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Abstract Molyneux’s question famously asks about whether a newly sighted subject
might immediately recognize, by sight alone, shapes that were already familiar to her
from a tactile point of view. This paper addresses three crucial points concerning this
puzzle. First, (a) the presence of two different questions: the classic one concerning
visual recognition and another one concerning vision-for-action (the second question
has been almost completely neglected in the literature and even those who mention this
second formulation do not fully investigate it). Second, (b) the explicit distinction,
reported in the literature, between ocular and cortical blindness. Third, (c) the impor-
tance of making reference to our best neuroscientific account on vision, ‘the two visual
systems model’, in order to better address Molyneux’s problem(s). Then, by offering a
new, deeper analysis of the relation between (a), (b) and (c), this paper suggests that the
subjects of Molyneux’s two different questions show the same visual impairment as
brain-damaged subjects with different lesions of the visual cortex. In particular, the
subject of the first (classic) question shows the same impairment in visual recognition
as a visual agnosic subject, while the subject of the second question shows the same
visual impairment in visuomotor processing as an optic ataxic subject. These impair-
ments still hold even if ocular processing is restored. Therefore, I suggest the following.
For the first classic question, the required experimental setting cannot be properly
reached. By contrast, concerning the second question, based on the interpretation we
select, either the answer is negative, or, as with the first question, the experimental
setting cannot be properly reached. This proposal constitutes, with the other approaches
offered in the literature, a further attempt to tackle the enormous complexity of
Molyneux’s puzzle.
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As long as I am in the world, I am the light of the world. (5) When he had thus
spoken, he spat on the ground, and made clay of the spittle, and he anointed the
eyes of the blind man with the clay (6) And said unto him, Go, wash in the pool
of Siloam, (which is by interpretation, Sent.) He went his way therefore, and
washed, and came seeing. (7)
John (9:5-7)

They still did not believe that he had been blind and had received his sight until
they sent for the man’s parents (18). BIs this your son?^ they asked. BIs this the
one you say was born blind? How is it that now he can see?^ (19) BWe know he
is our son,^ the parents answered, Band we know he was born blind. (20) But how
he can see now, or who opened his eyes, we don’t know. Ask him. He is of age;
he will speak for himself.^ (21)
John (9:18-21)

1 Introduction: Molyneux’s question

Here is Molyneux’s puzzle: can a subject born blind, who learnt to discriminate
specific shapes through touch, immediately recognize, should her/his vision sud-
denly be restored, those same specific shapes, placed before her/his eyes using
vision? (Degenaar and Lokhorst 2014) This formulation of Molyneux’s question
(henceforth MQ), posed to Locke in 1688, has gained much attention through the
ages (Degenaar 1996), as well as in the contemporary philosophical debate on
perception. This puzzle, however, seems to be still very controversial (Jacomuzzi
et al. 2003; Noë 2004; Schwenkler 2013; Campbell 2005; Evans 1985; Gallagher
2005).

In this paper, I will first address three crucial issues related to the puzzle. First,
(a) the presence of two different formulations of the question (§ 2): the classic one
concerning visual recognition and another one concerning vision for action (the
second question is almost neglected in the literature and even those who mention
this second formulation do not fully investigate it). Second, (b) the explicit
distinction, reported in the literature, between ocular and cortical blindness (§
3). Third, (c) the importance, pointed out in the existing in the literature, of
making reference to our best neuroscientific account on vision, the two visual
systems model (henceforth TVSM), in order to better address Molyneux’s prob-
lem(s) (§ 4).

Then, I will offer a new, deeper analysis of these issues. This analysis aims to
address a careful synthesis of what we can say about both Molyneux’s questions,
by considering the difference between ocular and cortical blindness, and remain-
ing within the framework of the TVSM (§ 5). Thus, this paper can be understood
as an improvement, with respect to the existing literature, of the understanding of
Molyneux’s puzzle.

The claim is that the subjects of Molyneux’s two different questions show
the same visual impairment as brain-damaged subjects with different lesions of
the visual cortex. In particular, the subject of the first classic question shows
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the same visual impairment in visual recognition as a visual agnosic subject,
while the subject of the second question shows the same visual impairment in
visuomotor processing as an optic ataxic subject.1 These impairments still hold
even if ocular processing is restored.

The implications are as follows. Concerning the first question, an empirically
informed answer is not possible because we cannot reach (for empirical reasons)
the experimental setting that does justice to the scenario imagined by Molyneux.
Concerning the second question, depending on its interpretation, either we cannot
reach the scenario imagined by Molyneux, as for the first case, or the answer is
negative. This proposal constitutes, with the other approaches offered in the
literature, a possible methodology to tackle the enormous complexity of
Molyneux’s puzzle.

Now I will introduce the ingredients of my proposal: the presence of two different
formulations of the question, the distinction between ocular and cortical blindness and
the reference to the TVSM. Then I will use them to develop my account of the puzzles
at stake here.

2 Molyneux’s question(s)

Jacomuzzi et al. (2003) suggested that the version of Molyneux’s question
originally submitted was split into two questions. One is mentioned above, in
the opening of the first section. The other is about whether Bthe individual
would be able to know that the objects could or could not be reached for, if
they were placed at different distances from the viewpoint. Thus, Molyneux’s
second question explicitly referred to cognitive processes as means for planning
and controlling action^ (p. 268). As they note, a possible reformulation is about
whether the individual would be able to appropriately reach and interact with
the object placed in the peripersonal-action space (Ibid.).2 This question con-
cerns Bprehension and its motor components (p. 268-269)^. I will call this
version of the question ‘Molyneux’s question concerning action’ (henceforth
MQA). The most obvious formulation of MQA is, according to the authors,
the following:

MQA 1) Would the newly sighted individual be able to appropriately reach and
grasp the object?

But MQA1 is too generic and can be reformulated into two specific and different
sub-questions:

MQA 2) Would she/he be able to do that in an automatic way?

1 In this paper, I do not consider the case of restoration through prosthetic devices and devices for sensory
substitution (see Jacomuzzi et al. 2003: 219).
2 For a historical note see (Jacomuzzi et al. 2003; Degenaar 1996; Occelli 2014).
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Or, conversely,

MQA 3) Would she/he need many corrections during the hand transporta-
tion in order to reach and grasp the object, through a huge online adapta-
tion?3

MQ, and its numerous variants,4 captured the interest of philosophers and
remains one of the hottest problems in the philosophy of perception. However,
although some have brought our attention to the relation between MQ and
action (Jacomuzzi et al. 2003; Gallagher 2005), nobody has directly focused on
this question in order to offer a possible answer to it.

We can now address this question in the light of the results we have in the
study of vision-for-action (Jacomuzzi et al. 2003). The importance of investi-
gating MQA, especially in relation to the TVSM, is also recognized by
Gallagher:

BPutting the question this way suggests an interesting experiment, which to
my knowledge, has not been tried. Neuropsychologists now distinguish between
vision for recognition and vision for motor control and action. Even if the
Molyneux patient is unable to visually recognize the difference between the
cube and the sphere, is it possible that their grasp, informed by vision, can
differentiate between them? One would be able to tell from the shape of their
hand as they reached to grasp the object^ (2005: footnote 23).

In investigating MQA, we should choose between the formulations reported above.
Following the original insight of MQ, MQA(2) is the relevant reformulation. Indeed,

3 On the same point see (Jacomuzzi et al. 2003: 269). A brief historical note is crucial here. While most refer to
Locke’s published version of the problem (Locke 1694), which only includes the shape identification problem, the
letter by Molyneux, of July 1688 (the year of Locke’s 1688 masterpiece), mentions the problem concerning
reaching: BLet us suppose his Sight Restored to him; Whether he Could by his sight, and before he touched them,
knowwhich is the Globe and which the Cube? Or whether he Could know by his sight, before the stretched out his
Hand, whether he could not Reach them, to they were Remouved 20 or 1000 ft from him?^ (also reported in
Jacomuzzi et al. 2003: 256). I want to thank an anonymous referee, who suggested adding this very important note.
Also, in order not tomischaracterizeMolyneux’s (1688) second question, it is clear, from the quotation I added, that
what Molyneux asked is about whether the newly sighted individual would know whether visually displayed
objects were within reach. Of course, this question involves depth recognition, which, thus, may not require
cognitive processing related to ‘planning and controlling action’. I want to thank another anonymous referee, who
suggested specifying this point. That said, the reformulation proposed by Jacomuzzi et al. remains very interesting,
and deserves to be studied in relation to the other one about shape identification.
4 The question included by Locke in relation to Molyneux’s response, and his analysis about the reasons for a
negative answer, in later editions of his Essay, generated several variants and a very lively debate. Most of the
effort, concerning early analysis of Molyneux’s puzzle(s) about what the newly sighted man born blind could,
at first, do come from Berkeley, Reid, Diderot and Leibniz (see Occelli 2014; Degenaar and Lokhorst 2014;
Degenaar 1996). For example, variants were about the perception of 2D shapes, rather than 3D, and about
newborns instead of previously congenitally blind adults (see Glenney 2013: 546) and about space perception
(Berkeley 1948:186; Cheselden 1728: 447–450). It is thanks to the famous cataract surgery by Cheselden
(1728) that the variants about less than complete prior blindness started to be analyzed very carefully. I owe
this specification to the important suggestion of an anonymous referee. Note also that someone has suggested
that Molyneux’s puzzle Bcan be analyzed into a hierarchy of specific questions^, which offer different new
variants (Jacomuzzi et al. 2003: 255). See also Glenney (2013) for a review of the different philosophical
problems related to the Bmany lives of Molyneux’s question^ (the expression is by Glenney, p. 541).
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the situation in MQA(3)5 involves a sort of adaptation that, even at the first attempt,
would be the result of a training step by step concerning the switch of trajectory during
hand transportation.6 After all, the subject knows that, by moving the hand forward in
the transportation toward the object, she/he will, sooner or later, encounter the object,
upon which she/he will, even without smooth motor performance, be able to lay her/his
fingers. This is not problematic: even if blind, she/he has some feeling, as well as some
notion of space immersion with respect to movement. E.g. in past situations under
blindness she/he might have tried to reach the door by going ahead until the hand
encountered the handle and, after several corrections, the fingers lay down upon it. I’ll
get back to this below. But the crucial question is about whether one can perform an
automatic motor act at first sight.

Now, from the fact that Molyneux subject can answer the question about which is
the geometrical figure she/he is faced with (a process that is mostly, but not totally, due
to the possibility of relying on ventral visual processing) (Ferretti 2016b; Briscoe and
Schwenkler 2015; Chinellato and Del Pobil 2016), it does not follow that she/he has
developed the proper visuomotor skills for motor interactions (a process that is mostly,
but not totally, due to the possibility of relying on dorsal visual processing) (Ibid.) (§4).
Therefore, we can (and should) focus on the two questions separately. As I will argue
below (§ 8), a positive answer to MQ does not necessarily imply a positive answer to
MQA2. Conversely, a positive answer to MQA2 does not necessarily imply a positive
answer to MQ.

Summing up, there are two different, equally interesting versions of Molyneux’s
problem:MQ andMQA2. I will focus on both (§§ 6, 7), as well as on their relation (§ 8).

But there is a second thing, mentioned in the literature, which is crucial for the
analysis I am offering here: the specific kind of blindness afflicting Molyneux subject.

3 Ocular blindness, cortical blindness

Molyneux’s puzzle depends on a crucial constraint: at the time of the experiment vision
must be successfully restored. This ensures the optimal conditions of visual processing
that allow the patient to be reliably tested. If this were not the case, we might obtain a
negative answer due to bad visual restoration. Thus, this answer would not really be
reliable: it would only prove we have not reached the scenario we need to reach in order

5 Of course, there are different degrees concerning the possible answers to MQA3. For example, one might
argue that success could be possible with just some corrections and a large but less than huge online adaption.
However, here I am only interested in successful action at first sight. Thus, I consider only the case in which
the subject can, at first sight, and without perceptual indecision, automatically grasp the object. Hence, I am
not interested in all the cases in which visuomotor success is not possible at first sight, but is reached with
adaptation, regardless of whether it is huge or just large but less than a huge online adaptation. For this reason,
I do not care about those possible degrees of visuomotor confidence that might be exhibited by Molyneux
subject, and that are related to a possible answer to MQA3. The analysis of the different degrees related to
MQA3 would go beyond the analysis of automatic visuomotor processing at first sight, which concerns
MQA2 and which is precisely the question this paper is about. I thank an anonymous referee for suggesting to
clarify what I pointed out in this footnote.
6 This is the reason why I avoid the question about whether the subject can succeed in MQA1. I assume that,
while a positive answer to MQA3 is, in principle, possible, the heart of the issue is the possibility of a positive
answer to MQA2.
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to test this puzzle. But restoration is very difficult for different reasons: it is never
immediate but slow and, in most of the cases, cannot be complete, even after a long
time period (Jacomuzzi et al. 2003: 260–262; Fine et al. 2003; Smith 2000: 497). Also,
it has been suggested that the test should be performed Bas soon after surgery as
possible - ideally when bandages are first removed^ (Held 2009: 595), so that exclusion
of acquisition by experience is possible. However, in the critical period of recovery we
cannot distinguish between optical problems due to the post-operative traumas and the
effects of perceptual learning (Jacomuzzi et al. 2003: 262) though we know that the
visual neurophysiological problems are very deep (Gallagher 2005; see also Degenaar
1996; Smith 2000) and Bpersisted after as much as 4 months, and, in one case, even
after 1 year^ (Jacomuzzi et al. 2003: 260; see also Cattaneo and Vecchi 2011).7 Several
past responses to MQ have been judged improper due to these problems (Jacomuzzi
et al. 2003). Finally, scientific attempts tried to answer Molyneux’s question by trying
to restore vision sufficiently and almost suddenly, as well as to test the subject not long
after the surgery (Held et al. 2011; Held 2009). Unfortunately, in these cases, the
arrangement of the experimental setting has been judged inadequate and, thus, falla-
cious in answering the question (see the excellent analysis by Schwenkler 2013).8

So, complete restoration of visual processing is the most insidious point standing
in the way of an answer to MQ (Schwenkler 2013: 88).

Someone suggested that the constraint concerning temporal immediacy, namely,
concerning the fact that the test should be performed Bas soon after surgery as
possible^ (Held 2009: 595) is too demanding and strong. Thus, it has been
suggested to use another constraint, the one called of epistemological immediacy
(Levin 2008; see also Glenney 2013: 546, 555). This constraint suggests that, in
order to reliably test shape recognition, we should allow the subject to heal
Bbetween visual restoration and shape recognition, while assuring, through con-
trols, that subjects remain experientially and inferentially naive regarding identi-
fying shapes by sight alone^ (Glenney 2013: 460). The constraint of epistemo-
logical immediacy seems to be very reasonable from a theoretical point of view.
However, in the light of the numerous problems reported above, the demanded
sub-constraints for such proposal cannot be respected. We saw that it is very
difficult to distinguish between optical problems due to post-operative traumas
and perceptual learning (Jacomuzzi et al. 2003: 262). Crucially, this is true also for
the case in which we try to adopt the constraint of epistemological immediacy. We
might not have satisfying controls that allow us to establish whether visual
processing functions in such a way due to optical restoration or due to learning
experience. The experimental practice tried to respect the constraint of temporal
immediacy (e.g. Held et al. 2011). However, it has been shown that, in this
experiment, subjects were not ready for the discrimination test, even if they had
been judged so (Schwenkler 2013). These experimental cases also suggest that it
is very difficult to exclude that Bsimple world exposure^ (Held et al. 2011) does
not foster perceptual learning. Indeed it seems to foster perceptual learning. This

7 For a complete review about the times of the different visual recoveries in relation to the possible
impairments see (Ostrovsky et al. 2006; Lewis and Maurer 2005; Maurer et al. 2005; see the famous Project
Prakash: Mandavilli 2006; Sinha and Held 2012; Thomas 2011; Sinha et al. 2014). See footnotes 12, 16.
8 See my p. 12.
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can be the case even when visual processing is not completely restored but,
nonetheless, has started to become minimally functioning.9 In other cases, as we
saw, restoration takes so long that it is impossible to offer a very meticulous
observation and control on the subjects. I think these reasons are sufficient to
suggest that, though the constraint of epistemological immediacy seems, in prin-
ciple, very reasonable, it is, in practice, very hard to reach. However, also the
constraint of temporal immediacy leads to several problems.

To sum up, at the optical level of description, neither can vision be restored
suddenly, nor can it be restored almost completely. This endangers the possibility
of attaining a scenario sufficiently similar to the one described by Molyneux.

An important point is that blindness can occur, in general, due to two different
situations. Either it can occur due to a malfunctioning or impairment of the eyes (i.e., of
the ocular processing, e.g. due to cataracts or corneal lesions), or it can occur due to a
malfunctioning or impairment of (the processing subserved at some stage of) the visual
cortex (Milner and Goodale Ch. 3; Gallagher 2005; see also Cattaneo and Vecchi
2011). Indeed, the activity of our visual system does not depend only on the activity of
the eyes. It depends on a complex process that starts from the information acquired
through retinal stimulation (in the retinotopic map) and becomes more and more
complex as the stimulation reaches the different stages of the visual processing in the
visual cortex (Grill-Spector and Malach 2004; Cattaneo and Vecchi 2011; Chinellato
and Del Pobil 2016).

Arguably, in the days of Molyneux the difference between ocular and cortical
blindness was not very clear. But, given our progress in the study of the visual
brain, we should address the whole story about the different manners in which
blindness can occur when we focus on Molyneux’s puzzle.10

The distinction between ocular and cortical blindness leads to a crucial point for
Molyneux’s puzzle. Even assuming that ocular vision/processing could be effec-
tively restored (a result that is very hard to obtain, especially in an immediate
manner, see Jacomuzzi et al. 2003: 261) and thus ocular blindness avoided, this
would not entail the perfect restoration of cortical visual processing and, therefore,
of sight. The risk is that cortical visual processing has not undergone the proper
training needed to develop its proper functioning, whose correct development is
hugely based on the active coupling with the environment (Noë 2004: 5; O’Regan
and Noë 2001; Gangopadhyay and Kiverstein 2009: 69–70; see also Sacks 1995:
114) (§ 6). Then, the visual processing might (mis)function as in the case where
there is an important lesion causing an impairment of the visual cortex (Gallagher
2005). This point may free us from the anxiety of finding a proper clinical case in
which ocular processing is completely restored in order to properly answer MQ.

9 See my p. 12.
10 One might argue that the distinction between ocular and cortical blindness is not exhaustive. For example,
blindness might be due to the impairment of subcortical brain regions involved in visual processing (like, for
example, the superior colliculus, which is involved in the processing of visual stimuli received from the
retina). However, here I am trying to distinguish between blindness due to ocular malfunctioning and
blindness given by the impairment of different brain structures. Here I focus on the visual cortex and its
bifurcations, but the discourse might be extended to subcortical structures, as well as to other structures of the
central nervous system that turn out to be crucially involved in vision. I thank an anonymous referee for
suggesting to specify this important point.
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Accordingly, Glenney (2013) suggested that Bcauses for failing to recognize shapes
may be due to residual effects of either optical or cognitive blindness^ (p. 544). As he
correctly points out, by following studies about the different specific processing of
different visual areas (Downing et al. 2006; Farah 2004; Cattaneo and Vecchi 2011),
cognitive delays in visual processing can be related to the processing we find at the
Intermediate-Levels (for example, visual areas V1-V5) or at the Higher-Levels (Glenney
2013: 543–544). In principle (Ibid.), we could analyze Molyneux’s puzzle concerning
each level of visual processing individuated by Marr’s (1982) famous computational
theory of vision. Thus, BThe number of ways to see and the variety of kinds of visual
deprivation all directly related to the physical level alone suggest that there are a number
of ways in which the newly sighted might both succeed and fail in shape recognition^
(Glenney 2013: 543–544). As he correctly notes, this is in line with the idea by Noë
(2004: 12) that, usually, blind subjects are ‘double blind’, i.e. perceptually and cogni-
tively. The importance of this philosophical point is also reflected by the fact that,
starting from this difference, there are different experimental settings used to test
Molyneux’s puzzle (Delbeke and Veraart 2006; Streri and Gentaz 2003).

This section suggests that, in assessing Molyneux’s puzzle, we should distinguish
between ocular and cortical blindness. In light of this distinction, we consider that, even
if ocular vision could be, in principle, restored, cortical vision may not be restored as
well.

Summing up, (§§ 2, 3) suggested the following crucial points. There are two
equally interesting versions of the problem, MQ and MQA2, which can be analyzed
separately (§ 2). There are two kinds of blindness, ocular and cortical blindness, and
avoiding the former does not entail avoiding the latter (§ 3). But there is a third
important thing we should pay attention to: the reference to the most important
neuroscientific account of vision we currently have, namely, the TVSM. This model,
I argue, is crucial to analyze Molyneux’s puzzle and its theoretical bifurcations.

4 The two visual systems model

When talking about vision, one should start from the TVSM. First, it represents the most
authoritative model in vision neuroscience we currently have. Second, it is also the main
reference for the investigation of the links between vision and action (Jacob and Jeannerod
2003; Briscoe 2009; Nanay 2013; Ferretti 2017, 2016a, 2016b, 2016c, 2016d;
Ferretti forthcoming; Ferretti and Chinellato In Press; Zipoli Caiani and Ferretti 2016).

The TVSM suggests the presence of an anatomo-functional separation of our visual brain
into (at least) two main visual pathways (Milner and Goodale 1995/2006; Goodale and
Milner 2004): a ventral pathway for allocentric conscious visual recognition, and a dorsal
pathway for egocentric unconscious visually guided action (the precursors of this idea about
the presence of a ventral – ‘what stream’ - and a dorsal – ‘where stream’ –were Ungerleider
and Mishkin 1982). The TVSM is grounded on two main empirical sources. First, while
dorsal lesions impair visually guided action (optic ataxia), but not object recognition, ventral
lesions impair object recognition (visual agnosia), but not action guidance (Jacob and
Jeannerod 2003). Second, behavioral studies of normal subjects suggest that visual illusions
can deceive only conscious visual recognition (subserved by ventral processing), but not
unconscious visual action guidance (subserved by dorsal processing).
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This view has been recently questioned. It has been suggested that dissociation is not so
strong in healthy humans, in which all the complex forms of visual processing rely on an
anatomo-functional interstream interplay (Jacob and Jeannerod 2003: 255; Briscoe 2009:
footnote 8; Briscoe and Schwenkler 2015; Chinellato and Del Pobil 2016; Ferretti 2016b,
2016c; Zipoli Caiani and Ferretti 2016). Also, the results above mentioned are not reliable
for the following reasons. First, even dorsal vision-for-action can be fooled by illusions
(Bruno and Battaglini 2008;McIntosh and Schenk 2009; Ferretti 2016b: 5.2; Briscoe 2009).
Second, even ventral conscious vision builds egocentric representations (Briscoe 2009;
Foley et al. 2015). Third, the exclusive identification of visual awareness with ventral vision
might be a big mistake (Clark 2009; Schenk and McIntosh 2010), because no crucial
evidence suggests that dorsal vision is unconscious (Nanay 2014; Gallese 2007; but see
Brogaard 2011a, 2011b). Finally, the contribution of ventral vision to dorsal vision some-
times gives awareness to action-guiding vision (Ferretti 2016b: 5.5) and the contents of
conscious recognition can affect action (Brogaard 2011a, 2011b).

That said, here I can safely assume functional dissociation between the streams. This is
because, while healthy vision relies on interstream interaction, in the case of cortical damage
such a dissociation may still hold, even if in different ways (Jacob and Jeannerod 2003;
Milner and Goodale 2008; Briscoe 2009: Sect. 5). In particular, as anticipated, in certain
cases of visual brain damage called ‘optic ataxia’, conscious visual object recognition can be
givenwithout visuomotor processing. In other cases, such as in ‘visual agnosia’, visuomotor
processing might occur without conscious visual object recognition (Milner and Goodale
1995/2006; Goodale and Milner 2004; Milner and Goodale 2008). These lesion cases
suggest that these two aspects of visual processing can be dissociated. Thus, the specific
leading functional role of each stream is well defined (Ibid.) – see (§§ 6, 7). For this reason,
even those who admit interstream interaction recognize that the main ventral function is
recognition, while the main dorsal function is action guidance – see footnotes 11 and 18 for
technical details. So, assuming dissociation is not problematic (Nanay 2011; Ferretti 2016b).

Now, let us start from the evidence that dorsal lesions impair visually guided action (optic
ataxia), but not object recognition, while ventral lesions impair object recognition (visual
agnosia), but not action guidance.11 Visual agnosic patients cannot build conscious visual

11 Some might argue that damage to the ventral stream can, in some situations, impair grasping (Dijkerman
et al. 2009; see also Briscoe and Schwenkler 2015; Ferretti 2016b, 2016c, Zipoli Caiani and Ferretti 2016).
However, this is an impairment on action planning and impairment of action planning (computation of high-
order motor aspects) does not lead to the impairment of action programming (computation of movement
parameters in relation to visual information). This is because the former is computed by ventral processing,
while the latter is courtesy of dorsal processing (Ibid.; for a related discussion, see Clark 2007: 577). While
ventral processing is important for action (especially in healthy individuals) (Schenk and McIntosh 2010), it is
usually involved in more delayed actions, compared with immediate, automatic actions dorsally processed
(Cohen et al. 2009). This is because ventral processing can use memory stored information (Singhal et al.
2006, 2007, 2013), and semantic knowledge (Zipoli Caiani and Ferretti 2016). Furthermore, our visuomotor
memory can be completely detached from the conscious visual content of object features (for a review see
Heath et al. 2008). Thus, even if ventral processing might be involved in some aspects of action (Briscoe and
Schwenkler 2015; Ferretti 2016a, 2016b; Zipoli Caiani and Ferretti 2016), in the way proposed, nonetheless,
this contribution does not challenge the way the dichotomy is settled, concerning the main functions of the
streams, especially concerning the situations of visual impairments. Accordingly, even those who recognize a
minimal ventral contribution for action (Clark 2007: 577) endorse the strong difference between visual agnosic
and optic ataxic patients in terms of visual resources as well as concerning the different specialization, with
regards visual recognition and vision for action, of the two streams (Ibid.: 568–569); see footnote 18 for an
important related addition to this point. Thanks to an anonymous referee for suggesting to specify this point.
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representations of properties such as the size, shape and spatial arrangement of the objects
they deal with. They cannot discern between a cube and a sphere: Bvisual agnosia refers to
the condition of patients who are unable to perceive and/or to recognize visual objects^
(Jacob and Jeannerod 2003: 76). Subjects with visual form (apperceptive) agnosia are
almost cortically blind since they cannot recognize even low-level visual stimuli (shape,
size, orientation). Contrarily, in associative agnosia, it is Bas if the ‘meaning’ of the object
could not be ‘deciphered’^ (Ibid: 78, see § 3.3). This already anticipates the similarity
between a brain-damaged patient and the subject related to scenario imagined byMolyneux.
Finally, optic ataxic patients cannot rely on perfect visuomotor processing in relation to both
reaching movements and grip construction: Boptic ataxia appears to be a disorder limited to
transforming visual properties of objects into motor commands for a hand action directed
towards these objects^ (Ibid: 92, see §§3.5, § 5.2).

It is worth noting that the literature about Molyneux’s puzzle mentions a
reference to the TVSM. For example, Glenney (2013) suggests: BThe newly
sighted may succeed in identifying shape in either of two distinct processing
pathways: a ventral pathway for consciously identifying Bwhat^ an object is,
and a dorsal pathway for behaviorally responding to Bwhere^ spatial features lie
in behavioral space^ (p. 544). Also Gallagher (2005) suggested a reference to the
TVSM to investigate Molyneux’s puzzle (see the quotation in §2). However,
starting from these precious insights, here I will push the line further. I’ll propose
a careful investigation of both Molyneux’s questions, their interpretation and their
possible solution. This will be done in relation to the TVSM as well as to the
notion of cortical blindness, differentiated from ocular blindness.

5 Two Visual Systems for two Molyneux’s questions

Let’s take stock of all we have gathered through these sections (§§ 2, 3, 4). An investigation
of Molyneux’s problem should consider three things. First, there are two versions of the
puzzle: MQ and MQA2. These two versions can be analyzed separately. Second, we must
consider two kinds of blindness: ocular and cortical. And we saw that avoiding the former
does not entail avoiding the latter. Finally, we need to invoke the TVSM in order to
investigate the puzzle.

Bearing in mind the ingredients reported in the previous sections, in the next
sections I will review different sets of evidence to defend my twofold claim, which is
the following. First, MQ subjects show the same visual impairment as visual agnosic
patients by exhibiting the lack of a proper object recognition of different kinds. Indeed,
neither of them can correctly process visual information for object recognition at the
cortical level: the latter due to a ventral cortical damage that leads to impairment, the
former due to a lack of a proper development of the cortical mechanisms, at the basis of
conscious visual recognition, subserved by ventral vision (§ 6). Second, MQA2
subjects show the same visual impairment as optic ataxic patients by exhibiting the
lack of a proper visuomotor processing: neither can correctly process visual information
at the cortical level in order to perform automatic visually guided action. The latter
can’t do so due to a dorsal cortical damage that leads to impairment, The former can’t
due to a lack of a proper development of the cortical mechanisms at the basis of visually
guided action, subserved by dorsal vision (§ 7). In both cases, even if ocular processing
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is restored, the cortical portions of the visual system respectively involved in object
recognition and visuomotor processing cannot perform their proper function. This is
due to the lack of any proper training of visual processing in previous blindness
conditions. Thus, in both situations, there is a problem related to a lack of proper
computational visual processing at the cortical level. This lack is mainly due to the
absence of memory-stored information, which is normally gained during the ontoge-
netic development, and which should be normally recruited during the visual compu-
tations involved in the processing of the visual cues the subject is provided with. I will
also show that these two questions can be tackled separately (§ 8).

The empirical results I report, and the claims I defend, will suggest the
following responses to the two different puzzles. Concerning MQ, the answer is
not possible because the experimental setting imagined by Molyneux cannot be
reached for empirical reasons. Concerning MQA2, the answer depends on our
interpretation of the question. Either we cannot reach the experimental setting that
does justice to the scenario imagined by Molyneux, as in the first case, or the
answer is negative.

6 Ventral vision, visual Agnosia and MQ

Several scholars suggested that a positive answer to MQ is not currently possible.
But the usual negative response happens to be controversial because of the
rigorousness of the experimental setting: ocular processing cannot be, effectively,
completely restored as requested by Molyneux’s scenario (Jacomuzzi et al. 2003)
(§3). Here I suggest that even if ocular processing were (even almost) completely
restored, the response to MQ would be, even so, not possible. This is because the
subject would be unable to process, at the computational level of cortical process-
ing, visual information necessary for visual recognition. Indeed, due to the lack of
proper development, the ventral stream of the subject cannot perform its proper
function. Thus, we cannot reach the experimental situation proposed by
Molyneux.

My answer remains in the current trend. Indeed, the presence of cortical
impairments is an argument against the possibility of reaching a proper experi-
mental setting (Gallagher 2005; Degenaar 1996). However, my point is more
specific and is framed within the TVSM: Molyneux subject shows the same visual
impairment as a visual agnosic patient, concerning object recognition, due to the
impaired processing of the ventral stream (§4) (Milner and Goodale 2008). There
are crucial empirical reasons leading us to suggest this point. I report them in what
follows.

6.1 Visual computations for object recognition and development

Vision analyzes objects in their specific context. This allows fast gist visual represen-
tations about object identity. This is possible thanks to memory-stored information
(Barrett and Bar 2009; Bar 2004; Bar et al. 2001). For this reason, the representation of
novel objects is usually slower than the representation of familiar objects (Bar 2004:
619). As Barrett and Bar (2009) suggest:
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BFrom birth,12 the human brain captures statistical regularities in sensory–motor
patterns and stores them as internal representations. The brain then uses these stored
representations, almost instantaneously, to predict continuously and unintentionally
what incoming visual sensations stand for the in-world (…). When the brain receives
new sensory input from the world in the present, it generates a hypothesis based on
what it knows from the past to guide recognition and action in the immediate future^
(p. 1325).This computational strategy allows the brain, during object reconstruction, to
restrict the computational hypothesis guiding visual recognition, by considering few
reliable representations among those it is provided with by visual memory-stored
information (Bar 2004). This idea of memory-stored visual representations is widely
agreed in the literature. Indeed, high grain recognition performed by the ventral stream,
and by its parvocellular projections to the lateral orbitofrontal cortex (Barrett and Bar
2009), massively rely on them (Goodale and Milner 2004; Milner and Goodale 2008;
Chinellato and Del Pobil 2016; Briscoe 2009; Singhal et al. 2007, 2013). Visual
recognition is visual reconstruction from memory (Marr 1982):

BLike a Dutch artist from the sixteenth or seventeenth century, the brain uses
low spatial frequency visual information available from the object in context
to produce a rough sketch, and then begins to fill in the details using
information from memory (…). Effectively, the brain is performing a
basic-level categorization that serves as a gist-level prediction about the
class to which the object belongs (…) Like an artist who successively creates
a representation of objects by applying smaller and smaller pieces of paint to
represent the light of different colours and intensities, the brain gradually
adds high spatial frequency information until a specific object is consciously
seen^ (Barrett and Bar 2009: 1328).

If the subject does not properly develop these computational mechanisms at the cortical
level, visual processing for recognition is not possible. This constitutes an argument for
the idea that, were ocular blindness avoided, that would not mean that cortical visual
processing could be perfectly restored. Visual processing needs to undergo the proper
training to develop its proper function. This training is hugely based on the active coupling
with the environment in past trials. This is what allows building a visual memory, which is
at the basis of our mechanisms for visual recognition.

It follows that, without past visual experience, there is no possibility of storing visual
information to build a visual memory. Without memory-stored information, there are
no stored visual representations. Without stored visual representations, there is no
association between what we see and what we have stored in our visual memory. That
means that visual object recognition, which is always due to object reconstruction
based on memory, cannot occur: there is no match between the new visual cues and the
cues stored in memory during past experience, because there is no past experience at
all. If the representation of novel objects is usually slower than the representation of

12 For an analysis of the relevant experimental results on infants for Molyneux’s puzzle see Gallagher (2005),
and Smith (2000). For classic studies relevant to the puzzle see Meltzoff (1993), which is accurately discussed
by Gallagher (2005). For a recent discussion see Streri (2012). I thank an anonymous referee for the suggestion
about this recent empirical reference. I do not focus here on the infant variant of Molyneux’s puzzle. This
analysis is indeed important, but deserves separate treatment (see §7.4).
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familiar objects (Bar 2004: 619), with the lack of past visual experience the subject
would find himself in a complete novel visual world she/he cannot reconstruct through
visual memory. And, as we shall see below, at a certain stage of the ontogenetic
development, it is not possible to develop proper cortical visual processing anymore.

There are very famous cases concerning patients with no effective damage to the
visual cortex that, after the removal of cataracts, exhibit a visual content that lacks form.
One is the case of Virgil, who claimed that, after cataracts removal, all was mixed up
and blurred (Sacks 1995: 114; cfr. With Noë 2004: 5). This case is very important in the
literature about Molyneux’s question (Gallagher 2005).

This suggests that, even in the case of restoration of ocular processing, there are
several problems due to the fact that ventral vision has not been correctly trained in
object computation. Another case is reported by Fine et al. (2003; for a comparison see
also, p. 915) and commented by Barrett and Bar (2009: 1325):

BMichael May lost the ability to see when he was 3 years old, after an accident
destroyed his left eye and damaged his right cornea. Some 40 years later, Mr May
received a corneal transplant that restored his brain’s ability to absorb normal
visual input from the world (Fine et al. 2003). With the hardware finally working,
Mr May saw only simple movements, colours and shapes rather than, as most
people do, a world of faces and objects and scenes. It was as if he lived in two
different worlds: one where sound, touch, smell and taste were all integrated, and
a second world of vision that stood apart. His visual sensations seemed foreign,
similar to a language he was just learning to speak. As time passed, and Mr May
gained experience with the visual world in context, he slowly became fluent in
vision. Two years after his surgery, Mr May commented: ‘The difference between
today and over 2 years ago is that I can better guess at what I am seeing. What is
the same is that I am still guessing.’ (p. 916, italics in the original). What Mr May
did not know is that sighted people automatically make the guesses he was forced
to make with effort^.

This example can give us an idea of the important problems, due to a failed development,
a Molyneux subject, who was born blind, might face. Indeed, the subject reported in the
example above was not born without sight. He lost it when he was three years old. Still, he
faces several difficulties in visual processing. Molyneux subject, however, is supposed to be
born blind. If the subject mentioned in the former case has all these difficulties, we can just
imagine the many visual difficulties of Molyneux subject. They might be, reasonably, even
deeper with respect to those faced by the subject described here.13 Also, from this example
we know that the time of recovery (which, however, is not complete) is very long. This
excludes the possibility of visual recognition at first sight:

BLike other sight-recovery patients, MM has difficulty with 3D interpretation of
retinal images… MM was also insensitive to perspective cues; like SB, he could
not identify wire drawings of Necker cubes in any 3D orientation, describing the
cube as Ba square with lines^… Controls (mistakenly) choose a stretched version
of table (ii), even when asked to match the projected 2D image shapes. These

13 See footnotes 7, 12, 16.
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form deficits extended to object and face recognition. MM identified only 25% of
common objects, and he had difficulty judging gender (male/female, 70%) or
expression (happy/neutral/sad, 61%) in unfamiliar faces^ (Fine et al. 2003: 915).

Another example comes from Held et al. (2011), in which Bnewly sighted fail to match
seen with felt^. Held and colleagues tested, after sight restoration, the ability of some
patients Bto visually match an object to a haptically sensed sample after sight restoration^.
This study shows that immediate cross-modal transfer is impossible: it develops after a
few days with real world contact (p. 552). A very sharp analysis by Schwenkler (2013)
suggested that the negative result might be due to problems with the experimental setting,
which does not allow the subjects to recover robust 3-D shape representations (pp. 91, 93).
As Schwenkler interestingly notes, Bgiven the evidence that newly sighted patients have
only a limited capacity to form 3D visual representations of complex objects (Fine et al.
2003; Ostrovsky et al. 2009), these individuals’ failure in the cross-modal matching task
could have been due to a purely visual deficit. Therefore, the study does not establish
anything about the relationship between visual and tactile representations^ (Schwenkler
2015; see also Schwenkler 2012, 2013; Connolly 2013). Note that there are similar cases
in which the experimental setting does not carefully take into account this important aspect
of recovery that is needed to test MQ (e.g. Gregory 2003; Ostrovsky et al. 2006; see the
discussion by Glenney 2013: 548 and by Jacomuzzi et al. 2003: 259–262). Thus, it has
been proposed to Bre-run Held and colleagues’ experiment with the stimulus objects made
to move, and/or the subjects moved or permitted to move with respect to them^
(Schwenkler 2013: 94; see also Schwenkler 2012). This should help the subjects build
proper shape representations (see the excellent discussion by Schwenkler 2013: 94 of Fine
et al. 2003: 915; Ostrovsky et al. 2009: 1489). I do not consider these criticisms here for
the following reasons. First, Schwenkler’s proposal is very interesting and deserves to be
pursued empirically. However, to my knowledge, there is no effective empirical test that
has tried to follow this proposal and has proved to be successful. This movewould deserve
a deep empirical analysis. Second, as Schwenkler notes, in the case of (Held et al. 2011)
the subjects were permitted only ‘to adjust their distance or viewpoint while remaining
seated in front of the presentation table’ (Held et al. 2011: supplementary information; see
Schwenkler 2013: 93). To this extent, however, there is no evidence that even the simplest
movement, besides the changing in the viewpoint, does not represent a form of training
that constrains not only vision, but also recognition (I’ll get back to this distinction in a
more technical manner in §5.1.3). This is in line with the proposal by Jacomuzzi et al.
(2003: 262), and the procedure pursued by (Held 2009; Held et al. 2011), that, in some
situations, it is difficult to distinguish between optical recovery and visual learning.
Remember, indeed, that after a few days, and just with normal world exposure, cross-
modal processing of Held et al.’s subjects improved with experience.14 Furthermore, it has
been suggested that this way of re-running the experiment presents some serious problems
of different kinds. Thus, it would not be sufficient in order to reach the proper experimental
setting able to put us in the position to answer the MQ (Connolly 2013; Clarke 2016;
Cheng 2015). To sum up, and for all the reasons mentioned, Schwenkler’s experimental
suggestions add specifications that I do not want to consider here, for the presence of

14 See footnote 16.
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movement in the ways suggested adds constraints and details that, as the literature shows,
present several problems.

However, I perfectly agree with the crucial analysis offered by Schwenkler (2013) that,
contrary to what it is supposed to do, the study by Held et al. does not offer a response to
MQ. Rather, it suggests that vision is not completely restored: subjects can attend to Blow-
level visual features like colour, shadow and approximate overall contours^ (p. 91),
without having Brobust shape representations that could be compared across modalities^
(Id.). Thus, in line with the criticisms made to Schwenkler’s point (Connolly 2013; Clarke
2016; Cheng 2015), and against the purpose of the authors, this study only shows that
there are several empirical problems in reaching Molyneux’s scenario.

6.2 The MQ subject and visual Agnosic subjects

These results suggest that, even in the case that ocular processing is correctly restored -
this leading to the consequent possibility of properly absorbing normal visual input from
the world - visual object recognition cannot be sufficiently restored. Indeed, the cortical
portions of the brain involved in visual recognition, namely the ventral stream, cannot
function due to the lack of a proper computational development. Lack of a proper
computational functioning of the portion of the cortex involved in object visual pro-
cessing for object reconstruction leads to the inability to process visual information for
object recognition.15 As in the case reported by Barrett and Bar (2009: 1325) (§6.1), it is
possible that, even after two years the subject is not seeing, but still guessing.

This suggests that we cannot reach the experimental setting required to properly and
reliably test MQ, because visual processing cannot be sufficiently restored in order to
perform object recognition at first sight.

Therefore, the first of my two main claims has been defended: MQ subject shows
the same visual impairment as the visual agnosic patient, concerning the lack of a
proper object recognition. Neither of them can correctly process visual information for
object recognition at the cortical level: the latter due to a ventral cortical impairment,
the former due to a lack of a proper development of the cortical mechanisms at the basis
of conscious visual recognition, subserved by ventral vision.

Now, a damaged visual processing (for object recognition) and an untrained/unde-
veloped visual processing (for object recognition) might lead to the same kind of visual
impairment in visual recognition. In other words, they can both lead to the same kind of
visual agnosia, that is, lack of efficient visual recognition.

In order to show that the result is not different, we can make a comparison. Subjects in
conditions similar to MQ subjects, reliably represented by Virgil and MM, are not
confident with 2D shapes. Similarly, the visual agnosic cannot copy simple drawings,
nor correctly perceive objects in pictures (Nanay 2011: 468; for the various visual
difficulties of visual agnosic subjects see the case of DF discussed by Clark 2007: 586).
MQ subjects show an impairment in face recognition. This is in line with the fact that
visual agnosia and prosopagnosia (inability to recognize faces) can be related to different
kinds of ventral, occipito-temporal damage (Jacob and Jeannerod 2003: 84; Farah 2004:
Ch. 7). Even if MQ subjects show some response to visual stimuli, as visual agnosics do

15 I am not committed to any metaphysical claim when I say that a ‘lack’ leads to an ‘inability’. Thanks to an
anonymous referee for suggesting this point.
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(Ibid: 77), for both of them the meaning of the object is not deciphered (Ibid: 78). This is
what happens in the case of associative agnosia (Bayne 2009). Sometimes, patients might
be also impaired in perceiving low-level properties and in elaborating raw stimuli. This
problem might hold even a long time after the operation. This is in line with the results by
Ostrovsky et al. (2009: 1486–1487) about deficits in recognition of photographic images
of three-dimensional shapes and common objects. As in the case of MM reported by Fine
et al., subjects perceived multiple objects corresponding to the facets of the object’s
shapes. The capacity to integrate these multiple facets into a singular object was impos-
sible: the perception of object 3-D identity was seriously impaired (cfr. With Fine et al.
2003: 915 reported above; Held 2009; Sacks 1995; Held et al. 2011; see footnote 7; for a
discussion see Schwenkler 2013: 92).

There is an important point to be specified. I am not saying that a visual agnosic
subject and Molyneux subject necessarily process sensory stimulation in the same
way. Nor am I saying that they have, from a phenomenological point of view, a
similar visual experience of the objects they face (see Gallagher 2005). I am just
saying that both of them are impaired in visual recognition in the same way. Of
course, while they have the same functional visual impairment in object recogni-
tion, and while they are, overall, in very similar visual conditions, there might be
slight differences, among different subjects, between their respective collateral
impairments in visual recognition (cfr. Ostrovsky et al. 2009; Fine et al. 2003;
Held 2009; Held et al. 2011; Sacks 1995; Gallagher 2005; Smith 2000; Schwenkler
2013). Thus, the two subjects might not be precisely in the same, identical situation,
concerning all the collateral visual problems reported. This is not controversial,
given the complexity of our visual brain (Grill-Spector and Malach 2004) and the
polyhedral nature of its possible damages (Jacob and Jeannerod 2003; Goodale and
Milner 2004; Milner and Goodale 2005/Milner and Goodale 2008), (§ 7). Indeed,
even the subjects studied in the empirical literature on Molyneux’s puzzle show the
same visual impairment after cataract surgery. However, they show several indi-
vidual and developmental differences concerning the computational characteristics
of their visual processing, as well as of their respective visual experience. None-
theless, all these subjects are used to reliably test Molyneux’s puzzle. Accordingly,
there might be subtle individual differences between similar cases of agnosic
subjects, with the same form of agnosia, and which are both lacking correct visual
processing in the same way: they might present different collateral visual impair-
ments (Jacob and Jeannerod 2003; Farah 2004). So, it is not problematic to draw the
crucial similarities, concerning the same visual impairment, that are sufficient to
defend the claim of the paper. However, this can be done without oversimplifying
the very complex situation of each individual (in accordance with the literature,
Ibid.). Summing up, invoking the evidence about the presence of the same visual
impairment in these cases is useful to propose a comparison. But we always have to
keep in mind that, as happens even between subjects with the same disease, specific
individual differences might be present (Ibid.). The reader should also note that, as
we saw, if a subject not born blind shows several difficulties in visual recognition,
arguably, Molyneux subject might present even deeper problems. This is a crucial
point for this paper, in relation to the deep impairment of the MQ subject and, thus,
the possible analysis of MQ. All I am saying here also holds for optic ataxia and
MQA, see (§ 7.3).
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We saw that, even in the case that ocular processing is correctly restored, visual
object recognition cannot be sufficiently restored. To this extent, in defense of the
fact that, in these cases, ocular vision was restored, the subjects claim to be able to
see simple shapes immediately after the surgery, even if, as reported above, there
were several problems in object recognition. In the case of Fine, inactivation of
the areas involved in this visual task was observed during the first test after five
months (Fine et al. 2003: 915). Accordingly, MM’s corneal transplant restored his
brain’s ability to absorb normal visual input from the world. But this was not
sufficient for high grain object recognition: Bsighted people automatically make
the guesses he was forced to make with effort^ (2009: 1325).16 Hence, even if the
restoration of the ocular processing is possible, the computational visual processes
performed at the cortical level are not active. This supports my claim.

All I am saying agrees with two similar treatments of the issue. The one by
Gallagher (2005: Section 7), who suggested, following empirical results, that
(postnatal) repeated trials concerning visual experience are crucial if we want to pursue
a correct development of our visual cortex. Indeed, there is a critical period in which
cataracts, in childhood, should be removed, or we risk undergoing specific visual
problems that will accompany us even after ocular surgery 17 (see also Degenaar
1996: 132). In accordance with Sacks (1995), he points out that, without the possibility
of being provided with a capacity to correctly absorb visual information to be manip-
ulated, the visual cortex remains hugely undeveloped. Hence, Gallagher argues, chang-
es in cortical areas responsible for vision rule out a positive answer to MQ.

Smith, too, stressed that Bprolonged early sensory deprivation affects, sometimes
permanently, certain innately set neuronal structures that subserve vision^ and that Bfull
binocular deprivation undoubtedly also leads to neurally based deficits^ (Smith 2000:
496; see Jeannerod 1975, quoted in Smith).

Indeed, Bcertain brain damaged patients exhibit syndromes remarkably like those of the
more impaired Molyneux subjects^ (Ibid.) and BMolyneux subjects are physiologically
impaired^ (p. 497). There are crucial Bcases where subjects regain sight that was lost late in
life^, but Bshow the same kind of perceptual disabilities as those who have been blind since
birth or from a very early stage^ (Ibid.). There are cases where the visual representations of
the subjects Bdo not improve with prolonged experience^ (Ibid.).

Gallagher and Smith’s arguments are in line with my point. But my proposal is
genuinely new: I explicitly address the difference between ocular and cortical blindness

16 MM was tested five months after surgery, and not immediately after restoration of ocular processing, as in
the study reported by Held et al. (2011). Also, in the case of Held, five days after the test, the subjects are, with
just a natural real world training, better at visually recognizing felt shapes (Held et al. 2011: 552), while MM
had difficulty even after several months.
17 Hence, if we investigate Molyneux’s puzzle by using subjects who have not overcome the critical period, a
possible positive answer might be, in principle, positive. However, if we investigate Molyneux’s puzzle by
using subjects who have overcome the critical period, the answer might be necessarily negative. The reader
should note that this point only suggests that, after the critical period, visual restoration is not possible.
However, this point does not rule out the idea that, even before the critical period, it may be very difficult to
obtain visual restoration. Thus, the point made in this paper is still relevant. Note that the persistence of
luminance detection, which is present in many individuals who present congenital or early-onset blindness due
to cataracts, is sufficient to hamper a good functioning of the occipital cortex, as well as other parts of the
visual system (Sinha et al. 2014; Held et al. 2011). Thanks to an anonymous referee for suggesting to mention
this evidence.
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concerning Molyneux’s puzzle, I do so within the TVSM and with respect to the two
formulations of the question.

6.3 Interpreting MQ

There are two possible interpretations ofMQ (Gallagher 2005). It is one thing to askwhether
the subject will be able to visually perceive the objects’ shapes placed before her/his eyes so
as to be in the position to make a sufficient ‘visual discrimination’. It is another to ask
whether, if the subject can visually perceive the shapes - i.e. she is in the position to make a
sufficient ‘visual discrimination’ concerning the distinction between the shapes - then, she/he
would also be able to recognize and distinguish them as a sphere and a cube. So, it seemswe
have a weak interpretation (WI) and a strong interpretation (SI) of the question: (WI) Will
Molyneux’s patient be visually able to distinguish the objects as such? Or, in other words,
will the patient be able to ‘see’ the shapes in question, so as to be able to make a sufficient
‘visual discrimination’ concerning the distinction between the shapes, and thus be able to
make a ‘visual judgment’ about what they are? The answer here seems to be negative; (SI)
What if the Molyneux patient could see the shapes in question so as to be able to make a
sufficient ‘visual discrimination’ concerning the distinction between the shapes? Could he at
that point recognize the cube and the sphere? (see Ch. 7). This reflection is very important to
guide the experimental practice toward a correct test that is relevant for the question analyzed
here. The situation we need to test for the puzzle at stake here is SI (i.e. if the Molyneux
patient can see the shapes in question, could he, at that point, recognize the cube and the
sphere?). This is the real relevant interpretation of the question in relation to the authentic
spirit of Molyneux’s puzzle (see the discussion by Gallagher 2005 of Degenaar 1996 and
Evans 1985). But this requires that we can, at least, give a positive answer toWI. That is, we
must obtain a situation in which, at least, Molyneux’s patient would be visually able to
discriminate between the shapes. If we can’t, it is hard to figure out the possibility of
obtaining the situation requested by SI and of testing if a positive answer is possible.
Remember that we need that the subject can Bform robust representations of visual shape^
(Schwenkler 2013: 93), and Bexhibit acuity sufficient to discriminate visually among the
objects used for testing^ (Held 2009: 585). The recognitional capacities of the subject must
be sufficient for cross-modal matching (Schwenkler 2013: 92). Thus, without a proper
positive answer to WI, the experimental setting that allows us to investigate SI cannot be
properly realized. But our investigation of the subjects described above cannot offer a good
answer to WI. They have poor – though they still have some - visual experience related to
recognition. Indeed, in some situations, as explained above, the patient can describe a cube
as Ba square with lines^. So, vision is not completely impaired, but only recognition is.
Accordingly, experimental findings suggest that Molyneux’s patient can see something
(Gallagher 2005). However, there are several problems both at the ocular level
(Jacomuzzi et al. 2003) and at the different stages of the cortical visual processing
(Gallagher 2005; Fine et al. 2003) - arguably, at the ventral stream. Indeed, the ventral
stream of the subjects in question, and different portions of their visual system involved in
recognition, might not function in a proper way. As said, this makes them similar to visual
agnosic patients. Thus, sufficient restoration of sight would simply be impossible. Now,with
the distinction between the different formulations at hand, the reader should note that,
following Schwenkler, the test by Held only shows that we do not have a positive response
to WI. But such a response is, nonetheless, a prerequisite to test SI.
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Now, as Farah 2004 suggests, Bobject recognition grounds on two relatively undifferen-
tiated stages^ (p. 3): (1) seeing the object and (2) associating general knowledge with the
visual percept (Id.). Then, disrupting object recognition is either due to visual disruption or
due to a disruption of general knowledge (Ibid.: 4). We can have two cases. First, apper-
ceptive agnosias (Ibid.: ch 2): Brecognition fails because of impairment in visual perception,
which is nonetheless above the level of an elementary sensory deficit such as a visual field
defect. Patients do not see objects normally, and hence cannot recognize them^ (Ibid.: 4).
Second, associative agnosias (Ibid.: ch 6): Bperception seems adequate to allow recognition;
yet, recognition cannot take place^ (Ibid.: 3); associative agnosia can be Bconfined to
specific categories of visual stimuli such as faces, places, printed words, as well as those
with across-the-board recognition impairments^ (Ibid.: 4) (see also Milner and Goodale
1995/2006; Jacob and Jeannerod 2003), as in the case described by (Fine et al. 2003).

Once again, here I am just suggesting that Molyneux subjects show the same visual
impairment as visual agnosic patients in visual recognition. And the evidence reported is
sufficient to justify this claim. However, one might ask: Bwhich is the kind of agnosic
situation that resembles the visual condition Molyneux subjects are in?^ The evidence
seems to suggest that not only do they lack proper visual recognition, as in the case of
associative agnosia, but that their vision is seriously impaired at a lower level. Even if not
completely blind, as in the worst case of apperceptive agnosia, they poorly manipulate
visual stimuli. Therefore, they are a cut above apperceptive agnosics, but cannot see as well
as the associative agnosic. Note that the situation of an associative agnosic patient would not
be, arguably, sufficient to offer a positive answer toWI: perceptionmight, in principle, allow
recognition; however, recognition cannot take place. Ipso facto, this situation would not be
sufficient for a positive answer to SI. Of course, even the situation of an apperceptive
agnosic patient cannot offer a positive answer to WI: visual processing cannot guarantee
recognition in this case (cfr. With Gallagher 2005). Unfortunately, the evidence mentioned
suggests that their vision is not even completely restored. This rules out the possibility of
reaching the experimental setting to test SI. And this is because a positive answer to WI is,
still, not currently possible.18

18 Some have suggested that visual agnosic (apperceptive) patients’ visual experiences are preserved (maybe
due to dorsal stream involvement in some aspects of conscious experience). For Wallhagen (2007), the visual
agnosic (apperceptive) patient BDF experiences visually presented shape, but is unable to report that
experience because of some problem with conceptualizing aspects of the forms of the objects experienced
(Clark 2007: 583)^. Thus, we might be tempted to suppose that the distinction between apperceptive visual
agnosia and associative visual agnosia does not hold. However, Wallhagen’s proposal has been deeply
undermined by Clark (2007) and Jacob and de Vignemont (2010). Thus, it is safe to say that visual agnosic
(apperceptive) patients such as patient DF cannot effectively rely on conscious visual experience of shape and
form (Clark 2007: 588, see also 568). So, the distinction between apperceptive and associative visual agnosia
as described above (Farah 2004) still holds. Also, though in healthy subjects dorsal processing might play a
role in managing information that is then used for ventral conscious processing, it cannot, alone, be
responsible for conscious visual recognition (Briscoe 2009; Clark 2007; Brogaard 2011a, 2011b; Wu 2014;
Ferretti 2016a, 2016b; Jacob and de Vignemont 2010; Kozuch 2015). Coupling this with the notion, expressed
in footnote 11, that ventral processing alone cannot be responsible for action, the contribution that each stream
can offer to the other does not challenge the way the dichotomy is settled, concerning the main functions of the
streams, or Bwhat still seems to be a real and important division of labour within the neural economy^ (Clark
2007: 589). Accordingly, compelling arguments, following neuroscience, suggest such a specific distinction,
even contemplating an amount of communication, between the neural correlates, and the respective represen-
tations, of visual recognition and those of vision-for-action (see Kozuch 2015). Thanks to an anonymous
referee for suggesting to specify this point.
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The results reported show that 3-D vision at the level of cortical visual processing
cannot be sufficiently and suddenly restored. Therefore, the test is not possible at first
sight, following the original spirit of Molyneux’s puzzle. Without a positive answer to
WI, we cannot properly address SI. Now, we can move on to MQA2.

7 Dorsal vision, Optic Ataxia and MQA

InvestigatingMQAmeans to investigateMQA2 (§ 2), the question being about whether one
can perform an automatic motor act at first sight. The point is about whether the vision-for-
action system of the newly sighted individual can derive, from the memory-stored informa-
tion about the content of haptic perception, related to past everyday experience under
blindness, the correct motor representation (Ferretti 2016b) in order to compute a suitable
motor act. Differently from the case concerning the MQ, the subject must also possess the
relevant motor skills, related to vision-for-action, to be coupled with (the newly restored)
vision in order to properly interact with the geometrical characteristics of the object that
offers the action possibility/property. 19 Indeed, even though the subject can visually
recognize the object – as in the case of a positive answer to MQ - she/he may not be able,
even with the possibility to rely on this visual perceptual content, to appropriately guide her/
his motor behavior toward the object. This would be due to the lack of the automatic
visuomotor skills, whose training has beenmissed in the earlier development. Such skills are
subserved by the connection between vision and motor control, that is, vision-for-action (§
8), shaped by dorsal processing.

Concerning MQA2, I assume – in line with Molyneux’s statement of his puzzle –
that the subject’s ocular processing is restored well enough at the time of the crucial
experiment. This is because, as for the general MQ, MQA2 would not be so interesting
if the failure of the motor performance were due to ocular deficiencies. I also assume
that the subject is able to visually perceive the shapes and that the portion of the visual
cortex involved in visual recognition of the shapes, the ventral stream, is not seriously
impaired. One might argue that this does not make sense following (§ 6). However, I
simply wish to point out that, given the cortical lack of proper visuomotor processing,
the possibility of a restoration of ocular processing and of visual recognition is not the
most relevant problem for a positive answer to MQA2 - see (§ 8) for an analysis of this
move. Even if such a restoration were in principle possible, this would not impact on a
possible restoration of visuomotor processing.

To answer MQA2 we should start from the empirical evidence about automatic
visuomotor behavior (Jacomuzzi et al. 2003: 268–270). We should avoid the cases of
online adaptation in which the subject’s hand can collide with the object in different
ways after several attempts and, sooner or later, will correctly grasp the object – i.e. the
case concerning MQA3.

As said, the original view by the TVSMhas been questioned. The relevant thing to know
in relation to our enquiry about automatic visuomotor processing concerning Molyneux

19 Everyday objects exhibit geometrical properties such as size, shape, and spatial location. These geometrical
properties are, from the motor point of view of the subject, action/motor properties, in that they afford to the
subject a precise action possibility satisfiable with a precise motor act, e.g. the geometrical features of a mug
can be seen as action properties which open an action possibility (grasping) and which can be satisfied by a
proper motor act: a power grip (Ferretti 2016a, 2016b, 2016c, 2016d; Nanay 2013: 39).
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subject is that, even if conscious vision can provide information about spatial layout to
visuomotor control systems, when action is slow, automatic visuomotor responses/processes
fail to be consciously accessible, being decoupled from high quality visual spatial processing
used in slow action guidance (Jeannerod 2006; Ferretti 2016b: 4.1; Brogaard 2011a; Briscoe
2009: 441). This is in accordance with the idea, suggested by lesion studies, that the dorsal
stream is the stream involved in such an unconscious automatic visuomotor processing
(Rossetti et al. 2003, 2005; Himmelbach et al. 2006; §4). Indeed, optic ataxia, that is,
malfunctioning of dorsal visuomotor processing, leads to the impairment of the automatic
pilot for the visual guidance of the hand (Himmelbach et al. 2006; Pisella et al. 2000).

In what follows, I analyze the evidence concerning automatic dorsal visuomotor
processing and the acquisition of visuomotor skills. This evidence will show that the
MQA2 subject is in a visual situation very similar to that of the optic ataxic patient.

7.1 Visuomotor computations for action and development

The automatic visuomotor transformation of an object’s attributes in motor com-
mands is performed by the dorsal visual system (Ferretti 2016b). What is crucial
for our discussion of MQA2 is that this visuomotor translation of geometrical
properties into action properties, with the following automatic recruitment of the
appropriate motor act performable upon them, is strictly linked to our visuomotor
ontogenetic development (Gallese et al. 2009). Indeed, the ontogenetic develop-
ment of a particular visuomotor skill marches in step with the functional devel-
opment of the visuomotor area involved in the computational activity concerning
that particular visuomotor skill, especially in case of hand-eye coordination and
arm movements. In the case of (visuo)motor processing, training induces an
increase of the gray matter in different regions of the dorsal stream (Chang
2014; Jäncke 2009). For example, in the intraparietal sulcus (Draganski et al.
2004), a crucial area of the visuomotor brain in which we can find the pathways
involved in the visuomotor transformation of the information received from the
retinotopic map into very specific motor acts (Gallese 2007).

Hence, it is easy to suppose that the dorsal stream of Molyneux blind subject has not
been properly trained to pursue its proper function: automatic visuomotor computations
for fast reach-to-grasp motor interaction. Indeed, since the functional development of a
cortical area is linked to the training of the functions that are subserved by such an area,
the dorsal visuomotor processing of a blind person such as Molyneux subject might be
almost completely undeveloped due to full inactivity. Also, the reorganization of the
cortical representations involved in the control of the hand needs several days (Pearce
et al. 2000). All this suggests a lack of proper, precise and fluent visuomotor coordi-
nation in Molyneux subject at first sight: her/his visuomotor brain cannot properly
transform object geometrical properties into action properties. Thus, the correct motor
commands to be shaped cannot be computed. The geometrical configuration of the
object does not recall any action performance.

I am not denying the possibility, for Molyneux subject, to rely on a visuomotor
training with the consequent development of her/his visuomotor processing. But this
case pertains to MQA3, not to MQA2: MQA2 is about action at first sight.

Now, an important reason why we can automatically interact with objects is
that, as said, action properties visually perceived are converted into suitable motor
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commands. Automatic visuomotor responses depend on a neurophysiological
motor simulation in which the motor activation/preparation frames the represented
action within the constraints of a real physical action generation 20 (Jeannerod
2006: 130–131). Indeed, overt action execution is necessarily preceded by its
covert representation and simulation, while covert representation and simulation
are not necessarily followed by overt execution. Representation can be detached
from execution, existing on its own (Ibid.: 2; chap. 2, 6). Accordingly, an action
performance is always preceded by a triggered motor simulation of the motor act
suitable for the particular visuomotor requirements of a specific motor situation.
Simulation is recalled by the perception of the specific visual features of the object
that are salient from a motor point of view (Gallese 2007: 7, 2000; Jeannerod
2006; Ferretti 2016a: footnote 15, b: 4.1): when a visual stimulus is presented, it
directly evokes the simulation of the congruent motor schema which, regardless of
whether the action is executed or not, maps the stimulus position in motor terms
(Jeannerod 2006: 2.3.3). This motor rehearsal is possible because, during our
ontogenetic development, we have stored different information about very specific
visuomotor responses in our motor memory, so as to rehearse them when needed
(Ferretti 2016a: 4.1).

We might postulate that Molyneux subject could not rely on motor simulation: there
is no match between a covert representation for action and the visual perception of the
object, no visuomotor representations being stored in the visuomotor memory. How-
ever, without covert representations, overt automatic execution is not possible
(Jeannerod 2006; Ferretti 2016b). So, Molyneux subject should not be able to perform
overt automatic execution.

Indeed, the subject was previously blind and without visuomotor training. So she/he
has not stored any visuomotor representation in the visuomotor memory. No
visuomotor expertise has been developed through time, because no visuomotor behav-
ior has been performed yet. Then, it is very difficult for her/him to rely on the
mechanisms of visuomotor representation and simulation, which are due to complex
visuomotor processing developed through time. Consider that visuomotor behavior
depends on a form of visuomotor perception that is neither purely visual nor purely
motor, but visuo-motor: the visual processing is constitutively linked to the motor
response and they cannot be divided (Ferretti 2016a: 4.1; Fadiga et al. 2000; Jeannerod
2006)21 – I’ll get back to this in (§7.2).

Furthermore, during our ontogenetic development, the pruning of our neural net-
works under the pressure of experience selects several neural populations linked to the
(representations of the) most effective motor acts we used in everyday life. This
learning mechanism is called motor reinforcement and structures - in our ventral
premotor cortex (linked to the dorsal stream) - a sort of motor vocabulary whose words
are constituted by a group of neurons representing one kind of motor act (rather than of
a simple movement) as the ensemble of different motor words. Thanks to this

20 …though neural commands for muscular contractions are effectively present, but simultaneously blocked
by inhibitory mechanisms (Jeannerod 2006: 2.3.3).
21 …though early components of the process that are on the visual side of the distinction (for example, activity
in the earliest parts of the dorsal stream, as in the anterior intraparietal area, AIP) and very late components,
(for example, in the F5 portion of the ventral premotor cortex) that are on the motor side of the distinction
(Ferretti 2016b: footnote 5).
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vocabulary, the appearance of the graspable object in the visual space will immediately
retrieve the description codifying the appropriate motor act. To this extent, the classi-
fication of the objects as to their visual aspects corresponds to the classification of the
acts we can perform upon them recorded in the motor vocabulary (Rizzolatti and
Sinigaglia 2008; Ferretti 2016b: 4.2; Gallese and Metzinger 2003, 367–368). Indeed,
in the motor vocabulary actions are encoded element by element (Jeannerod 2006: 12),
recorded as an internal copy of an action. Arguably, for the reasons provided a few lines
above, the Molyneux subject cannot rely on such a vocabulary.

However, the visuomotor inability of Molyneux subject is not only due to the
missing computation of the parameters concerning the shaping of the grip aper-
ture. It is also due to the missing computation of the spatial location of the object,
which, to be grasped, must fall in the peripersonal action space of the acting
subject. Indeed, when we try to reach an object, we need to represent where the
object is located with respect to us, to shape an appropriate motor act. This is
because the visuomotor representation of the action possibilities of an object and
the computation of the relevant motor acts to suitably act upon it are deeply
dependent on the representation of the spatial location of the object. The object
must fall within the peripersonal action space of the observer (for a review see
Ferretti 2016a, 2016b, 2016c). To this regard, there is also another kind of motor
vocabulary, related to the one described above, responsible for bringing the arm
towards specific spatial locations (Fadiga et al. 2000: 171). Also this vocabulary is
structured, as the former, through ontogenetic development.22 Thus, it is easy to
suppose that Molyneux subject cannot rely on such a vocabulary.

It follows that Molyneux subject cannot rely on the two crucial motor vocab-
ularies needed for automatic reach-to-grasp motor acts. If Molyneux subject
cannot rely on correct motor memory-stored information, which is crucial for
dorsal automatic processing, then, it is unlikely that a motor response is automat-
ically triggered when an object is presented. She/he lacks the ontogenetic devel-
opmental result of the motor reinforcement. This is due to the lack of a proper
visuomotor training. For this reason, we can assume that she/he would not be able
to automatically reach and grasp the object at the first attempt.23 Thus, automatic
visuo-spatial processing concerning the peripersonal-action space would be, at
first sight, inefficient.

There are experimental results about the development of our visuomotor trans-
formations in line with this point. Older children perform faster and more fluid
motor acts than younger children because the precision of visuomotor interaction
in space is better with increasing age. Also, only much older children exhibit the
ability to adapt in complex visuomotor situations due to distortions of the envi-
ronment. This is because the attunement of the visuomotor representations with
the environment is sharpened and increases with accumulated visuomotor experi-
ence after several attempts and trials (Contreras-Vidal et al. 2005: 155; Contreras-
Vidal 2006).

22 From the anatomo-functional point of view, the areas computing arm reaching and the areas computing
hand shaping are strictly connected (for a review see Ferretti 2016a: 4.3, b: 4.1).
23 Thus, at best, she/he might need many corrections before reaching the object. This case deals with MQA3,
not considered here.
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The different sources of evidence I’ve mentioned all suggest that a positive answer
to MQA2 is very difficult. The major reason is that sharp automatic behavior is gained
due to visuomotor training within the ontogenetic development. 24 Automatic
visuomotor processing performed at first sight relies on motor learning and memory-
stored visuomotor information allowing us to develop vocabularies of commands for
motor interaction, motor simulations and visuomotor representations with respect to the
peripersonal action space. This visuomotor memory is responsible for the automatic
reactivation of the representations of the motor acts we use every time we face a
familiar motor situation we encountered in the past. The automaticity is given by the
fact that, in a very specific motor scenario, the visuomotor brain recruits, from the
visuomotor memory, the specific visuomotor representations of the motor act suitable
for that specific situation (concerning kinematic, goal and spatial parameters). An
important aspect of this process is the visuomotor transformation of object attributes
into action properties and, then, into motor commands. Another important aspect of this
recruitment is motor simulation, which immediately recalls a potential suitable motor
act ready to be used. Due to her/his poor visuomotor development, Molyneux subject
cannot rely on these complex visuomotor mechanisms. Moreover, acting at first sight
she/he does not have at her/his disposal repeated trials, 25 which is precisely what
enables smooth and automatic hand-eye coordination,26 reached step by step.

7.2 Visuomotor constraints

What is a stake with MQA2 is precisely whether or not, with her/his own perceptual
resources - in this case, visuomotor resources - Molyneux subject would be able to
perceptually realize, in the case of a presented object whose nature and spatial position
she/he was not verbally instructed about,27 that:

24 The case of sensory substitution devices might be interesting for this discussion. Imagine a congenitally
blind subject who can use a sensory substitution device to catch balls and discriminate letters on a page. It is
reasonable to suppose that such a subject has become able to use optical information to perform proper action
guidance without being provided with the possibility to rely on normal occipital (visual) processing. It is
possible that, having vision properly restored through the sensory substitution device (and bearing in mind
what are the constraints for an appropriate restoration concerning the relation between WI and SI), she/he
might be able, with the motor knowledge available, to successfully recognize and/or interact with shown
objects that are familiar from a tactile point of view. This point is very interesting, but, as argued in footnote 1,
this paper does not consider technological-medical improvements of vision through sensory substitution
devices and the possibility of a learning obtained through them. This analysis is indeed important but deserves
separate treatment. I thank an anonymous referee for soliciting the point.
25 One might argue that, though there is no possibility of repeated trials, the subject may think and reason for a
while before performing an action - this does not conflict with Molyneux’s statement of the question.
However, even if we concede thinking and reasoning, it is very unlikely that, without smooth visuomotor
processing, which is what allows the subject to succeed in visuomotor behavior, thinking and reasoning might
help the subject to succeed at the first attempt. I thank an anonymous referee for suggesting to include an
explanation of this point.
26 …and what we are avoiding in order to maintain the spirit of MQA2.
27 The reader should note that Molyneux didn’t specify if this point about verbal instruction is required.
Leibniz and Reid have considered whether verbal labels, and/or geometric knowledge, would influence the
performance of the newly sighted individual (see Van Cleve 2014). Here I want to maintain this constraint
because, as already said, I want to focus on the subject’s own resources, and, arguably, verbal help might
improve the performance. (Ibid.) I thank an anonymous referee for suggesting to address this point.
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1) this shape (assuming she/he can be, immediately, perceptually acquainted with a
shape, cfr. With § 6) is such and such;

2) such a shape can be grasped in this way;
3) the shape is distant this number of centimeters from her/him and, then, is graspable

because it falls within her/his peripersonal space.

Following the empirical results, Molyneux subject would not satisfy these three con-
straints. The visuomotor behavior exhibited is a form of visuomotor perception that is neither
purely visual nor purely motor (Fadiga et al. 2000; Jeannerod 2006: Jacob and Jeannerod
2003; Ferretti 2016b: 4.1). The fact that the subject has interacted with several objects when
she/he was blind does not mean that she/he will be able to properly do so with a presented
object. Indeed, she/he can rely on a specific motor repertoire developed under blindness
conditions, but she/he cannot rely on a visuomotor repertoire: there is no development of
visuomotor representations if vision is lacking. Note that, even if visuomotor responses are
neither purely visual, nor purely motor, they need visual processing, to some extent, or they
would be just motor responses (Fadiga et al. 2000; Jeannerod 2006; Jacob and Jeannerod
2003; Ferretti 2016b).

I am not considering here the possibility of a lucky attempt due to the beginner’s
luck of Molyneux subject. But even with luck, there are poor possibilities of perfect
grasping. At best, the subject would push their hand ahead until it crashes against the
object. Then she/he might be able to adjust the digit posture through the exploration of
the object by palpation. It is easy to suppose that, if the sight is restored and someone
tells her/him that what she/he is faced with is a bottle located in the peripersonal space,
she/he might realize that the same act of grasping usually used under blindness
conditions might be used now to catch the bottle. Then, she/he might choose to perform
that motor act to grasp it. But this is not a successful result for MQA2.

7.3 The MQA2 subject and optic ataxic subjects

The evidence reported suggests that there is no automatic mental antecedent of action
(Nanay 2013; Ferretti 2016b) for Molyneux subject. This is due to the lack of a proper
development of automatic processes enabling fast and smooth vision-for-action.

So, the second of my two main claims is defended: Molyneux blind subject, whose
ocular vision has been restored, shows the same visual impairment as an optic ataxic patient,
in whom ocular vision is functioning - and, arguably, so is visual recognition - but dorsal
visuomotor cortical processing is impaired.28 Neither subject is able to correctly process
visual information at the cortical level in order to perform an automatic visually guided
action. The latter can’t do so due to a cortical impairment. The former can’t due to a lack of a
proper development of the cortical mechanisms at the basis of visually guided action and
subserved by dorsal vision. Indeed, a damaged visuomotor processing and an untrained/
undeveloped visuomotor processing might lead to the same kind of visuomotor impairment,
or, in otherwords, to the same kind of optic ataxia, that is, lack of efficient, smooth and fluent
visuomotor processing.

28 I am not denying that there are different cases of optic ataxia and that they might be slightly different due to
the nature of the brain damage. There might be differences between different cases of subjects that are lacking
correct visual processing (e.g. a newborn, Molyneux subject and the optic ataxic patient; for a similar point see
Gallagher 2005).

Two visual systems in Molyneux subjects 667



I already pointed out (§ 6.2) that even though two subjects present the same functional
visual impairment, and theymight be, overall, in very similar visual conditions, this does not
imply that they are, necessarily, precisely in the very same, identical situation, concerning all
the collateral visual problems reported. This point also holds here. Note also that there is a
debate on the real nature of optic ataxia (Rossetti et al. 2003, 2005). There is evidence about
a specific impairment of peripheral vision in optic ataxic subjects (Rossetti et al. 2003).
These subjects can interact with stationary objects in central vision, because they foveate
visual targets (I am rephrasing the explanation offered by Briscoe 2009: 433, following the
experimental results by Rossetti et al. 2003; Rossetti et al. 2005). However, the blind subject
whose sight has been restored is not really smooth in foveating – cfr. With (§ 6). Thus, the
visuomotor deficit is present also in foveal vision and not only in peripheral vision, as in the
case of optic ataxia. This makes Molyneux subject even more in trouble with the possibility
of visuomotor processing with respect to an optic ataxic patient. This point is all the more
significant in the context of this paper, concerning the deep impairment of the MQA subject
and, thus, the possible analysis of MQA.

Accordingly, I am not defending the idea that Molyneux subject is precisely like an optic
ataxic patient. I used this parallelism just to stress that both these subjects show the same
visuomotor impairment which, in the case of Molyneux subject, is due to lack of a proper
development, while in the case of the optic ataxic subject it is due to brain damage.

In line with my proposal, Smith (2000: 497) quotes a passage in (Riddoch 1917: 47)
in which a brain-damaged patient claims that Beverything seems to be really the same
distance away (…) you appear to be as near to me as my hand^, there is no ability to use
depth cues and Beverything is perfectly flat^, cfr.With (§ 6). This rules out the possibility
of properly reaching and grasping an object in the case of the MQA2 subject.

7.4 Interpreting MQA2

There is an important point here. Since I invoke the TVSM, there are two possible
interpretations of my proposal concerning MQA2. We know that two points can
endanger MQA2:

P1) Ocular vision cannot be (most of the time, completely and quickly) restored.29

P2) Even if P1 were the case, cortical vision cannot be properly restored.

The crucial question is whether, after visual restoration, the subject would be able to
appropriately reach and grasp the object at first sight. I assumed that P1 is false: good
restoration of ocular processing is possible (but see §3). Concerning MQA2, and
leaving aside the point made in (§ 6), I also assumed that the subject can visually
perceive the shapes and, thus, that the portion of the visual cortex involved in conscious
visual recognition of the shapes is not seriously impaired.30 We know that there are two
forms of cortical visual processing (§4):

29 For different points about the availability of complete restoration see (Jacomuzzi et al. 2003).
30 Again, one might argue that in slow action ventral processing is responsible for action planning
(Milner and Goodale 1995/2006; Briscoe 2009; Briscoe and Schwenkler 2015; Ferretti 2016b; Ferretti
forthcoming) and, thus, can be crucial for action (Briscoe 2009). I perfectly agree with this point – see
(§§ 1,2) - but here I am considering automatic reach-to-grasp movements for which (only) dorsal
processing is responsible. See footnotes 11, 18.
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1) Ventral conscious processing involved in object recognition – e.g. the visual
consciousness that there is a tree and it has a certain color, a certain size and
shape, etc.

2) Dorsal unconscious processing involved in recognition for the visual guidance of
action, which is related to the detection of the object properties that are relevant for
action – e.g. a geometrical property readable as an action property.

On the basis of which kind of restoration we are considering in tacklingMQA, namely,
whether restoration concerns (1) or (2), there are different responses to the puzzle.

Let’s consider the case in which we investigate MQA by considering the possibility
of restoring (1). Now, we know that, concerning MQ, (1) cannot be sufficiently
restored. However, even if (1) is sufficiently restored, the evidence I reported leads to
a negative answer to MQA2: visuomotor expertise is necessarily related to past trials
that make subjects able to manipulate the visual information for action guidance. Even
if the subject has restored visual recognition of the first kind (1), she/he would not be
able to properly interact with the figure she/he is faced with. This is because suitable
visuomotor processing for automatic interaction is possible due to the active binding,
during ontogenetic experience, of our visual content with particular motor resources.

Let’s now consider the possibility of restoring (2). Similarly to the case of MQ in
relation to (1), the evidence I reported suggests that (2) cannot be restored. Thus, in this
case, the evidence does not suggest a negative answer to MQA2. Rather, it suggests that
the proper experimental setting cannot be reached, in virtue of P2, in relation to (2):
visual recognition for action purposes cannot be restored.

For coherence toward the brand new empirical literature, there is a recent, very
important study I need to mention here by Chen et al. (2016). The participant of the
study is a 44-month-old child with congenital cataracts, who underwent cataract
removal surgery and intraocular lens implantation for both eyes. Eye patches were
removed sixteen hours after surgery. The subject was tested immediately after
bandage removal (in line with the suggestion by Held 2009). After six minutes,
she starts looking at objects. After thirteen minutes, she starts reaching and grasping
objects with difficulty. After twenty-three minutes, she can grasp an orange slice
accurately. After sixty, she can use both hands to grasp objects. After twenty-six
hours, she can also avoid objects in front of her (I am reporting the information
summarized on p. 1069). Note, however, that Bon the day of patch removal, YM did
not cooperate with visual acuity testing and did not appear to understand size
concept^ and Bcould not match objects on the basis of color .̂ (p. 1070). Also,
eight hours after patch removal, the child was Bconfused and unable to participate
during the object-recognition task, which was immediately discontinued^ (p. 1071).
However, very interestingly, thirty-two hours after ‘first sight’, the child Bvisually
recognized an object that she had simultaneously looked at and held, even though
she could not use her single senses alone to perform this recognition^ (p. 1072).
Note also that, after two minutes, she can visually track an orange slice without
being able to effectively recognize and grasp it. She can only try to fixate on and
reach inaccurately toward the slice, even when it is presented in front of her (see p.
1070); note that the first exploration is pursued only through haptic touch (Ibid.).
Only after nineteen minutes and Bmany misses and adjustments^ (Ibid.) does
accuracy start to increase. Now, does this study tell us something about a possible,
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reliable answer to MQ and/or MQA2? Apparently not. It only shows that, within the
period of high neuroplasticity, object recognition and visuomotor performance can
be both developed very rapidly, due to (very fast) learning and trials, and due to
recalibration and learning related to the eye-hand movement coordination (Chen
et al. 2016: 1071, 1072). This, however, does not mean that the child could perform
object recognition and visuomotor performance at first sight, which is what we are
investigating here. Indeed, following the authors, the study only suggests that
vision, touch and visuomotor coordination are prearranged so that the re-calibra-
tion, in the case of high neuroplasticity, requires a very short period of visual-motor
experience (p. 1072; see also Held 2009; see also Lungarella and Sporns 2006).
However, this re-calibration, as is evident in the study, is a form (though fast) of
learning which, instead of several days, as in other studies, took much less time (p.
1070; see also the supplemental information, p. 1072, 1073). This study is not
reliable for Molyneux’s puzzles for another reason. It is established that, after
bandage removal, learning is crucial for the acquisition of visual and visuomotor
processing, obtained within different time intervals. However, concerning the
nature of this acquisition, the study does not carefully tease apart the amount of
physiological restoration of the visual system and the amount of visual learning
made possible by Breal world^ practice (see §§3, 6.1). But this is a crucial aspect in
order to obtain a reliable test. It also follows that we have no precise idea about
what is the specific role played by the (step by step) physiological healing in the
improvement of visual learning and, thus, in the restoration of the visual functions.
This is something we should carefully control in order to properly test the puzzle.

Summing up, the evidence of rapid development does not say anything new about
MQ and MQA. Rather, in line with this paper, it suggests that visual object recognition
and visuomotor processing both need repeated trials, learning and experience to be
properly arranged. The time interval for learning can be minimal, but it is still present.
Thus, first, object recognition and visuomotor performance are not immediately and
completely reacquired, as they need to be to test Molyneux’s puzzle; second, learning is
precisely the crucial ingredient at the basis of the present study, and something we
should avoid in testing the puzzle. Finally, in line with what I said above (§ 3), here we
cannot understand what is the specific effect of learning and what is that of visual
restoration. We cannot distinguish between optical problems due to the post-operative
traumas and the effects of perceptual learning (in line with Jacomuzzi et al. 2003: 262).
Thus, showing that learning can be very fast does not establish whether senses and
movement are already bound, without learning, at first sight.31 It only establishes that
they are bound after intensive and fast practice after the firstmoment of sight (see p. 4).
All this is in line with the result by Sinha et al. (2014) about the fast development of
crossmodal representations due to real world experience (see Held et al. 2011) and
learning.

However, the reader should note that the case analyzed by Chen et al. of a 44-month-
old child, which is neither an adult nor a teenager, is very different from the case
analyzed by Held et al., whose subjects are teenagers (p. 551). This makes the data
collected from post-surgical testing in these two studies very different and the second
study more directly relevant for the puzzle at stake here (see §6.1). Accordingly, Chen

31 I thank an anonymous referee for suggesting to integrate this empirical case in the discussion.
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et al.’s results are far from the specific case we should investigate by following
Molyneux’s specifications on the scenario. Thus, they happen to be less relevant for
the MQA. However, Chen et al.’s 44-month-old child, unlike newborns, has certainly
learnt to manage shape concepts. This makes this experimental situation more relevant
to the puzzle at stake here than those on neonates (see footnote 12).

8 MQ and MQA2

I have proposed a specific synthesis concerning both of Molyneux’s questions
mentioned here. I did that by specifically considering the difference between ocular
and cortical blindness, and remaining within the framework of a TVSM-based
analysis. Concerning MQ, the answer is not possible because the experimental
setting can’t be run for empirical reasons. Concerning MQA2, depending on its
interpretation, either we can’t reach and test the situation imagined by Molyneux, as
for MQ, or the answer is negative.

In line with other proposals (Gallagher 2005, Smith 2000, Degenaar1996), even
obtaining the restoration of ocular processing, we can’t test the puzzle: cortical visual
processing can’t be properly restored.

One might wonder about the relationship between MQ and MQA2. If the results
by the TVSM concerning lesion studies are reliable, a possible answer to MQ is
apparently irrelevant with respect to a possible answer to MQA2. Let us recall that,
following lesion studies (§2), dorsal lesions impair visually guided action (optic
ataxia), but not object recognition, while ventral lesions impair object recognition
(visual agnosia), but not action guidance. Therefore, in principle, a lack of proper
(ventral) visual recognition can coexist with a functioning (dorsal) visuomotor
processing, as in the case of visual agnosia, just as a lack of proper (dorsal)
visuomotor processing can coexist with a functioning (ventral) visual recognition,
as in the case of optic ataxia. This suggests that the two questions can be tackled
separately. Moreover, if we endorse a positive answer to MQ, it does not necessarily
follow that we should also suggest a positive answer to MQA2, whereas a positive
answer to MQA2 does not imply a positive answer to MQ – see the quotation by
Gallagher (2005) reported in (§1).

From the fact that Molyneux subject can answer the question about which geometrical
figure she/he is faced with, 32 it does not follow that she/he has developed the proper
visuomotor skills due to past trials concerning motor interactions.33 That is, even though
recognizing the object, she/he (her/his visuomotor system) would not be able to discriminate
the action relatedness of the properties of the object. Coming back to the different interpre-
tations of the MQ (§6.3), the fact that the subject can see, to some extent, the shapes in
question (i.e. a positive answer toWI) does not imply that she/he can properly grasp it at first
sight. But even in the case of recognition of the object as in the case of a positive answer to
MQ (i.e. a positive answer to SI), the subjectmay not be able, evenwith this important visual

32 …a process that is mostly, but not totally, due to the possibility of relying on ventral processing. See
footnotes 11, 18.
33 …a process that is mostly, but not totally, due to the possibility of relying on dorsal processing. See
footnotes 11, 18.
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content, to appropriately guide her/his motor behavior toward the object, so as to grasp it at
firstsight.34 This inability is due to the lack of the automatic visuomotor skills missed in the
earlier development. The object would not look (provided that it looks in someway) relevant
for action, given the lack of visuomotor training crucial to teach her/his visuomotor brain
that such and such a shape is coupledwith such and such actions35 (see §7.2). This is clear in
the light of lesion studies (§2): optic ataxics can successfully recognize an object without
being able to properly act with it. But we also have further reliable evidence for this point.
When a visually represented property is not relevant for action (e.g. a color property), or
when the property represented (e.g. a shape property) would be relevant, but is not
discriminated as such (in this case due to the lack of training) there is no visuomotor
processing for fast interaction (Tipper et al. 2006). Conversely, even if one is able to
appropriately guide, unconsciously, one’s motor behavior toward the object, provided that
a positive answer to MQA2 is possible (I am assuming this possibility only in order to
establish the independence of the two questions), it may not be possible, even with this
important visuomotor skill, to consciously recognize the object. This inability is due to the
lack of proper processing for conscious visual recognitionmissed in the earlier development.
This is clear in the light of lesion studies (§2): visual agnosics can successfully act on the
objects they are asked to act on even if they can’t consciously recognize them visually.

This might constitute a first possible answer to the question, reported by Jacomuzzi et al.,
about the relationship between the two different formulations of Molyneux’s puzzle.36 On
the one hand, we have a visuomotor disease, in which the motor component and the visual
one are not discernible. On the other hand, we have a purely visual disease.

Now, I distinguished between two distinct cortical visual impairments, to focus on
the two different facets of Molyneux’s puzzle, in virtue of the questions individuated in
the literature, and with respect to the best neuroscientific tools we currently have: the
evidence from the TVSM. This is useful because it gives us both an empirical and a

34 As I point out in footnote 11, ventral processing is involved in semantic action planning, related to high-
order motor aspects, and which selects targets for action. Dorsal processing is involved in motor processing,
which shapes the thin spatial and motor parameters and which allows the appropriate and specific motor
commands to be triggered (Milner and Goodale 1995/2006). Even assuming that ventral recognition allows
the subject to recognize the object and select it for action, the motor parameters would not be accurately
computed due to the lack of proper dorsal visuomotor processing. Also, even if some areas related to the
ventral pathway, for example the lateral occipital complex, are involved in an important manner in manipu-
lating information that is used by dorsal processing to shape visuomotor interaction (Briscoe and Schwenkler
2015: 3.2), the cutting edge of automatic visuomotor interaction, i.e. the automatic pilot for the hand
(Himmelbach et al. 2006; Pisella et al. 2000, see §7), remains the dorsal stream. Without its computational
processing, proper automatic interaction cannot be generated even if we recognize the presence of an object
we might, in principle, act upon. This is why optic ataxics cannot act on the objects they see, while visual
agnosics can act on objects they can’t see. See also footnote 18.
35 Once again, BOptic ataxia appears to be a disorder limited to transforming visual properties of objects into
motor commands for a hand action directed towards these objects. It is not due to misperception of the shape,
orientation or size of the objects^ (Jacob and Jeannerod 2003: 92). Also Jacob and Jeannerod briefly refer to
Molyneux’s problem (Ibid: 138).
36 One might argue that, given the evidence that vision-for-action is often impervious to several visual
illusions, the newly sighted is more likely to succeed in MQA than she/he is in MQ. However, the reader
should note that there is now compelling evidence that even vision-for-action, like visual recognition, can be
massively fooled by several kinds of illusions (Franz and Gegenfurtner 2008; Briscoe 2009; Ferretti 2016b:
5.2; Kopiske et al. 2016; Bruno and Battaglini 2008; McIntosh and Schenk 2009). I thank an anonymous
referee for suggesting me to explain this point.
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conceptual geography to make a comparison between the two questions – see espe-
cially my discussion in (§ 6).

However, the reader should note that all the arguments I reported concerning both
questions suggest that, if it is possible to have a Molyneux subject whose ocular processing
can be restored, we have enough empirical reasons to suggest that she/he would neither be
able to act on the object, nor would she/he be able to recognize it: she/he would show the
same visual impairments as both the optic ataxic and the visual agnosic patients. The
computational activity of both streams would be impaired due to the lack of any (purely
visual and visuomotor) development, with the consequent impossibility to rely on memory-
stored information. Accordingly, research on early visual deprivation from cataract (and
even on permanent blindness) suggests that early sensory inputs are crucial for the functional
organization of the visual cortex: Bwhen visual input is delayed until cataracts are removed,
there is only partial recovery of visual capabilities^ (Maurer et al. 2005: 144). This is
because, as for the case of the motor vocabulary (§ 7), there is a neural competition that
determines how to strengthen or prune the neural connections involved in object recognition,
and related to ventral processing (Ibid.: 149). Reviews concerning results from congenital
cataract and congenital blindness suggest that early visual experience is crucial for the later
development of both the dorsal and ventral stream (Ibid.).

The account proposed here helps to understand the visual condition that both of
Molyneux subjects undergo in relation to the current visual diseases studied in con-
temporary vision neuroscience. Also, as suggested, I assumed the possibility of a
positive answer to MQ when studying MQA2 only in order to make it clear that the
two questions are in principle discernible in the light of our best model of vision. But,
as shown, if we consider the second interpretation of MQA2 (§ 7), neither for MQA2,
nor for MQ can we reach the experimental setting.

Onemight argue that, since healthy individuals rely on interstream interaction for both
vision-for-action and visual recognition (Zipoli Caiani and Ferretti 2016; Ferretti 2016b;
Ferretti 2016c), the lack of one stream processing may determine an impairment of both
visual functions. Then, the conclusion I draw by coupling a specific functional impair-
ment to each stream can be extended: the impairment of each stream can impair both
functions. But the evidence of dissociation from cases of impaired individuals (Milner
and Goodale 1995/2006; Goodale and Milner 2004; Jacob and Jeannerod 2003) makes
my account licit. And while interstream contribution is significant for each function, it is
still easy to claim that dorsal processing is mainly for automatic vision for action while
ventral processing ismainly for conscious visual recognition. Finally, a coherent account
concerning the contributions of each stream to both functions is still debated (Chinellato
and Del Pobil 2016; Ferretti 2016b) – see footnotes 11 and 18 for this point.

Vision is a complex phenomenon given by the visual system. But the visual system is not
only constituted by the eyes. It is also constituted by complex cortical portions of our brain
that we usually call the visual cortex. Thus, restoring ocular vision does not imply that the
subject should be able to see. Even if the visual cortex is not damaged, however, most of the
cortical processing necessary for vision needs to be properly solicited during the develop-
ment to perform its proper function: managing andmanipulating retinal information coming
from the eyes. Whoever is interested in the investigation of Molyneux’s puzzle should
consider this crucial point.

Of course, one might wonder about the possibility of an effective restoration of the
activity of the visual cortex. Arguably, at this stage we cannot provide a subject with
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completely new nervous cells able to function in a proper manner so to provide us with
a scenario in which we can properly test the puzzle at stake here. Even considering this
possibility, without rehabilitation involving repeated attempts and trials we cannot
reacquire vision.37 Restoring cortical activity means training our brain to process such
and such information (within the developmental limits imposed by our nature). But this
cannot be reached at first sight, as in the case proposed by Molyneux puzzle. We might
follow the proposal by Evans (§ 3), but this is not a case in which the subject uses her/
his own visual resources. Thus, it cannot help us.38

9 Conclusion

Here I proposed an account able to address both of Molyneux’s questions, by specifi-
cally considering the difference between ocular and cortical blindness, and remaining
within the framework of the TVSM. I suggested that the subjects of Molyneux’s two
different questions show the same visual impairment as brain-damaged patients with
different lesions of the visual cortex and thus, that the problem still holds even if ocular
processing is restored. The subject of the first question shows the same visual impair-
ment in visual recognition as a visual agnosic subject. The subject of the second question
shows the same visual impairment in visuomotor processing as an optic ataxic subject.

Molyneux’s problem might be seen as an old philosophical question, whose answer
is now, however, a matter of empirical investigation. We saw that the empirical results
are crucial. But so too is the philosophical regimentation of these results. The closed
dialogue between theoretical and experimental considerations suggests that divvying up
philosophical and empirical issues, especially concerning this puzzle, is more likely to
obscure than illuminate the problem.

Finally, finding an answer by assuming, against the evidence, that the very complex
phenomenon of vision can be completely restored and offering an answer to
Molyneux’s puzzle based on this anti-empirical assumption is not the aim of this paper.
There is a point in which we cannot proceed a priori avoiding the empirical facts that
suggest that the situation we are looking for is not possible, even when we consider our
investigation of MQ as a thought experiment (Jacomuzzi et al. 2003).39 Following the
words of Block Bone needs to understand the empirical facts to even know where there
is room for relatively a priori philosophy^ (2014: 570–571). The case of Molyneux’s
puzzle demands empirical analysis. This is clear in the case of MQ. But even without
direct evidence concerning a specific possible answer to MQA2, we can try to
understand what we can say by following what we know from neuroscience, which

37 It is possible that soon genetic engineers might be able to manipulate DNA in Petri dishes to directly shape,
in a laboratory, a visual system so that it can manage optical information before it is implanted in a subject. It
would be very interesting to ask whether, in this case, the subject might succeed in proper visual recognition,
and successful visuomotor interaction. I thank an anonymous referee for suggesting to mention this experi-
mental possibility.
38 Gallagher suggested that, due to the cortical deterioration, the proposal by Evans would fail (2005).
39 Of course, we might think of an ‘ideal’ situation in which the subject would not have the several problems
suggested by the empirical analysis. In this situation, we might think, this ‘ideal’ subject would be able to
accomplish both the recognition and the interaction task. On this point see Gallagher (2005). Here the
discussion is limited to the situation we can reach according to what we know from the neurophysiology of
vision.
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is the strategy pursued with MQ. The final answer, however, pertains to an empirical
test of the sort adopted in the case of MQ.40
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