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Abstract. The environment presents cognitive agents all times
with two fundamental tasks: the detection of action possibilities
and the selection of one possible action. In the former case, the
agent must be able to spot interaction patterns in the environ-
ment, while in the latter case the agent must be able to achieve
the right motor plan according to her actual skills and goals.
These tasks are performed, in part, by relying on information
about the environment and, in part, by exploiting information
about the agent’s motor intentions. The aim of this paper is to
illustrate how an integrated process of pattern detection and
action selection may take place in natural cognitive systems.
This amounts to show that the function of detecting and the
function of selecting possibilities of action are not, respectively,
the beginning and the end of the perceptual process, and that
they are not subserved by reciprocally segregated flows of in-
formation. Contrary to the classical view, the processes of detect-
ing and selecting occur concurrently and integrate each other,
rather than being sequential and reciprocally encapsulated.

1 INTRODUCTION

The aim of this paper is to elucidate how the detection and the
selection of visual patterns for action take place in natural cog-
nitive systems. The paper shows that the function of detecting
and the function of selecting possibilities of action are not, re-
spectively, the initial step and the final step of a perceptual pro-
cess, and that they are not grounded on two segregated streams
of information. Contrary to what has been classically assumed,
the processes of detecting and the process of selecting integrate
each other, rather than being reciprocally encapsulated. The main
point of this paper concerns the possibility to frame the detection
and the selection of action opportunities in terms of information
processing without relying on a massive modularity of percep-
tion, that is, without postulating modules dedicated to the per-
ception of visual affordances. Indeed, there are several data
which present some difficulty to be reconciled with the idea that
the sensorimotor control is detached from cognition, and that
detecting motor patterns in perception is a different process in
respect of selecting motor plans for action. Contrary to the clas-
sical information processing approach to visual affordances, it is
possible to assume that information integration occurs in differ-
ent moments in the perceptual processing, allowing for a fine-
grained selection of motor cues according to the agent’s pur-
poses. This means that a revised approach to visual affordance
should abandon the old fashioned idea that the perception of
action possibilities relies on a stimulus-driven process. Rather, a
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brand new approach to visual affordances does not require the
postulation of dedicated modules.

Understanding how cognitive agents perceive possibilities of
action in the environment might help to appreciate the role of the
sensorimotor system in perception. Moreover, framing the per-
ception of affordances within an information integration archi-
tecture, might be of relevance in the design of artificial agents
suitable to an effective interaction with the environment.

2 THE CLASSICAL VIEW

Since Gibson has introduced the concept of affordance [1] the
relation between action and perception is a largely discussed
topic in the cognitive sciences. According to Gibson’s influential
view, the motor meaning of things in the environment is spe-
cified by the ambient array of light, and no internal information
is required to complete the stimulus and to determine the sub-
sequent action to execute. Indeed, since for Gibson the ambient
is entirely specified in terms of external patterns of light, there is
no need for internal representations and computations.

Today, many scholars supports Gibson's original claim that
perception can be direct, focusing on the dynamical interactions
between cognitive systems and environmental properties
[2,3,4,5]. Nevertheless, this dynamical approach can be con-
sidered only a part of the story about the role of motor intentions
in perception [6].

After decades of theoretical debate, several studies have ex-
ploited the notion of affordance as a conceptual tool in order to
frame the role of action in perception. Despite the fact that Gib-
son’s original purpose was to support a non-representational
approach to cognition, many studies adopted the notion of af-
fordance within a computational framework. According to a
classical view, the agent forms an internal representation of the
possibilities of action in the environment, and only subsequently
integrates them with information concerning her goals and the
identity of the target.

According to this view, David Marr [7] argued that the visual
system does not defer on environmental information only, but
that it internally constraints the variety of accepted inputs and
possible outputs. In this way the visual system uses information
incorporated into the processing concerning what mappings from
distal to proximal stimulus are possible and most probable. Fam-
ously, also Jerry Fodor [8] has explicitly held the view that visu-
al perception is based on a massive modular architecture, se-
gregated from higher levels of cognition, and grounded on its
own repository of “knowledge”. As a consequence of this ap-
proach, since visual perception is segregated from the agent’s



intentions, the detection of affordances and the selection of mo-
tor actions take place autonomously.

It should be noted that, since the visual system is encapsu-
lated, its operation should be considered as mainly “stimulus
driven”. In this case, indeed, only the stimulus itself may guide
the visual process and determine what the agent perceives. In
light of this, it might be tempting to postulate a visual module
with the function of extracting motor cues from the stimulus, and
thus framing the perception of affordances on the basis of a se-
gregated processing [9]. Indeed, if visually perceiving the envir-
onment is considered as a modular process, the detection of tar-
gets for action might be possible without involving higher level
resources, such as those concerning the identification of object’s
properties and agent’s intentions.

Over the last few decades, such a view inspired a classical
framework in cognitive neuroscience. Famously, Milner and
Goodale [10] proposed a new version of the already known
account of the two visual streams provided by Ungerleider and
Mishkin [11], arguing that the ventral and the dorsal paths sub-
serve two segregated flows of visual information. This classic
view lies mainly in the discovery of a functional difference
between the two streams. While the detection of possible actions
in the environment involves the dorsal stream, [12], the ventral
pathway assigns an identity to visual patterns encoding semantic
information. Although both streams process information con-
cerning objects and their spatial locations, they manipulate visu-
al information in a quite different way: the dorsal stream has a
role in mediating the visual detection of possibilities for action,
while the ventral stream allows to recognize targets and to select
intentional actions according to the agent’s motor plans and
goals.

On the basis of a modular approach to vision, Goodale and
Milner [10, 13] have stated that the dorsal stream blends directly
into the premotor areas and forms a segregated “parieto-frontal
visuomotor system”. In light of this, the dorsal stream does not
exploit resources processed by the ventral stream, such as those
concerning the identification of an object’s property and the
agent’s goals, but rather it relies only on “stimulus-driven” in-
formation that directly specifies the possibilities of action avail-
able in the environment. In line with this classical view, also
Raftopoulos [14] has argued that the selection of successful ac-
tions requires that the visual target is computed in an “absolute
metric”, and that the visual apparatus is able to pick up motor
information directly from the visual stimulus, without relying on
semantic cues and intentional information. Accordingly, since
the processing taking place along the dorsal pathway is pre-
cluded to higher level processing, the resulting function of the
dorsal flows is only that of computing motor information in a
body-centred frame of reference.

Resuming, the classical computational approach to vision
assumes that visual information is computed by two parallel
streams of processing. One stream detects motor information by
relying on a modular process driven by the perceptual stimulus,
while the other stream complements the stimulus with semantic
and intentional information. The interaction between such two
flows occurs at the end of the process, where the blend of motor
and intentional information gives rise to the selection of a plan
for action.

3 THE REVISED VIEW

As an alternative to the classical computational approach to
visual affordances, one may assume that the selection of motor

plans is not confined to the very last part of the perceptual pro-
cess, but occurs in parallel with the detection of visual patterns
for action. In addition, it is also possible that the selection task
actually affects the detection task, with the result that the percep-
tion of affordances in the environment is always shaped by the
agent’s motor intentions and goals. In particular, since this view
avoids the introduction of ad hoc modular subsystems, it repres-
ents a dramatic change in respect of classical approach. In par-
ticular, while in the classical view the detection of motor patterns
is based on the functioning of segregated computations, the re-
vised view assumes that perceiving affordances is not entirely a
stimulus-driven process. Rather, this hypothesis outlines an in-
tegration between perceptual and intentional information, thus
setting out a different, non-modular architecture.

Interestingly, there is evidence that different interactions exist
between the dorsal and ventral streams. Contrary to the classical
hypothesis, several data suggest that the ventral stream pro-
cessing biases the detection of motor patterns by means of func-
tional interactions with different points of dorsal processing [15].
Famously, Jeannerod et al. [16] reported on a subject with a le-
sion in the dorsal stream who exhibited dysfunctional grasping
movements when faced with uncommon objects, while he was
accurate in grasping common objects of the same size. This
evidence suggests that the ventral stream’s encoding of semantic
and functional information may compensate for dorsal pro-
cessing deficit, when the agent is dealing with targets previously
known. Moreover, evidence of the existence of an interaction
between the two perceptual pathways has been seen in patients
suffering from visual forms of optic ataxia and visual agnosia.
Patients with an impairment of dorsal stream regions may suffer
from optic ataxia, but nevertheless show intact performance
when a delay is introduced between the perceptual stimulus and
the behavioural response [17]. On the other hand, patients with
an impairment of the ventral stream may develop a form of visu-
al agnosia, but nevertheless show normal performance in recog-
nizing objects when required to respond immediately [18]. Such
evidences suggest that detection and recognition are not func-
tions subserved by segregated flows of information. Indeed, the
impairment of one of the two streams does not prevent agents
from judging correctly and finding the right course of interaction
with the environment. Rather, we witness a reallocation of func-
tions between the dorsal and ventral paths that ensures the func-
tions of both action detection and selection, revealing the exist-
ence of a network formed by the ventral and dorsal systems.

Several studies show that the dorsal stream branches into a
number of sub-streams specialized in the detection of different
kinds of purposeful interactions with the environment. It has
been shown that the dorsal pathway is divided at least into two
parallel routes: the dorso-dorsal and dorso-ventral sub-paths
[19]. The first sub-path encodes information concerning the tar-
get’s structure and controls the proximal arm movements for
executing actions, whereas the second route encodes the target’s
role and controls the distal hand when executing movements
[12]. This physiological and functional division supports the
hypothesis that the function of the dorsal stream is to detect sev-
eral kinds of visually guided opportunities of action. In line with
this result, Baumann, et al. [20] provide evidence that the vari-
ous affordances offered by a single object can evoke the activa-
tion of different areas in the anterior intra-parietal cortex. Since
encoding multiple possibilities of action at the same time may
increase the chances of interference, a supplementary mechan-
ism is required to assess the value of the available patterns. Pro-
cesses occurring along the ventral pathway can be seen as shap-
ing the processes occurring along the dorsal path, influencing



both the detection and the selection of action patterns. In particu-
lar, top-down biases from the ventral stream may help to select
the possible patterns of interaction with the environmental in the
light of the actual agent’s knowledge and motor expertise. This
includes the selection of a restricted class of bodily postures and
behavioural gesture appropriate to a particular task at hand. Such
information is thus made available in the course of dorsal pro-
cessing, to program and control the series of movements needed
to carry out a desired action and achieve a goal.

4 CONCLUSIONS

The abovementioned evidences and considerations suggest that
the processes underlying the detection of motor affordances and
the selection of related behaviours occur simultaneously and
continuously. While the information encoded by the dorsal
stream is used to specify the available patterns of action through
a process of sensorimotor mapping, a different kind of informa-
tion is concomitantly integrated to assess which of the available
pattern will be executed according to the agent’s intentions. The
fact that the two visual streams are functionally specialized does
not mean that their processes should be conceived also as recip-
rocally segregated. Rather, the integration of these two streams
of information at different stages of visual processing makes for
a refined view about the coordination between two basic tasks
like the detection and the selection of motor opportunities in the
environment.

It should be noted that this conclusion is not derived from
the review of anatomical data only. The hypothesis that the per-
ception of visual affordances is supported by information con-
cerning the agent’s motor intentions and goals is advanced on the
basis of the adaptability of this process to deterioration in ventral
stream functioning. Indeed, if the detection of sensorimotor pos-
sibilities of action were segregated in the dorsal stream, the
impairment of the ventral pathway should leave the ability to
detect and exploit patterns of action unaltered. However, the
evidence shows that this ability is reduced in such cases, and that
information from the ventral pathway is already involved at the
level of motor processing. This, of course, does not mean that
there are not perceptual modules at all, but only that, in the nat-
ural agents, modularity should not be sought within the integ-
rated process of detecting and selecting possibilities of action in
the environment. This finding should be carefully considered by
those scholars involved in projects aiming at reproducing human
basic cognitive abilities by means of artificial systems.
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