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Introduction

Here is sketc hed a  ormalization ol mental model theory. [tis
shown that, in a reasoning task, two successive mental mod-
cls differ lrom ecach other in one and only one token c.g. they
are neighbors.

T he formaliza tion

Johnson-Laird and Byme (1991) suggest that cach cntity,
property and relation of the world should be represented by a
corresponding token, property and relation. This is formal-
1zed by:

Definition Basic sets of MMT: Let O be a set of mental
objects. Let M be a set of mental models, T a set of
tokens, P asetof properties, V asetof values, R asetof
references, suchas O=MUTUPUVUR and

M= {{t}...s1,} CT}
I'= — }CP
P={{(v,r)}CVxR

One of the basics of mental models computation can be
summed up as following:

Principle Three main operations: Building mental models
needs three operations:

s creating a new empty model: AmMEM,m<— O,

*add or subtract one token in a mental model:

me—mU{1};
» combine two models together: my<—m ¥ m, .

Johnson-Laird and Byme (1991) proposc that the combin-
ing relies on itcrative composing of tokens. So, in order to
combine two modcls, it is necessary to compose tokens of
these models, which is defined as:

Definition Composition of tokens: 1-composition 1f

1,MNty=@ | the t-composition of two tokens 7| and I,
is 1°t,=1,Uty elscitis 1,°1,=0 .

Definition Combining of models: The combining of two
models m | and miy 1s:
ml*mZ: {le!Em,afl,lzemz,mi,r =I-|°f2}

Neighborhoods

Combining ol models is done step by step by the mean of
adding or suppressing one token at a ime. So, given M a

mental model and 7= {..., Pr ...} asetof properties,
the next mental model which can be builtis mU {p;} or
m—{p,} . As a result, for all m;,m, such that m,
immediately  follows m; in the rcasoning,
lm | ®m2| = 1.! Adapting Freksa (1991), we propose:

Definition Conceptual neighbors: The mental models
my and my arc conceptual neighbors if and only if
b ®my| =1, which is noted neigh(m,, m,)

We informally define a conceptual neighborhood of
mental models, or neighborhood, as a connected graph
whose nodes define a set of mental models and edges are
all possible 2-uples {m,, m,) such as neigh(m,, m-).

This defines the graph of successive mental models that
can be viewed as a conceplual neighborhood.

Empirical implication
Raczy & Anceaux (1996) and Raczy (1997) have validated
this formalization in vanous formal deduction tasks: cate-
gonical, temporal, conditional, relational, spatial, hypo-
thetico-deductive reasoning... These confirmed thal
subjects always build successive mental models which are
neighbors.
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1. Operator @ is the symmetrical dif ference defined by
a®b=alUb-anNb.
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