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Neighborhood s o f  Successiv e Menta l  Model s 

Damien Raczy 

Labordtoir c d c Psychologi c Cognitiv e 
Uni  \  crsil d Charle s d c Gaull e 

Villcncuv c d'Ascq .  F-59650 ,  Ri.\NC' H 
r a c z y @ u n i v - l i l l e 3 . f r 

Introductio n 

Here is sketched a I ormalization ot mental model theory. It is 
shown that ,  i n a  reasonin g task ,  tw o successiv e menta l  mcxi -
el s diffe r  fro m eac h othe r  i n on e an d onl y on e toke n e.g .  the y 
ai e neighbors . 

T he for maliza tion 

Johnson-Laird and Byrne (1991) suggest that each entity, 
propert y an d relatio n o f  th e worl d shoul d b e represente d b y a 
correspondin g token ,  propert y an d relation .  Thi s i s formal -
ize d by : 

Definitio n Basi c set s o f  M M T:  Le t  6 > b e a  .se t  o f  menta l 
objects .  Le t  A /  b e a  se t  o f  menta l  models ,  T  a  se t  o f 
tokens ,  P  a  se t  o f  properties ,  V  a  se t  o f  values ,  R  a  se t  o f 
references ,  suc h a s 0 = M U r U P U V U / ? and : 

P = { { < v , / - ) } C V x / ? } 

One o f  th e basic s o f  menta l  model s computatio n ca n b e 
summed u p a s follo w ing : 

Principl e Dire e mai n operations :  Buildin g menta l  model s 
need s thre e operations : 

•  CTeating  a  ne w empt y model :  3 m E . M , m * — 0 ; 
•ad d o r  subtrac t  on e toke n i n a  menta l  model : 

m < - m U { t } ; 
•combin e tw o model s togethe r  m ^ ^ — i V i •1*^ 2 • 

Johnson-Lair d an d Byrn e (1991 )  propose  tha t  th e combin -
in g relie s o n iterativ e composin g o f  tokens .  So ,  i n orde r  t o 
combin e tw o models ,  i t  i s  necessar y t o compos e token s o f 
thes e models ,  whic h i s dcfinc d as : 

Definitio n Compositio n o f  tokens :  l-cotnpositio n I f 

/  J  n  ^ 2 ̂  0  ,  th e t-compositio n o f  tw o token s /  ̂  an d ̂ 2 
i s  / , ° / - ,  =  r,U/- ,  elseiti s  t,°t', = 0 . •I  ' 2 I  ' 2 

Definitio n Combinin g o f  models :  Th e combinin g o f  tw o 

model s m ]  an d 172 2 '̂ • 

m \ * n ^ 2 ~ {w |Vrem,3^ i , ^2^ ' "2 ' ' " i ' ^ - ^ i ° ^2 } 

Neighborhoods 

Combining of models is done step by step by the mean of 
addin g o r  suppressin g on e toke n a t  a  time .  So ,  give n m a 

menta l  mode l  an d K  = { . . . ,  p^,... }  a  se t  o f  properties , 
th e nex t  menta l  mode l  whic h ca n b e buil t  i s A M U  {p j \  o r 
m - { p ^  .  A s a  result ,  fo r  al l  m ^ , m 2 suc h tha t  m ^ 

immediatel y follow s m ^  i n th e reasoning , 
Vn I  ®ni' ^  =  1  . '  Adaptin g Frcks a (1991) ,  w e propose : 

Definitio n Conceptua l  neiglilwrs :  Th e menta l  mcxJel s 
m^  an d iri j  ar c conceptua l  neighbt:)r s i f  an d onl y i f 

\n ,  0/7J2 J =  1 .  whic h i s note d neigh{m^ ,  m^i ) 

We informally define a conceptual neighborhood of 
menta l  mcxiels ,  o r  neighborhood ,  a s a  connecte d grap h 
whose ncxJe s def i  n e a  se t  o f  menta l  model s an d edge s ar e 
al l  possibl e 2-uple s {m^,in' ^  suc h a s neigh(mi,m^ )  • 

Thi s dcf i  ne s th e grap h o f  successiv e menta l  model s tha t 
can b e \  ie w e d a s a  conceptua l  neighborhood . 

Empirical implication 

Raczy & Anceaux (1996) and Raczy (1997) have validated 
thi s formalizatio n i n variou s forma l  deductio n tasks :  cate -
gorical ,  temporal ,  conditional ,  relational ,  spatial ,  hypo -
thetico-deductiv e reasoning.. .  Thes e confirme d tha t 

subject s alway s buil d successiv e menta l  model s whic h ar e 
neighbors . 
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