s a  linea r  coefficien t  betwee n th e tw o node s a t  eac h en d 
of  tha t  link .  A n Argumen t  Grap h i s actuall y a  Bayesia n network , 
and a s suc h ha s a  conditiona l  probablilit y  matri x associate d wit h 
eac h node ,  whic h ha s mor e expressiv e powe r  tha n a  vecto r  o f  linea r 
coefficients ;  however ,  th e studie s performe d o n researc h productivit y 
hav e restricte d themselve s t o linea r  models .  Th e probabilitie s use d 
i n N A G ' s normativ e mode l  ar e loosel y base d upo n thes e studies . 
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Figur e 7 :  A rgumen t  Grap h fo r  D r  A  (wit h belie f  bias ) 

Prof. J'^ is also on the selection committee. He is at present 
sortin g throug h th e applications .  H e open s a n envelop e from 
an applicant ,  Dr .  C ,  w h o m h e ha s neve r  hear d of ,  an d finds  tha t 
Dr  C  complete d hi s Ph.D .  dissertation ,  an d ha s sinc e worke d 
i n a  post-doctora l  position ,  a t  a  universit y wit h a  w e a k rep -
utation .  Prof .  J ,  perhap s i n a  hurr y t o ge t  throug h th e pil e 
of  applications ,  throw s thi s applicant' s packag e int o th e re -
jectio n bin ,  neglectin g importan t  fact s furthe r  d o w n i n th e 
applicatio n suc h a s tha t  D r  C' s dissertatio n ha s le d t o a  boo k 
contract ,  h e ha s publishe d a  larg e n u m b e r  o f  paper s recently , 
he score d highl y o n measure s o f  abilit y  an d ha s excellen t  let -
ter s o f  recommendation .  Plausibly ,  Prof .  J  ha s falle n int o th e 
overconfidenc e frap:  h e ha s see n th e initia l  tw o piece s o f  in -
formatio n and ,  knowin g (le t  u s suppose )  tha t  applicant s from 
rathe r  ordinar y academi c institution s ar e unlikel y t o perfor m 
at  a  hig h level ,  dismisse s th e remainin g information .  W h e n 
give n th e tas k t o argu e i n suppor t  o f  Dr .  C  wit h Pro f  J ,  bring -
in g th e latter' s belie f  i n th e futur e hig h productivit y o f  D r  C 
t o 0.7 ,  N A G produce s th e moderatel y elaborat e argumen t  o f 
Figur e 8 ,  whic h ca n b e understoo d as :  "Althoug h th e lo w 
rankin g o f  th e institution s wher e D r  C  di d hi s Ph.D .  an d post -
doctora l  wo r k sugges t  tha t  h e wil l  no t  b e highl y productive , 
Dr  C' s excellen t  ability ,  previou s publications ,  boo k contrac t 
an d excellen t  letter s o f  recommendat io n strongl y suppor t  th e 
opposite .  T h e overal l  assessmen t  i s i n favo r  o f  Dr .  C. " 

W h en Pro f  J  i s no t  modele d a s sufferin g from  overconfi -
denc e (but  startin g from  th e s a m e limite d initia l  information) , 
N A G require s onl y a  subargumen t  from  Figur e 8 ,  namely : 
"Althoug h th e lo w rankin g o f  th e institution s wher e Dr .  C 
di d hi s Ph.D .  an d post-doctora l  wo r k sugges t  tha t  h e wil l  no t 
be highl y productive .  Dr .  C' s recor d o f  previou s publication s 
an d excellen t  letter s o f  recommendat io n strongl y suppor t  th e 
opposite .  T h e overal l  assessmen t  i s i n favo r  o f  Dr .  C. " 

T h e s a m e exampl e m a y b e use d t o illustrat e wha t  happen s 
t o N A G w h e n it s focu s o f  attentio n i s to o restricted .  W h e n 
attemptin g t o cop e wit h th e overconfiden t  Prof .  J. ,  i f  N A G i s 
allowe d a  reasonabl y broa d attentiona l  focus ,  the n i t  create s 
th e A r g u m e n t  Grap h o f  Figur e 8 ,  a s described .  Give n a  ver y 
tight  spa n o f  attention ,  N A G wil l  fai l  t o discove r  a  satisfactor y 
argument ,  sinc e i t  wil l  conside r  onl y ver y smal l  Argumen t 
Graphs . 

Spac e consideration s preclud e u s from  includin g a n Arg -
ument  Grap h from  N A G tha t  demonstrate s h o w th e syste m 
model s th e bas e rat e fallacy .  Thi s cognitiv e erro r  i s m o d -
ele d analogousl y t o th e tw o othe r  error s depicte d above ,  wit h 
N A G applyin g a  suitabl e multiplicativ e facto r  (suc h a s from 
Figur e 5 )  t o th e user' s beliefs . 

'̂ Al l  thos e identifie d b y single-characte r  surname s ar e wholl y 
fictitious  an d an y resemblanc e t o actua l  people ,  aliv e o r  dead ,  i s 
entirel y coincidental:-) . 
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Figur e 8 :  NAG' s Argumen t  Grap h fo r  Dr .  C 

Conclusion 

To argu e wel l  on e mus t  produc e argument s tha t  ar e support -
abl e bot h factuall y an d withi n th e interlocutor' s mind .  Usin g 
bot h a  normativ e mode l  an d a  use r  model ,  wit h th e latte r  re -
flecting  th e user' s actua l  belief s an d inferentia l  biases ,  i n prin -
cipl e allow s a n argumen t  syste m t o generat e argument s tha t 
ar e effectiv e whil e als o bein g justifie d normatively .  Modelin g 
th e user' s attentiona l  focu s enhance s th e accurat e predictio n 
of  th e effec t  o f  a  ne w argumen t  an d enhance s th e system' s un -
derstandin g o f  a  user' s argument .  Employin g a n attentiona l 
mechanis m i n th e normativ e model ,  o n th e othe r  hand ,  allow s 
th e syste m t o avoi d th e examinatio n o f  larg e volume s o f  ma -
teria l  unlikel y t o ai d argumen t  analysi s an d constructio n i n a 
give n context . 

The evidenc e w e hav e tha t  th e abov e i s a  tru e accoun t  o f  ar -
gumentatio n is ,  a t  present ,  indicativ e only .  W e hav e buil t  an d 
ru n N A G i n th e way s reporte d herein ,  whic h demonstrat e tha t 
ther e i s th e possibilit y  tha t  NAG' s futur e developmen t  alon g 
th e line s adumbrate d earlie r  wil l  lea d t o a n effectiv e argumen t 
system .  Despit e ou r  origina l  combinatio n o f  Bayesia n net -
works ,  semanti c network s wit h activation ,  cognitiv e biase s 
and attentiona l  mechanism s an d thei r  applicatio n t o argumen -
tation ,  undoubtedl y th e greate r  par t  o f  th e wor k involve d i n 
producin g a  complet e an d effectiv e argumen t  syste m lie s a -
head o f  us .  I n addition ,  i n orde r  t o evaluat e ou r  syste m w e wil l 
requir e comparativ e result s assessin g th e system' s argument s 
agains t  goo d an d ba d argument s produce d otherwise . 
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