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KNOWLEDGE AND BELIE F A S LOGICAL 
LEVELS OF REPRESENTATION 

Gabriell a A1rent1° ,  Brun o G.  Bara° , 
Marc o Colombett r 

'Un1ta d1 ricerca d1 intelUgenza art1f1c1a1e. 
Universit y d 1 Mllan o 

*"Progetto d1 Intel!Igenza artlflclale, 
PolUecnlc o d i  Mllan o 

We propos e a  representatio n syste m consistin g o f 
tw o interactin g subsystems ,  name d K-theor y an d 
K-model ,  whic h pla y th e respectiv e role s o f  con -
ceptua l  an d episodi c knowledge .  We defin e belie f 
a mode l  M use d b y though t  processe s no t  directly , 
but  throug h a  meta-structur e whic h predicate s a 
relatio n o f  M t o othe r  models .  We clai m tha t 
fro m a n Intrasystemi c poin t  o f  vie w th e differ -
enc e betwee n knowledg e an d belie f  I s determine d 
neithe r  b y th e structur e an d conten t  o f  a  mode l 
nor  b y It s relatio n t o objectiv e truth ,  bu t  b y 
th e logica l  leve l  o f  it s  representation . 
1 . THEORETICAL FRAMEWORK 
A number of different approaches to the dis-
tinctio n betwee n knowledg e an d belie f  hav e bee n 
propose d 1 n philosophical ,  A I  an d psychologica l 
literature .  A  firs t  classificatio n o f  suc h 
proposal s i s base d o n th e distinctio n between : 
-  th e ai m o f  globall y classifyin g a  represent -

atio n syste n a s eithe r  a  knowledg e syste m o r 
a belie f  syste m (Abelson ,  1980) ; 

-  th e ai m o f  attributin g th e statu s o f  knowledg e 
or  belie f  t o individua l  representationa l  item s 
withi n a  syste m (Hintikka ,  1962 ;  Mille r  an d 
Johnson-Laird ,  1976) . 
A secon d classification ,  independen t  o f  th e 

previou s one ,  relie s o n th e criteri a use d t o 
assig n th e statu s o f  knowledg e o r  belie f  t o a 
syste m o r  t o a  singl e Item .  Th e mai n existin g 
approache s are : 
(i )  a n observe r  judge s a  representatio n syste m 

wit h respec t  t o th e objectiv e reality ;  al l 
representation s ar e a  prior i  considere d a s 
beliefs ,  an d wheneve r  a  belie f  happen s t o 
be tru e i t  i s  considere d a s knowledg e 
(Hintikka ,  1962) .  Fo r  a n A I  applicatio n 
of  suc h a n approac h se e Cohe n an d Perraul t 
(1979) .  an d Perraul t  an d Alle n (1980) ; 

(11 )  a n observe r  judge s a  representatio n syste m 
wit h respec t  t o anothe r  representatio n 
system ;  se e fo r  exampl e the"nontrarBparent " 
criteri a b y Abelso n (1980) :  nonconsensu -
al  It y an d differen t  i n existenc e assump -
tions ; 

(iii )  a n observe r  judge s a  representatio n syste m 
on th e basi s o f  it s  structure ;  se e fo r 
exampl e th e "transparent "  criteri a b y 
Abelso n (1980) :  presenc e o f  alternativ e 
worlds ,  o f  evaluativ e an d affectiv e com -
ponents ,  o f  a  substantia l  amoun t  o f 
episodi c material ,  unboundedness ,  varyin g 
degres s o f  certitude ; 

(iv )  a n observe r  judge s a  representatio n syste m 
S wit h respec t  t o hi s ow n representations , 
assumed a s knowledge .  Wheneve r  th e repre -
sentation s o f  S  agre e wit h thos e o f  th e 
observer ,  the y ar e considere d a s knowledge ; 
otherwise ,  the y ar e regarde d a s beliefs . 
See fo r  exampl e th e "deictic "  definition s 
of  KNOW an d BELIEV E i n Mille r  an d Johnson -
Lair d (1976) ; 

(v )  a  syste m judge s hi s ow n representations . 

Abelso n (1980 )  account s fo r  hi s cas e b y 
emphasizin g th e possibilit y  o f  "awarenes s 
of  nonconsensua l  ity" .  Instead ,  Mille r  an d 
Johnson-Lair d (1976 )  discus s th e relatio n 
betwee n KNOW an d BELIEV E an d th e degre e o f 
dubiet y o f  a  representation . 

Finally ,  not e tha t  th e approac h implici t  i n mos t 
AI  representatio n system s 1 s no t  t o dea l  wit h th e 
proble m o f  beliefs ,  therefor e considerin g al l 
representation s straightfowardl y a s knowledge . 
From a psychological point of view, a human 
syste m ca n hav e acces s t o externa l  fact s onl y 
throug h thei r  interna l  representations .  There -
fore ,  th e questio n become s th e abilit y  o f  human s 
t o subjectivel y assig n t o thei r  ow n represent -
ation s th e statu s o f  knowledg e o r  belie f 
(Airenti ,  Bara ,  Colombetti ,  1982) .  I n Sectio n 3 
we shal l  argu e tha t  thi s distinctio n relie s o n 
th e logica l  level s o f  representations . 
2. THE REPRESENTATION OF KNOWLEDGE 
We propose a knowledge representation system 
consistin g o f  tw o interactin g subsystems ,  name d 
K-theor y an d K-model ,  playin g th e respectiv e 
role s o f  conceptua l  an d episodi c knowledg e 
(Airenti ,  Bara ,  Colombetti ,  1980 ,  1981) . 

K-theor y I s a  theor y o f  th e world ,  an d ca n b e 
conceive d a s a  networ k o f  conceptua l  entitle s 
describin g classe s o f  objects ,  relations ,  pro -
cesses ,  actions ,  etc .  (fo r  example :  th e concep t 
of  a  book ;  o f  x  bein g o n y ;  o f  x  fallin g fro m y ; 
of  a n agen t  z  openin g y ;  etc.) . 

The cognitiv e syste m doe s no t  dea l  directl y 
wit h th e world ,  bu t  wit h partia l  representation s 
of  it ,  whic h constitut e wha t  w e cal l  K-model . 
I n fact ,  ther e i s n o wa y fo r  K-theor y t o refer -
enc e entitle s i n a n externa l  world :  i n th e cog -
nitiv e system ,  representation s onl y ca n b e men -
tione d an d used .  K-mode l  contain s al l  episodi c 
knowledg e o f  th e cognitiv e system ,  i.e .  knowledg e 
abou t  particula r  objects ,  facts ,  episodes ,  etc . 
(fo r  example :  th e boo k B  Mari a I s no w reading ; 
th e fac t  tha t  B  i s presentl y o n des k D ;  th e fal l 
of  B  fro m D ;  Maria' s openin g o f  B ;  etc.) .  Thes e 
can onl y b e expresse d b y mean s o f  th e conceptua l 
machiner y provide d b y K-theory . 

We assum e tha t  th e essentia l  featur e o f  K -
theor y i s th e abilit y  t o generat e model s fo r 
insertio n an d subsequen t  manipulatio n 1 n K-model . 
For  example ,  th e concep t  o f  a  "book "  i s a  struc -
tur e I n K-theor y allowin g th e cognitiv e syste m 
t o construc t  model s o f  book s wheneve r  neede d b y 
a though t  process .  K-mode l  contain s th e repre -
sentatio n o f  th e perceive d world ,  whic h i s 
continuousl y changin g throug h tim e an d space .  A s 
K-model  i s intende d t o captur e th e cognitiv e sys -
tem' s subjectiv e experience ,  i t  doe s no t  onl y 
represen t  th e perceive d world ,  bu t  als o an y pos -
sibl e imagine d world .  Thi s correspond s t o sayin g 
tha t  an y imaginatio n proces s mus t  produc e dat a 
whic h belon g t o K-mode l  ,  an d thu s satisf y K -
theory .  S o K-theor y determine s th e se t  o f  world s 
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whic h ar e possibl e fo r  th e cognitiv e system ,  I.e . 
th e spectru m o f  al l  it s  possibl e subjectiv e ex -
perience .  Thi s lead s t o conceivin g K-mode l  a s a 
se t  o f  model s o f  K-theory ,  eac h representin g 
part s o f  a  possibl e externa l  worl d -  presentl y 
perceive d o r  remembere d o r  imagined . 

The partitio n o f  knowledg e int o K-theor y an d 
K-model  i s logica l  rathe r  tha n functional .  Thi s 
i s reflecte d b y th e fac t  tha t  K-model ,  a s note d 
above ,  collect s dat a use d b y differen t  though t 
processes .  Actually ,  al l  dat a Involve d b y per -
ception ,  imagination ,  illusions ,  dreams ,  pla n 
formatio n an d execution ,  languag e comprehension , 
etc. ,  ar e introduce d throug h differen t  though t 
processes ,  bu t  shar e th e sam e logica l  structure . 
We emphasiz e tha t  model s ar e use d b y suc h though t 
processe s a s data ;  I n thes e case s th e syste m I s 
not  concerne d wit h problem s o f  existenc e o f 
entitle s o r  trut h o f  fact s represente d i n a 
model . 
3. THE LOGICAL STRUCTURE OF BELIEFS 
On the basis of our previous definitions of K-
theor y an d K-model ,  w e assum e a  constructiona l 
standpoint .  Tha t  is ,  th e sol e realit y fo r  th e 
cognitiv e syste m i s what  i s constructe d b y it s 
though t  processe s usin g K-theory .  I t  follow s 
tha t  th e positio n which ,  accordin g t o Hintikka' s 
approach ,  define s a s knowledg e a  belie f  satisfie d 
by th e rea l  world ,  canno t  b e applied .  I n a  con -
structiona l  approach ,  i n fact ,  K-mode l  neces -
saril y  satisfie s th e par t  o f  K-theor y use d t o 
buil d it .  Fo r  instance ,  i f  Margare t  assume s i n 
her  K-theor y that  seawate r  i s swee t  (I.e .  un -
salty) .  I n al l  model s produce d b y he r  th e se a 
wil l  b e sweet ,  regardles s o f  th e objectiv e trut h 
of  thi s fact .  Fro m a  subjectiv e poin t  o f  vie w 
i t  i s  appropriat e t o sa y tha t  Margare t  know s tha t 
th e se a I s sweet . 

Now suppos e tha t  Margare t  happen s t o tast e 
seawater .  Le t  u s assum e tha t  Margare t  I s abl e t o 
distinguis h betwee n swee t  an d salt y water ,  an d 
tha t  he r  K-theor y represent s th e tw o taste s a s 
mutuall y exclusiv e whe n attribute d t o th e sam e 
object .  We sugges t  tha t  th e relevan t  possibil -
itie s I n thi s cas e are : 
(1 )  sinc e th e constructio n o f  th e mode l  o f 

salt y seawate r  woul d b e conflictin g wit h 
th e previou s models ,  eithe r  th e ne w mode l 
i s no t  constructe d a t  all ,  o r  th e ne w mode l 
i s constructe d bu t  th e discrepanc y i s no t 
appreciate d (i n thi s cas e Margare t  main -
tain s he r  theor y abou t  th e sweetnes s o f 
seawater) ; 

(11 )  th e mode l  i s reinterprete d (Margare t  may 
thin k tha t  he r  perceptio n o f  a  salt y tast e 
depend s o n a  particula r  kin d o f  salt y 
rocks) ; 

(111 )  th e discrepanc y betwee n th e tw o inconsis -
ten t  model s i s appreciate d an d face d b y 
assignin g t o th e discrepan t  model s tha t 
statu s o f  belief s (Margare t  acknowledge s 
th e existenc e o f  tw o contradictor y models) . 

Our  hypothesi s o n cas e (ill )  i s  tha t  th e coexis -
tenc e I n K-mode l  o f  tw o contradictor y model s 
makes th e though t  processe s unabl e t o us e the m 
straightforwardly .  T o fac e thi s situatio n th e 
syste m introduce s i n K-mode l  a  structure ,  whic h 
refer s t o th e tw o model s an d represent s th e con -
flic t  betwee n the m (se e Fig .  1 ) .  A s suc h a 
structur e predicate s a  relatio n betwee n th e tw o 
models ,  i t  ca n b e considere d a t  a  meta-leve l  wit h 
respec t  t o them .  I t  i s  b y usin g thi s meta -
structur e tha t  though t  processe s handl e th e con -
flict .  Th e possibl e outcome s o f  suc h processe s are :  th e ol d mode l  i s privilege d an d th e ne w one i s discarded ;  th e reverse d situation ,  i.e . 

th e ne w mode l  i s privilege d an d th e ol d on e i s 
discarded ;  a  situatio n o f  uncertainty ,  wher e 
bot h model s ar e maintained . 

We defin e belie f  a  mode l  M use d b y though t 
processe s no t  directly ,  bu t  throug h a  meta -
structur e whic h predicate s a  relatio n o f  M wit h 
othe r  models .  Suc h meta-structure s ar e necessar -
il y  use d b y th e syste m wheneve r  tw o model s canno t 
be interprete d simultaneously ,  i.e .  canno t  b e 
predicate d a t  th e sam e tim e o f  th e sam e thing . 

Thi s definitio n o f  th e ter m "belief "  seem s t o 
be th e mos t  appropriat e withi n a  subjective ,  con -
structiona l  approac h t o th e huma n mind .  Th e dif -
ferenc e betwee n knowledg e an d belie f  I s reduce d 
t o th e differen t  us e tha t  though t  processe s mak e 
of  a  representation ,  assume d eithe r  a s absolut e o r 
as relativ e t o othe r  representations .  Wheneve r 
th e syste m doe s no t  directl y manipulat e a  mode l  M 
of  th e world ,  bu t  reason s o n i t  throug h a  secon d 
leve l  representation ,  M assume s th e rol e o f  be -
lief .  Not e tha t  bot h structur e an d conten t  o f  M 
remai n th e sam e whe n use d a s knowledg e o r  a s be -
lief . 
4. DISCUSSION 
Referring to the first classification intro-
duce d i n Sectio n 1 ,  w e hav e discusse d th e proble m 
of  attributin g th e statu s o f  knowledg e o r  belie f 
t o a n individua l  representationa l  ite m withi n a 
cognitiv e system .  Man y researcher s wh o dea l  wit h 
thi s proble m commi t  themselve s o n th e assumptio n 
tha t  th e differenc e betwee n knowledg e an d belie f 
ca n b e define d i n term s o f  th e objectiv e trut h o f 
a fact .  Tha t  huma n being s canno t  hav e acces s t o 
an ultimate ,  absolut e trut h I s a  trivia l  state -
ment .  A s Mille r  an d Johnson-Lair d (1976 )  poin t 
out ,  i t  I s  no t  acceptable ,  eithe r  fro m a  psycho -
logica l  o r  a  linguisti c poin t  o f  view ,  t o assum e 
tha t  "...knowledg e i s simpl y justifie d tru e be -
lie f  an d that  on e canno t  b e sai d t o kno w some -
thin g tha t  i s false" . 

Fro m ou r  psychologica l  standpoint ,  w e hav e 
therefor e assume d a  differen t  positio n an d fo -
cusse d o n th e Interna l  structur e o f  knowledg e 
and belief .  We hav e show n tha t  ou r  definitio n 
of  belie f  i s  significan t  I n th e cas e a  syste m 
has t o dea l  wit h conflictin g model s o f  th e world . 
The ide a o f  a  secon d leve l  structur e seem s no t 
t o b e restricte d t o suc h a  case ,  bu t  i t  ca n b e 
applie d wheneve r  th e syste m evaluate s propertie s 
of  a  model .  Among thes e ar e th e degre e o f  cer -
taint y o f  fact s an d th e existenc e i n th e worl d 
of  th e entitie s represente d i n a  model .  I n fact , 
bot h existenc e an d degre e o f  certaint y ar e no t 
par t  o f  a  model ,  bu t  ar e predicate d o n it . 

Our  treatmen t  o f  belief s open s a  proble m abou t 
th e though t  processe s manipulatin g K-model .  Th e 
tw o possibilitie s are : 
-  though t  processe s trea t  i n a  unifor m wa y bot h 

th e model s o f  th e worl d an d th e meta-structure s 
mentionin g them ;  a n analogou s approac h i s take n 
by Wilensk y (1981 )  i n hi s wor k o n plannin g an d 
meta-planning ; 

-  ther e exis t  a  typ e o f  though t  processe s spe -
cialize d i n manipulatin g meta-structures ;  I n 
thi s cas e th e tw o level s o f  representatio n 
woul d reflec t  Int o tw o correspondin g level s 
of  thought . 
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Figur e 1 .  Th e meta-structur e representin g a 
conflic t  betwee n tw o models . 
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