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ABSTRACT 

PATHFINDER is a system that solves coordination 
problem s tha t  requir e acquisitio n o f  a  conventio n 
governin g th e intende d meanin g o f  a  symbol .  LEADER 
blaze s a  trai l  throug h a  maz e b y leavin g symbol s i n 
th e variou s paths ,  an d FOLLOWER mus t  fin d LEADER b y 
discoverin g th e Intende d meaning s o f  thes e blazes . 
PATHFINDER i s th e firs t  ste p I n a  projec t  t o desig n 
a syste m tha t  ca n solv e a  variet y o f  coordinatio n 
problem s o f  th e sor t  implicate d i n languag e 
acquisition .  Solvin g certai n coordinatio n problem s 
i s conmun i  eating .  Sinc e coordinatio n proble m 
solutio n ca n becom e conventiona l  (a s Davi d Lewi s ha s 
shown) ,  communicatio n ca n becom e conventional ,  an d 
tha t  i s languag e i n it s mos t  genera l  form .  A s 
convention s ar e acquired ,  mor e sophisitcate d 
coordinatio n problem s ca n b e solved ,  an d mor e 
sophisticate d convention s ca n b e acquired . 
Eventually ,  i t  shoul d b e possibl e t o acquir e 
convention s governin g identifier s an d genera l  terms , 
and thi s wil l  enabl e us e o f  a  firs t  orde r  languag e 
vi a a  recursiv e procedur e adapte d fro m Tarsk i  b y 
Cummins. 

PATHFINDER:  INVESTIGATIN G TH E 
ACQUISITIO N OF COMMUNICATIVE CONVENTIONS 

The PATHFINDER projec t  i s  a  stud y o f  th e 
acquisitio n o f  th e capacit y t o communicat e b y mean s 
of  convention-governe d symbols ,  an d o f  th e knowledg e 
structure s require d fo r  suc h conwun i  cation .  Th e 
projec t  revolve s aroun d a  serie s o f  PATHFINDER 
programs ,  eac h o f  whic h contain s tw o 
programs—LEADER an d FOLLOWER—which togethe r  solv e 
coordinatio n problem s i n a  wa y tha t  require s 
acquisitio n o f  convention s governin g th e meanin g o f 
a symbol .  We begi n b y sketchin g th e theoretica l 
background ,  the n tur n t o PATHFINDER itself . 
In 1973, Jonathan Bennett (Bennett, 1973, 1976) 
outline d a  tw o phas e accoun t  o f  languag e acquisitio n 
base d o n th e pioneerin g wor k o f  Gric e o n meanin g 
(1957 ,  1969 )  an d Lewi s o n convention s (1969) .  I n 
phas e one ,  h e explain s alon g Gricia n line s wha t  w e 
shal l  cal l  pre-conventiona l  communication :  case s i n 
whic h a  speake r  S  perform s som e actio n an d thereb y 
communicate s wit h a n audienc e A  i n a  wa y tha t 
doesn' t  depen d o n th e prio r  existenc e o f  an y share d 
rule s o r  conventions .  I n phas e two ,  h e import s 
Lewis '  accoun t  o f  convention s t o sho w ho w 
pre-conventiona l  case s coul d lea d t o th e 
establishmen t  o f  a  conventio n betwee n S  an d A  wit h 
th e resul t  tha t  S' s act-typ e come s t o hav e a 
conventiona l  meaning .  Sinc e Bennett' s  wor k i n thi s 
are a ha s no t  receive d th e attentio n i t  deserve s 
outsid e o f  philosophy ,  (especiall y i n A I  an d 
cognitiv e psychology )  w e begi n wit h a  brie f  revie w 
of  hi s two-phas e account . 
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Phase One :  Pre-conventiona l  Communication . 
Bennet t  takesTro m Gric e th e r o I  lowin g conditional . 

(G O I f  S  utter s E ,  intendin g thereb y t o 
get  A  t o believ e tha t  p ,  an d relie s fo r 
th e achievemen t  o f  thi s upo n th e Gricia n 
Mechanis m (GM) ,  the n S  mean s b y E  tha t  p . 

Her e i s wha t  w e shal l  understan d b y th e Gricia n 
Mechanism . 

(GM)  A  recognize s S' s intentio n t o ge t  A 
t o believ e tha t  p ,  an d i s le d b y tha t 
recognition ,  throug h trus t  i n S ,  t o 
believ e tha t  p . 

Thi s i s a  simplifie d versio n o f  Grice s mor e recen t 
accounts ,  bu t  w e requir e onl y a  rathe r  crud e 
sufficien t  conditio n a t  thi s stag e o f  th e account . 
Bennet t  claim s tha t  (G O coul d b e satisfie d b y 
pre-linguisti c S  an d A ,  i.e. ,  b y S  an d A  wh o shar e 
no conventiona l  mean s o f  conmunication .  We agre e 
wit h thi s assessmen t  fo r  reason s tha t  wil l  emerg e 
later .  Fo r  no w w e shal l  simpl y assum e tha t 
pre-linguisti c S  an d A  coul d satisf y (GO—thoug h 
perhap s onl y rarel y an d i n rathe r  specia l 
circumstances—an d tha t  (G O doe s I n fac t  formulat e 
a sufficien t  conditio n fo r  coranunicatio n betwee n S 
and A . 
Phase Two: Conventional 1zation. The second 
phas e oT~Bennett' s  accoun t  import s Lewis '  treatmen t 
of  convention s t o sho w ho w a  conventio n coul d emerg e 
betwee n S  an d A  governin g S' s communicativ e actions . 
For  presen t  purposes ,  th e crucia l  featur e o f  Lewis' s 
theor y i s  this . 

(L )  When a  grou p achieve s coordinatio n I n 
a certai n situatio n b y actin g i n a  certai n 
way,  an d the y ac t  tha t  wa y becaus e (1 ) 
the y wis h t o achiev e coordination ,  an d 
(ii )  eac h acto r  knows ,  an d know s th e 
other s know ,  tha t  tha t  i s  ho w coordinatio n 
has bee n achieve d i n th e past ,  the n th e 
grou p ha s a  conventio n governin g tha t 
situation . 

(L) applies to cases Involving coordination of 
action ,  wherea s ou r  proble m involve s coordinatio n 
betwee n S' s actio n an d A' s beliefs .  Bu t  (L )  i s 
easil y extende d t o accomodat e thi s fac t  becaus e th e 
sort s o f  reason s A  ca n hav e fo r  adoptin g £  belie f  s o 
as t o coordinat e wit h S  ar e Hi e sam e sort s o f 
reason s A  wil l  typicall y hav e fo r  actin g s o a s t o 
coordinat e wit h S .  I n particular ,  A  ca n hav e a s a 
reaso n fo r  adoptin g th e belie f  tha t  S  intend s A  t o 
believ e tha t  p  i n utterin g E  th e fac t  tha t  A  knows , 
and know s tha t  S  knows ,  tha t  i n th e pas t  S' s 
intentio n i n utterin g E  ha s bee n t o ge t  S  t o believ e 
tha t  p .  I f  A  i s the n led ,  throug h trus t  i n S ,  t o 
believ e tha t  p ,  w e hav e a  cas e tha t  satisfie s (G O 
becaus e S' s utteranc e o f  E  i s governe d b y a 
conventio n existin g betwee n S  an d A .  Thi s yield s 
th e followin g accoun t  o f  conventiona l  meaning . 

(CM)  Utterance-typ e E  conventionall y mean s 
tha t  p  whe n uttere d b y S  t o audienc e A  i f 
(a )  i n th e past ,  S  ha s uttere d token s o f  E 
t o A  onl y whe n S  mean t  tha t  p ,  an d (b ) 
thi s fac t  i s  mutuall y know n t o S  an d A , 
and (c )  becaus e o f  thi s mutua l  knowledg e 
i t  continue s t o b e th e cas e tha t  whe n S 
utter s token s o f  E ,  S  means ,  an d i s understoo d b y A  t o mean ,  tha t  p . 



We ca n pu t  th e pre-conventiona l  cas e an d th e 
conventiona l  cas e togethe r  i n a n obviou s way . 
Suppos e S  intend s t o ge t  A  t o believ e tha t  a  coconu t 
i s abou t  t o fal l  o n A ,  an d S  goe s throug h a  certai n 
performanc e tha t  result s i n A  recognizin g S' s 
intentio n and.vi a trus t  i n S ,  adoptin g th e belie f 
tha t  A  i s aboutT o b e hi t  b y a  coconut .  Her e w e 
hav e a  pre-conventiona l  cas e i n whic h connunicatio n 
occur s onl y becaus e condition s ar e especiall y 
propitious ,  an d becaus e S' s performanc e ha s a 
certai n natura l  suggestiveness .  Nex t  time ,  however , 
th e mechanis m o f  conventio n wil l  se t  in ,  and ,  a s 
repetition s occur ,  th e specia l  condition s favorin g 
th e origina l  succes s wil l  n o longe r  b e necessary . 
S' s performanc e ca n b e streamline d b y a  proces s aki n 
t o stimulu s substitutio n t o th e poin t  wher e i t  nee d 
hav e n o specia l  feature s beyon d th e fac t  tha t  A  an d 
S perceiv e i t  t o b e o f  th e sam e typ e a s it s 
predecessors .  Thus ,  th e accoun t  allow s fo r  th e fac t 
tha t  a  sig n may ,  s o fa r  a s it s physica l 
characteristic s go ,  hav e an y meanin g whatever . 
Extending the Account. As it stands, the 
accoun t  just  sketche d Fiasn' t  a  chanc e o f  bein g a 
full-scal e theor y o f  comnunicativ e conventions ,  fo r 
i t  begin s an d end s wit h sentenc e meanings—meaning s 
hav e th e for m "tha t  p "  wher e p  i s a  proposition . 
Sinc e ther e canno t  b e infinitel y man y meanin g 
conventions ,  i t  follow s that  th e accoun t  just 
rehearse d run s afou l  o f  th e fac t  tha t  a  natura l 
languag e contain s infinitel y man y non-compoun d 
sentence s havin g distinc t  meanings . 
This defect has been repaired in Cummins 
(1978) ,  b y Introducin g Gri d a n meaning s fo r 
identifier s an d genera l  terms .  Her e ar e th e 
relevan t  conditions . 

(ST )  Ther e i s a  conventio n whereb y N 
refer s t o x  i n S' s languag e i f  (a )  i n th e 
pas t  S  ha s uttere d N  onl y whe n intendin g 
t o identif y x ,  an d (b )  thi s fac t  i s 
mutuall y know n b y S  an d S' s audience ,  an d 
(c) ,  becaus e o f  thi s mutua l  knowledg e i t 
continue s t o happe n tha t  whe n S  utter s N  S 
identifie s x . 

(P) There is a convention whereby G means 
yello w i n S' s languag e i f  (a )  i n th e pas t 
S ha s uttere d 6  onl y whe n he/she/i t  mean t 
yellow ,  an d (b )  thi s fac t  i s  mutuall y 
known t o S  an d S' s audience ,  an d (c) , 
becaus e o f  thi s mutua l  knowledg e i t 
continue s t o happe n tha t  whe n S  utter s G , 
S means ,  an d i s understoo d t o mean , 
yellow . 

We ca n no w stat e a  relatio n betwee n thes e meaning s 
and satisfactio n conditions ,  an d impor t  th e standar d 
recursio n o n th e latter ,  t o generat e conventiona l 
meaning s (thoug h no t  meanin g conventions )  fo r  a n 
infinit y o f  non-compoun d sentences . 

(S )  'Th e i-t h member  o f  th e sequenc e f  i s 
red '  give s th e satisfactio n conditio n fo r 
a toke n consistin g o f  th e genera l  ter m G 
applie d t o th e i-t h variabl e if f  th e (o r 
a)  conventiona l  manin g o f  G  i s 'red' . 

(S )  allow s u s t o g o bac k an d fort h betwee n 
satisfactio n condition s an d conventiona l  meanings . 
I f  w e star t  wit h case s fo r  whic h convention s exis t 
fo r  th e primitiv e genera l  terms ,  w e ge t  satisfactio n 
condition s fo r  thos e term s b y movin g fro m th e 
meanin g t o th e satisfactio n part .  We ca n the n us e 
th e standar d recursio n t o ge t  a  satisfactio n 
conditio n fo r  an y firs t  orde r  combinatio n o f  th e 
primitiv e genera l  terms .  Then ,  movin g fro m th e 
satisfactio n par t  o f  (S )  t o th e meanin g part ,  w e ge t 
conventiona l  meanings ,  thoug h no t  meanin g 
conventions ,  fo r  comple x genera l  terms .  I t  i s well-know n tha t  thi s sufficie s t o fi x  th e truth-condition s fo r  eac h sentenc e i n a  first-orde r 

language . 

Investigating Convention Acquisition. The 
acquisitio n an d us e o f  communicativ e convention s ha s 
not  bee n ver y extensivel y investigate d b y 
researcher s i n artificia l  intelligenc e o r  cognitiv e 
psychology ,  presumabl y becaus e th e requisit e 
theoretica l  backgroun d ha s seeme d lacking .  However , 
puttin g Grice' s accoun t  o f  communicatio n togethe r 
wit h Lewis '  accoun t  o f  convention s yield s a  powerfu l 
theor y o f  th e acquisitio n o f  communicativ e 
conventions .  Extendin g th e accoun t  t o appl y t o 
acquisitio n o f  convention s governin g identifier s an d 
genera l  term s make s i t  possibl e t o us e th e recursiv e 
apparatu s o f  Tarski' s  theor y o f  trut h definition s t o 
generat e meanin g convention s fo r  ever y sentenc e i n a 
firs t  orde r  languag e havin g a  finit e numbe r  o f 
semanticall y primitiv e terms .  Th e upsho t  i s a 
theor y o f  languag e acquisitio n fo r  firs t  orde r 
languages .  Thi s theory ,  however ,  i s  incomplet e o r 
vagu e a t  severa l  critica l  points .  (1 )  Th e theor y 
tell s  u s wha t  i t  i s  t o b e a  part y t o a  comnunicativ e 
conventio n governin g a  symbo l  wit h a  propositiona l 
meaning ,  bu t  i t  doe s no t  tel l  u s ho w human s ca n o r 
do actuall y solv e primitiv e communicativ e conventio n 
acquisitio n problems .  (2 )  Th e theor y tell s  u s wha t 
i t  i s  t o b e a  part y t o a  coimiunicativ e conventio n 
governin g a n identifie r  o r  genera l  term ,  bu t  i t  doe s 
not  tel l  u s bo w human s ca n o r  d o acquir e suc h 
convention s o n th e basi s o f  simple r  share d 
coitmunicativ e conventions ,  viz. ,  convention s 
governin g symbol s wit h propositiona l  meanings . 
We propose to meet point (1) by adding the 
hypothesi s (i )  tha t  primitiv e coninunicatio n problem s 
can b e solved ,  an d appropriat e convention s acquired , 
i n th e cours e o f  solvin g simpl e coordinatio n 
problem s that  contai n th e conmunlcativ e problem s a s 
sub-problems .  Th e proble m analyze d b y PATHFINDER I s 
just  suc h a  containin g problem .  We propos e t o mee t 
poin t  (2 )  b y addin g tw o hypotheses :  (11 )  tha t  th e 
power  o f  a  grou p o f  agent s t o solv e coordinatio n 
problem s increase s a s tha t  grou p acquire s 
coitmunicativ e conventions ;  (ill )  tha t  solvin g 
relativel y mor e comple x containin g coordinatio n 
problem s enable s agent s t o acquir e relativel y mor e 
sophisticate d communicativ e conventions .  I t  i s 
thes e thre e hypothese s that  th e PATHFINDER PROJECT 
i s primaril y designe d t o investigate . 

PATHFINDER:  Embeddin g Communicatio n Problem s 
i n othe r  Coordinatio n Problems .  Pre-lingulstl c 
communicatio n problem s ar e ditticul t  t o solv e i n 
par t  becaus e propositiona l  attitude s ar e hidden .  I t 
i s  difficul t  fo r  a  speaker-audienc e pai r  t o 
determin e whethe r  o r  no t  the y hav e succeeded .  Thi s 
difficult y ca n b e overcom e b y embeddin g primitiv e 
communicatio n problem s i n othe r  non-coimiunicatlv e 
coordinatio n problem s tha t  ar e mor e tractable .  I f  S 
and A  ar e engage d i n som e cooperativ e activity ,  th e 
succes s o r  failur e o f  thei r  effort s t o communicat e 
wil l  b e mor e o r  les s obviousl y reflecte d i n th e 
succes s o r  failur e o f  tha t  activity . 
In PATHFINDER, LEADER and FOLLOWER must solve 
suc h a n embedde d coordinatio n problem .  LEADER 
blaze s a  trai l  throug h a  maz e b y leavin g symbol s i n 
th e variou s paths ,  an d FOLLOWER mus t  fin d LEADER b y 
discoverin g th e intende d meaning s o f  thes e blazes : 
LEADER mus t  enabl e FOLLOWER t o fin d LEADER.  I n th e 
process ,  the y must  solv e a  primitiv e corimunicatio n 
problem .  Fo r  example ,  i n th e level-on e versio n o f 
PATHFINDER,  FOLLOWER may lear n tha t  whe n LEADER 
marke d a  pat h "Y" ,  LEADER mean t  tha t  tha t  pat h i s t o 
be avoided .  Suppos e FOLLOWER locate s LEADER b y 
avoidin g path s marke d "Y" .  The n LEADER an d FOLLOWER 
wil l  hav e solve d thei r  mai n coordinatio n problem , 
and the y wil l  hav e solve d a  primitiv e communicatio n 
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problem  a s well .  Mos t  importently ,  however ,  the y 
w i n hav e solve d a  primitiv e conventio n acquisitio n 
problem :  bot h kno w tha t  "Y "  mean s "avoi d thi s 
path" .  Thi s conventio n ca n b e use d i n th e solutio n 
of  othe r  relate d coordinatio n problems ,  thereb y 
increasin g th e powe r  o f  LEADER an d FOLLOWER t o solv e 
suc h problems ,  an d henc e increasin g thei r  powe r  t o 
acquir e othe r  conventions .  Fo r  example ,  i t  i s 
evidentl y easie r  fo r  FOLLOWER t o gras p a n identife r 
i n th e contex t  o f  a n alread y understoo d instruction . 
"Avoi d Y  a t  zz, "  link s us e o f  th e identifie r  t o 
solvin g th e embeddin g coordinatio n proble m (fin d 
LEADER),  thereb y makin g i t  possibl e fo r  LEADER an d 
FOLLOWER t o recogniz e successfu l  conmunication ,  an d 
henc e t o acquir e a  conventio n governin g us e o f  th e 
identifier .  Convention s ar e a  specia l  kin d o f 
knowledg e tha t  increas e capacit y t o solv e 
coordinatio n problem s fa r  mor e effectivel y tha n 
othe r  type s o f  share d knowledge .  Advance d 
LEADER-FOLLOWER pair s wil l  com e t o shar e convention s 
governin g suc h thing s a s th e identifiers ,  genera l 
terms ,  an d syntacti c rule s o f  a  relativel y 
sophisticate d language . 
Preliminary research has suggested a list of 
parameter s o f  tw o types ,  intrinsi c an d contextual , 
th e value s o f  whic h defin e a  relativ e leve l  o f 
sophistication .  Th e coordinatio n problem s analyze d 
by PATHFINDER ar e significantl y differen t  fro m eac h 
othe r  dependin g o n th e typ e o f  maz e FOLLOWER face s 
(intrinsi c parameters )  an d Ui e amoun t  an d typ e o f 
knowledge ,  includin g conventions ,  share d b y LEADER 
and FOLLOWER (contextua l  parameters) .  Thi s i s 
especiall y significan t  give n th e hpypothesi s tha t 
th e capacit y o f  tw o partie s (LEADE R an d FOLLOWER, 
SPEAKER an d AUDIENCE)  t o solv e coordinatio n problem s 
shoul d increas e a s simpl e problem s ar e solve d an d 
convention s ar e acquire d fo r  futur e use . 
Intrinsic Parameters. FOLLOWER will eventually 
hav e T o Fac e maze s STa t  var y i n a t  leas t  th e 
followin g ways :  (1 )  numbe r  o f  branche s pe r  node ; 
(ji )  numbe r  o f  symbol s pe r  branc h (includin g 
blanks) ;  (ill )  complexit y o f  symbols—e.g. ,  contex t 
sensitivit y an d referenc e t o othe r  part s o f  th e 
maze;  (1v )  noise—e.g. ,  symbol-lik e object s i n th e 
maze no t  lef t  b y leader . 
Contextual parameters. To solve the 
coordinatio n probTe m se ? b y a  relativel y genera l 
maze,  LEADER an d FOLLOWER wil l  hav e t o shar e som e 
knowledge .  Th e amoun t  an d typ e o f  share d knowledg e 
ar e contextua l  parameter s o f  th e coordinatio n 
problem ,  fo r  the y specif y th e cognitiv e contex t  i n 
whic h th e coordinatio n proble m i s attacked .  Thes e 
include :  (1 )  previousl y acquire d conventions ,  i f 
any ,  (11 )  mutua l  knowledg e o f  capacities—e.g. ,  ca n 
LEADER cu t  dow n a  tree ,  an d doe s LEADER kno w 
FOLLOWER know s this ? (ill )  mutua l  knowledg e o f  wha t 
i s likel y t o b e a  natura l  rathe r  tha n a n artefactua l 
feature—e.g. ,  tha t  pin e cone s ar e nois e i n a 
forest ,  bu t  possibl e blaze s i n a  building ;  (iv ) 
mutua l  anteceden t  knowledg e o f  th e terrritory ;  (v ) 
mutua l  knowledg e o f  behaviora l  an d cognitiv e 
tendencies .  Thes e parameter s ar e bes t  though t  o f  a s 
"passed "  t o LEADER an d FOLLOWER fro m containin g 
system s tha t  specif y th e goal s (blaz e trail ;  fin d 
LEADER),  contai n record s o f  mutua l  knowledge ,  an d 
handl e genera l  reasonin g an d decisio n making , 
includin g whe n t o giv e up ,  o r  t o giv e u p tryin g har d 
and jus t  "tr y something "  ( a conmo n strateg y i n 
conmunication) . 
The level-one version of PATHFINDER (which has 
alread y bee n implemented) ,  involve s a  maz e i n whic h 
al l  branchin g i s binary ,  ther e i s a t  mos t  on e symbo l 
per  branch ,  an d nois e i s limite d b y th e assumptio n 
tha t  onl y th e symbol s encountere d a t  th e firs t  nod e ar e significant .  I n a  level-on e maze ,  FOLLOWER 32 

face s a  relativel y simpl e bu t  non-trivia l  task .  A 
maze tha t  i s genera l  alon g al l  fou r  dimension s 
specifie d abov e wil l  evidentl y requir e a  highl y 
"experienced "  LEADER-FOLLOWER team ,  a  tea m that ,  w e 
suspect ,  wil l  hav e t o shar e severa l  powerfu l 
convention s t o b e effective . 
Sumnary. The PATHFINDER project is designed to 
investigat e th e followin g strateg y fo r  languag e 
acoulsition .  S  an d A ,  give n som e share d knowledg e 
and goals ,  bu t  n o share d conventiona l  mean s o f 
conmunication ,  solv e a  coordinatio n proble m suc h a s 
tha t  face d b y LEADER an d FOLLOWER.  Severa l 
successe s produc e a  share d convention .  No w tha t  S 
and A  shar e a  convention ,  the y ca n solv e mor e 
diffecul t  coordinatio n problems ,  henc e acquir e mor e 
sophisticate d conventions .  Eventually ,  S  an d A  wil l 
be abl e t o acquir e convention s governin g identifier s 
and genera l  terms ,  an d hence ,  b y a  recursiv e 
process ,  a  firs t  orde r  language .  Sinc e solvin g 
certai n coordinatio n problem s i s communicating ,  an d 
coordinatio n proble m solutio n ca n becom e 
conventional ,  communicatio n ca n becom e conventional , 
and tha t  I s language .  Standar d approache s t o th e 
proble m o f  symboli c communicatio n hav e emphasize d 
acquisitio n o f  knowledg e o f  a  language .  Ye t  i t 
seems clea r  tha t  learnin g a  languag e i s neithe r 
necessar y no r  sufficien t  fo r  communication . 
Knowledg e o f  a  languag e i s a  mean s t o understandin g 
a speaker ,  o r  communicatin g wit h a n audience . 
Languag e us e an d understandin g i s no t  likel y t o b e 
properl y understoo d i f  i t  i s  studie d Independentl y 
of  th e cognitiv e tas k tha t  motivate s it .  Th e 
presen t  project ,  i n emphasizin g th e acquisitio n o f 
communicativ e conventions ,  focuse s o n th e cognitiv e 
tas k whic h languag e learnin g subserve s an d thereb y 
avoid s studyin g languag e acquisitio n 'ou t  o f 
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