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Abstrac t 

Models of rationality typically rely on underlying logics 
tha t  allo w simulate d agent s t o entertai n belief s abou t 
one anothe r  t o an y dept h o f  nesting .  W e Jirgu e tha t 
representation s o f  individua l  deepl y neste d belief s ar e 
i n principl e unnecessar y fo r  an y cooperativ e dialogue . 
We describ e a  simulatio n o f  suc h dialogue s i n a  simpl e 
domain ,  an d attemp t  t o generaliz e th e principle s o f  thi s 
simulation ,  firs t  t o explai n feature s o f  huma n dialogu e 
i n thi s domain ,  the n thos e o f  cooperativ e diedogue s i n 
general . 
We propos e tha t  fo r  th e purpose s o f  cooperativ e inter -
action ,  th e statu s o f  al l  deeply-neste d belief s abou t  eac h 
concep t  ca n b e conjoine d int o a  singl e represente d va -
lue ,  whic h wil l  b e Jiffecte d b y reasonin g tha t  migh t  b e 
expecte d t o lea d t o conclusion s i n term s o f  deeply-neste d 
beliefe .  W e conced e tha t  peopl e ar e capabl e o f  usin g in -
dividua l  deeply-neste d belief ^  t o som e degree ,  bu t  suc h 
belief s nee d onl y b e handle d expUcitl y i n dialogue s in -
volvin g secrec y o r  deception . 

Introduction 

Currentl y th e mos t  popula r  peireulig m fo r  th e analysi s o f 
cooperativ e dialogue s i s tha t  o f  viewin g communicatio n 
as plan-base d ratione d aiction .  Thi s approac h ha s bee n 
appUe d t o straightforwar d instructiona l  dialogue s (Po -
wer ,  1974 ;  Cohe n &  Levesque ,  1980) ,  t o th e generatio n 
of  appropriat e referrin g expression s (Appelt ,  1985) ,  t o 
helpfu l  response s (Allen ,  1983) ,  t o risk-tjikin g an d reco -
ver y (Carletta ,  1992 )  an d t o indirec t  request s an d decep -
tio n (Taylor ,  1994) .  Al l  thes e system s mode l  utterance s 
as bein g component s o f  plan s require d t o achiev e certai n 
conrniimicativ e effects . 

Sinc e on e o f  th e eflFect s o f  an y utteranc e i s t o chang e 
th e stat e o f  min d o f  th e Eiddressee ,  a  syste m fo r  plannin g 
utteraince s mus t  b e capabl e o f  representin g th e belief s o f 
it s conversant ,  i.e. ,  i t  mus t  b e a  mode l  o f  a n agen t  wit h 
neste d beliefs .  T h e comprehensio n o f  utterance s ca n b e 
modelle d a s pla n recognition ;  i f  a n agent' s pla n refer s t o 
neste d beliefs ,  the n anothe r  agent' s recognitio n o f  thi s 
plci n mus t  refe r  t o belief s a t  th e secon d leve l  o f  nesting , 
i.e. ,  th e swidressee' s belief s abou t  wha t  th e speake r  be -
lieve s th e addresse e t o believe .  Taylor' s C Y N I C (1994 ) 
model s deceptio n b y allowin g agent s t o pla n fo r  thei r 
intention s t o b e recognize d i n a  particula r  way ;  suc h ex -
ample s emplo y furthe r  level s o f  belie f  nesting . 

Thi s pgiradig m encourage s on e t o conside r  tha t  a n ap -
propriat e mode l  fo r  a n agen t  engage d i n didogu e mus t 

includ e a  belie f  databas e capabl e o f  representin g neste d 
belief s t o an y require d degree .  Hintikka' s (1962 )  epi -
stemi c logi c ha s bee n use d a s th e basi s o f  a  numbe r  o f 
language s o f  belie f  fulfillin g thi s requiremen t  (se e Fagi n 
an d Hadpern ,  1988) .  Th e mos t  flexibl e o f  thes e model s 
ar e thos e base d o n nonmonotoni c inferenc e systems ,  e.g. , 
Perrault' s  (1990) ,  whic h ar e capabl e o f  describin g wha t 
happen s whe n a n utteranc e fail s t o achiev e it s desire d 
effect . 

Suc h models ,  however ,  d o no t  see m t o correspon d t o 
what  actuall y goe s o n durin g a  typica l  cooperativ e dia -
logue .  Accordin g t o Gric e (1957) ,  prope r  comprehen -
sio n o f  a n utteranc e i s onl y achieve d whe n th e speake r 
an d heare r  shar e a  mutua l  belie f  abou t  wha t  th e spea -
ker  intende d t o communicate .  Mutua l  belief ,  accordin g 
t o Grice  an d others ,  i s  th e stat e wher e tw o conversant s 
eac h believ e something ,  believ e on e anothe r  t o believ e it , 
believ e on e anothe r  t o believ e themselve s t o believ e it , 
an d s o o n t o an y degre e o f  nesting .  Clar k an d Meirshal l 
(1981 ,  hereinafte r  referre d t o a s C & M )  discus s example s 
suc h a s th e following :  A n n an d B o b hav e spoke n abou t 
th e movi e the y believ e wil l  b e showing ,  bu t  late r  A n n 
pencil-mark s a n articl e i n th e pape r  announcin g tha t  th e 
movi e ha s bee n changed .  Late r  still .  B o b pick s u p th e 
pape r  an d look s a t  th e marke d article ,  an d A n n see s hi m 
doin g s o bu t  i s no t  hersel f  seen .  Followin g thi s sequenc e 
of  events ,  A n n know s tha t  B o b know s tha t  A n n know s 
tha t  th e movi e ha s bee n changed ,  bu t  the y d o no t  mu -
tuall y kno w it ,  an d i n suc h case s A n n e canno t  refe r  t o 
"tonight' s movie "  unambiguousl y whe n tadkin g t o Bob . 
C & M argu e tha t  sinc e n o finit e numbe r  o f  neste d belief s 
ar e operatiouedl y equivalen t  t o mutua l  belief ,  th e latte r 
must  b e establishe d directly ,  throug h event s i n whic h 
bot h agent s participat e ("co-presenc e events" ,  suc h a s 
utterance s i n dialogues )  o r  b y awarenes s o f  a  c o m m o n 
background . 

I t  i s  apparen t  tha t  human s hav e difficult y reasonin g 
abou t  individua l  deepl y neste d beliefs .  C & M ' s example s 
requir e carefu l  thought ,  a s doe s th e "spies "  exampl e fro m 
CYNIC . ^  True ,  everyda y conversatio n ca n b e analyse d 
i n term s o f  plannin g an d pla n recognitio n a s form s o f 
theorem-provin g i n a  full y expressiv e logi c o f  belief .  Bu t 
as lon g a s w e ar e conten t  t o hav e ou r  actua l  plan s reco -

^Sergei :  "Th e secre t  weapo n i s i n Dneprpetrovsk. "  Na -
tasha :  "Ah ,  I  gues s th e secre t  weapo n i s i n Dneprpetrovsk . 
You wouldn' t  sa y tha t  unles s yo u wante d m e t o thin k i t  wa s 
i n KrasnoyEtrsk! " 
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gnized ,  w e nee d no t  concer n ourselve s wit h deepl y neste d 
beliefs .  Onl y whe n practicin g deceptio n d o w e pla n fo r 
our  interlocutor s t o recogniz e som e pla n whic h w e wis h 
the m t o ascrib e t o us .  I n cooperativ e dialogues ,  th e re -
quiremen t  t o reaso n abou t  pla n recognitio n onl y arise s 
when misunderstanding s occur ;  i n suc h cases ,  conver -
sant s ca n aver t  th e nee d fo r  deeply-neste d reasonin g b y 
strategie s suc h a s directl y expoundin g thei r  ow n beliefs , 
and directl y questionin g th e partner' s beliefs .  W e con -
ten d tha t  peopl e als o us e suc h strategie s i n situation s 
suc h a s th e C & M examples ,  wher e privat e deeply-neste d 
belief s ca n b e inferre d fro m wha t  ha s take n place . 

The argumen t  o f  thi s pape r  i s tha t  th e belief s tha t 
pla y a  par t  i n cooperativ e dicilogu e ca n b e represente d 
usin g onl y thre e explici t  level s o f  nesting ,  whic h togethe r 
implicitl y  represen t  mutua l  belief .  I n th e nex t  sectio n w e 
shcJ l  describ e th e H C R C M a p Tas k Corpu s (Anderso n e t 
al. ,  1991) ,  an d ou r  simulatio n o f  th e wa y peopl e tackl e 
th e task .  Thi s i s base d o n Carletta' s J A M (1992) ,  i n 
whic h agent s ar e modelle d a s havin g onl y belief s dow n 
t o a  fixed  leve l  o f  nesting .  Subsequentl y w e wil l  illustrat e 
ho w eve n i f  th e domai n i s extende d t o includ e potentiall y 
ambiguou s maps ,  onl y thre e explici t  level s o f  nestin g ar e 
neede d fo r  agent s i n th e simulation .  Finall y w e shcil l 
argu e tha t  i n domain s i n whic h th e informatio n availabl e 
allow s th e inferenc e o f  mor e deepl y neste d privat e beliefs , 
a mode l  wit h thre e level s wil l  giv e result s characteristi c 
of  huma n performanc e i n cooperativ e situations . 

Simulation of Map Task dialogues 

The domain of this model is the HCRC Map Task (An-
derso n e t  ai ,  1991) ,  a n experimenta l  tas k i n whic h tw o 
participant s ar e eac h give n maps ,  o n on e o f  whic h i s mar -
ked a  route .  Th e map s consis t  o f  labelle d pictographica l 
landmarks ,  an d purpor t  t o represen t  th e sam e terrain , 
but  diffe r  wit h respec t  t o som e o f  th e landmark s an d 
some o f  thei r  labels .  Th e participan t  whos e m a p ha s th e 
rout e marke d (th e instructio n giver ,  o r  IG )  attempt s t o 
communicat e i t  t o th e othe r  (th e instructio n follower ,  o r 
IF )  a s accuratel y a s possible .  On e o f  th e objective s i n 
th e desig n o f  th e tas k wa s t o explor e ho w peopl e cop e 
wit h situation s i n cooperativ e problem-solvin g i n whic h 
th e participants '  belief s ar e initiall y  a t  variance .  W e fee l 
tha t  despit e th e relativ e simplicit y o f  th e proble m do -
main ,  th e M a p Tas k i s typica l  o f  cooperativ e dialogu e 
domain s i n respec t  o f  th e nesting s o f  belief s require d du -
rin g proble m solving .  Rea d worl d situation s allo w con -
versant s t o mak e us e o f  a  variet y o f  experience-base d an d 
deductiv e techniques ,  bu t  ascribin g belief s t o one' s part -
ner  i s don e throug h th e sam e mechanism s o f  co-presence , 
share d worl d knowledg e an d neste d reasonin g (puttin g 
onesel f  i n one' s partner' s  shoes) .  Thes e technique s un -
derl y system s tha t  mode l  muc h mor e comple x domains , 
suc h a s Kobsa' s (1990 )  financial  advisor . 

The standar d approac h t o modellin g task-oriente d 
dialogue s involve s plannin g an d pla n recognitio n base d 
on neste d beliefs ,  e.g. ,  Pollac k (1990) ,  Gros z &  Sidne r 
(1990) .  Ou r  simulatio n i s base d o n Carletta' s J A M 
(1992) ,  i n whic h agent s reaso n abou t  th e conten t  o f  th e 
dialogu e usin g neste d beliefs .  I n th e simulation ,  a  par -

ticipan t  nee d onl y explicitl y  represen t  proposition s rela -
tin g to : 

•  Wha t  i s o n th e maps ,  i.e. ,  wha t  i s o n he r  ow n m a p 
plu s wha t  sh e ha s worke d ou t  t o b e o n he r  partner' s 
m ap (objec t  leve l  behefs ) 

•  W h a t  he r  partne r  think s i s o n th e map s (firs t  leve l 
neste d beliefs) , 

•  W h a t  he r  partne r  think s sh e think s i s o n th e map s 
(secon d leve l  neste d beliefs) . 

I n ou r  model ,  proposition s o f  th e las t  tw o type s ar e im -
plicitl y  take n t o b e themselve s th e subject s o f  mutua l 
beliefs .  Fo r  example ,  i f  Caro l  think s T o m ha s a  swaunp , 
the n Caro l  think s T o m think s Caro l  think s T o m ha s a 
swamp,  an d s o on .  The y correspon d t o wha t  Kobs a 
(1985 )  call s "infinitel y reflexive "  beliefs ,  an d ca n b e com -
bine d wit h objec t  leve l  belief s t o produc e ful l  mutus d be -
lief s abou t  domai n concepts .  Kobsa' s B G P - M S (1990 ) 
user  mode l  allow s individua l  neste d belief s t o b e inheri -
te d fro m categorie s o f  nestin g levels ,  bu t  th e thre e type s 
describe d abov e ar e referre d t o a s primitive s an d alway s 
distinguishe d fro m eac h other . 

The syste m use s th e notion s o f  concept s an d vividnes s 
t o describ e th e informatio n exchange d i n m a p tas k inter -
actions .  Thes e idea s wer e introduce d i n J A M ,  an d wer e 
shown t o b e reducibl e t o propositione d informatio n b y 
Taylo r  (1993) .  Basically ,  item s o n th e map s (landmark s 
or  rout e sections )  correspon d t o concept s i n agents '  in -
terna l  states ,  an d havin g a  concep t  vivi d mean s knowin g 
wher e th e ite m i s (o r  woul d be )  o n one' s ow n map ,  alt -
houg h actua l  positiona l  informatio n i s no t  used .  J A M 
als o introduce s th e ide a o f  awarenes s a s a  lowe r  degre e 
of  acquaintemc e wit h a  concep t  tha n vividness .  Awaren -
ess i s cds o reducibl e t o propositiona l  knowledge ,  namel y 
tha t  ther e exist s a n ite m t o whic h a n expressio n refers . 

Agent architecture for the simulation 

Our  simulatio n i s base d o n J A M ,  an d retain s th e ba -
si c desig n i n whic h agent s ar e constraine d t o spea k i n 
turns ,  an d respon d t o on e another' s utterance s befor e 
applyin g thei r  communicativ e strategie s t o initiat e fur -
the r  exchanges .  I t  ha s bee n altere d t o us e a n A T M S -
base d belie f  networ k an d a  principle d representatio n o f 
th e effect s o f  utterance s (Taylor ,  1993) ,  bu t  retain s th e 
fairl y  standar d plannin g an d pla n recognitio n system s o f 
th e original .  Utterance s £u: e action s wit h condition s i n 
term s o f  th e speaker' s stat e o f  belief ,  bu t  onc e the y occu r 
the y ar e themselve s subject s o f  mutue J beliefs ,  an d thu s 
mutua l  belief s abou t  th e speaker' s stat e o f  belie f  ca n b e 
derive d from  them ,  e.g. ,  afte r  a n indiciativ e utterance , 
th e agent s mutuall y believ e th e propositio n expressed . 
Thes e inference s correspon d t o som e o f  th e effect s o f  ut -
terance s a s modelle d i n Kobsa' s V I E - D P M (1985) . 

The simulatio n ca n b e se t  u p t o edlo w th e representa -
tio n o f  distinc t  neste d belief s dow n t o an y give n level ;  w e 
hav e experimente d wit h bot h fewe r  an d mor e level s tha n 
th e thre e liste d above .  W h e n a n utteranc e occurs ,  th e 
resultin g neste d belief s ar e adde d t o th e databas e dow n 
t o th e dept h limi t  i n force ,  an d an y othe r  resultin g belie f 
revision s ar e propagate d throug h th e network .  Th e plan -
nin g an d pla n recognitio n component s o f  th e syste m ca n 
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quer y th e databas e abou t  belief s a t  an y leve l  o f  nesting , 
but  whe n th e leve l  i s  deepe r  tha n th e nestin g limi t  th e 
resul t  wil l  b e extrapolate d fro m shallowe r  belief s usin g 
th e rul e tha t  proposition s a t  th e deepes t  tw o explicitl y 
represente d level s ar e tcike n t o b e mutuall y known . 

Agent s ca n hol d disjunction s o f  belief s (represente d b y 
differen t  environment s withi n th e A T M S)  an d believ e i n 
logicei l  implication s (represente d b y justification s withi n 
th e A T M S ) .  Apar t  fro m th e limitatio n o n neste d beliefs , 
th e mode l  follow s a  KD4 5 (weji k S5 )  moda l  logi c o f  belief . 

Utterances in the simulation 

Agent s ar e cheiracterize d b y thei r  choic e o f  communica -
tiv e strategies .  Wit h regar d t o th e introductio n o f  re -
ferrin g expressions ,  th e I G ha s tw o strategie s t o choos e 
from .  I n th e "safe "  strategy ,  h e mention s landmark s 
unti l  enoug h hav e bee n establishe d a s mutuall y know n 
t o suppor t  description s o f  rout e section s o r  othe r  land -
marks .  Thi s produce s dialogu e suc h a s th e following : 

Exampl e 1  ; 
IG :  "D o yo u hav e th e pal m beach? " 
IF :  "Yes. " 
IG :  "D o yo u hav e th e swamp? " 
IF :  "Yes. " 
IG :  "Th e first  sectio n goe s betwee n th e pal m beac h an d 
th e swamp. " 

Thi s strateg y neve r  require s combination s o f  neste d be -
lief s othe r  tha n th e type s tha t  ar e presen t  i n th e initia l 
situation .  A s lon g a s eil l  th e propose d reference s ax e ac -
cepted ,  thei r  mutua l  vividnes s i s adde d directl y fo r  bot h 
agents ,  an d description s usin g the m eir e alway s under -
stood .  I f  a  referenc e i s propose d an d no t  agreed ,  th e I G 
knows th e I F i s onl y awar e o f  it ,  an d th e I F know s th e I G 
has i t  vivid ,  i.e. ,  i t  ha s th e sam e statu s a s a n undescribe d 
rout e section . 

Alternatively ,  th e I G ca n describ e section s usin g ne w 
landmark s an d provid e additiona J description s o f  thes e 
section s o r  lamdmark s i f  th e firs t  description s ar e no t  ac -
cepted .  A n excunpl e o f  dialogu e produce d b y thi s "risky " 
strateg y is : 

Exampl e 2  ; 
IG :  "Th e first  sectio n goe s t o th e lef t  o f  th e swamp. " 
IF :  " I  d o no t  understand. " 
IG :  "Th e swam p i s belo w th e waterfall " 

Thes e strategie s ca n b e mixed ,  an d a  characterizatio n 
of  th e effect s o f  meta-statement s suc h a s " I  thin k we'r e 
i n troubl e here "  migh t  includ e bringin g abou t  a  shif t  i n 
strategy . 

Generating cooperative responses 

Bot h thes e strategie s stic k t o th e neste d belie f  type s jJ -
read y mentioned ,  bu t  th e latte r  ma y forc e th e I G t o kee p 
trac k o f  a  lo t  o f  differen t  possibilitie s regardin g th e cau -
ses o f  a  failure .  Cai n utterance s referrin g t o mor e deepl y 
neste d belief s b y eithe r  agen t  improv e th e situation ? I n 
th e simulation ,  on e o f  th e strategie s availabl e t o th e I F 
i s t o appl y pla n recognitio n t o an y utteranc e b y th e IG . 
Ther e ar e tw o case s wher e thi s maJce s a  differenc e t o th e 
dicdogue .  Firstly ,  whe n th e I F reject s a  description ,  h e 

migh t  recogniz e th e IG' s pla n t o ge t  hi m t o hav e th e 
subjec t  o f  th e descriptio n vivid .  Th e I F ca n the n hims -
el f  pla n t o ge t  vivi d th e referent s i n th e descriptio n wit h 
whic h h e ha s a  problem .  Thi s result s i n hi s askin g que -
stion s abou t  them ,  e.g. , 

Exampl e 3  ; 
IG :  "Th e first  sectio n goe s betwee n th e pal m beac h an d 
th e swamp. " 
IF :  " I  d o no t  understand .  Wher e i s th e swamp? " 

Thes e produc e mutua l  belie f  tha t  th e I F i s onl y awar e 
of  th e querie d landmark ,  a s d o rejection s o f  individua l 
mentions ,  thu s reducin g th e numbe r  o f  disjunct s tha t 
need t o b e considere d b y th e IG .  Thi s typ e o f  assistanc e 
does no t  nee d th e belie f  representatio n t o b e extended ; 
th e I F i s recognizin g th e IG' s origina l  plan ,  i.e. ,  tha t  th e 
I F hav e th e subjec t  o f  th e descriptio n vivid .  Thi s goa l 
i s  a  second-leve l  belie f  a s fa r  a s th e I F i s concerned ,  an d 
i f  onl y tw o level s ar e represente d explicitly ,  th e databas e 
extrapolate s th e IF' s actua l  lac k o f  vividnes s abou t  th e 
subjec t  a s i f  i t  wer e mutuall y known ,  t o conclud e tha t 
th e I G di d indee d believ e th e I F no t  t o hav e th e subjec t 
vivid ,  an d hi s pla n wa s therefor e t o ge t  th e I F t o hav e 
i t  vivid .  Th e I F the n adopt s thi s plan ,  an d ask s abou t 
thos e referent s o f  th e origina l  descriptio n whic h h e doe s 
not  have . 

Secondly ,  th e I F migh t  indicat e whe n a  repai r  descrip -
tio n ha s resulte d i n th e origina l  descriptio n becomin g 
full y understood ,  thu s removin g th e nee d fo r  th e I G t o 
continu e providin g description s fo r  th e referents .  Conti -
nuin g th e abov e exampl e dialogue : 

Exampl e 4  ; 
IG :  "Th e swam p i s t o th e lef t  o f  th e waterfall. " 
IF :  "OK .  I  a m don e talkin g abou t  th e first  section. " 

For  thi s cas e w e nee d t o exten d th e databas e t o repre -
sent  neste d belief s a t  th e secon d leve l  explicitly .  Thi s i s 
becaus e afte r  th e I F ha s receive d th e repai r  description , 
he ha s th e "firs t  section "  vivi d bu t  doe s no t  believ e tha t 
th e I G believe s h e ha s i t  vivid .  I n orde r  t o plji n th e las t 
utteranc e t o hel p th e IG ,  th e IF' s lac k o f  vividnes s a t 
th e secon d leve l  mus t  b e kep t  distinc t  fro m hi s actua l 
vividnes s abou t  th e subject . 

Handling ambiguity 

I n som e o f  th e ma p tas k examples ,  on e o f  th e agent s ha s 
tw o landmark s o n he r  ma p wit h identica l  name s an d pic -
tures ,  onl y on e o f  whic h als o appear s o n th e othe r  agent' s 
map.  O n othe r  pedr s o f  maps ,  landmark s appea r  i n th e 
same plac e tha t  ar e differen t  bu t  semanticall y related , 
e.g. ,  "swamp "  an d "crocodiles" .  I s i t  possibl e tha t  on e 
of  thes e ma p pair s migh t  b e bette r  handle d b y agent s 
usin g a  large r  se t  o f  neste d belie f  state s tha n tha t  de -
scribe d above ? 

Reasoning about referring expressions 

Let  u s star t  wit h potentia l  ambiguit y cause d b y pair s o f 
identica l  landmarks .  A s soo n a s on e agen t  mention s tha t 
she ha s tw o o f  anything ,  the y mutuall y kno w tha t  thi s 
possibilit y  exists .  Th e "safe "  strateg y describe d abov e 
must  no w b e mad e safer ,  sinc e i f  on e agen t  ask s i f  th e 
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othe r  ha s a  landmar k an d th e othe r  replie s "yes" ,  i t  m a y 
not  b e th e saim e one .  I n suc h situations ,  peopl e ma y 
augment  thei r  reference s wit h descriptions ,  e.g. ,  "D o yo u 
hav e a  swcim p nea r  th e lef t  han d side? "  o r  "Ar e ther e 
some pal m tree s clos e t o a  wreck?" .  Mor e usually ,  howe -
ver ,  th e participant s rel y o n thei r  mutua l  belie f  tha t  an y 
new referent s wil l  b e t o landmark s clos e t o th e curren t 
rout e sectio n unles s the y ar e explicitl y  indicate d t o b e 
otherwise . 

The us e o f  proximit y o r  extr a description s ha s no t 
been modelle d i n th e simulation ,  a s the y d o no t  requir e 
any additiona d neste d belie f  states .  However ,  th e possi -
bilit y  mus t  no w b e take n int o accoun t  tha t  eve n whe n 
th e agent s hav e agree d o n a  reference ,  the y migh t  eac h 
hav e identifie d i t  wit h a  landmar k i n a  differen t  place . 
So whe n on e make s th e firs t  mentio n o f  a  landmark ,  th e 
othe r  create s a  ne w concep t  fo r  it ,  expressing ,  e.g. ,  "wha t 
my partne r  mean s b y 'th e swjimp '  " .  Suc h a  concep t  i s 
not  th e subjec t  o f  an y neste d beliefs ;  ther e i s a  firs t  leve l 
nestin g inheren t  i n it s semantics .  W h a t  h e doe s wit h 
thi s concep t  the n depend s o n wha t  h e ha s o n hi s ow n 
map an d o n hi s o w n strategy .  I t  m a y b e tha t  h e canno t 
identif y th e ne w concep t  wit h anythin g o n hi s map ,  an d 
reject s i t  o r  request s a  clarificatio n description .  W h a t 
happen s i n thi s cas e i s th e sam e a s i n th e nonambiguou s 
map case ,  excep t  tha t  possibl y th e clarificatio n give n 
wil l  resul t  i n th e I F identifyin g th e ne w concep t  wit h a 
landmar k alread y o n hi s map . 

I f  th e addresse e accept s th e concept ,  ther e i s stil l  a 
need fo r  bot h agent s t o b e abl e t o recove r  i n th e even t 
tha t  h e ha s i t  wrong .  S o th e concep t  become s vivi d onl y 
by virtu e o f  bein g associate d wit h anothe r  vivi d land -
mark ,  e.g. ,  somethin g actuall y o n hi s map .  Th e asso -
ciatio n i s itsel f  th e subjec t  o f  a  mutua l  belief ,  bu t  i f  th e 
addresse e ha s m a d e th e wron g association ,  thei r  mutua l 
belief s ar e wrong .  Thi s m a y no t  b e detecte d a t  all ,  i n 
whic h cas e n o ne w type s o f  belie f  ar e involved ,  jus t  wron g 
ones o f  th e type s alread y described .  Bu t  a  wron g associa -
tio n ma y lea d t o a n inconsistency ,  i n whic h cas e i t  i s  firs t 
disbelieve d a t  th e objec t  leve l  b y th e agen t  notin g th e 
inconsistency ,  the n renegotiate d an d eithe r  restore d o r 
throw n ou t  altogether .  Thi s proces s i s describe d briefl y 
by Taylo r  (1993) . 

The agen t  w h o originall y m a d e th e referenc e ca n hav e 
belief s abou t  whethe r  o r  no t  hi s partne r  think s i t  refer s 
t o th e righ t  landmark .  Thes e belief s refe r  t o on e o f  hi s 
own landmark s an d a  concep t  standin g fo r  "tha t  whic h 
my partne r  think s I  a m referrin g to" .  Thes e ar e no t 
neste d beliefs ,  althoug h ther e i s a  secon d leve l  nestin g 
inheren t  i n th e existenc e o f  th e latte r  concept .  I t  migh t 
appea r  tha t  furthe r  concept s o f  thi s sort ,  e.g. ,  "Tha t 
whic h h e think s I  thin k h e i s referrin g to" ,  migh t  b e re -
quired ,  bu t  an y reasonin g proces s whic h woul d chang e 
th e associatio n o f  suc h a  concep t  woul d als o chang e tha t 
of  th e correspondin g concep t  a t  th e first  level ,  sinc e an y 
subsequen t  us e o f  tha t  referrin g expressio n b y th e agen t 
who introduce d i t  woul d hav e t o tak e int o accoun t  th e 
fac t  tha t  thi s i s n o w th e interpretatio n h e expect s hi s 
partne r  t o make ,  an d h e neve r  want s hi s partne r  t o mak e 
th e wron g interpretation .  Thi s i s know n b y bot h agents , 

so neithe r  nee d hav e representation s o f  mor e deepl y ne -
ste d belief s abou t  referrin g expressions . 

Extending the picture beyond the 

s i m u l a t i o n 

I n orde r  t o argu e successfiill y  tha t  mor e deepl y neste d 
belief s tha n thos e describe d abov e ar e i n principl e unne -
cessar y i n description s o f  ho w human s behav e i n coo -
perativ e diadogue ,  w e mus t  sho w tha t  th e conversationa l 
strategie s describe d abov e ar e alway s adequat e fo r  situa -
tion s i n whic h participant s nee d t o acquir e informatio n 
abou t  on e another' s state s o f  mind .  T h e ultimat e objec -
tiv e o f  cooperativ e dialogu e i s th e establishmen t  o f  full y 
mutua l  beliefs ,  s o w e expec t  peopl e t o us e utterance s 
tha t  lea d directl y t o ful l  mutua l  belief s wheneve r  possi -
ble .  However ,  i f  ther e i s a  possibilit y  tha t  a  referenc e 
has bee n incorrectl y interpreted ,  conversamt s m a y hav e 
t o refe r  explicitl y  t o on e anothers '  state s o f  min d i n or -
der  t o resolv e th e problem .  W e conten d tha t  whereve r  a 
situatio n allow s a  misunderstandin g concernin g a  secon d 
or  deepe r  leve l  neste d belief ,  recover y strategie s ar e use d 
tha t  attemp t  t o re-establis h mutua l  beUe f  directl y b y a n 
alternativ e rout e rathe r  tha n patc h u p th e existin g se t 
of  beliefs . 

Utterances referring to deeply nested beliefs 

We ca n us e M a p Tas k example s t o categoriz e th e way s 
i n whic h people' s privat e belief s m a y becom e les s certai n 
afte r  a  mutua l  belie f  ha s bee n established .  I f  on e parti -
cipan t  introduce s a  descriptio n an d he r  partne r  accept s 
it ,  the y hav e mutua l  vividnes s abou t  wha t  i s  bein g refer -
re d to .  N o w th e agen t  w h o accepte d th e referenc e may , 
due t o subsequen t  inconsistencies ,  star t  t o believ e tha t 
she ha s i t  wrong .  I n thi s case ,  sh e i s unsur e abou t  he r 
private ,  object-leve l  componen t  o f  wha t  i s otherwis e a 
mutua l  belie f  an d ca n as k abou t  i t  explicitly : 

E x a m p l e 5  ;  "I' m no t  sur e I  hav e tha t  swam p afte r  all . 
W as i t  nea r  th e waterfall? " 

Alternatively ,  th e on e w h o offere d th e descriptio n ori -
ginall y migh t  begi n t o suspec t  tha t  th e othe r  m a y hav e 
got  i t  wrong ,  fo r  instanc e i f  sh e subsequentl y faiil s  t o 
make a  connectio n tha t  shoul d b e unproblematic .  Here , 
th e offere r  ha s a  private ,  first-level  belie f  tha t  differ s from 
bot h he r  object-leve l  belie f  aui d th e earlie r  mutua l  belief . 
Again ,  sh e ca n explicitl y  as k abou t  it : 

E x a m p l e 6  ;  "Wher e d o yo u thin k m y pal m beac h is? " 

Th e exampl e take s th e for m o f  a  questio n a s i t  i s  infe -
licitou s t o mak e assertion s abou t  a n addressee' s menta l 
state s (Searle ,  1975) . 

Bot h th e state s o f  belie f  i n thes e example s ca n b e 
represente d withi n th e mode l  w e hav e described ,  bu t 
continuin g th e sequenc e produce s a n exampl e involvin g 
privat e uncertaint y abou t  a  second-leve l  neste d belief , 
whic h ou r  mode l  woul d conflat e wit h uncertadnt y abou t 
aJl  deeply-neste d beliefs .  Thi s woul d happe n i f  th e agen t 
w ho accepte d th e descriptio n subsequentl y becam e con -
cerne d tha t  he r  behaviou r  migh t  b e leadin g he r  partne r 
t o suspec t  tha t  sh e i s no t  sur e abou t  th e identit y o f  th e 
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referent .  T h e utteranc e fo r  thi s situatio n correspondin g 
t o th e abov e example s woul d be : 

E x a m p l e 7  ;  "I' m no t  sur e yo u believ e I  hav e tha t  pal m 
beach. " 

which ,  take n literally ,  assert s tha t  th e speake r  i s unsur e 
whethe r  th e addresse e think s th e speake r  ha s th e con -
cep t  o f  th e pal m beac h vivid .  Ther e ar e tw o problem s 
wit h thi s example ;  firstly ,  i t  i s  difficul t  t o imagin e a  si -
tuatio n i n whic h someon e migh t  com e t o believ e tha t 
her  conversan t  think s sh e ha s misunderstoo d somethin g 
withou t  suspectin g tha t  sh e actusJl y ha s misunderstoo d 
it ,  an d secondl y i f  th e situatio n shoul d arise ,  sh e ca n re -
solv e th e proble m wit h a  simple r  utterance ,  reaffirmin g 
tha t  sh e ha s understoo d th e origina l  referent ,  suc h a s " I 
do hav e tha t  ped m beach" . 

T h e m a p tas k corpu s i s Jictuall y quit e poo r  i n exam -
ple s i n whic h reference s ar e incorrectl y resolved ;  compa -
rin g proximit y t o th e curren t  sectio n usuall y result s i n 
error s bein g resolve d quickly ,  an d wher e a n erro r  i s de -
tecte d sSte r  a  significan t  interva l  ther e i s a  tendenc y t o 
thro w awa y al l  wor k don e afte r  th e erro r  rathe r  tha n re -
evaluat e an y description s relatin g t o th e subjec t  o f  th e 
mistake . 

Problems in which deeply nested beliefs 

aris e 

As w e hav e Seiid ,  th e initia l  situatio n i n th e m a p tas k ca n 
be describe d i n term s o f  belie f  state s tha t  ar e discrimina -
te d b y ou r  model .  However ,  som e real-lif e situation s m a y 
affor d th e inferenc e o f  privat e deeply-neste d beliefs ,  suc h 
as happen s i n C & M ' s movi e examples ,  i n whic h peopl e 
Ccmnot  mcik e felicitou s definit e references ,  despit e havin g 
serie s o f  neste d belief s abou t  th e identit y o f  th e referent . 
C & M propos e tha t  i n mcikin g a  reference ,  a  conditio n o f 
ful l  mutua l  beUe f  i s checked ,  an d tha t  thi s conditio n i s 
specificall y asserte d b y co-presenc e events .  An y privat e 
beUef s late r  cicquire d b y on e agen t  tha t  diffe r  fro m th e 
origina l  mutua l  beUe f  wil l  caus e i t  t o ceas e t o b e m u -
tual ,  an d m a k e referenc e impossible .  I n practice ,  peopl e 
i n suc h a  situatio n wil l  ofte n ope n wit h a  question ,  suc h 
as "Di d yo u kno w th e movie' s bee n changed? " 

However ,  peopl e m a y us e expression s i n th e absenc e o f 
ful l  mutua l  knowledg e o f  thei r  referen t  i f  the y ar e con -
fident  enoug h tha t  the y kno w wha t  share d knowledg e 
doe s exist .  I f  on e know s tha t  a  cinem a programm e ha s 
bee n changed ,  i t  woul d see m unreasonabl e t o discoun t 
th e possibilit y  tha t  one' s conversan t  know s abou t  th e 
chang e eve n i f  ther e i s n o direc t  reaso n t o thin k tha t 
the y do .  O n th e othe r  hand ,  i n a  situatio n i n whic h on e 
perso n know s tha t  th e "true "  referen t  o f  a n expressio n 
has changed ,  bu t  ca n b e confiden t  tha t  thei r  conversan t 
doe s no t  kno w this ,  the y ca n continu e t o us e th e expres -
sio n t o denot e th e previou s referent . 

For  instance ,  A n n o r  B o b coul d say :  "Th e lates t  For d 
Escor t  doe s 4 0 mile s pe r  gallon "  wit h n o ris k o f  misun -
derstanding ,  eve n i f  A n n work s a t  For d an d know s ther e 
i s a  to p secre t  prototyp e o f  a  newe r  Escor t  tha t  doe s 5 0 
mile s pe r  gallon .  He r  confidenc e i n th e secrec y o f  th e exi -
stenc e o f  th e alternativ e referen t  allow s he r  t o use ,  o r  in -
fe r  th e us e of ,  a n "incorrect "  referrin g expressio n withou t 

problems .  I n ou r  belie f  mode l  A n n ha s a n object-leve l 
belie f  tha t  differ s from  he r  first-  an d second-leve l  neste d 
beliefs ,  whic h ai e derive d fro m cultura l  co-presenc e o f 
th e newes t  Escor t  i n th e showrooms . 

N ow le t  u s sa y tha t  unbeknowns t  t o Ann ,  Bo b hap -
pen s t o b e a n industria l  sp y an d ha s recentl y pai d a  clan -
destin e visi t  t o th e For d factory ,  o n whic h h e discovere d 
th e existenc e o f  th e prototyp e an d Ann' s involvemen t 
wit h it .  Confiden t  tha t  h e ha s no t  bee n detected ,  h e 
ca n understan d Ann' s referenc e a s meanin g th e currentl y 
availabl e Escort ,  an d coul d us e tha t  referenc e th e sjim e 
way himself .  W e no w mode l  hi m a s havin g object-leve l 
an d first-level  neste d belief s tha t  th e prototyp e Escor t  i s 
th e newest ,  bu t  usin g hi s second-leve l  neste d belie f  tha t 
th e showroo m Escor t  i s  newes t  t o construc t  o r  under -
stan d reference s t o it . 

But  i f  A n n ha s watche d Bob' s visi t  o n a  vide o from 
a hidde n securit y camera ,  ou r  mode l  canno t  distinguis h 
th e second-leve l  neste d belie f  thu s mad e availabl e (sh e 
know s Bo b know s sh e know s abou t  th e prototyp e cai ) 
fro m an y remainin g neste d belie f  tha t  sh e doe s no t  kno w 
abou t  it .  I n ou r  model ,  suc h a  situatio n woul d creat e a n 
uncertaint y a t  th e deepes t  leve l  o f  nesting .  Th e resul t  i s 
tha t  A n n canno t  refe r  t o eithe r  ca r  simpl y a s "th e ne w 
Escort" ,  an d i f  Bo b use s tha t  expressio n sh e ha s t o as k 
hi m fo r  clarification .  I n a  cooperativ e dialogu e situation , 
thi s behaviou r  i s plausibl e fo r  actua l  humans ;  explicitl y 
askin g fo r  clarification ,  o r  usin g a  mor e specifi c  referrin g 
expression ,  take s les s effor t  tha n th e reasonin g require d 
t o establis h tha t  "th e ne w Escort "  mus t  stil l  mea n th e 
showroo m model . 

Situations involving deception 

I f  th e sequenc e o f  event s i n th e las t  exampl e abov e hap -
pene d i n a  non-cooperativ e situation ,  th e tw o agent s 
migh t  hav e gOEil s o f  no t  givin g awa y wha t  the y kne w 
abou t  on e another ,  an d woul d the n us e "th e ne w Es -
cort "  t o refe r  t o th e showroo m mode l  whils t  watchin g fo r 
th e slightes t  sig n tha t  th e othe r  wa s i n an y doub t  abou t 
it s meaning .  Suc h behaviou r  woul d requir e distinc t  re -
presentatio n o f  deepl y neste d privat e beliefs .  Th e belie f 
stat e hierarch y i n B G P - M S (Kobsa ,  1990 )  allow s thes e 
belief s t o b e distinguishe d whe n necessary ;  w e clai m tha t 
th e criterio n fo r  thei r  bein g necessar y i s th e existenc e o f 
goal s involvin g secrec y o r  deceptio n o n th e par t  o f  eithe r 
conversant . 

Sometimes ,  eve n cooperativ e agent s nee d t o deceiv e 
thei r  partners ;  fo r  example ,  teacher s m a y oversimplif y 
th e trut h deliberatel y i n orde r  t o kee p thei r  tuitio n sim -
pl e enoug h fo r  thei r  student s t o understand .  Physic s 
teacher s describ e Newtonia n mechanic s eve n whe n the y 
kno w abou t  Einstein' s genera l  relativity ,  an d program -
min g ca n b e taugh t  usin g a  "virtua l  machine "  withou t 
mentionin g tha t  th e actua l  machin e i s engage d i n a  lo t 
of  othe r  task s a t  th e sam e time .  I f  th e pupi l  i n suc h 
a situatio n i s non e th e wiser ,  ou r  mode l  handle s i t  cor -
rectly ;  th e onl y differenc e fro m th e non-deceptiv e situa -
tio n i s tha t  th e teache r  ha s privat e object-leve l  belief s 
tha t  diffe r  fro m wha t  i s bein g taught .  W e categoriz e 
suc h situation s a s cooperativ e becaus e th e teache r  ha s 
no commitmen t  t o th e deception .  I f  th e pupi l  suspect s 
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she i s no t  bein g taugh t  th e whol e truth ,  th e teache r  ca n 
come clea n an d procee d wit h th e lesso n wit h th e mutua l 
knowledg e tha t  wha t  i s bein g taugh t  i s a  simplification . 

Conclusion 

Belie f  model s base d o n epistemi c logic s capabl e o f  repre -
sentin g neste d belief s t o a n arbitrar y degre e appea r  t o b e 
superfluou s i n th e modellin g o f  cooperativ e diadogues .  I n 
particuleir ,  th e structur e o f  th e m a p tas k domai n i s suc h 
tha t  agent s talkin g par t  i n th e tas k d o no t  nee d t o brin g 
t o bea r  o n i t  an y neste d belief s a t  mor e tha n on e leve l  o f 
nesting ,  excep t  fo r  ful l  mutua l  belief .  Thi s explain s ho w 
J A M i s abl e t o generat e a  rang e o f  simulate d m a p tas k 
dijJogue s withou t  modellin g belief s a t  mor e tha n tw o le -
vel s o f  nestin g — th e secon d leve l  o f  nestin g i n J A M i s 
equivalen t  t o mutue d belie f  betwee n th e participants . 

M ap tas k situation s no t  handle d b y J A M ,  namel y 
maps wit h ambiguou s landmark s o r  differen t  name s fo r 
th e sam e landmark ,  d o no t  requir e expUci t  neste d be -
lief s beyon d th e secon d leve l  either .  Thi s follow s fro m 
th e fac t  tha t  i n cooperativ e dialogue ,  agent s us e refer -
rin g expression s onl y whe n the y believ e the y wil l  b e un -
derstoo d correctly ,  s o th e referre d objec t  i s th e sam e i n 
deepl y neste d belief s a s i n shallowe r  ones . 

Thi s principl e appear s t o hol d i n th e worl d o f  coope -
rativ e dialogu e i n general .  Wher e i t  i s  possibl e t o deriv e 
individua l  deepl y neste d belief s abou t  th e domain ,  suc h 
as i n C & M ' s examples ,  thes e ten d t o b e ignore d i n fa -
vou r  o f  othe r  possibl e way s o f  conveyin g information ,  a s 
i f  ther e i s n o requiremen t  fo r  secrecy ,  conversant s ca n 
alway s tal k abou t  thei r  actua l  object-leve l  beliefs . 

Successfu l  referenc e require s tha t  th e conversant s b e 
co-presen t  a t  a n even t  tha t  make s mutua l  knowledg e o f 
th e referen t  possible ,  bu t  i t  doe s no t  tak e anothe r  co -
presenc e even t  t o alte r  th e possibilit y o f  usin g a  refe -
rence .  I n som e circumstance s referrin g expression s ca n 
be generate d an d understoo d whe n agent s hav e object -
leve l  o r  first-level  neste d knowledg e tha t  differ s fro m tha t 
conferre d b y th e co-presenc e event .  However ,  onl y whe n 
the y ar e concerne d wit h deceptio n d o peopl e differentiat e 
betwee n second-leve l  an d mor e deepl y neste d beliefs .  I n 
othe r  cases ,  a  contradictor y second-leve l  neste d belie f  i s 
enoug h t o interfer e wit h th e us e o f  a  referrin g expression . 
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