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ARTICLE INFO ABSTRACT
Article history: Neuroscientific and psychological data suggest a close link between affordance and mirror systems in the
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Here, we propose that the architecture and functioning of the two systems is best understood in terms of
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two challenges faced by complex organisms, namely: (a) the need to select among multiple affordances
and possible actions dependent on context and high-level goals and (b) the exploitation of the advan-
tages deriving from a hierarchical organisation of behaviour based on actions and action-goals. We first
review and analyse the psychological and neuroscientific literature on the mechanisms and processes
organisms use to deal with these challenges. We then analyse existing computational models thereof.
Finally we present the design of a computational framework that integrates the reviewed knowledge.
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Psychology The framework can be used both as a theoretical guidance to interpret empirical data and design new
Neuroscience experiments, and to design computational models addressing specific problems debated in the literature.
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1. Introduction: affordances, canonical neurons, and
mirror neurons

Studies on macaque monkeys have shown that brain area F5
(putatively homologous to human posterior Inferior Frontal Cortex,
IFC, Rizzolatti and Arbib, 1998)! contains two varieties of visuo-
motor neurons: canonical neurons and mirror neurons (Di Pellegrino
etal,, 1992; Gallese etal., 1996; Murata etal., 1997; Raos et al., 1996;
Rizzolatti et al., 1996; Sakata et al., 1995; for a more recent review
see Rizzolatti and Craighero, 2004). Both canonical and mirror neu-
rons discharge when macaques execute specific actions, for exam-
ple when they grasp an object with a precision grip or a power grip.

Canonical neurons also fire when the monkey simply observes
an object. This points to a mechanism for detecting object affor-
dances and activating actions on this basis. The concept of
affordance was first introduced by Gibson (1966), who observed
that the dynamical pattern of the optic flow can be used to guide
navigation reactively through the environment. He used the term
affordance to refer to the fact that visual perception of the environ-
ment is not just passive perception of objects as such, but direct
perception of the potential actions that the perceiver can carry out
with them without the need for high-level processes such as rea-
soning about object properties. In the realm of manipulation, for
example, a person seeing an object would not necessarily only per-
ceive colours, shapes and so on, but first and foremost also directly
perceive the object’s “graspability”, “liftability” and so on. The affor-
dances of any given object depend not on the object alone, but also
on the embodiment (in particular the actuators) of the perceiving
agent. A bottle, for example, affords grasping for humans but not for
dogs (for which it might afford a biting action) or ants. A key aspect
of the concept of affordance is the reactive nature of the resulting
sensorimotor processing that tends to trigger or prime action in an
automatic fashion (although we will later see that this tendency
can be strongly modulated by the context and goals of the agent).

1 All brain regions acronyms used in the article are summarised in Table 1 in
Appendix.

In some of the recent literature, the concept of affordance has
been extended beyond the Gibsonian interpretation to consider
the brain representations of affordances (the possible sensorimo-
tor interactions offered by objects, see for instance Fagg and Arbib,
1998 or Oztop and Arbib, 2002). These representations encode both
the features of the objects needed to act on them (e.g., the size and
location of the object) and the relation between the objects and the
agent’s body (e.g., that an object is within reach or in contact with
a hand).

In cognitive psychology, the concept of affordances has been
further developed with the definition of micro-affordances (Ellis
and Tucker, 2000; Vainio et al., 2007), also referring to brain rep-
resentations of possible sensorimotor interactions with objects.
Micro-affordances do not concern the whole action but rather spe-
cific action components: for example, observing an object with a
given size and orientation might activate two different components
of the grasping action, such as the grip type (e.g., power vs. preci-
sion) and the wrist orientation (e.g., with the hand palm pronated
or supinated).

In addition to the Gibsonian view, these extensions to the con-
cept of affordance are very important for this review. To avoid
confusion, we will use the term “(micro-)affordance representa-
tions” to refer to the brain representations of affordances unless
the context clearly disambiguates between the Gibsonian and the
brain-related meaning, in which case we will use the simpler term
“affordances”.

Mirror neurons (also found in the parietal cortex (PC); Fogassi
et al., 2005) fire when the monkey observes another monkey or
a human being perform a goal-directed action such as, for exam-
ple, grasping an object (Rizzolatti and Craighero, 2004). This points
to a mechanism for action or intention understanding (Rizzolatti
and Craighero, 2004; lacoboni et al., 2005). A crucial difference
with canonical neurons is that mirror neurons do not discharge
to the simple presentation of an object. This evidence has led
many authors to link mirror neurons to the representation of goals
of actions (Rizzolatti and Craighero, 2004; lacoboni et al., 2005;
Craighero et al., 2007). For example, Johnson-Frey et al. (2003) have
shown through an fMRI study that the frontal mirror regions of
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