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The study of the mind is quite a universe. Within this universe, we find the world of
perception. Those who have landed in this world know that this is a place of won-
derful and breathtaking landscapes. Among the landscapes, we can find within the
world of perception, there is one we have to fear most: the jungle between vision and
action. Two main kinds of adventurers are brave enough to pursue the routes in this
jungle: the philosopher and the neuroscientist.

This special issue is a logbook of this trip along the insidious and marvelous
pathways between vision and action.

1 The map of the philosopher

In recent years, three of the most famous philosophical maps, whose aim is to pro-
vide a description of the crucial links between vision and action, have been intro-
duced and advocated by different philosophical theories: the Classical Computa-
tional View, the Embodied View, and the Enactive View.

1.1 The classical computational view (CC)

According to CC, the relation between vision and action is as a one-way route,
which connects the perceptual system with the motor apparatus, but not the other
way around. CC maintains that vision provides the input to cognitive processing,
whereas the execution of action is the related output.

The moral is that vision and action are first and foremost peripheral events, while
the central cognitive process is instantiated between the visual stimulus and the
motor response (Hurley 2001).
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1.2 The embodied view (EV)

According to EV, cognitive processes are deeply dependent on the morphologi-
cal properties of our bodies, as well as on the way such bodies can move, so that
a clear-cut distinction between central cognition on the one hand, and perception
and action on the other is very hard to outline. Accordingly, the bodily repre-
sentations subserving perceptual and motor processing are inextricably linked, so
that we can consider vision and action as twin sisters (Clark 1998; Lakoff and
Johnson 1999; Shapiro 2010).

1.3 The enactive view (EN)

EN has recently stressed the need for removing representational items from the
study of the mind, providing the debate with new arguments in support of non-
representational theories of mind and cognition (Chemero 2011; Gallagher 2017,
Hutto and Myin 2017; Varela et al. 1991).

Additionally, three main forms of interlock between vision and action have
been suggested:

1. Vision for action: vision serves action guidance by allowing us to perceive action
possibilities in the environment (Gibson 1979; Jacob and Jeannerod 2003; Jean-
nerod 2006; Nanay 2013; Pacherie 2011; Ferretti 2016b; Ferretti and Zipoli
Caiani 2018).

2. Vision is a form of action: movement shapes the processing of visual information,
as movement and action lead the observer to appreciate structured and familiar
patterns of change in the sensory stimulation with respect to the way this move-
ment is performed i.e. ‘Sensorimotor Understanding’ (O’Regan and Noé 2001;
Noé& 2004). This notion is famous among action-based theories of perception
(Briscoe and Grush 2015).

3. Action for vision: action processing biases and directs our visual processing:
visual content is (even if sometimes only partly) determined by our intention to
act, which depends on our motor capacities (De Vignemont 2018: 1.3 this issue;
Nanay 2018 this issue).

Before matching these ideas with the measurement of the neuroscientist, we
have to examine the latter.
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2 The measurements of the neuroscientist

The best framework proposed by cognitive neuroscience over the last years is the
‘Two Visual Systems Model’ (TVSM). We will briefly discuss the evolution of
such a model, from the perspective of classical vision science, to the recent devel-
opments of it.

According to a ‘Classical Model in Vision Science’ (CVS), the most important
task of vision is object recognition, which can be used for the visual guidance of
action, in a process that reflects a causal chain. The cognitive system approaches
the detection of action possibilities in the environment as a serial process. First
comes the visual finding of the salient properties of the targets. Then, the visual
brain constructs an internal representation of the environment. Thus, the cognitive
system looks for the available motor possibilities therein. Finally, it follows the com-
putational specification of an action plan, which in turn shapes the motor commands
available for suitable motor interaction (Newell 1971).

Remarkably, CVS allows measurements of the space between vision and action
that reflect the map introduced by CC in the previous section. Notably, CVS and CC
agree that there are no shortcuts in the route linking the input to the output, moreo-
ver, they both suggest a one-way direction, making impossible any influence of the
motoric processing on the ‘encapsulated’ content of (early) vision (see Brogaard
and Gatzia 2017; Raftopoulos 2001, 2014).

The classical view has turned out to be only an approximation of the measure-
ment we can carry out in the jungle. Over the past decades, indeed, the availabil-
ity of new anatomo-functional evidence has inspired a groundbreaking framework
within the cognitive sciences of vision. Famously, following the preliminary work
by Ungerleider and Mishkin’s (1982), Goodale and Milner (1995/2006) proposed
what is nowadays known as the ‘Two Visual Systems Model’ (TVSM). This model
has changed face over the years, due to the ever-growing evidence registered. We
will discuss here the initial formulation of it and the most recent one: the ‘Segrega-
tion Hypothesis’ and the ‘Interactionist Hypothesis’.

2.1 The‘Segregation Hypothesis’

The initial formulation of the TVSM suggests a new picture concerning the hodol-
ogy of our visual system, by recognizing the presence of (at least) two segregated
visual pathways in our visual cortex (Milner and Goodale 1995/2006). From an ana-
tomical point of view, a ventral stream, also known as the occipito-temporal network,
stretches from the primary visual cortex to the infero-temporal cortex. The dorsal
stream, also known as the occipito-parietal network, goes from the primary visual
cortex to the posterior parietal cortex, with specific connections to the premotor
areas. From a functional perspective, the ventral stream allows primarily conscious,
but also unconscious, visual object recognition, which subserves perception from an
allocentric frame of reference. Conversely, the dorsal stream allows the (uniquely)
unconscious visual guidance of action and the related attribution of action properties
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to the objects we perceive, which subserves perception from an egocentric frame of
reference, within the peripersonal space of the observer (Andersen and Buneo 2003;
Goodale and Milner 1992; Milner and Goodale 1995; Rizzolatti and Luppino 2001).
Now, the ‘Segregation Hypothesis’ establishes an indirect link between vision
and action, and, thus, between semantic and pragmatic processing, supporting the
idea of the presence of a one-way route from the visual system to the motor system.
This amounts to conceive the interaction between visual and action processing as
occurring in the flow of an ordered, serial, hierarchical process of a causal chain.

2.2 The'Interactionist Hypothesis’

Despite its great fame, the ‘Segregation Hypothesis’ has been recently questioned
both on philosophical (Kozuch 2015; Wu 2014; Shepherd 2015; Mole 2010; Briscoe
2009; Ferretti 2016b, c; Zipoli Caiani and Ferretti 2017; Brogaard 2011a, b; Nanay
2013) and empirical grounds (Verhoef et al. 2011; Perry et al. 2014; Wokke et al.
2014; Borra et al. 2007; Van Polanen and Davare 2015; Hoshi and Tanji 2007;
Cohen et al. 2009; Ferretti and Chinellato 2019).

First, such an anatomo-functional dissociation is not very deep in healthy
humans. Neurophysiology of vision suggests, indeed, that there is no rigid func-
tional separation between the visual paths at various points in the processing (Jacob
and Jeannerod 2003: p. 255; Briscoe 2009; Chinellato and Del Pobil 2016; Ferretti
2016b; Borra et al. 2007; Cisek and Kalaska 2010; Hoshi and Tanji 2007; Schenk
and Mclntosh 2010). Moreover, a more accurate analysis of optic ataxia and visual
agnosia reveals that such impairments do not reflect dissociation in vision for action
and visual recognition as strong and clear-cut as originally thought (Rossetti et al.
2003, 2005; Blangero et al. 2007), for philosophical discussion see (Briscoe 2009;
Briscoe and Schwenkler 2015; Clark 2007; Ferretti 2017b).

Second, even dorsal vision-for-action can be affected by illusions (Kopiske et al.
2016; Mclntosh and Schenk 2009; Briscoe 2009; Ferretti 2016b: 5.2).

Third, equating visual awareness only with ventral vision might be wrong: we
do not dispose of a strong definition of consciousness, and no crucial evidence sug-
gests that dorsal vision is totally detached from conscious processing (but see Bro-
gaard 2011a, b: 5.5). Plus, the contribution of ventral processing to dorsal compu-
tations gives sometimes awareness to action-guiding vision (Ferretti 2016b: 5.5).

Although considered by many as being the best computational model of visual
perception available, the assumption of TVSM as a real description of the cogni-
tive functioning is not obvious. In his paper “The two visual systems hypothesis and
contrastive underdetermination”, Thor Griinbaum (2018, this issue of Synthese)
argues that the TVSM suffers from undetermination problem systematically gen-
erated by the way certain assumptions about the informational nature of cognition
are translated into experimental practice. This forces us to review our trust in this
paradigm, shifting our attention from the relationship between vision and action to
the more general issue regarding the relationship between behavioral evidence and
computational mental models.
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We can now analyze, in a more specific manner, the most important aspects of
the interlock between vision and action in the light of an interdisciplinary research
between philosophy and neuroscience.

3 Conscious vision and action

Vision can be conscious or unconscious. Thus, we have to consider this distinction
when investigating the links between vision and action.

3.1 Consciousness in vision for action

Phenomenological, everyday life visual experience suggests that we are visually
conscious of the properties of the objects we use in order to shape our movements.
The task of philosophy is to understand whether this really is the case. Notably, there
are three philosophical theses, related to the notion of Conscious Vision for Action:

1. The Assumption of Experience-Based Control (EBC): Conscious visual experi-
ence can be used to guide and control action (Clark 1999, 2001, 2007, 2009;
Briscoe 2009; Briscoe and Schwenkler 2015).

2. The Assumption of Experience-Based Selection (EBS): Conscious visual experi-
ence can be used to select targets for action.

3. The Grounding Thesis (GT): Conscious visual experience that visually guided
action completely grounds on conscious visual experience (Campbell 2002;
Briscoe 2009).

Interestingly, if we follow the ‘Segregation Hypothesis’, the TVSM supports the
EBS, but not the EBC. On the one hand, the relation between ventral conscious rec-
ognition for action planning and dorsal visuomotor programming is similar to the
one between a tele-assisted robotic device, the dorsal stream, which executes the
appropriate interaction with the targets selected by the operator behind the device,
i.e. the ventral stream. This is perfectly in line with EBS.

However, if we follow the most up to date interpretation of the TVSM, the ‘Inter-
actionist Hypothesis’, things are different, as there is room to support also the EBC.
As we saw, the dorsal stream participates in object recognition, as well as in the gen-
eration of visuospatial awareness of objects presented in peripersonal space, which
is crucial for action planning Then, also the dorsal stream is (partly) involved in the
processing of selection commonly attributed only to the ventral one, when talking of
the EBS (Brogaard 201 1a, b; Ferretti 2018).

That said, GT cannot be supported. There are aspects of action that do not require
conscious supervision. However, it seems that dissociation between conscious vision
and motoric performance is due to several factors, as whether the action automatic
or slow, whether it is performed by a skilled agent or by a novel one and whether it
is directed to objects in the peripheral rather central portion of the visual field, as
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also a discussion of cases of optic ataxia and visual agnosia suggest (Briscoe and
Schwenkler 2015; Briscoe 2009; Ferretti 2017b).

Finally, asking about whether we can consciously guide action amounts to ask
whether we can consciously see action possibilities in the environment or what we
can call ‘affordances’ according to James Gibson’s vocabulary (1979). It has been
recently suggested that there is no crucial argument showing that we not literally
see affordances, either consciously, as part of our visual phenomenology or uncon-
sciously (Ferretti 2019). We can just say that some parts of our visual system, the
dorsal visual system, register, at the subpersonal level of visual processing, geomet-
rical patterns in the environment and use this information to generate appropriate
motor commands. Other parts of our visual system, the ventral visual system, regis-
ter geometrical patterns in the environment and allow us to access this information
in our conscious visual phenomenology of shapes.

3.2 Vision as a form of action and consciousness

What about the relation between Sensorimotor Understanding and Visual Con-
sciousness? According to the Enactive View, perceivers appreciate structured pat-
terns of change in the sensory stimulation with respect to movement, i.e. ‘senso-
rimotor contingencies’ (O’Regan and Noé 2001; No& 2004). Such a theory does
not suggest, however, that visual consciousness depends on our Vision for Action.
Rather, vision depends on the estimation of sensory effects of movement. Therefore,
even following the ‘Segregation Hypothesis’, such an idea would not be in trouble.

In his paper titled “Sensorimotor Expectations and the Visual Field”, Dan Cave-
don-Taylor (2018, this issue of Synthese) starts from the basic idea that “Sensorimo-
tor expectations concern how visual experience covaries with bodily movement”.
Rather than focusing on sensorimotor expectations, Cavedon-Taylor refers to this
notion to describe ‘our experience of the visual field itself and, in particular, our
experience of its limits; that is, our ever-present visual sense of there being more to
see, beyond what’s currently within the visual field’.

Similarly, in his paper titled “Visual Acquaintance, Action and The Explanatory
Gap” Thomas Raleigh (2018, this issue of Synthese) focuses on actions related to
perceptual processing that are at the basis of spatial perception on the one hand, and
on color perception on the other. The author suggests why “we should expect the
specific nature of color phenomenology to remain less readily intelligible than the
specific nature of visual spatial phenomenology”.

3.3 Action in Vision and the issue of consciousness

While scholars have investigated the extents to which vision guides action, less
effort has been devoted to the understanding of whether the way we can act deter-
mines what we perceive, especially in relation to Visual Consciousness.

This notion has not to be confused with the notion of sensorimotor understanding:
one thing is to say that the way we can move can modulate our visual perception, by
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changing our sensory stimulation, another is to say that the action we want to per-
form modulates what we perceive in the environment.

In his paper titled “Perception is not all-purpose” (this issue of Synthese), Bence
Nanay offers one of the first original investigations of the notion of Action for
Vision, by suggesting that “one’s perceptual attention depends counterfactually on
one’s intention to perform an action (everything else being equal)”, as well as that
“one’s perceptual processing depends counterfactually on one’s perceptual attention
(everything else being equal)”’. This seems to indicate that ‘Perception is not all-
purpose’, as it depends, ceteris paribus, counterfactually on our intentions to act.

Furthermore, in his paper titled “Bodily Awareness and Novel Multisensory Fea-
tures”, Robert Briscoe (2018, this issue of Synthese) argues that, contrary to the
thesis according to which perception resolves without remainder into their different
modality-specific components, a special type of multisensory integration can give
rise to perceptual experiences representing spatial features of a peculiar type which
are relevant in programming.

4 The space(s) of vision and action

Vision and action operate in specific represented spaces. According to the ‘segrega-
tion hypothesis’, ventral visual recognition operates in an allocentric frame of ref-
erence, while the dorsal visuomotor processing operates in an absolute, egocentric
frame of reference. Recently, however, it has been suggested that vision is always
perspectival with respect to any part of the perceiver’s body, so that also visual rec-
ognition is always egocentric. For classical claims on this point see (Evans 1989;
Campbell 2002; Clark 2007; Peacocke 1992).

Another distinction is the one between Peripersonal space and Extrapersonal
space and Vista space. The first is about the portion of region close to the body
in which objects are ready to hand. Extrapersonal space is the space immediately
beyond the Extrapersonal space and Vista space arrives beyond 30 m (Ferretti
2016a, b, c, 2017a; De Vignemont 2018).

In her paper titled “Peripersonal perception in action”, Frédérique de Vignemont
(2018, this issue of Synthese) tackles the problem of defining what is peculiar of
visual perception of objects falling within the peripersonal space of the observer,
i.e. the space immediately surrounding the body, and which is commonly described
as the space in which action takes place. Thus, de Vignemont suggests that there
are “sensory and motor specificities of peripersonal perception”, as those related to
“emergency and the necessity to always be ready for impact”. This constitutes, along
with other proposals in the literature, an analysis of the peculiar relation between
vision and space, when it comes to the space within our reach.

Someone has equated egocentric space to action space (Nanay 2011; Ferretti
20164, c for a review): the ability to perform egocentric localization is the ability to
interact with the object. But this definition does not capture the fact that egocentric
space is just about the point of view, and the point of view modulates our visual per-
ception even in scenarios related to vista space in which the object is far away (e.g.
a mountain) and, thus, does not fall within our peripersonal action space. Therefore,
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the possibility of egocentric localization of an object does not need the ability to
perceive the object as manipulable: since, as we saw, vision is always egocentric
(Briscoe 2009), but not all vision pertains to peripersonal space (as in the case
of vista space), then, all peripersonal space is egocentrically encoded, but not all
egocentric space is peripersonal space (Nanay 2011: pp. 468-469, footnote 8; No&
2004: Ch. 3; Ferretti 2016a, c, 2017b). However, the ability to perceive the object
as manipulable necessarily depends on its encoding within the peripersonal action
space (Ferretti 2016a, b, ¢).

5 Representations in vision and action

Postulating privileged links between vision and action poses a problem: how can
visually-structured information be directly integrated with information that is motor-
ically structured? This issue has its origins in the classic idea that the visual stimu-
lus and the motor output are characterized by their proprietary systems, and that an
integration between them requires the mediation of an independent language under
which these forms of information can be translated (Fodor 1980).

After the discovery of the dual streams of vision (Sect. 2.2), many scholars agree
on a distinction between the formats of the information conveyed by the ventral and
the dorsal pathways: while the ventral stream processes visual information in a way
that leads to perceptual categorization and, therefore, which can lead to form per-
ceptual beliefs, structured in a propositional manner, the results of dorsal processing
cannot serve for such a task (Butterfill and Sinigaglia 2014; Ferretti 2016b, c; Jacob
and Jeannerod 2003; Jeannerod 2006).

Now, the co-existence of many mental representational formats poses an issue
that cannot be easily ignored. This issue concerns the integration between motoric
states like motor representations and propositional states like intentions, both of
which are needed in order to shape rational and accurate action performance (Burn-
ston 2017; Butterfill and Sinigaglia 2014; Ferretti and Zipoli Caiani 2018; Mylopou-
los and Pacherie 2016; Shepherd 2017).

The relation between our intentions, perception and action has been addressed by
two contributions in this issue. Notably, in his paper titled “Intelligent action guid-
ance and the use of mixed representational formats”, Joshua Shepherd (2018, this
issue of Synthese) deals with the problem of explaining the intelligent guidance of
action, arguing that such an intelligence does not merely depend on abstract and
syllogistic processes, as established by classical paradigms of practical reasoning.
According to Shepherd, intelligent actions are guided through the employment of
a combination of representational formats, including those constrained by the feed-
back outputted by sensorimotor processes.

In his paper titled “Goals and Targets: A Developmental Puzzle about Sensitiv-
ity to Others’ Actions”, Stephen Butterfill (2018, this issue of Synthese) explains
the role of non-propositional information with respect to how motor representa-
tions function in the development of infants’ sensitivity to others’ actions. Butterfill
argues that the fundamental social ability to track the targets and goals of actions
depends on a rich mix of many kinds of processes, among which those underlying
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motor abilities have a critical role. He then develops a motor theory of goal track-
ing according to which, at least for a certain class of tracking competences, the
sensitivity to other’ agents action goals involves the role of motor processing and
representations.

5.1 Semantic biases of visuomotor processing

In recent years, the assumption of a lack of ongoing interactions between the visuo-
motor system and other channels of information processing has come under scru-
tiny: anatomical and functional evidence points toward the existence of additional
pathways linking the dorsal stream to the ventral stream as well as to other associa-
tive areas. Such extra-stream interactions provide a way for semantic information to
deeply and continuously influence the processes underlying visuomotor representa-
tions in the system. This led to hypothesize that memory-stored information related
to visual targets can influence the motor representations of the same target, with a
specific interplay with the agent’s intentions.

In her paper titled “Affordances, context and sociality”, Anna Borghi (2018, this
issue of Synthese) provides a review of evidence showing the interaction between
visuomotor processing and different cognitive paths. In her paper she starts by ask-
ing how the cognitive system selects the right course of action among the many pos-
sibilities that are offered by the environment. Borghi clearly introduces experimental
results from different fields of cognitive sciences, showing how the detection and
selection of action opportunities is differently modulated by physical, cultural and
social information.

The role of social information in visuomotor processing has been addressed
by two other contributions of this special issue. In her paper titled “Artifacts and
affordances”, Erica Cosentino (2018, this issue of Synthese) argues that the visual
perception of artifacts may elicit different types of affordances, depending on their
socially established functions, but also on the individual agent’s creativity. Thus,
Cosentino defends the idea of a division between standard affordances, which con-
cern the common function of artifacts, and ad-hoc affordances, which refer to how
they are individually manipulated.

Furthermore, in her article titled “Implicit Biases in Visually Guided Action”,
Berit Brogaard (forthcoming, this issue of Synthese) focuses on the influence of
implicit knowledge and assumptions like social stereotypes and prejudices on action
planning and execution in Vision for Action. Brogaard provides arguments to show
that, although the social information shaping our action intentions can be uncon-
scious, it may have consequences that make us accountable of social responsibility.

Finally, the presence of a high order influence on vision for action poses two
more issues. The first issue concerns the very nature of the influence of contex-
tual information on visuomotor processing: is this a case of cognitive penetration
of vision? According to Pylyshyn’s influential formulation, a system is cognitively
penetrable if the function it computes is semantically sensitive to the agent’s beliefs
(Pylyshyn 1999). The investigation of the cognitive penetration of vision for action
has been famously pursued by Nanay (2013). In her paper titled “Are visuomotor
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representations cognitively penetrable? Biasing action-guiding vision”, Josefa Tori-
bio (2018, this issue of Synthese) starts from Nanay’s account and addresses this
problem by arguing that even though there are many well-established examples of
top—down causal influences on the motor processing of visual information, they
should not be considered genuine instances of cognitive penetration on Vision for
Action. Toribio provides a subtle philosophical analysis of how semantic informa-
tion impacts on Vision for Action, showing why such an interaction cannot figure as
a case of cognitive penetration.

So far, we’ve been talking about vision and action in a real environment. But what
if we talk about dreamlike environments? In her paper, titled “Dreaming of a stable
world: vision and action in sleep”, Melanie Rosen (2018, this issue of Synthese) has
argued that current theory of vision and action must be extended to include dreams.
According to Rosen, dreams are hallucinatory, visual experiences of a world, which
appear so realistic that during dreams we interpret internally generated visual stim-
uli as externally generated movements whereas other apparent movement is inter-
preted as internally generated.

The second issue raised by the investigation about the role of higher cognitive
states in Vision for Action concerns the understanding of the deep computational
and representational structure of cognition. Here the problem is to account for the
influence of semantic parameters on Vision for Action: if cognition is not content-
involving, how can different ways of considering the same visual target be relevant
for action execution?

In his paper titled “Intensional Biases in Affordance Perception: An Explana-
tory Issue for Radical Enactivism” (this issue of Synthese), Silvano Zipoli Caiani
addresses this problem by reporting and discussing evidence that the categoriza-
tion of visual stimuli shapes the dynamical interaction between the agent and the
environment. The idea is that Vision for Action is deeply influenced by intensional
biases, which do not allow for an extensional account of motor cognition, as stated
by EV and EN.
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