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In diverse social phenomena, the way a social network shapes in-
dividual opinions depends on the information the individuals in the
network have about one another. This is clear in situations such as
pluralistic ignorance3 [11] and opinion diffusion4 [6]. Formalisations
of these phenomena (e.g., respectively, [14] and [3]) rely on that in-
sight. However, these proposals make use of logical tools that make
strong idealisations about the involved agents, not only with respect
to their reasoning abilities, but also with respect to their competence
in identifying what other people prefer/believe.

In particular, an important feature of how people function in so-
cial scenarios that is often overlooked is that of Theory of Mind
(ToM), the cognitive capacity to attribute internal mental states, such
as knowledge and beliefs, to oneself and others [13]. Theory of Mind
is a crucial component of social skills: someone who understands
that others might have mental states different from hers, and can rea-
son about those states, is much better suited to understand their be-
haviour, and thus act and react appropriately.

In the enterprise of reasoning about situations in which high-order
beliefs are important, a seemingly natural choice is Epistemic Logic
with its relational semantics (EL; [9, 7]). Indeed, EL provides tools
for representing and reasoning about not only the knowledge/beliefs
agents have about ontic facts, but also the knowledge/beliefs they
have about their own and others’ knowledge/beliefs.5 However, EL
might not be well-suited for representing realistic high-order attribu-
tions. This is because, while relational models are too heavy-loaded
(every agent ascribes to every agent beliefs at any modal depth), the
semantic interpretation of formulas describing high-order belief is
‘simple’ (just following indistinguishability relations). In this sense,
EL treats agents as unlimited reasoners, thus not doing justice to how
‘real’ agents attribute beliefs.

This work seeks a formalisation of high-order belief attributions
that is more in-line with findings in cognitive science, and thus closer
to the way ‘real’ agents attribute internal mental states to others. To
that end, we aim at the converse direction to that of EL. On the one
hand, our structures are simple, encoding only basic facts, and thus
resembling the ‘frugal’ way real agents store the information they
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3 The majority of the individuals do not accept an idea, and yet they go along
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idea has been accepted by their peers.

5 For example, the aforementioned [14] and [3] rely on EL. There have been
also EL-based formalisations of ToM, as [16, 5].

obtain via observation, communication and reasoning. On the other
hand, the semantic interpretation of high-order beliefs is ‘complex’,
showing the oftentimes strenuous process agents engage in when try-
ing to figure out what other agents ‘have in their mind’ (recalling
stored facts, then using them for deriving further information).

Inspired by experiments commonly known as false belief tasks
[4, 8, 12, 15, 10], which test to which extent people of different ages
master higher-order attributions, agents in our setting get their basic
information via the direct observation of (i) not only objects and their
properties (or simply their colours, for illustrative purposes) but also
of (ii) other agents and what they themselves can see. Our temporal
visibility (TV) model is a finite linear time structure in which each
stage (state) is fully described by both the colour of each object and
the objects and agents each agent sees. In this way, a TV model rep-
resents not only the current situation (the ‘last’ state) but also how the
situation was in the past (all the previous ones). By providing opera-
tions for extending a given model with a state depicting the outcome
of a certain activity (objects changing colours, agents changing what
they see), one can represent naturally the changes taking place in the
storylines of false belief tasks. On the syntactic side, the crucial for-
mulas of the language are those expressing the (high-order) beliefs
agents have about the colour of an object. Their semantic interpreta-
tion encodes the ‘backtracking’ an agent might have to do to attribute
beliefs: recall basic facts and infer further information to determine
who believes what.

The framework works well when modelling common false belief
tasks, such as the Sally-Anne Task [4] and the Chocolate Task [8].
Still, in other tasks, communication, including misinformation and
lying, also plays important role, affecting the information agents have
about facts and about others’ beliefs. We thus provide an extension
of our models that accounts for communicated facts (about objects
or other agents), and changes thereof, through additional compo-
nents, called perceived visibility and perceived colour. These addi-
tional tools can be applied to model the Bake-Sale Task [10], the
Ice-cream Task [12] and the Puppy Task [15].

Overall, the proposed system gives an alternative to the traditional
logical modelling of belief ascriptions that is closer to the actual
workings of belief formation. Its most important feature is the con-
trast between a ‘simple’ model for visibility and communication, and
a ‘complex’ clause for interpreting mental state attributions. This can
also help us track why in certain cases these tasks become too cogni-
tively difficult, in agreement with experimental findings [2, 1]. More-
over, we expect that this new framework for belief attribution will
provide a more realistic basis for the epistemic dimension of many
social phenomena.
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