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Introductio n 

Referenc e i s undoubtedl y stil l  on e o f  th e mos t  important , 
yet  bothersom e notion s tha t  th e philosoph y o f  cognitiv e 
scienc e i s confronte d with .  Althoug h significan t  progres s 
has bee n mad e i n th e logica l  analysi s o f  thi s concept ,  th e 
cognitiv e aspect s o f  ho w human s manag e t o refe r  t o 
(arbitrary )  thing s i s no t  a s o f  ye t  wel l  understood .  H o w d o 
humans acquir e th e skill s  t o refe r  t o arbitrar y things ? What 
ar e th e mechanism s a t  work ? I  believ e tha t  a  purel y logico -
philosophica l  analysi s i s  neithe r  sufficien t  t o explai n no r 
does justic e t o a  discussio n o f  huma n referentia l  behavior. ' 
Therefore ,  I  propos e a n empirica l  mode l  whic h take s th e 
dynamic s an d constraint s o f  th e rea l  worl d seriousl y 
(Scheut z an d Tillotson ,  1996) .  Thi s embodie d model , 
"situated "  i n it s  environment ,  shoul d lear n t o establis h 
"links "  betwee n tw o differen t  modalitie s an d t o us e thos e 
link s t o "produc e an d resolv e reference "  (i.e. ,  referentia l 
behavio r  o f  th e robo t  shoul d "emerge "  from  mor e primitiv e 
behaviors) .  A m o n g th e man y reason s t o prefe r  a  physica l 
agent  ove r  a  mer e simulatio n o f  th e agent~a s describe d i n 
Brook s (1991)~ I  woul d lik e t o mentio n th e potentia l  o f  thi s 
approac h t o "ground "  referenc e b y couplin g senso r  an d 
moto r  action s wit h th e environmen t  (se e Hamad ,  1990) . 

The Project in a Nutshell 

The (autonomous )  robo t  "Eeyore "  use d fo r  th e projec t  i s 
currentl y unde r  developmen t  b y a  grou p o f  graduat e student s 
at  lU. ^  I t  consist s o f  a  three-wheele d body ,  carryin g a  P C a s 
wel l  a s th e batterie s tha t  suppl y tw o motor s fo r  locomotion . 
A hea d wit h a  camer a an d tw o microphone s i s mounte d o n 
th e bod y allowin g th e robo t  t o loo k aroun d an d localiz e 
sounds .  I n addition ,  speaker s wil l  b e adde d late r  t o permi t 
speec h production .  Fo r  thi s projec t  Eeyor e wil l  first  hav e t o 
lear n t o surviv e an d orien t  itsel f  i n th e give n environmen t 
(describe d below) .  Later ,  abstractin g ove r  individua l 
instances ,  i t  wil l  lear n t o associat e certai n type s o f  visua l 
and auditor y stimuli .  Thes e association s ca n b e use d t o 
giv e command s t o th e robot ,  an d wil l  als o serv e a s a 
touchston e t o chec k whethe r  th e robo t  ha s mad e th e righ t 
connectio n betwee n a  "name "  an d it s "denotation" ,  i.e. , 
whethe r  i t  ha s learne d t o resolv e th e referenc e (wit h th e 

' l  wil l  us e th e ter m "huma n referentia l  behavior "  t o 
emphasiz e m y convictio n tha t  referenc e canno t  b e full y 
understoo d withou t  takin g th e "huma n factor "  seriously ! 

^Eeyor e i s  intende d a s a  multi-purpos e platfor m fo r  an d 
sponsere d b y th e l U cognitiv e scienc e progra m t o tes t 
cognitiv e model s tha t  nee d a  "physica l  agent " 

additiona l  speec h productio n system ,  i t  coul d als o produc e 
reference) .  Althoug h learnin g t o associat e name s wit h th e 
object s (and/o r  actions )  the y refe r  to ,  an d (re)producin g thos e 
names t o refe r  t o suc h object s (and/o r  actions) ,  i s  obviousl y 
stil l  ver y fa r  from  groundin g huma n language ,  I  believ e tha t 
learnin g t o us e "names "  i n a  dynami c environmen t  wher e 
th e robo t  ha s t o functio n unde r  real-tim e condition s wil l 
offe r  valuabl e insight s int o th e natur e o f  referentia l  behavior s 
i n humans . 

The Pathfollowing Task 

So far ,  onl y th e firs t  par t  o f  th e projec t  ha s bee n 
implemented ;  i t  concern s th e mer e "survival "  o f  th e robo t  i n 
it s environment ,  a  networ k o f  re d bric k path s leadin g 
throug h a  smal l  fores t  i n fron t  o f  th e compute r  scienc e 
departmen t  o f  lU .  Th e robot' s tas k i s t o navigat e o n thes e 
path s throug h th e fores t  withou t  leavin g them .  I n orde r  t o 
do this ,  th e robot' s visua l  field  i s divide d int o variou s part s 
of  differen t  size ,  so-calle d "sensors" ,  whic h determin e 
whethe r  o r  no t  the y ar e "sensing "  (part s of )  th e path .  Th e 
actua l  configuratio n o f  al l  sensors ,  i n turn ,  define s th e 
curren t  stat e o f  th e syste m i n whic h certai n action s hav e t o 
be undertake n dependin g o n whethe r  th e robo t  i s secur e i n 
th e middl e o f  th e pat h o r  i s i n dange r  o f  leavin g it .  A 
globa l  "goodness "  ftinction  i s  compute d expressin g "ho w 
much o f  th e path "  th e robo t  actuall y see s (th e mor e path ,  th e 
better )  whic h i s  the n use d fo r  reinforcemen t  learning : 
wheneve r  th e goodnes s valu e i s reduce d becaus e th e robo t  i s 
clos e t o gettin g of f  th e path ,  eithe r  a  store d maneuve r  i s 
retrieve d o r  a  ne w on e i s create d non-deterministicall y t o 
improv e goodness .  Tha t  wa y th e robo t  adapt s t o th e curren t 
situatio n an d store s ("reinforces" )  successfu l  maneuvers , 
whil e forgettin g unsuccessfu l  one s a s i t  discover s th e worl d 
(i n othe r  words ,  th e stat e spac e o f  th e finit e stat e machin e i s 
learne d an d altere d dynamically!) . 
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