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A b s t r a c t 

We explore the use of argumentation for justifying 
claim s reache d b y plausibl e reasonin g method s i n 
domain s wher e knowledg e i s incomplete ,  uncertain ,  o r 
inconsistent .  W e presen t  element s o f  a  forma l  theor y 
of  argumentatio n tha t  include s tw o sense s o f 
argument ,  argumen t  a s supportin g explanatio n an d 
argumen t  a s dialectica l  process .  W e describ e a  partia l 
implementatio n o f  th e theory ,  a  progra m tha t 
generate s argumen t  structure s tha t  organiz e relevant , 
available ,  plausibl e suppor t  fo r  bot h a  clai m an d it s 
negation .  The n w e describ e a  theor y o f  argumen t  a s 
dialectica l  process ,  wher e th e forma t  o f  a  two-side d 
argumen t  i s  use d t o intertwin e th e strength s an d 
weaknesse s o f  suppor t  fo r  competin g claims ,  s o 
argument s ca n b e refute d an d directl y compared . 

I n t r o d u c t i o n 

We explore the use of argumentation for reasoning in 
domain s wher e knowledg e i s incomplete ,  uncertain ,  o r 
inconsistent ,  i.e. ,  wea k theor y domains .  A  derivation , 
or  "proof ,  o f  a  clai m i n suc h a  domai n shoul d sho w 
tha t  th e clai m i s dialecticall y vali d (Bart h &  Krabbe , 
1982) ,  i.e. ,  ther e i s  plausibl e suppor t  fo r  th e clai m 
tha t  withstand s al l  attempt s t o refut e it ,  an d ther e i s n o 
suc h suppor t  fo r  an y counter-claim .  W e conten d tha t 
th e abilit y t o argu e t o dialecticall y vali d claim s i s 
essentia l  fo r  justifyin g claim s reache d a s a  resul t  o f 
reasonin g i n wea k theor y domains .  Eve n i n failin g t o 
realiz e dialectica l  validity ,  argumentatio n ca n b e use d 
as a  metho d fo r  locating ,  highlighting ,  an d organizin g 
relevan t  informatio n i n suppor t  o f  an d counte r  t o 
propose d claims . 

Argumentatio n ha s lon g bee n viewe d a s a n 
importan t  reasonin g metho d an d topi c o f  researc h i n 
philosophy ,  e.g. ,  (Rescher ,  1977) ,  (Toulmin ,  1958) . 
Recently ,  argumentatio n ha s bee n investigate d fro m 
th e standpoint s o f  rhetoric ,  e.g. ,  (Horner ,  1988) , 
discours e analysis ,  e.g. ,  (Flowers ,  McGuire ,  & 
Birnbaum ,  1982) ,  lega l  reasoning ,  e.g. ,  (Ashley , 
1989) ,  an d defaul t  reasoning ,  e.g. ,  (Lena t  &  Guha , 

1990) .  Ou r  wor k extend s thi s previou s wor k t o focu s 
on a  theor y o f  argumentatio n fo r  decisio n suppor t  an d 
justificatio n fo r  reasonin g i n wea k theor y domains . 

Our  mode l  o f  argumentatio n i s  base d o n th e 
following ,  complementar y definition s o f  argument : 
(i )  "th e ground s .. .  o n whic h th e merit s o f  a n assertio n 
ar e t o depend "  (Toulmin ,  1958) ,  an d (ii )  " a metho d fo r 
conductin g controversia l  discussions ,  wit h on e 
contende r  defendin g a  thesi s i n th e fac e o f  object[ions ] 
and counterargument s mad e b y a n adversary "  (Rescher . 
1977) .  Ther e ar e tw o sense s o f  argumen t  pose d b y 
thes e definitions .  Th e firs t  define s argumen t  a s a 
supportin g explanation ,  i.e. ,  a n entity ;  th e secon d 
concentrate s o n argumen t  a s a  proces s i n whic h tw o o r 
mor e agent s engage .  Thus ,  th e representatio n o f 
argument s a s structure d entitie s an d th e generatio n o f 
argument s a s dialectica l  processe s ar e bot h crucia l  t o 
our  theory . 

For  argumen t  a s supportin g explanation ,  w e creat e 
argumen t  structure s tha t  organiz e relevant ,  availabl e 
suppor t  fo r  a  claim ,  an d als o fo r  it s  negation . 
Argumen t  a s dialectica l  proces s include s th e task s o f 
supportin g an d refutin g claims .  I n successfu l 
refutation ,  supportin g argument s fo r  a  clai m ar e 
show n t o b e invalid ,  o r  a t  leas t  controversial .  T w o 
side s t o a n argumen t  tak e turn s supporting ,  refuting , 
and defendin g (i.e. ,  refutin g refutations )  claims . 

Sinc e th e abilit y  t o represen t  an d generat e argument s 
as supportin g explanation s i s a  necessar y prerequisit e 
fo r  dialectica l  argumentation ,  w e first  concentrate d o n 
thi s tas k (Freema n &  Farley ,  1992) .  I n th e nex t 
section ,  w e briefl y summariz e tha t  work .  Then ,  usin g 
thos e results ,  w e describ e ou r  theor y o f  dialectica l 
argumentation .  Finally ,  w e mak e concludin g remarks . 

A r g u m e n t  a s s u p p o r t i n g exp lana t i o n 

We represent a supporting argument in a modified 
versio n o f  th e for m give n b y Toulmi n i n Th e Use s o f 
A r g u m e n t  (Toulmin ,  1958) .  Fo r  Toulmin ,  a n 
argumen t  comprise s dat a (i.e. ,  evidence ,  grounds )  sai d 
t o suppor t  a  clai m (i.e. ,  conclusion) .  Th e authorit y 
fo r  takin g th e ste p fro m dat a t o clai m i s  calle d a 
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warrant .  Th e warran t  ma y hav e backing ,  o r 
justification .  Th e dat a an d th e warran t  ma y no t  b e 
enoug h t o establis h th e clai m conclusively ,  i.e. ,  th e 
resultan t  clai m ma y b e qualified .  Th e clai m ma y b e 
subjec t  t o rebuttals ,  specia l  circumstance s wher e th e 
warran t  woul d no t  hold .  Fo r  example ,  th e clain )  "th e 
gras s wil l  b e we t  thi s morning "  i s  supporte d b y th e 
dat a "i t  raine d las t  night" ,  du e t o th e warran t  "rai n 
entail s we t  grass" ,  unles s ther e i s a  rebuttal ,  e.g. ,  "th e 
gras s wa s covered" . 

We refe r  t o thi s basi c structur e a s a  "Toulmi n 
argumen t  unit" ,  o r  tau .  I n ou r  representatio n o f 
argument ,  th e dat a an d warran t  part s o f  a  ta u ar e als o 
seen a s claims ,  an d therefor e ca n hav e rebuttal s an d 
qualifications .  (Sinc e al l  th e majo r  element s o f  a  ta u 
ar e claims ,  w e wil l  refe r  t o thes e a s data ,  warrant ,  an d 
conclusion ,  t o avoi d ambiguity. )  I n th e example ,  "i t 
raine d las t  night "  an d "rai n entail s we t  grass "  woul d b e 
viewe d a s claim s i n thei r  ow n right ,  a s wel l  a s suppor t 
fo r  "th e gras s wil l  b e we t  thi s morning" . 

Als o i n ou r  representation ,  al l  claim s (no t  jus t 
warrants )  mus t  b e supported ,  i.e. ,  hav e backing .  W e 
defin e tw o type s o f  backing :  atomic ,  a s informatio n 
fro m outsid e th e domai n o f  argumentatio n ("inartisti c 
proofs" ,  (Homer ,  1988)) ,  an d tau ,  wher e a  conclusio n 
i s supporte d b y dat a an d a  warrant .  A  clai m ma y hav e 
multipl e backings .  I n th e example ,  th e clai m "th e 
gras s wil l  b e we t  thi s morning "  i s supporte d b y a  tau . 
The claim s "i t  raine d las t  night "  an d "rai n entail s we t 
grass "  als o nee d backing .  Th e warran t  "rai n entail s 
wet  grass "  woul d hav e atomi c backin g (currendy ,  al l 
warrant s hav e atomi c backing) .  Suppor t  fo r  "i t  raine d 
las t  night "  migh t  als o b e atomic ,  o r  thi s clai m coul d 
be th e conclusio n o f  anothe r  tau ,  e.g. ,  "i t  raine d las t 
night "  becaus e "ther e wa s thunde r  an d lightnin g las t 
night "  an d "thunde r  an d lightnin g usuall y mean s rain" . 
An argument ,  then ,  consist s o f  chain s o f  claim s an d 
thei r  backing .  Eac h clai m ha s a n associate d 
rebuttal .  I n ou r  representation ,  a  rebutta l  i s  a  riva l 
clai m (currentl y define d a s th e negatio n o f  th e claim ) 
and th e argument s tha t  suppor t  th e riva l  conjecture . 
For  example ,  th e rebutta l  fo r  th e clai m "we t  grass "  i s 
"no t  we t  grass" ,  plu s it s  backin g (an d vic e versa) . 
Extenuatin g circumstance s ar e represente d b y warrant s 
tha t  suppor t  th e negatio n o f  a  claim ,  fo r  example , 
"rai n an d a  coverin g fo r  th e gras s lead s t o no t  we t 
grass" .  Sinc e warrant s represen t  a  relationshi p 
betwee n tw o claims ,  the y hav e a  slightl y differen t 
structur e fro m othe r  claims .  I n additio n t o backing ,  a 
qualification ,  an d a  rebuttal ,  a  warran t  ha s a n 
anteceden t  an d a  consequent .  A  warran t  als o ha s a  typ e 
associate d wit h i t  whic h represent s th e strengt h wit h 
whic h it s  consequen t  ca n b e draw n fro m th e give n 
antecedent .  Curren t  type s are :  sufficien t  (s) ,  defaul t 
(df) ,  an d evidentia l  (ev) . 

I n generatin g a  tau ,  a  warran t  i s applie d t o dat a t o 
suppor t  a  conclusion .  Fo r  example ,  th e warran t  "rai n 
(antecedent )  - > we t  gras s (consequent) "  ma y b e applie d 

Tabl e 1 . 

wanao i  daia _ 

conclu -

sJQn reasonin g sig p 
p - > q  p  q  modu s ponen s (MP ) 
p - > q  - q - p modu s tollen s (MT ) 
p -> q q  p  direc t  abductio n (ABD ) 
p - > q  ~ p ~ q contrapositiv e abd .  (ABC ) 

t o th e dat a "rain "  t o dra w th e conclusio n "we t  grass" . 
Whil e th e anteceden t  an d consequen t  indicat e th e 
norma l  directio n o f  a  warrant' s applicadon ,  warrant s 
ar e use d i n othe r  way s a s well .  Fo r  example ,  th e 
abov e warran t  coul d b e applie d t o th e dat a "we t  grass " 
t o suppor t  th e conclusio n "rain" . 

Give n a  warran t  wit h anteceden t  p  an d consequen t  q , 
we defin e allowabl e reasonin g step s i n Tabl e 1 .  Th e 
las t  tw o reasonin g step s ar e fallacie s i n deductiv e 
reasonin g (assertin g th e consequen t  an d denyin g th e 
antecedent ,  respectively) .  However ,  the y ar e ofte n 
use d i n plausibl e reasonin g t o indicat e suppor t  fo r  a 
claim .  Poly a (Polya ,  1968 )  discusse s simila r 
"pattern s o f  plausibl e inference" .  H e call s the m 
"examinin g a  ground "  (MP ,  A B C i n Tabl e 1 )  an d 
"examinin g a  consequence "  (MT ,  A B D i n Tabl e 1) . 

Qualification s captur e th e suppor t  fo r  claim s reache d 
as a  resul t  o f  argument s usin g uncertai n warrant s an d 
plausibl e reasoning .  W e us e th e followin g 
qualifications :  stron g (!) ,  usua l  (!') ,  credibl e (+) ,  an d 
contingen t  (A) .  Th e firs t  thre e ar e ranke d i n decreasin g 
orde r  o f  support ;  contingen t  indicate s lac k o f  support . 

The qualificatio n o n an y clai m resultin g fro m th e 
applicatio n o f  a  warran t  (i.e. ,  a  ta u backing )  i s th e 
leas t  o f  th e qualification s associate d wit h th e 
application :  th e qualification(s )  o n th e dat a support , 
th e qualificatio n o n th e warrant ,  an d th e qualificatio n 
derive d fro m th e warran t  typ e an d reasonin g ste p 
applie d ("lin k qualification") .  (Se e Tabl e 2. )  Th e 
weakes t  lin k approac h t o propagatin g suppor t  i n a n 
argumen t  i s  discusse d i n (Pollock ,  1991) ;  it s 
appropriatenes s fo r  plausibl e reasoning ,  a s oppose d t o 
probabilisti c  reasoning ,  i s  discusse d i n detai l  i n 
(Rescher ,  1976) . 

A progra m tha t  generate s al l  argumen t  structure s fo r 
a give n clai m an d set s o f  inpu t  dat a an d warrant s ha s 
been implemented .  W e giv e a n exampl e o f  th e 
argumen t  structure s i t  generate s fo r  th e followin g 
"Bermuda "  problem ,  base d uj)o n th e classi c exampl e o f 
Toulmi n (Toulmin ,  1958) : 

Table 2. 

warran t  tvp e 

-> s 

-> s 
->d f 

->d f 

->e v 

- > e v 

reasonin g ste p 

MP.  M T 
ABD,  AB C 
MP,  M T 
ABD.  AB C 
MP,  M T 

ABD.  AB C 

lin k qualificatio n 

stron g 

credibl e 

usua l 
credibl e 
credibl e 

aedibl e 
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Usuall y anyon e bor n i n Bermud a ca n b e 
assume d t o b e a  Britis h subjec t  (br) . 
However ,  someon e b o m i n Bermud a (bb )  t o 
alie n parent s (ap )  i s  no t  a  Britis h subject . 
Peopl e carryin g Britis h passport s (bp )  ar e 
Britis h subjects .  Mos t  peopl e w h o ar e 
Englis h speakin g (es )  an d hav e a  Bermuda n 
identificatio n numbe r  (id# )  wer e bor n i n 
Bermuda .  Finally ,  an y perso n wit h a 
Bermuda n i d numbe r  i s  eligibl e t o obtai n 
Bermuda n workin g paper s (wp) .  W e hav e 
jus t  bee n introduce d t o Harry ,  w h o speak s 
English ,  ha s a  passpor t  tha t  i s no t  a  Britis h 
passport ,  an d show s u s hi s  Bermuda n 
workin g papers .  W e ar e wonderin g whethe r 
he i s a  Britis h subject . 

Th e abov e knowledg e ca n b e represente d a s warrant s 
and data ,  a s follows : 

(wl((bb)) ->df((br))! given) 

(w 2 ((bb )  (ap) )  -- > ji f  ((no t  br ) ) !  give n ) 

(w3((bp) )  ->( j f ( (br)) !  given ) 

(w 4 ((es )  (id#) )  -- > e v ((bb)) !  given ) 

(w5((id#) )  - - > d f ( ( w p ) ) !  given ) 

(d l  (es) !  given ) 
(d 2 (no t  b p ) !  given ) 
(d 3 (id#) !  given ) 

Argument structures summarizing the support for and 
agains t  th e clai m tha t  Harr y i s a  Britis h subjec t  ar e 
show n i n Figur e 1 .  Claim s ar e show n a s node s an d 
warrant s ar e represente d a s arc s betwee n them .  Th e 
notatio n abov e a n ar c indicate s th e i d o f  th e applicabl e 
warrant ,  an d notatio n belo w th e ar c give s th e 
reasonin g ste p an d warran t  type .  Notatio n i n th e 
clai m node s give s th e statemen t  o f  th e clai m an d it s 
qualification .  Contingen t  claim s ar e darkened . 

Dialectica l  a r g u m e n t 

Using the representation of arguments as supporting 
explanation s describe d i n th e previou s section ,  w e no w 
expan d ou r  theor y o f  argumentatio n t o includ e 
argumen t  a s a  dialectica l  process .  Argument s 
supportin g alternativ e claim s ar e refute d an d defende d 
i n turn .  Th e advantage s o f  th e dialectica l  forma t  ar e a t 
leas t  two-fold :  (1 )  th e strength s an d weaknesse s o f 
suppor t  fo r  competin g claim s ar e explicitl y 
highlighte d an d directl y compared ;  an d (2 )  th e two -
side d forma t  serve s a s a  heuristi c t o contro l  th e 
generatio n o f  argument s i n a  mor e directe d manner . 

Deflnition s 

Generating dialectical arguments results in the 
intertwinin g o f  th e argumen t  structure s tha t  suppor t  a 
clai m an d it s negation .  W e expan d th e qualificatio n 
fiel d fo r  a  clai m t o summariz e th e suppor t  fo r  bot h th e 
clai m an d it s negation .  Usin g thi s representatio n o f 
th e qualification ,  w e defin e severa l  term s fo r  ou r 
theor y o f  dialectica l  argumentation . 

Suppor t  fo r  th e inpu t  clai m i s Side- 1 suppor t  an d 
suppor t  fo r  th e negatio n o f  th e clai m i s  Side- 2 
support .  Suppor t  fo r  a  clai m i s  consistent ,  fo r 
mutuall y exclusiv e conjectures ,  i f  ther e i s suppor t  o n 
one sid e o f  th e clai m an d n o suppor t  o n th e othe r  side , 
i.e. ,  th e qualificatio n slo t  fo r  on e sid e onl y contain s a 
"!" ,  "!'" ,  o r  "+" .  A  clai m tha t  i s  no t  consisten t  i s 
controversial .  A  clai m tha t  ha s consisten t  Side- 1 
suppor t  i s a  Side- 1 check ,  els e i t  i s a  Side- 2 check . 
A clai m i s  termina l  whe n ther e ar e n o argumen t 
moves availabl e tha t  coul d chang e it s qualification .  A 
clai m tha t  i s i n termina l  check  fo r  a  sid e i s a  winne r 
fo r  tha t  side .  A  clai m wit h termina l  consisten t 
suppor t  i s  sai d t o b e dialecticall y valid .  A s show n i n 
Tabl e 3 ,  th e "burde n o f  proof "  i s  o n Side- 1 t o 
establis h uncontroversia l  suppor t  fo r  it s claim . 

give n 
"^», ^ 

give n 
^ ^ 

wp I r.^ » abd.d r 

es 

id # 

1 

+ 

w4 J . 
mp,e v 

bb + wl 
mp.d f 

br + 

(a s above ) 

bb 

ap 

w2 
mp,df 

.:.™̂:: . "' W 

give n 

~bp 
w3 . 

abc.d f  * 
~br 

Figur e 1 . 
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Tables . 

Sid?- 1 
suppor t 

for C 

no 

yes 

no 

yes 

Side- 2 

suppor t 

for- C 
no 

no 

yes 

yes 

suppor t  i s 
not  termina l 

controversial ; 
Side- 2 chec k 
consistent ; 
Side- 1 chec k 

consistent ; 
Side- 2 chec k 

controversial ; 
Side- 2 chec k 

suppor t  i s 
termina l 

Side- 2 winne r 

Side- 1 winner ; 
C dialecticall y 
vali d 
Side- 2 winner ; 
~ C dialecticall y 
vali d 
Side- 2 winne r 

Generat in g dialectica l  a r g u m e n t s 

Dialectical argument is the process of moving through 
a searc h spac e o f  qualification s fo r  a  claim ,  seekin g a 
winne r  qualificatio n fo r  one' s o w n sid e an d avoidin g 
state s tha t  ar e winner s fo r  th e othe r  side .  Progres s 
throug h th e stat e spac e i s achieve d an d constraine d b y 
argumen t  moves .  M o v e selectio n i s  drive n b y a 
heuristi c evaluatio n proces s tha t  i s  base d o n th e 
possibilit y  o f  forwar d progres s towar d a  goa l  fo r  th e 
side ,  i.e. ,  a  positiv e chang e i n th e qualificatio n o f  th e 
inpu t  clai m fro m th e poin t  o f  vie w o f  th e side ; 
likelihoo d o f  succes s fo r  th e move ,  base d on ,  fo r 

example ,  th e curren t  qualificatio n o f  a  claim;  an d 
argumen t  coherence . 

Dialectica l  argumen t  begin s i n a  stylize d fashion : 
Side- 1 attempt s t o find  suppor t  fo r  it s  claim ,  wher e 
"support "  mean s a n argumen t  fo r  th e clai m tha t  result s 
i n th e clai m havin g a  Side- 1 chec k qualification .  I f 
ther e i s n o support ,  th e argumen t  ends ,  an d Side- 1 
concede s th e claim .  (Thi s doe s no t  mea n th e negatio n 
of  th e clai m ha s bee n established ;  tha t  woul d requir e 
anothe r  argument ,  wit h th e inpu t  clai m a s th e 
negatio n o f  th e curren t  claim. )  I f  Side- 1 i s abl e t o find 
suppor t  fo r  th e claim ,  contro l  i s  give n t o Side-2 ,  t o 
tr y t o refut e th e suppor t  establishe d b y Side-1 .  The n 
Side- 1 i n tur n wil l  attemp t  t o refut e th e refutations .  A 
sid e choose s m o v e s unti l  i t  achieve s a  chec k 
qualificatio n o r  ha s n o mor e moves .  Th e argumen t 
end s whe n a  sid e i s a  winne r  o r  ha s n o mor e moves . 

Dialectica l  a r g u m e n t  m o v e s 

We define the primary tasks of dialectical 
argumentatio n t o b e (1 )  supportin g a  claim;  an d (2 ) 
refutin g a  clai m o r  it s  supportin g arguments . 
Generatin g suppor t  fo r  a  clai m wa s discusse d earlier . 
I n thi s section ,  w e focu s ou r  attentio n o n refutin g a 
clai m o r  it s supportin g arguments .  W e begi n t o giv e 
operationa l  meanin g t o th e task s o f  dialectica l 
argumentatio n b y definin g the m i n term s o f  argumen t 
moves neede d t o implemen t  the m (se e Tabl e 4) . 

Tabl e 4 . 

ARG TASK S 

suppor t  C 

refut e C 
undercu t  C 

rebu t  C 

MOVES 
(a )  suppor t 

(b )  invali d dat a 

(c )  exceptio n 

(d )  inapplicabl e 

evidenc e 
(e)unneede d 
explanatio n 
( 0 missin g 

evidenc e 
(g )  conflictin g 

evidenc e 

(h )  proo f  b y 
contradictio n 
(i )  reducti o a d 
absurda m 
(j )  suppor t 
rival  clai m 

GIVEN 

C 

X-> C " ^  X 

X->df/sC'̂ X 

X->~C'^~ X 

C->df/sX'̂ X 

X->ev C ' ^  X 

X->ev C "  X 

C 

C 

C 

SHOW 
X-> C ' ^  X 
C-> X ̂  X 
~C-> X " ^  ~ X 
X ->~ C "  ~ X 

X'̂ Y->df/s~C'̂ Y 
Y->df/s-CA Y 

Y->df/sX'̂ Y 

Y->evC'^~ Y 

Y->ev~C'^ Y 

C->...->~ C 

C->...-> Z ' ^  ~ Z 

X->~C'^ X 

IMPLEMENT 

USINQ 
find  M P suppor t 
find  A B D suppor t 
find  M T suppor t 
find  A B C suppor t 

refut e X 

find  M P suppor t  fo r  ~ C 

find  M P ,  M T suppor t 

for~ C 
find  M P suppor t  fo r  X 

find  A B C suppor t  fo r  ~ C 

find  suppor t  fo r  ~ C 

find  M T suppor t  fo r  ~ C 

find  M T suppor t  fo r  ~ C 

find  suppor t  fo r  ~ C 

S U C C E SS 

C I S -
supporte d 
supporte d 
supporte d 
supporte d 

not  supported / 
controversia l 
not  supporte d 

not  supporte d 

not  supported / 

controversia l 
coniTOversia l 

controversia l 

controversia l 

controversia l 

controversia l 
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We distinguis h tw o genera l  type s o f  refutation :  (1 ) 
undercuttin g an d (2 )  rebuttin g (followin g (Pollock , 
1992) ,  thoug h no t  exactly) .  Undercuttin g i s 
accomplishe d b y findin g weaknesse s i n purporte d 
suppor t  fo r  a  claim .  Wit h respec t  t o th e structur e o f  a 
tau ,  undercuttin g question s th e sufficienc y o f  th e dat a 
suppor t  an d th e lin k field s (i.e. ,  warran t  typ e an d 
reasonin g type) .  Questionin g th e dat a tha t  support s a 
conclusio n amount s t o attemptin g t o refut e th e data -
clai m o f  th e tau ,  movin g th e argumen t  a  ste p back . 
Followin g u p o n les s tha n certai n warran t  and/o r 
reasonin g type s i n th e suppor t  fo r  a  clai m lead s t o 
argumen t  m o v e s that :  (i )  searc h fo r  exception s t o 
defaul t  rules ;  (ii )  attemp t  t o sho w tha t  wea k evidenc e 
i s irrelevan t  i n th e fac e o f  other ,  stron g evidence ;  (iii ) 
tr y t o find  alternativ e explanation s fo r  data ,  defeatin g 
claim s tha t  ha d bee n hypothesize d a s explanation s fo r 
th e sam e data ;  (iv )  searc h fo r  missin g evidence ,  o r 
evidenc e fo r  a  riva l  claim ,  t o emphasiz e tha t  th e 
evidenc e give n i n suppor t  o f  a  clai m i s insufficien t 

I f  a n undercuttin g m o v e i s successful ,  i t  ca n resul t 
i n th e withdrawa l  o f  a n argument .  Thi s i n tur n leave s 
th e conclusio n o f  th e argumen t  unsupported .  Fo r 
example ,  i n th e Bermud a proble m th e clai m "id# "  i s 
hypothesize d a s a n explanatio n fo r  dat a "wp" .  I f  th e 
proble m containe d additiona l  knowledge ,  e.g. ,  "specia l 
skills "  an d "specia l  skill s  ->(i f  wp" ,  "wp "  ca n b e 

show n t o b e otherwis e explainable ,  an d shoul d b e 
withdraw n a s suppor t  fo r  "id#" .  Th e qualificatio n o f 
th e clai m "id# "  woul d chang e fro m "+I? "  t o "?l? "  a s a 
resul t  o f  th e undercuttin g argument . 

Als o i n Tabl e 4  w e se e tha t  som e method s fo r 
undercuttin g a  clai m m a y resul t  i n suppor t  fo r  a  riva l 
claim .  Thes e leav e th e origina l  argumen t  a s i t  was , 
but  highligh t  it s  inadequacies .  A s a  result ,  it s 
conclusio n ma y becom e controversia l  o r  unsupported . 

I n contrast ,  rebuttin g move s attac k a  clai m withou t 
regar d fo r  it s supportin g arguments .  I n a  successfu l 
rebuttal ,  suppor t  fo r  a  riva l  clai m i s  found .  A s a 
result ,  th e origina l  clai m become s conu-oversial .  W e 
identif y th e followin g rebuttin g argumen t  moves :  (i ) 
proo f  b y contradiction ;  (ii )  reducti o a d absurdam ;  and , 
generally ,  (iii )  establishin g alternativ e argument s fo r 
riva l  conjectures .  I n Tabl e 4  w e sho w tha t  al l  o f  th e 
argumen t  move s ca n fo r  th e mos t  par t  b e realize d 
usin g alread y implemente d clai m suppor t  functions . 

give n 

give n 
wplll ? 

Figur e 2 . 

refut e br :  i )  undercu t  br :  fin d exceptio n t o bb->b r 
ii )  rebu t  br :  find  proo f  b y contradiction , 
reductio ,  o r  alternativ e argumen t  fo r  ~b r 

refut e bb :  iii )  undercu t  bb :  sho w insufficien t  evidenc e 
iv )  rebu t  bb :  find  proo f  b y contradiction , 
reductio ,  o r  alternativ e argumen t  fo r  -b b 

refut e es :  v )  rebu t  es :  find  proo f  b y contradiction , 
reductio ,  alternativ e argumen t  fo r  ~e s 

refut e id# :  vi )  undercu t  id# :  sho w id # i s unneede d 
explanatio n fo r  w p 
vii )  rebu t  id# :  find  proo f  b y contradiction , 
reductio ,  o r  alternativ e argumen t  fo r  ~id # 

refut e wp :  viii )  rebu t  wp :  find  proo f  b y contradiction , 
reductio ,  o r  alternativ e argumen t  fo r  ~ w p 

Findin g a n exceptio n t o th e curren t  "bb "  suppor t  fo r 
"br "  woul d hav e th e stronges t  result ,  b y tearin g dow n 
th e curren t  argumen t  an d establishin g a n argumen t  fo r 
"~br" .  "Explainin g away "  w p coul d als o affec t  "br " 
strongly ,  sinc e i f  suppor t  fo r  "id# "  collapses ,  th e 
whol e argumen t  collapses ,  an d th e origina l  clai m wil l 
be unsupported .  Sinc e th e latte r  m o v e attack s a  wea k 
reasonin g type ,  it s likelihoo d o f  succes s i s expecte d t o 
be higher .  Side- 2 choose s thi s move ,  whic h fails ,  a s 
accordin g t o th e knowledg e bas e th e onl y wa y o f 
obtainin g '  w p "  i s t o hav e "id#" .  Sinc e Side- 2 ha s no t 
achieve d it s goal ,  i t  continues . 

Next ,  Side- 2 look s fo r  a n exceptio n t o th e "b b - > 
br "  argument .  A n exceptio n warran t  i s found ,  bu t  it s 
suppor t  i s  onl y contingent ,  s o Side- 2 mus t  tr y again . 
Remainin g m o v e choice s ar e t o fin d suppor t  fo r 
"~wp" ,  "~id#" ,  "-es" ,  "-bb" ,  "-br" .  Sinc e "wp "  an d 
"es "  ar e strongl y supported ,  the y ar e pu t  a t  th e en d o f 
th e list .  Followin g a  coherenc e heuristi c tha t  say s t o 
argu e a s closel y a s possibl e i n th e argumen t  structur e 
t o th e origina l  claim .  Sid e 2  look s fo r  suppor t  fo r 
"~br" .  Side- 2 i s successful :  "bp "  woul d suppor t  "br" , 
but  "~bp "  i s know n t o b e th e case .  "Br "  become s 
controversial ,  a  chec k fo r  Side-2 ,  an d Side- 2 give s u p 
it s turn .  Th e resultan t  argumen t  i s show n i n Figur e 3 . 

E x a m p l e 

We return to the Bermuda problem for an example of 
dialectica l  argumentation .  Th e argumen t  start s wit h 
Side- 1 lookin g fo r  suppor t  fo r  th e clai m "britis h 
subject" .  Suppor t  i s  foun d an d presented ,  a s i n Figur e 
2.  Th e curren t  argumen t  stat e i s chec k fo r  Side-1 ,  an d 
contro l  i s  give n t o Side-2 .  Side- 2 attempt s t o refut e 
th e argument s pu t  forwar d b y Side-1 .  Th e conflic t  se t 
of  possibl e argumen t  move s i s th e following : 

give n 

give n 

" 1 wp !l ? 
wS . 

id # 

!l ? 
^ ^ f e S E i K H j E E 

as abov e 

WJf , 
gtvef i  i d 
^ -bp [l^ff 

Figur e 3 . 
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Side- 1 no w attempt s t o refut e th e argumen t 
generate d b y Side-2 .  Argumen t  move s ar e restricte d t o 
thos e whic h addres s Side-2' s mos t  recent  argument : 

refut e ~br :  i )  undercu t  ~br :  sho w th e evidenc e ~b p i s 
inapplicabl e 
ii )  rebu t  ~br :  find  proo f  b y contradiction , 
reductio ,  o r  alternativ e ar g fo r  b r 

refut e ~bp :  ill )  rebu t  ~bp :  find  proo f  fo r  ~b p b y 
contradiction ,  reductio ,  o r  alternativ e ar g 

Side- 1 ha s alread y give n it s  stronges t  argumen t  i n 
suppor t  o f  "br" ,  an d al l  o f  th e move s i n (i )  an d (ii ) 
resul t  i n failure .  Also ,  "~bp "  turn s ou t  t o b e 
uncontroversial .  Side- 1 ha s n o mor e moves ,  th e 
qualificatio n o n th e clai m "br "  show s tha t  th e clai m i s 
controversial ,  an d Side- 1 concede s th e claim . 

wet  grass "  v .  " a Swed e i s no t  a  Roma n Catholic" ;  an d 
warrant s wit h wtype s "necessary "  an d "necessar y an d 
sufficient" ,  .e.g. ,  "oxyge n i s  necessar y fo r  fire'.  I t 
woul d the n b e usefu l  t o refin e whic h argumen t  move s 
appl y t o a  particula r  supportin g argument .  Som e o f 
thi s happen s now ,  e.g. ,  evidentia l  warrant s ar e use d t o 
contradic t  evidentia l  warrant s i n a n argumen t 
("conflictin g evidence" ;  "missin g evidence") .  Expande d 
knowledg e representatio n capabilitie s an d additiona l 
argumen t  move s followin g fro m ne w representatio n 
type s woul d entai l  furthe r  categorization . 

Also ,  formalizin g dialecti c argumentatio n a s a 
generalizatio n o f  gam e tre e generation ,  wit h 
correspondin g prunin g operations ,  wil l  b e explored ,  t o 
hel p contro l  argumen t  complexity . 

S u m m a ry a n d futur e w o r k 

We have presented elements of a theory of 
argumentatio n a s a  metho d fo r  providin g decisio n 
suppor t  an d justificatio n fo r  plausibl e reasonin g i n 
weak theor y domains .  An y clai m i s presume d t o b e 
controversial ,  i.e. ,  i n nee d o f  suppor t  an d vulnerabl e t o 
objection s agains t  whic h i t  mus t  b e defended . 
Argumentatio n i s see n a s a  vehicl e fo r  comparin g th e 
merit s o f  suppor t  fo r  competin g claims .  W e define d 
th e ter m "dialecticall y valid "  t o refe r  t o claim s tha t  ar e 
"proved "  vi a a n argumentatio n process . 

T wo sense s o f  argument ,  argumen t  a s supportin g 
explanatio n an d argumen t  a s dialectica l  process ,  ar e 
identified .  Th e complet e theor y include s bot h o f  thes e 
view s o f  argument .  Th e forma t  o f  a  two-side d 
argumen t  i s  use d t o intertwin e th e strength s an d 
weaknesse s o f  suppor t  fo r  competin g claim s s o tha t 
argument s ca n b e refute d an d directl y compared ,  an d t o 
provid e fo r  mor e efficien t  generatio n o f  arguments . 
We mappe d th e tw o mai n task s fo r  dialectica l 
argumentation ,  supportin g an d refutin g claims ,  t o 
argumen t  move s tha t  implemen t  them .  Finally ,  w e 
outline d a n algorith m fo r  generatin g dialectica l 
arguments ,  an d gav e a n exampl e o f  a  dialectica l 
argument . 

Futur e wor k wil l  includ e addin g globa l 
argumentatio n strategie s t o th e loca l  tactic s 
implemente d b y th e heuristic s fo r  argumen t  mov e 
selection .  Thi s coul d b e use d t o generat e coheren t 
argumen t  discours e fo r  a  give n knowledg e bas e an d 
clai m unde r  consideration . 

We wil l  loo k a t  enhancin g th e curren t  knowledg e 
representatio n scheme .  Idea s fo r  augmente d 
representatio n includ e distinguishin g enablin g warrant s 
fro m causa l  warrants ,  e.g. ,  "id # enable s on e t o obtai n 
workin g papers "  (bu t  on e ma y choos e no t  to) ,  v .  "rai n 
cause s we t  grass" ;  distinguishin g causal/defaul t  fro m 
su-ongl y correlated/defaul t  warrants ,  e.g. ,  "rai n cause s 
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A b s t r a c t 

Earlier research suggests that the lexical access 

proces s i n human s i s highl y intoleran t  o f  mismatch . 

W h en hear d i n isolation ,  a  sequenc e suc h a s [wikib ] 

(wickib )  i s  unacceptabl e a s a  toke n o f  wicke d eve n 

thoug h th e mismatc h i s minimal .  Thi s observatio n i s 

apparentl y inconsisten t  wit h th e vulnerabilit y o f 

natura l  speec h t o phonological  change .  Fo r  example , 

th e wor d wicke d m a y b e phoneticall y realise d a s 

[wikib ]  i n th e contex t  o f  "wicke d prank" .  Thi s i s a n 

exampl e o f  plac e assimilation ,  wher e th e underlyin g 

/d /  i n wicke d acquire s a  labia l  characte r  fro m th e 

foUowin g labia l  consonant . 

Th e cross-moda l  primin g experiment s reporte d 

her e tes t  th e hypothesi s tha t  phonologicall y regula r 

variatio n doe s no t  i n fac t  creat e mismatc h whe n i t 

occur s i n th e appropriat e context .  Subject s hear d 

token s lik e [wikib ]  embedde d i n eithe r 

phonologicall y viabl e contex t  (wher e th e followin g 

wor d wa s prank )  o r  i n unviabl e contex t  (wher e th e 

followin g wor d wa s game) .  W h e n hear d i n unviabl e 

context ,  th e distorte d token s produce d a  stron g 

mismatc h effec t  I n contrast ,  th e distorte d token s i n 

viabl e contex t  prime d a s strongl y a s th e undistorte d 

words .  Thes e result s sugges t  tha t  th e on-lin e 

processe s o f  speec h interpretatio n an d lexica l  acces s 

must  perfor m som e kin d o f  phonologica l  inferencin g 

when interpretin g speec h a t  th e lexica l  level . 

In t roduc t io n 

This paper is concerned with the processes involved 

i n th e comprehensio n o f  spoke n language .  I t  i s 

generall y assume d tha t  speec h recognitio n entail s 

some kin d o f  matchin g proces s betwee n speec h inpu t 

an d th e lexica l  representation s o f  words ,  wit h acces s 

t o meanin g dependin g o n th e outcom e o f  thi s 

process .  I n recen t  years ,  a  numbe r  o f  studie s hav e 

focuse d o n th e effec t  o f  distorte d inpu t  o n thi s 

process ,  producin g som e rathe r  counter-intuitiv e 

results .  Thes e studie s hav e indicate d tha t  eve n smal l 

deviation s i n th e speec h inpu t  ar e sufficien t  t o 

effectivel y bloc k acces s t o meaning . 

Thi s finding  i s surprisin g give n tha t  listener s ar e 

abl e t o comprehen d speec h i n ver y variabl e 

circumstances .  Fo r  example ,  th e listene r  ca n cop e 

wit h change s i n voic e quality ,  accen t  an d manne r  a s 

wel l  a s phonologica l  variation .  S o m e form s o f 

phonologica l  variatio n produc e precisel y th e typ e o i 

distortio n which ,  accordin g t o ou r  curren t  model , 

shoul d mismatch .  Ou r  researc h i s a n attemp t  t o 

understan d thi s apparen t  paradox ,  examinin g i n 

detai l  th e notion s o f  matc h an d mismatch .  W e wil l 

focu s o n on e particula r  typ e o f  phonologica l 

variatio n -  plac e assimilation . 

T h e lexica l  acces s proces s 

Evidence for the intolerance of the lexical access 

syste m t o mismatc h come s fro m a  numbe r  o f  cross -

modal  primin g studies .  Marslen-Wilso n an d Gaskel l 

(1992 )  looke d a t  th e effec t  o f  word-fina l  deviatio n o n 

th e abilit y  o f  a  wor d t o prim e a n associate d target . 

For  example ,  th e primin g effect s o f  th e token s 

/grotEsk /  an d /grotest /  wer e compare d b y measurin g 

th e respons e t o th e visuall y presente d relate d word , 

ugly .  Th e thre e type s o f  prim e word ;  undistorte d 

(/grotesk/) ,  distorte d (/grotest/ )  an d unrelate d contro l 

wer e presente d eithe r  complet e o r  wit h th e final 

consonan t  cu t  off .  Thi s allowe d compariso n o f  th e 

primin g effect s jus t  befor e an d jus t  afte r  th e 

distortio n occurred . 

Th e result s showe d tha t  althoug h ther e wer e 

stron g primin g effect s (3 5 ms )  fo r  th e undistorte d 

tokens ,  th e distorte d token s showe d n o primin g 

unles s th e final  mismatchin g phonem e wa s cu t  off . 

Thi s wa s tru e eve n fo r  a  subse t  o f  th e stimul i  i n 
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