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Abstract
Molyneux’s question asks whether a person born blind who has learned to identify shapes by
touch could, if suddenly granted sight, immediately identify shapes visually. This question has
often been used to structure discussions of whether there is a “rational connection” between
sight and touch—whether it is possible to rationally doubt whether the same shape properties are
both seen and felt. I distinguish two questions under this general heading. The first concerns,
roughly, whether the visual and haptic perception of shape is rationally connected in normally
sighted perceivers. The second concerns, roughly, whether the visual and haptic perception of
shape is rationally connected in all possible perceivers. I argue that real-world implementations
of Molyneux’s question are irrelevant to the first question, but potentially relevant to the second.
However, I also argue that the second question does not have the philosophical significance it is
sometimes claimed to have. In particular, it cannot be used to adjudicate debates about whether
the phenomenal character of perceptual experience is primarily determined “externally” by the
worldly properties we perceive, or “internally” by physiological or functional properties of our
brains.

Keywords
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This article is part of a special issue on “Molyneux’s question today”, edited by
Gabriele Ferretti and Brian Glenney.

1 Introduction
Human perceivers have a remarkable ability to reidentify shape properties across
sensory modalities. Shapes that are first encountered through touch can later be
recognized by sight, and vice versa. Studies indicate that such cross-modal recog-
nition reaches impressive levels of accuracy, sometimes even rivaling recognition
performance within a modality (Desmarais et al., 2017; Norman et al., 2004). But
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what is the nature of the perceptual states mediating this capacity for cross-modal
recognition? Does transfer of shape recognition across modalities depend on some
intrinsic similarity between the perceptual states through which we apprehend
shape in sight and touch, or are these states wholly distinct intrinsically but linked
by mere association, as Berkeley famously claimed?1

Traditionally, philosophers have examined the relation between visual and hap-
tic shape perception through the lens of Molyneux’s question. In a pair of letters
to John Locke in 1688 and 1692, the Dublin politician William Molyneux asked
whether a person born blind who had learned to identify shapes by touch could, if
suddenly granted sight, identify shapes visually (Locke, 1979, bk. II, ch. IX, sect. 8).
Molyneux’s question was long treated primarily as a thought experiment (Dege-
naar, 1996, p. 25), with occasional exceptions (Cheselden, 1728; Gregory &Wallace,
1963; Sacks, 1995). However, recent years have witnessed a surge of research into
real-world cases of sight restoration, including one widely publicized attempt to
resolve Molyneux’s question empirically (Held et al., 2011). Theorists have vigor-
ously debated the proper interpretation of these empirical results, and how best to
devise an experimental test of Molyneux’s question (Cheng, 2015; Connolly, 2013;
Green, 2022a; Levin, 2018; Schwenkler, 2012, 2013, 2019).The present paper consid-
ers what can be learned from empirical investigations of newly sighted perceivers,
and in particular how real-world implementations of Molyneux’s question might
bear on the theoretical issues animating the question.

We should differentiate Molyneux’s question itself, which poses a concrete em-
pirical test of a newly sighted subject, from various theoretical issues to which
the question’s answer might be relevant (see also Glenney, 2013; Hopkins, 2005;
Levin, 2018; Matthen & Cohen, 2020). It is important to cleanly distinguish the lat-
ter issues, since it could turn out that empirical implementations of Molyneux’s
question are relevant to some of them but not others. Moreover, getting clear on
the relation between Molyneux’s question and the issues of more fundamental
significance allows us to gauge whether Molyneux’s question even matters today
(Hopkins, 2005, p. 441). If, for instance, the only issues to which the question is rel-
evant are ones that have already been empirically resolved, or for which we now
have better lines of experimental attack, then the question is of merely historical
interest, and not useful for guiding contemporary investigations of cross-modal
perception.

One topic concerns whether there is a “rational” connection between the vi-
sual and haptic states through which we apprehend shape—i.e., whether it would
1 See Berkeley (1965, sects. 127, 147). Berkeley claims that “the extension, figures and motions

perceived by sight are specifically different from the Ideas of touch called by the same names, nor
is there any such thing as one Idea or kind of Idea common to both senses” (Berkeley, 1965, sect.
127). This view has come to be known as the Heterogeneity Thesis, and the claim that Molyneux’s
question should be answered negatively forms a key premise in Berkeley’s argument for this
thesis (van Cleve, J., 2007, p. 256). See Copenhaver (2014) for a nuanced discussion of Berkeley’s
views on these issues, and see Prinz (2002, ch. 5) for a contemporary descendant of Berkeley’s
Heterogeneity Thesis.
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be transparent to any sufficiently reflective subject that these states present the
same worldly properties. Suppose that Jane first sees a square surface and then
touches it while blindfolded, and perceives the surface veridically in both cases. If
the visual and haptic states throughwhich Jane perceives squareness are rationally
connected, then (assuming adequate attention, time, and motivation) she could not
coherently doubt that she is perceiving the same shape property through both vi-
sion and touch, just as she could not coherently doubt that two visible squares
seen side by side under optimal conditions appear the same (or approximately the
same) shape.2 Accordingly, cross-modal identification of visually and haptically
perceived shape properties would be uninformative to the sufficiently reflective
subject.

I take this topic to be the central focus of Gareth Evans’s classic paper,
“Molyneux’s Question” (Evans, 1985). Evans presents two characters, V and B,
who disagree concerning whether vision and touch support distinct systems of
shape concepts. V holds that any subject who learns to apply a concept of some
shape (say, square) on the basis of touch would be immediately prepared, on
rational grounds, to apply the same concept on the basis of sight, and vice versa.
Thus, there is just one system of shape concepts deployed flexibly on the basis of
either sight or touch. B disagrees, holding that there is nothing intrinsic to the
visual or haptic representation of square that prevents a subject from forming
distinct, rationally unrelated concepts of square via the two modalities. If V is
correct (as Evans seems to have thought), then it is presumably because vision
and touch represent square in ways that leave no room for rational doubt about
whether they represent the same property. Accordingly, it is transparent to the
subject that the same shape concept is appropriately applied based on either
representation.3 Conversely, B denies that this is the case. For B, it is informative
for a subject to learn that her visual and haptic representations of square represent
the same property.

Evans rightly observes that success in Molyneux’s task would be insufficient
to resolve the dispute between V and B (Evans, 1985, p. 330). For even if the newly
sighted subject succeeds in identifying spheres and cubes by sight, this does not
mean that her visual and haptic shape representations are rationally connected. In-
stead, there may be brute, hardwired associations that lead visual representations
of a given shape to activate distinct haptic representations of that shape, and vice
2 Of course, Jane might coherently doubt whether the objects really are the same shape: She might

contemplate the possibility that one is seen illusorily while the other is not. Still, however, she
would have no basis for doubting that they visually appear the same shape.

3 Evans’s argument for this view relies on the premises that vision and touch both represent shape
properties within an egocentric framework, and that this framework is shared across modalities
thanks to their common role in guiding behavior. Accordingly, vision and touch represent shape
properties in the sameway, or “in the same vocabulary” (Evans, 1985, p. 340)—i.e., as laid out thus-
and-so within egocentric space. Thus, both modalities provide the same basis for applying shape
concepts, and such concepts should be applied flexibly on the basis of either sight or touch. For
discussion and critique of this argument, see Campbell (2005), Hopkins (2005), and Levin (2008).
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versa. The representations might be associated in this way without being ratio-
nally connected. Suppose, for instance, that when the newly sighted subject first
sees a square surface, haptic imagery of squares spontaneously pops into mind,
enabling her to accurately guess the surface’s shape. Despite this, her visual and
haptic representations of squareness might have no rational connection, since it
may be coherent for her to doubt, upon careful consideration, whether they really
denote the same property.4 Nonetheless, Evans thought that failure in Molyneux’s
task would be more decisive. If a newly sighted person could see well enough to
visually represent the shapes of things around them, but nonetheless failed to rec-
ognize these shapes by sight (despite adequate time for reflection), then according
to Evans, this result would “undermine V’s position” (Evans, 1985, p. 330).

Notice that V may be correct that visual and haptic states are rationally con-
nected even if it is possible for a subject to harbor various non-rational doubts
about whether the states present the same shape properties. For example, a sub-
ject might fail to adequately attend to those aspects of the contents of the two states
on which the rational connection depends, instead being distracted by various ir-
relevant differences between them. As Thomas Reid pointed out, the fact that vi-
sual shape perception is virtually always associated with perception of color, while
haptic shape perception is virtually always associated with perception of hardness,
may distract us from core commonalities in their geometrical contents (Reid, 1764,
ch. 6, sect. 7). The fundamental question, as I’ll understand it, is not whether a sub-
ject can ever doubt whether their visual and haptic states represent the same shape
properties, but whether a subject could continue to doubt this despite (i) having at
least human-like reasoning capacities,5 (ii) engaging in adequate thought and re-
flection, (iii) attending selectively to the geometrical contents of the two states,
and (iv) without committing any errors in reasoning. I’ll describe subjects meeting
conditions (i)-(iv) as “fully reflective.” Thus, rational connection is partly a matter
of perception, and partly a matter of cognition. For a subject’s visual and haptic
shape representations to be rationally connected, the perceptual representations
must have contents or formats (perhaps inter alia) that are sufficiently similar that
any fully reflective subject would be in position to cognitively determine, beyond
any rational doubt, that they represent the same properties.

This paper considers the bearing of Molyneux’s question on the topic of
whether visual and haptic shape representations are rationally connected. How-
4 Alternatively, visual and haptic shape representations may bear some “structural correspon-

dence” that enables the newly sighted subject to make a reasonable inference about which object
is the sphere and which is the cube, as Leibniz conjectured (New Essays, Bk. II, Ch. IX). Such
structural correspondence might obtain without a genuinely rational connection between the
representations (Green, 2022a, p. 696).

5 This restriction is needed because there may be primitive creatures who perceive shape both
visually and haptically in much the way we do, but have no reasoning capacities at all, and
thus are unable to appreciate that their visual and haptic states represent the same properties.
The mere possibility of such creatures should not suffice to show that our visual and haptic
representations of shape are not rationally connected.
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ever, two distinct issues fall under this heading. The first concerns whether the
visual and haptic states that normally sighted perceivers employ to reidentify
shape across modalities are rationally connected—i.e., whether any fully reflective
perceiver with access to those very representations would be in position to
determine beyond any rational doubt that they represent the same properties.
Call this Issue 1:

Issue 1: Is there a rational connection between the particular visual
and haptic representations of shape that normally sighted perceivers
employ to reidentify shape properties across modalities?

However, even if visual and haptic representations of shape turn out to be ratio-
nally connected in normally sighted human perceivers, one might ask whether
this holds for all possible perceivers who apprehend shape both visually and hapti-
cally.6 Thus, the second issue concerns whether visual and haptic representations
of shape are necessarily rationally connected, or whether it is possible for a fully
reflective subject to perceive the same shape through sight and touch while coher-
ently doubting that this is the case. Call this Issue 2:

Issue 2:Are visual and haptic presentations of a given shape property
necessarily rationally connected? That is, is it impossible for a fully
reflective subject to enjoy visual and haptic states that present the
same shape property while coherently doubting that this is so? 7

Obviously, Issue 2 might be resolved negatively even if Issue 1 is resolved affirma-
tively.

I will not attempt to decisively settle Issues 1 or 2 here. Rather, my primary
interests concern how studies of newly sighted perceivers may bear on each issue,
and the issues’ broader theoretical significance. Specifically, I will argue that in-
vestigations of newly sighted subjects are not helpful in settling Issue 1, but they
may be helpful in settling Issue 2. Nonetheless, I’ll also argue that Issue 2 does not
have the philosophical significance that it is sometimes claimed to have.

The plan is as follows. Section 2 argues that empirical implementations of
Molyneux’s question are largely irrelevant to Issue 1. This is because any infer-
ence from newly sighted subjects’ recognition performance to the relationship be-
tween visual and haptic shape representations in normally sighted subjects faces
6 Of course, one might explore intermediate questions as well: for instance, whether visual and

haptic shape representations are rationally connected in all human perceivers (even if not in all
possible perceivers), or whether they are rationally connected in all conscious perceivers. Thanks
to Ian Phillips for this point.

7 I use the term “presentation” in posing this question to remain neutral on the precise relation
between perceptual states and the worldly properties to which they relate the subject—e.g.,
whether this relation is best understood as a species of representation or instead as some non-
representational relation like “acquaintance”—see section 3.2. Thus, theorists skeptical of the
notion of perceptual representation may contemplate a version of Issue 2. Since I do not harbor
such skepticism, I will set aside this complication until section 3, when the nature of perceptual
shape experience takes center stage.
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three serious pitfalls. Section 3 argues that data from newly sighted subjects may,
however, be helpful in settling Issue 2—whether it is possible for a fully reflective
subject to see and touch the same shape while coherently doubting whether this is
so. Section 4 argues that the viability of “radically externalist” theories of spatial ex-
perience, namely those on which the phenomenal character of spatial experience
is fully determined by the mind-independent spatial properties that we perceive,
does not hinge on the resolution to Issue 2. While some take the mere possibility
of rationally doubting whether vision and touch present the same shape proper-
ties to threaten externalism, the apparent threat rests, I contend, on a failure to
appreciate the compositional character of shape perception. Section 5 concludes.

2 Issue 1: Pitfalls in extrapolating from the newly
sighted

2.1 The Match Principle
This section considers what newly sighted perceivers can reveal about the per-
ceptual representations mediating abilities for cross-modal recognition in the nor-
mally sighted. Would failure in Molyneux’s test show that the shape representa-
tions responsible for cross-modal recognition in normally sighted perceivers are
not rationally connected—i.e., that it would be possible for a fully reflective sub-
ject with access to both representations to coherently doubt that they represent
the same property?

It is unclear whether Molyneux himself intended to raise this issue. As Dege-
naar (1996) observes, Molyneux may have been primarily concerned with whether
three-dimensionality can be perceived by sight without prior association with
touch.8 Nevertheless, regardless of the issue Molyneux intended to raise, many
philosophers have taken his question to bear on whether there is a rational connec-
tion between the visual and haptic representations of shape that enable normally
sighted perceivers to reidentify shapes across modalities. For instance, Schwenkler
(2012) writes:

[T]hink of the way that shape and other spatial properties are per-
ceived in sight and touch, of how we can tell right away whether a
seen shape is the same as some felt one. Molyneux’s question asks:
can we do this only because of learned associations built up in the
course of past experience, or are the representations of these proper-
ties related somehow intrinsically? (186)

8 Likewise, Locke may have answered “no” to Molyneux’s question simply because he thought
three-dimensional spatial properties were imperceptible by sight without prior association with
touch, or acts of judgment (Bruno & Mandelbaum, 2010).
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This section argues that newly sighted subjects’ perceptual capacities are largely ir-
relevant to the relationship between visual and haptic shape representations in the
normally sighted, so Molyneux’s test cannot be used for the purpose Schwenkler
recommends. That is, the test cannot be used to shed light on how most of us (i.e.,
mature, normally sighted perceivers) can “tell right away whether a seen shape is
the same as some felt one.” My discussion emphasizes empirically documented dif-
ferences in spatial perception between normally sighted and newly sighted (and
congenitally blind) perceivers. It extends prior observations by Green (2022a) to
highlight two further pitfalls in generalizing from newly sighted subjects’ recog-
nitional capacities to the relation between visual and haptic representations in the
normally sighted.

First, however, we should understand why differences in either visual or hap-
tic shape representation between normally and newly sighted subjects threatens
the evidential value of Molyneux’s test vis-à-vis Issue 1. Figure 1 illustrates the
problem. Molyneux’s question proposes a test of newly sighted subjects’ recog-
nitional capacities: Are their visual and haptic representations of shape related in
such a way that shapes previously recognizable through touch can be immediately
reidentified by sight? Suppose that we run the experiment and the results clearly
support either a positive or a negative answer. For this outcome to bear eviden-
tially on the relation between visual and haptic shape representations in normally
sighted subjects, it must be that the relation between newly sighted subjects’ vi-
sual and haptic shape representations is approximately preserved, or matched, in
normally sighted subjects. And to be confident that this is true, we must be con-
fident that visual and haptic shape representations are relevantly alike in the two
groups of subjects. Green (2022a) calls this the Match Principle:

Match Principle:Newly sighted perceivers form visual and [haptic] rep-
resentations of shape that are intrinsically similar to the visual and
[haptic] representations of shape directly responsible for cross-modal
shape recognition in normally sighted perceivers. (Green, 2022a, p.
698)

The notion of “intrinsic similarity” is admittedly vague. However, it is meant to
call attention to similarities in features that the representations possess aside from
any history of cross-modal association. For example, newly sighted and normally
sighted subjects might form visual and haptic representations that share a com-
mon format, content, or neural substrate, but differ only in whether associations
between those representations have been established.9 If so, then the Match Prin-
ciple would hold. Conversely, if newly sighted and normally sighted subjects form
9 See Di Stefano and Spence (2023) for helpful discussion of various potential forms of intrinsic

similarity between representations from different sense modalities. Note that representations
from vision and touch might be similar without sharing precisely the same content or format.
For instance, they might exhibit some sort of structural isomorphism (Di Stefano & Spence, 2023,
pp. 10–12).
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Figure 1: Illustrating the Match Principle. Molyneux’s test plausibly reveals some-
thing about the relationship between visual and haptic shape representations in
newly sighted subjects. But for the test to bear evidentially on the relationship be-
tween visual and haptic shape representations in normally sighted subjects, we
must be confident that visual and haptic shape representations are relevantly alike
in the two cases. Otherwise, we have no reason to believe that the relation between
newly sighted subjects’ visual and haptic shape representations is preserved in nor-
mally sighted subjects.

visual or haptic shape representations which differ markedly in format, content,
or neural substrate, then the Match Principle may fail to hold.

To see why the Match Principle is important, suppose that newly sighted sub-
jects fail Molyneux’s test. As noted earlier, Evans takes this result to undermine
the view that our visual and haptic shape representations are rationally connected.
However, if the Match Principle is false, then the following possibility arises: Vi-
sual and haptic shape representations are rationally connected in normally sighted
perceivers (i.e., any fully reflective subject who had access to those very represen-
tations would be able to determine that they represent the same shape properties),
but they are not rationally connected in newly sighted perceivers, due to differ-
ences in content or format between the two. In other words, the intrinsic similari-
ties (e.g., similarities in content or format) between vision and touch that underlie a
rational connection within normally sighted perceivers might be missing in newly
sighted perceivers.

This section argues that the Match Principle confronts three serious difficulties
that undercut the evidential relevance of Molyneux’s test to Issue 1. Newly sighted
subjects simply can’t reveal much about the relation between visual and haptic
shape representation in normally sighted subjects, so they should not be relied on
for this purpose.
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2.2 The convergent processing problem
The first difficulty for the Match Principle is what I’ll call the convergent process-
ing problem. The problem can be illustrated as follows. Suppose that in normally
sighted perceivers, shape is represented differently at different levels of process-
ing. For simplicity, assume that there are two visual shape representations, V1 and
V2, and that the construction of V1 precedes and causes the construction of V2.
Assume that a similar situation obtains for touch: construction of representation
T1 precedes and causes the construction of T2. Finally, suppose that there is a ra-
tional connection between V2 and T2, but not between either V1 and T1, V1 and
T2, or T1 and V2. If so, then the visual and haptic processing of shape converges
to a rational connection. Visual and tactual shape representations are rationally
disconnected at earlier processing stages, but rationally connected at later stages.

Crucially, if cross-modal recognition is mediated by V2 and T2, then Issue 1
is settled affirmatively: The visual and haptic shape representations that medi-
ate cross-modal recognition in normally sighted subjects are rationally connected.
However, suppose that the higher-level visual processes responsible for forming
V2 are impaired in newly sighted subjects. Then it is possible that such perceivers
are capable of forming V1, but not V2. If so, then even though there is a rational con-
nection between visual and haptic shape representation in normally sighted per-
ceivers, this connection is absent in newly sighted perceivers. Accordingly, failures
of cross-modal recognition in newly sighted subjects would not impugn a positive
resolution to Issue 1.

So far, the convergent processing problem is merely hypothetical. Should we
be concerned that it is actual? Yes. The evidence indicates that cross-modal shape
recognition in normally sighted perceivers relies on part-based, view-invariant
shape representations formed at later stages of sensory processing, both in vi-
sion and in touch. However, there is also evidence that mid- and high-level visual
processing is significantly disrupted in newly sighted perceivers. Thus, there is a
realistic possibility that the visual and haptic representations that mediate cross-
modal recognition in normally sighted perceivers are rationally connected, but
this connection is missing in newly sighted perceivers because they fail to form
the relevant visual representations.

Various studies have examined our ability to recognize previously touched
shapes on the basis of sight, or vice versa (Desmarais et al., 2017; Lawson, 2009;
Norman et al., 2004; Yildirim& Jacobs, 2013; see Lacey& Sathian, 2014 for a review).
But what kinds of representations explain this ability? Note that there are myriad
schemes that a perceptual systemmight use to represent shape (Elder, 2018; Green,
2023; Hummel, 2013; Lande, 2024). However, one significant distinction is between
view-invariant schemes that encode shape in roughly the same way across certain
changes in orientation, and view-dependent schemes that encode shape differently
across most changes in orientation.

No contemporary scheme of perceptual shape representation is fully view-
invariant (Biederman & Gerhardstein, 1993; Hummel, 2013). If an object rotates
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to bring previously unseen (or unfelt) parts into view, then the perceptual rep-
resentation of its shape will often change. Furthermore, even smaller changes in
orientation should be expected to alter the precision with which various parts of
a shape are represented (Erdogan & Jacobs, 2017). View-invariance versus view-
dependence is really a matter of degree. However, where a representation scheme
falls on the spectrum between view-dependent and view-invariant is determined
largely by the reference frame it employs. Object-centered schemes encode shape
relative to an object’s intrinsic axes, such as medial axes, axes of symmetry, or
axes of elongation (Chaisilprungraung et al., 2019; Feldman & Singh, 2006; Green,
2023; Quinlan & Humphreys, 1993; Spelke, 2022). Viewer-centered schemes encode
shape relative to axes that are privileged for the viewer. For instance, shape might
be coded as a vector of critical features within a reference frame centered on the
hands or the eye, with axes fixed by the structure of the hand (touch), or the struc-
ture of the retina (vision), or perhaps the direction of gravity (Poggio & Edelman,
1990; Ullman & Basri, 1991). There are also mixed schemes, in which certain as-
pects of shape are encoded in a viewer-centered manner and other aspects in an
object-centered manner. For example, Biederman’s (1987) geon theory encodes the
shapes of parts of an object in a fully object-centered manner, but characterizes re-
lations between parts (e.g., above) relative to the viewer or direction of gravity.

Importantly, when an object rotates with respect to the viewer, this alters its
spatial layout within a viewer-centered reference frame. Thus, viewer-centered
representations encode the same shape differently (e.g., via a different series of
coordinates) at different orientations. Conversely, object-centered representations
can remain approximately invariant across certain changes in orientation (modulo
the qualifications above) because the layout of an object’s boundaries relative to
its intrinsic axes remains stable across such changes, assuming the object moves
rigidly.

In a key study, Lacey et al. (2007) examined patterns of view-dependence for
both within-modal and cross-modal shape recognition. Shape recognition is view-
dependent when it is superior (as regards accuracy or reaction time) when a shape
is presented at the same orientation (“view”) as it possessed during initial familiar-
ization with the shape. Lacey et al. had participants first study a set of four objects
made up of rectangular blocks in varying spatial arrangements. The study phase
was either purely visual or purely haptic. Next, the participants were tested on
a single object, where the task was to report which of the initial four objects it
matched. The test phase could be either visual or haptic, and the object was either
presented at the same orientation as the study phase or was rotated 180°. This al-
lowed the authors to test for view-dependence both within and across modalities.
Consistent with typical patterns (Newell et al., 2001; Peissig & Tarr, 2007), Lacey
et al. found that within-modal shape recognition was view-dependent. In both vi-
sion and touch, participants were more accurate when shapes were tested at the
same orientation as they had been presented during the study phase. Cross-modal
recognition, however, was view-invariant. When shapes were tested in a different
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modality than they were studied, recognition was equally accurate regardless of
orientation.10

Lacey and colleagues take these findings to suggest that vision and touch ini-
tially produce modality-specific representations that encode an object’s shape in
a viewer-centered manner. Because processes of within-modal shape recognition
depend at least partially on these earlier modality-specific representations, within-
modal recognition is superior at familiar viewpoints.

However, the fact that cross-modal recognition was view-invariant suggests
that at later stages of processing, both vision and touch may generate object-
centered representations of shape that remain stable across certain changes in
viewpoint (Erdogan et al., 2015; Green, 2022a, 2022b). If cross-modal recognition
is primarily mediated by these object-centered representations, then we have
a natural explanation of why cross-modal recognition is equally accurate at
familiar and unfamiliar orientations. Physiological support for this model comes
from studies showing that both visual and haptic shape perception activate the
lateral occipital complex (LOC), a high-level sensory area selectively responsive
to global shape (Amedi et al., 2001, 2010; Erdogan et al., 2016; Masson et al., 2016),
which has also been found to display some degree of view-invariance in shape
representation (James et al., 2002; Lescroart & Biederman, 2013).

Thus, the evidence suggests that the perceptual representations mediating
cross-modal recognition in normally sighted perceivers have a strong degree
of view-invariance, and are formed in later stages of perceptual processing
(potentially LOC). Cross-modal recognition does not seem to rely on the earlier
view-dependent representations usable for within-modal recognition. Crucially,
however, research on newly sighted perceivers suggests that their mid- and high-
level visual processes are significantly impaired relative to normal perceivers,
casting doubt on their ability to form view-invariant shape representations. I will
only discuss a small selection of findings here; see May et al. (2022) for a broader
review.

In a study of subject M.M., who lost vision at age three and had sight restored
forty years later, Fine et al. (2003) documented a number of striking deficits. M.M.
was able to name simple 2D shapes, but was severely impaired in perceiving 3D
shapes in perspective line drawings, shapes defined by subjective contours, and
overlapping transparent surfaces.11 He was able to recognize only 25% of common
objects, and although he could discriminate faces from non-faces, he could not
reliably classify them by gender or facial expression. In a follow-up study over a
decade later, Huber et al. (2015) found no significant improvements inM.M.’s visual
capacities. They also tested other abilities, including the matching of 3D shapes at
10 These results have since been replicated (Lacey et al., 2010; Ueda & Saiki, 2012).
11 See also Putzar et al. (2007) for evidence that subjects who experience visual deprivation during

the first several months of life struggle to perceive illusory contours in Kanizsa figures. And see
Ostrovsky et al. (2009) for evidence that newly sighted subjects have difficulty parsing scenes
into objects on the basis of static Gestalt cues.
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different orientations in depth. M.M.’s performance in this task was statistically
indistinguishable from chance. Thus, higher-level visual functions—including, crit-
ically, the ability to visually represent shape in a manner that supports reidentifi-
cation across changes in viewpoint—appear to be significantly impaired in M.M.

McKyton et al. (2015) confirmed this general pattern of findings in a group
of 11 sight-recovery subjects. The subjects were shown displays of 4-12 elements
and asked to detect the “oddball” item that differed from the rest. While the newly
sighted subjects could reliably identify targets that differed from distractors in sim-
ple features like color, size, or 2D shape, they were at chance in identifying targets
that differed in 3D shape or 2D shape defined by modal or amodal completion.
Other evidence suggests that newly sighted subjects are also impaired in tempo-
rally integrating information about local parts of an object to form a global shape
representation (Orlov et al., 2021).

These behavioral results suggest that newly sighted perceivers struggle to vi-
sually represent the sorts of properties typically recovered during mid- and high-
level visual processing. Physiological results bolster this conclusion. Through EEG
recording, Sourav et al. (2018) monitored the event-related potentials evoked by
visible line gratings in subjects who had congenital cataracts removed later in life.
Visual stimuli commonly elicit electrophysiological responses with two compo-
nents: the C1 wave, which begins about 50 ms after stimulus onset and is thought
to reflect processing in primary visual cortex (V1), and the P1 wave, which fol-
lows the C1 wave and is believed to reflect activity in downstream, extrastriate
areas (Woodman, 2010). Importantly, Sourev et al. found that subjects with con-
genital cataracts showed roughly typical C1 waves. However, the amplitude of the
P1 component was substantially lower in the late-sighted subjects relative to con-
trols, suggesting impaired downstream visual processing. Sourav et al. conclude:
“[B]asic features of retinotopic processing in the early visual cortex [are] functional
with a typical time-course after a period of bilateral congenital blindness, whereas
extrastriate processing does not seem to recover to the same extent” (Sourav et
al., 2018, p. 14). Likewise, in their review of newly sighted subjects’ visual capaci-
ties, May et al. (2022) emphasize the “persistent deficits in some extra-striate visual
abilities after extended visual deprivation” (p. 12).

Such results comport with abundant evidence that the visual cortex develops
atypically if visual input is absent for a prolonged period early in life (Noppeney
et al., 2005; Wiesel & Hubel, 1963). Due to neuronal deterioration in the absence
of visual input during early critical periods, it also cannot be assumed that newly
sighted subjects are an adequate substitute for normally sighted newborns (see also
Gallagher, 2005, pp. 165–167). In fact, there is evidence that cross-modal transfer
of shape recognition is present to some degree within the first few days of life
(Sann & Streri, 2007; Streri & Gentaz, 2003). However, the representations medi-
ating such cross-modal recognition in newborns may well be missing in newly
sighted subjects.
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To sum up: The evidence suggests that cross-modal shape recognition in nor-
mal perceivers depends on highly view-invariant shape representations formed
in later stages of perceptual processing (perhaps within LOC). However, mid- and
high-level visual processing in newly sighted perceivers is seriously impaired.This
raises the realistic possibility that even if the representations responsible for cross-
modal recognition in normal perceivers are rationally connected, newly sighted
perceivers may lack access to this connection because they are unable to form the
representations needed to forge it.12 So, newly sighted subjects should not be relied
on to resolve Issue 1.

2.3 The coordinated processing problem
A second problem threatening the Match Principle arises from the fact that our
sensory systems are malleable over time. In particular, a history of cross-modal
interaction with vision may affect the way shape is haptically represented in ma-
ture, normally sighted perceivers.This possibility further problematizes the extrap-
olation from newly sighted subjects’ perceptual shape representations to those of
normal perceivers.

O’Callaghan (2019) observes that auditory experience is liable to differ between
a hypothetical subject who has only ever undergone auditory experience, and typi-
cal subjects, for whom auditory experience has regularly occurred alongside expe-
riences in other modalities: “If you could only ever hear, but not see, touch, taste,
or smell, then your auditory experience could differ from how it actually now is”
(p. 128). Here I suggest that something analogous occurs between touch and vi-
sion. Haptic spatial representation differs between congenitally blind subjects and
normally sighted subjects. The evidence suggests that touch learns from vision
and vice versa during development, refining the systems of spatial representation
employed in both modalities.13

Patterns of interaction across modalities are known to change during devel-
opment. While adults integrate visual and haptic estimates of size and slant in a
statistically optimal manner (Ernst & Banks, 2002), multiple studies suggest that
children below 8 years of age often fail to do this, instead permitting one modal-
ity to fully dominate the other (Gori et al., 2008; Gori, 2015; Nardini, 2010). Might
this development of multisensory interaction also influence the nature of the rep-
12 Green (2022a, 2022b) argues further that the visual and haptic representations directly respon-

sible for cross-modal shape recognition in normally sighted subjects are plausibly rationally
connected—indeed, that the two are type-identical. I do not seek to establish this further claim
here. My present point is only that this possibility is clearly left open even if newly sighted
subjects fail Molyneux’s test.

13 More generally, haptic representation is plausibly sensitive to an individual’s learning history.
While the distinction between blind and sighted subjects is a particularly extreme example of this
phenomenon, subtle differences also arise within the sighted population—e.g., between experts
and novices in certain haptic tasks. For example, expert table-tennis players exhibit superior
haptic discrimination of racket vibration and angle relative to novices (Park & Kim, 2014).
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resentations within modalities? If so, then haptic spatial representation may differ
between congenitally blind and sighted subjects. Consistent with this, Gori et al.
(2010) found that congenitally blind participants performed worse than sighted
counterparts in haptic discrimination of orientation (see also Postma et al., 2008).
Gori et al. suggest that haptic processing of orientation is refined and calibrated
by vision, enabling the haptic system to correct for systematic biases, since vision
possesses more reliable cues to this property (see also Gori, 2015).14

Other studies have investigated differences in haptic shape representation
within congenitally blind individuals. One such difference concerns susceptibility
to prototype effects. Normally sighted subjects are better at visually recognizing
shapes when they are presented in canonical or prototypical orientations. For
example, rectangles are better recognized when they are oriented horizontally
or vertically (rather than diagonally), and triangles are better recognized when
their bases are oriented horizontally (Kalenine et al., 2011). It is natural to
wonder whether such prototype effects are mirrored in haptic shape recognition.
Interestingly, Theurel et al. (2012) found that the answer differs for sighted and
congenitally blind perceivers. Subjects were asked to identify squares, rectan-
gles, or triangles by touch, discriminating them from distorted distractors. For
blindfolded normally sighted subjects, haptic recognition was faster at canonical
orientations, just as in vision. However, congenitally blind subjects were equally
fast regardless of orientation. This suggests that the visual system represents
shape in a manner that prioritizes canonical orientations (Humphreys & Quinlan,
1988; Spelke, 2022, ch. 6; Tarr & Pinker, 1990), and that the haptic system learns
to adopt this method as well, but only after coordination with vision.

Summing up, theMatch Principle requires newly and normally sighted subjects
to resemble not only in the visual representation of shape, but haptic representa-
tion of shape as well. However, there is evidence that haptic spatial representation
differs in key respects between blind and sighted adults. These differences raise
the possibility that the Match Principle fails not only on the visual side, but the
haptic side too.

2.4 The contour classification problem
So far, I have examined problems associated with extrapolating from newly sighted
perceivers’ recognition performance to conclusions about the relation between vi-
sual and haptic shape representations in normally sighted perceivers. Challenges
to this inference arise because newly sighted perceivers are atypical in both their
14 Conversely, Gori et al. (2010) found that haptic size discrimination was superior in the blind

participants, suggesting that, unlike orientation, touch does not need to be calibrated by vision
for size perception (see also Gori et al., 2012). Likewise, haptic discrimination of 2D angles is
superior in blind perceivers (Alary et al., 2008). Thus, while haptic representation of spatial fea-
tures differs between blind and sighted populations, whether such features are represented with
greater or lesser fidelity in blind perceivers plausibly varies depending on whether vision or
touch has better cues to the relevant feature (Alary et al., 2009; Gori, 2015, p. 84).
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visual and haptic processing of shape. Thus, we should have serious doubts about
the Match Principle. However, one might think that we can evade these concerns
by testing recognition for simpler features like edges or corners.15 After all, the
foregoing exceptions to the Match Principle arise most markedly in mid- to high-
level vision, where the visual impairments of newly sighted subjects are most pro-
nounced. Perhaps by focusing on properties thought to be recovered in “early”
vision, we identify a domain where these problems for the Match Principle can
be avoided. If newly sighted subjects’ visual and haptic representations of edges
and corners are sufficiently like ours, then we might take their abilities to visually
identify such local features to indicate whether visual and haptic representations
of these features are rationally connected in normally sighted perceivers.

While this is a tempting thought, there is reason to doubt that variants of the
Match Principle obtain even for simple, one-dimensional features like edges. For
although local luminance, texture, or color discontinuities are detected in the ear-
liest stages of vision, edges or corners as we perceive them go well beyond the
deliverances of such primitive feature detection. Mature perception of edges is
shaped, inter alia, by higher-level processes of contour classification, which deter-
mine whether a given discontinuity in the retinal image corresponds to a material
edge, cast shadow, change in illumination, or surface scratch (Kellman et al., 2001;
Kellman & Fuchser, 2023). Such classification is based on various sources of infor-
mation. For instance, material edges between surfaces are likely to be signaled by
multiple cues together, such as discontinuities in motion, luminance, color, and
binocular disparity, while other sorts of contours (e.g., shadow boundaries) are
typically associated with only a narrow subset of these.

Unfortunately, processes of contour classification are highly impaired in newly
sighted subjects. Ostrovsky et al. (2009) showed newly sighted subjects images of
objects displaying variations in shading, texture, and partial occlusion. The partici-
pants were asked to enumerate the objects present in the image. Substantial errors
occurred in this task. The participants treated all regions of uniform hue or lumi-
nance as separate objects. For example, the shaded region of a ball was treated as
a separate object from the more brightly illuminated region (see figure 2). It seems,
then, that newly sighted perceivers are largely insensitive to whether a given dis-
continuity in the retinal image corresponds to a material edge, cast shadow, or
texture difference. It is natural to speculate that proper functioning of higher vi-
sual areas (and perhaps feedback to V1/V2) is critical to contour classification (e.g.,
Drewes et al., 2016; Mathes & Fahle, 2007), and this explains newly sighted sub-
jects’ deficits. But irrespective of the underlying mechanism, the important point
is that newly sighted subjects likely do not see edges and corners the way normally
sighted perceivers do.
15 Levin (2008, pp. 8–9) proposes testing newly sighted subjects on edges or corners, but for reasons

distinct from the problems discussed in sections 2.2-2.3. Levin suggests that if the newly sighted
perceiver can visually identify lines or edges, we can be more confident that she is not relying
on guesswork or analogical inference to do so.
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Figure 2:The top row shows the boundaries drawn by a newly sighted patient (S.K.)
when asked to divide the images into distinct objects. The bottom row shows the
outputs of a simple algorithm that separated the images into regions based on
similarities in hue and luminance, without sensitivity to contour classification—
e.g., whether a given edge corresponds to a genuine material edge or only a change
in surface color or illumination. Notice the similarities between S.K.’s strategy and
the simple algorithm. Source: Ostrovsky et al. (2009). Reprinted with permission of
Sage Publications.

Such deficits raise grounds for skepticism about the Match Principle even for
perceptual representations of edges and corners. For, in normally sighted subjects,
the matching of edges and corners across modalities plausibly relies on represen-
tations that successfully distinguish material edges from other sorts of discontinu-
ities in the retinal image. After all, while material edges are perceptible through
both sight and touch, discontinuities in color or illumination are typically percep-
tible only by sight. Contour classification determines which contours in the retinal
image are viable candidates for cross-modal matching. Accordingly, even if newly
sighted subjects failed to identify edges or corners by sight, we could not determine
whether this failure should be attributed to a universal lack of rational connection
between visual and haptic representations of these features, or instead to specific
impairments in the visual representation of these features brought on by visual de-
privation. Of course, newly sighted subjects might be able to guess that a given vis-
ible luminance discontinuity ought to be matched to a given tangible surface edge.
But these representations may well lack a rational connection in the absence of in-
tact contour classification, since the visual representation remains non-committal
about whether that discontinuity corresponds to a genuine material edge.

Thus, we should be skeptical of any extrapolation from newly sighted subjects’
ability to visually identify edges or corners to the relation between visual and hap-
tic representations of these features in normally sighted subjects. I conclude that
the Match Principle is implausible not only in the case of global shape, but also
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in the case of simple contour features, since perception of these features is also
atypical in newly sighted subjects.

3 Issue 2: Newly sighted subjects and the possibil-
ity of rational disconnect

So far, I’ve argued that newly sighted subjects are a poor source of evidence con-
cerning Issue 1: whether the visual and haptic shape representations that normally
sighted perceivers rely on for cross-modal recognition are rationally connected.
They are a poor source of evidence because, due to empirically documented dif-
ferences in spatial perception between newly and normally sighted perceivers, it
is a realistic possibility that visual and haptic shape representations are rationally
connected in normally sighted perceivers, but not in newly sighted perceivers.

I now turn to Issue 2: whether it is necessary that visual and haptic presen-
tations of the same shape property are rationally connected. I argue that newly
sighted subjects may bear on this issue, but whether they do depends on whether
they genuinely represent shape in vision, or merely unorganized clusters of con-
tour features.

To evaluate the relevance of newly sighted subjects to Issue 2, let’s consider a
recent, widely discussed attempt to settle Molyneux’s Question empirically. Held
et al. (2011) examined five newly sighted subjects, all within 48 hours after sight
restoration surgery. The subjects were presented with shapes resembling Lego
blocks, and their recognition was assessed under three conditions. First, in the
visual-visual (V-V) condition, subjects saw a sample shape, then saw that shape
again alongside a distractor object, and had to select the shape they had seen ear-
lier. In the tactual-tactual (T-T) condition, this process was repeated, except all the
shapes were felt rather than seen. Finally, in the crucial tactual-visual condition
(T-V), the shape was first felt, and then had to be reidentified visually alongside a
distractor.

Remarkably, Held et al. found that performance was near ceiling in both the
V-V and T-T conditions (92% and 98%, respectively), but near chance in the T-V
condition (58%; see also Cheng et al. (2016)).16 This combination of results might
be taken to indicate that: (i) Newly sighted subjects successfully represent shape
in both sight and touch, accounting for strong performance in the V-V and T-T
conditions, but (ii) their visual and haptic states represent shape in qualitatively
different ways, permitting doubt about whether the same shape property is both
seen and felt, and this accounts for poor performance in the T-V condition. Thus,
it is possible for a fully reflective subject who perceives shape through both sight
16 Note, however, that performance in the T-V condition improved to over 80% only 5 days after

surgery, suggesting that newly sighted perceivers may acquire basic cross-modal recognition
abilities fairly rapidly.
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and touch to coherently doubt whether the same shape properties are presented
through both modalities, and Issue 2 should be settled negatively.

Follow-up discussions of Held et al. (2011) have tended to focus on whether (i)
is correct. In particular, Schwenkler (2012, 2013) hypothesizes that newly sighted
subjects might have succeeded in the V-V condition not by matching representa-
tions of global shape, but by reidentifying local contour features (e.g., edges or
corners) that differed between the target shape and the distractor.17 Crucially, if
(i) is false, then the Held et al. results do not straightforwardly bear on Issue 2.
Recall that Issue 2 asks whether it is possible for a perceiver to enjoy visual and
haptic presentations of the same shape property that are rationally disconnected.
If newly sighted subjects do not enjoy visual perception of shape, but only local
contour features, then they are irrelevant to the issue.

In light of Schwenkler’s concerns, theorists have made various suggestions
about how to refine the stimuli or presentation conditions to make it easier for
newly sighted subjects to form global shape representations (e.g., Cheng, 2015;
Connolly, 2013; Levin, 2018; Schwenkler, 2012, 2013)—for instance, by using raised
line-drawings rather than 3D shapes as stimuli, or by giving subjects the opportu-
nity to explore the objects from multiple perspectives.

I don’t know whether any of these manipulations would generate improve-
ments in the T-V condition. However, given that the primary source of uncertainty
in interpreting newly sighted subjects’ performance in the Held et al. task con-
cerns whether they are able to form visual representations of global shape, over
and above local contour features, I suspect that stimuli specifically designed to in-
vestigate this question in other domainsmay be informative. In particular, parallels
may be found in recent research on the visual capacities of deep neural networks.

To examine whether deep neural nets such as AlexNet classify images based on
global shape or merely collections of local features, Baker et al. (2020) created stim-
uli that disentangled the two—for instance, a global square-like shape composed
of local curved segments or a global circle-like shape composed of local straight
segments (fig. 3). We immediately appreciate the similarity between such figures
and “ideal” perfect squares and circles.18 Thus, visual shape representations are not
like lists of contour features, since these lists would be very different for the stim-
uli in figure 3 and the ideal squares and circles that they resemble. Interestingly,
however, networks that could reliably identify ordinary squares and circles were
biased toward classifying the square-like images composed of curved segments as
circles, suggesting marked impairment in the networks’ extraction of global shape
information (see also Baker et al., 2018; Baker & Elder, 2022).
17 In fact, Held et al. themselves propose that visual shape recognition in the newly sighted is best

explained by “an account that relies on strategies using two-dimensional features, such as cor-
ners, edges and curved segments,” rather than by a “visual ability to create a three-dimensional
shape representation” (Held et al., 2011, p. 552).

18 Recall Koffka’s famous remark that in form perception “the whole is something else than the
sum of its parts” (Koffka, 1935., p. 176).
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Figure 3: Stimuli used by Baker et al. (2020) to disentangle local contour features
and global shape. Source: Baker et al. (2020). Reprinted with permission of Elsevier.

My central concern is not with whether global shape representation poses
an insuperable challenge for deep neural nets (although see Bowers et al., 2023).
Rather, I suggest that studies aiming to evaluate whether newly sighted subjects
perceive global shape, or only collections of local features, may take inspiration
from this parallel line of research. Would newly sighted subjects exposed to a se-
ries of normal squares and normal circles immediately recognize the images in
figure 3 as more “square-like” or “circle-like” in a manner resembling normally
sighted participants? Or do they respond more like AlexNet? If the latter, then this
may support Schwenkler’s local feature-matching hypothesis.

In any case, the point I wish to emphasize is that in stark contrast to Issue 1,
studies of this sort may generate evidence bearing on Issue 2. Suppose that newly
sighted subjects were to succeed in such global shape matching tasks while still
failing Held et al.’s T-V task. Then, a natural explanation of this combination of
results would be that newly sighted subjects successfully represent global shape
in both vision and touch, but these representations are rationally disconnected.

Notice that this would not be the only possible explanation of failure in the T-V
task. Perhaps newly sighted subjects’ visual and haptic representations of shape
are rationally connected, but the subjects fail to appreciate the identity of seen
and felt shape for some other reason. As noted earlier, they might be distracted by
extraneous differences between their overall visual and haptic experiences (such
as the appearance of color in vision or thermal features in touch), and unable to
maintain focus on the shared geometrical content between the two. However, such
results would at least supply evidence that it is possible to perceive a single shape
property through sight and touch while coherently doubting that this is the case.
The evidence would be defeasible, inasmuch as further findings might favor a ri-
val hypothesis, but almost all psychological evidence is defeasible in this sense.
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Molyneux’s test may be helpful in settling Issue 2 even if it is not an experimentum
crucis.

Here, then, is the crucial contrast between Issue 1 and Issue 2. Because the
Match Principle is false, studies of newly sighted subjects (no matter how well-
designed) are unlikely to be informative about Issue 1. Conversely, studies of newly
sighted subjectsmay be informative about Issue 2. For the latter to be the case, how-
ever, we require stronger evidence than we currently possess that newly sighted
subjects represent shape in vision, rather than mere collections of local contour
features. Recent work on the visual capacities of deep neural nets offers a helpful
parallel in investigating this issue.

4 Radical externalism and rational connection
Let’s grant that newly sighted subjects are potentially informative about Issue
2—whether it is impossible for a fully reflective subject who both sees and feels
the same shape property to coherently doubt that this is the case. I now consider
this issue’s broader significance within philosophy of perception, and specifically
whether it marks a fault line in debates about the metaphysics of perceptual expe-
rience. John Campbell (1996) argues that prominent “radically externalist” theories
of perceptual experience are committed to resolving Issue 2 in the affirmative. Af-
ter laying out Campbell’s argument in section 4.1, I argue in section 4.2 that the
argument fails because radical externalism entails no such commitment. More gen-
erally, while Issue 2 is independently interesting, it cannot be used to adjudicate
debates about the fundamental nature of perceptual experience.

4.1 Radical externalism and Campbell’s argument
Campbell (1996) characterizes “radical externalism” as the view that “what makes
one’s consciousness consciousness of shape is the fact that one is using a neu-
ral system whose role is to pick up the shape properties of the objects in one’s
environment” (p. 302). In particular, according to radical externalism, the phenom-
enal character of spatial experience is determined by the mind-independent spatial
properties presented by the experience. Moreover, the properties so presented are
those that are “picked up” or (perhaps better) encoded by the neural systems re-
cruited when undergoing the experience.

Campbell argues that if radical externalism is correct, then the phenomenal
character of shape perception must be the same in vision and touch. Thus:

Insofar as we are externalist about shape perception, we have to think
of it as amodal. For insofar as we are externalist about shape percep-
tion, we have to think of experience of shape as a single phenomenon,
in whatever sense-modality it occurs, individuated by the external ge-
ometrical property. For it is in fact the very same properties that are
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being perceived by sight as by touch. […] For the radical externalist
[…] there is no difference in the phenomenal character of shape expe-
rience in sight and touch. (pp. 303-304)19

He further claims that if shape phenomenology is the same between vision and
touch, then there should be no room for rational doubt about whether visual and
haptic experiences of square present the same worldly property:

[I]nsofar as we are externalist about the character of shape percep-
tion, then there is nothing in the character of the experience itself to
ground a doubt as to whether it is the same properties that are being
perceived through vision as through touch. […]The sameness of prop-
erty perceived in sight and touch is transparent to the subject, and
cross-modal transfer is a rational phenomenon. (pp. 303-304)

In other words, radical externalists are committed to a positive answer to Issue 2.
We can reconstruct Campbell’s reasoning as follows:

1. If radical externalism is correct, then visual and haptic experiences are alike
in shape phenomenology.

2. If two perceptual experiences are alike in shape phenomenology, then (as-
suming human-like reasoning capacities) there is no room for rational doubt
about whether they present the same shape properties.

3. Therefore, if radical externalism is correct, then there is no room for rational
doubt about whether visual and haptic experiences present the same shape
properties.

Note that if this argument is sound, then visual and haptic presentations of the
same shape property must be rationally connected not just in normally sighted
human perceivers, but also in any other perceiver for whom radical externalism is
true. Presumably, if radical externalism is true of normally sighted perceivers, then
it is also true of newly sighted perceivers, and of conscious perceivers more gener-
ally. Accordingly, Campbell’s argument establishes a connection between newly
sighted perceivers and the metaphysics of perceptual experience. If a fully reflec-
tive newly sighted perceiver can coherently doubt whether their visual and haptic
experiences present the same shape properties, then radical externalism is false.
19 In Campbell’s terminology, to say that shape perception is “amodal” is to say that it has a com-

mon sensory phenomenal character in both vision and touch. For alternative ways of understand-
ing the notion of amodality, see Spence and Di Stefano (2024). In particular, note that Campbell
is not attributing to radical externalists the controversial claim that shape perception requires
deploying abstract concepts lacking in sensory character, but he is attributing more than the un-
controversial claim that vision and touch converge on a common external property (viz., shape)
(see Spence & Di Stefano, 2024, p. 13).
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While I will be concentrating on premise 1 in the next subsection, I should
flag that premise 2 in Campbell’s argument is open to doubt. For, in the above
passage, Campbell transitions without argument from the claim that visual and
haptic shape experiences share phenomenal character to the conclusion that “the
sameness of property perceived in sight and touch is transparent to the subject.” It
is unclear why this transition is legitimate. For, even if radical externalism is in fact
true of perceptual experience, the subject may not know that it is true. Accordingly,
a fully reflective subject might coherently wonder whether two experiences with
the same spatial phenomenal character really present the same spatial properties.
In any event, I believe that the argument fails even if we grant premise 2, so I won’t
press this concern in what follows.

A wide family of theories is committed to radical externalism as Campbell un-
derstands it, since many accept that the phenomenal character of perceptual ex-
perience is fully determined by the worldly objects and properties presented to
one in having the experience. But different family members construe the notion
of presentation differently.

One view construes presentation as a species of representation (Byrne, 2001;
Dretske, 1995; Tye, 1997, 2000). Thus, according to what Pautz (2021, p. 142) labels
response-independent representationalism, the phenomenal character of an experi-
ence just is its property of representing a certain array of mind-independent ob-
jects and properties. Given response-independent representationalism (hereafter
simply “representationalism”), any difference in phenomenal character between
two experiences requires a difference in the properties or objects represented by
the experiences. This inspires a prima facie compelling line of thought mirroring
Campbell’s argument: Assume that representationalism is true. Then, if sight and
touch represent the very same shape properties, then at least as regards the phe-
nomenology of shape, their phenomenal characters should be identical. And if the
two experiences are indeed identical in shape phenomenology, then (assuming
premise 2) any fully reflective subject should be in position to determine beyond
any rational doubt that they present the same shape properties.

Alternatively, naïve realists analyze experiential presentation in terms of a
non-representational relation of acquaintance (Brewer, 2011; Fish, 2009; French &
Phillips, 2020; Martin, 2004). The relation of acquaintance is non-representational
insofar as it does not admit of perceptual error (Byrne & Green, 2023). One cannot
be acquainted with an object’s being red if it is not red, while one can experien-
tially represent an object as red when it is not red. However, setting aside cases of
illusion, naïve realism can be developed in ways that closely resemble represen-
tationalism. For example, Fish (2009) holds that the phenomenal character of an
experience just is its property of “acquainting the subject with a selection of the
facts that inhabit the tract of the environment the subject perceives” (p. 75). On
this view, any difference in phenomenal character must be accompanied by some
difference in the mind-independent facts with which one is acquainted.
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Fish construes the facts presented in experience as “object-property couples”
(2009, p. 52), in which a property is instantiated by an object or a relation is in-
stantiated by multiple objects. Thus: “[W]hen we see an object (a) by seeing one
of its properties (its F-ness), we can say that we see a particular fact—the fact of
a’s being F” (Fish, 2009, p. 52). Now consider the visual and haptic experience of a
square object, o. The following line of thought may seem prima facie compelling.
Both the visual experience and the haptic experience acquaint the subject with the
fact of o’s being square. Assuming that the phenomenal character of experience
just is its property of acquainting the subject with such mind-independent facts,
then at least as regards their shape phenomenology, the two experiences should be
phenomenally identical. And if the experiences are identical in shape phenomenol-
ogy, then any fully reflective subject should be in position to determine beyond any
rational doubt that they present the same shape properties.

Thus, various representationalists and naïve realists endorse radical exter-
nalism.20 Moreover, one can give a prima facie compelling argument that on
either of these views, Issue 2 should be resolved affirmatively. Thus, if Campbell
is right, then Issue 2 can be used to adjudicate a central debate about the
nature of perceptual experience—viz., whether the character of experience is
determined “externally” by the objects and properties we perceive, or “internally”
by neuro-functional properties of our brains.

4.2 Why radical externalism is not committed to rational
connection

I now argue that we should reject the foregoing argument. Radical externalism
does not entail that visual and haptic states are exactly alike in shape phenomenol-
ogy, so Campbell’s argument fails at the first step. Thus, irrespective of its inde-
pendent interest, Issue 2 cannot be used to adjudicate debates about whether phe-
nomenal character is determined externally or internally. Furthermore, radically
externalist theories of experience are compatible with any outcome of Molyneux’s
test.
20 Specifically, radical externalism is entailed by forms of representationalism and naïve realism

according to which any two experiences that present the same worldly objects or properties also
share the same phenomenology. Note, however, that not all representationalists or naïve realists
endorse this claim. For example, Fregean representationalists permit the mode of presentation of
an object or property to play a role in determining phenomenal character (Schellenberg, 2018,
ch. 4; Thompson, 2010). Such theorists may hold that vision and touch both represent shape,
but under different modes of presentation, producing cross-modal differences in phenomenal
character. And on the naïve realist side, several have argued that phenomenal character is deter-
mined not only by which mind-independent elements we are perceptually acquainted with, but
also by the ways we are acquainted with them (Beck, 2019; French & Phillips, 2020; Logue, 2012;
Martin, 1998, p. 175; Sethi, in press). Such theorists might similarly claim that vision and touch
both present shape, but in different ways, producing differences in phenomenal character.
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While I am focusing on Campbell’s argument, the idea that differences in spa-
tial phenomenology across modalities might pose a problem for radical external-
ism is not unique to Campbell (see also Block, 1996; Lopes, 2000; O’Dea, 2006). For,
various authors have argued that because we perceive some of the same spatial
properties through multiple modalities, radically externalist theories entail that
the phenomenology associated with these properties should also be shared across
modalities. So, if it isn’t (as many deem plausible), then radical externalism is false.
If I am right, however, then radical externalism has no such consequence. Thus, be-
cause Campbell’s argument fails at the first step, its failure infects any argument
that takes cross-modal differences in shape phenomenology to challenge radical
externalism.

Mymain points are these: First, the human perception of shape is compositional
insofar as our perception (or perceptual representation) of global shape properties
is built from our perception (or perceptual representation) of simpler shape prim-
itives (Biederman, 1987; Green, 2019, 2023; Hafri et al., 2023; Hummel, 2000, 2013;
Lande, 2024). Second, there is no reason to think that vision and touch necessarily
employ the same class of shape primitives.Third, radical externalism is compatible
with the compositional character of shape perception. Fourth, if radical external-
ism is correct, then differences in the shape primitives employed within vision and
touch should be expected to ground differences in the phenomenal character of
shape within the two modalities, and such differences may also block any rational
connection between visual and haptic shape perception. Thus, radical externalism
is compatible with differences in shape phenomenology in vision and touch, and
also with a negative resolution to Issue 2.

One sign that human shape perception is compositional is that we can easily
appreciate the similarities between objects composed of the same parts in differ-
ent spatial arrangements (Arguin & Saumier, 2004; Behrmann et al., 2006; Hummel,
2000), and visual priming also transfers between such objects (Cacciamani et al.,
2014). These data can be explained on the assumption that some of the same capac-
ities are exercised when we perceive distinct objects composed of common parts.
For instance, when we perceive the shape in figure 4a, we employ some of the
same perceptual capacities that we employ when we perceive the shape in figure
4b. Given a representational analysis of these capacities (e.g., Schellenberg, 2018),
a natural hypothesis is that the visual system produces representations of the mid-
sized parts of each object (the oval, rectangle, and trapezoid), and that these rep-
resentations are repeated for the two figures, although they are composed with
different representations of spatial relations, accounting for the two shapes’ dis-
criminability.
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Figure 4: 4a (left) and 4b (right). Two shapes composed of the same parts in different
spatial arrangements.

Nonetheless, while mundane observations such as these indicate that shape
perception is compositional, they leave open the way in which it is compositional.
Specifically, they leave open which primitives are employed by systems of percep-
tual shape representation, and how these primitives are combined to yield repre-
sentations of global shape. Here, contemporary theories of shape representation
offer a range of alternatives (Green, 2019, 2023; Lande, 2024). Different schemes of
shape description offer competing ways of encoding the same global shape prop-
erties.

One salient distinction among shape representation schemes concerns the
dimensionality of their primitives—specifically, whether they describe shape
in terms of the arrangement of one-dimensional features like edges or vertices
(Ullman & Basri, 1991), two-dimensional features like planar surface shapes (Leek
et al., 2009), or three-dimensional features like volumetric cones or cylinders (Bie-
derman, 1987; Marr & Nishihara, 1978). One complication in comparing schemes
that differ in the dimensionality of their primitives is that such schemes often
differ in which shape properties they represent (e.g., 2D surface shapes versus
3D volumes), and not merely in the ways these properties are represented. Thus,
I will restrict my focus to competing schemes for representing two-dimensional
(surface or image) shape. Such schemes function to encode the same class of
shape properties, but via different primitives and modes of combination.

One crucial distinction is between “contour-based” and “region-based”
schemes (Zhang & Lu, 2004). Contour-based schemes encode shape via an ordered
sequence of representations of contour points or segments, where representations
adjacent in the sequence function to encode spatially adjacent contour segments.
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Figure 5: Centroid distance function (right) of the 2D shape on the left, composed
of a sequence of representations of the distance from the centroid to points on
the contour of the shape, where representations adjacent in the sequence encode
spatially adjacent contour points. Source: Ma & Manjunath (1999). Reprinted with
permission of Springer Nature.

One such scheme is the centroid distance function, which encodes a shape’s contour
points in terms of their distances from the shape’s centroid (figure 5; (2004)). Here,
the global representation is an ordered sequence of representations of distances
from the centroid to contour points. Baker et al.’s (2021) constant-curvature
approach offers another contour-based scheme in which an extended, closed
contour is represented by an ordered sequence of representations of constant
curvature segments. Each such segment is described by its turning angle (a
measure of curvature) and length.

Region-based schemes encode shape via properties of global shape regions,
such as their medial axes or axes of symmetry. A 2D shape’s medial axis is com-
posed of the set of points in the interior of the shape that have two or more nearest
neighbors on the shape’s boundary (Blum, 1973). When plotted, the medial axis
resembles a skeleton, and different branches of the skeleton correspond roughly
to different parts of the shape (see figure 6).21 One prominent elaboration of the
medial-axis scheme is Feldman and Singh’s (2006) skeletal theory. On this theory,
2D shape is encoded via a hierarchical tree in which each “node” of the tree corre-
sponds to a separate part of the shape, and parts are segmented in accordance with
axis branches. The tree is organized into a “root” node encoding the main body of
the shape, followed by descendants encoding parts that protrude from the main
body (e.g., “limbs”).
21 Unfortunately, the raw medial axis is highly sensitive to contour noise, sprouting spurious

branches that do not correspond to perceptually significant parts of the shape. In response to this
difficulty, theorists have offered strategies for “smoothing” the medial axis to remove such spu-
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Figure 6: Medial axes of the human hand. Notice that separate axis branches tend
to correspond to separate parts of the hand (e.g., fingers). Source: Feldman & Singh
(2006). Copyright (2006) National Academy of Sciences.

These alternative schemes exhibit differences both in which geometrical prop-
erties they take as primitive (i.e., the basic “building blocks” from which global
shape properties are described), and their mode of combination (e.g., an ordered se-
quence versus a hierarchical tree). Thus, while the constant curvature and skeletal
approaches take turning angles (say) as a primitive feature, the centroid distance
function need not. More broadly, these differences illustrate that the same shape
property can be encoded by means of different descriptive contents, depending on
the scheme of shape representation employed.

In light of this, radical externalists are not committed to the claim that any
two experiences that present the same shape property must share the same shape
phenomenology. Consider first the representationalist who holds that the phenom-
enal character of an experience just is its property of representing a certain con-
tent involving an array of worldly objects and properties. We’ve seen that differ-
ent arrays of worldly properties can suffice to specify the same global shape (e.g.,
centroid distances versus constant curvature segments). Accordingly, the radical
externalist can permit two experiences that represent the same global shape to dif-
fer in shape phenomenology, provided that they differ in the primitive properties
through which they compositionally encode that global shape. Accordingly, since
shape representations in distinct modalities might differ in their geometrical prim-
itives, it is compatible with representationalism that visual and haptic experiences
of the same shape property may differ in shape phenomenology.

Similar remarks hold for naïve realism. Recall Fish’s view that the phenomenal
character of a perceptual experience is its property of acquainting the subject with

rious branches. For instance, Feldman and Singh (2006) impose a prior on skeletons that assigns
higher probability to smoother axes and penalizes extra axis branches.
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a selection of mind-independent facts. It seems plausible that, on this view, per-
ceptual acquaintance with complex structural facts (e.g., an object’s being human-
shaped) might be constituted by acquaintance with more primitive facts (e.g., its
being composed of a head, two arms, two legs, and a torso). If so, it is open to
naïve realists of Fish’s stripe to hold that two experiences might both acquaint
the subject with an object’s being square, but by means of acquainting the subject
with different primitive facts about that object (e.g., its being composed of a set
of contour points exhibiting a particular centroid distance function, or its being
composed of four straight segments of equal length, meeting at four right angles).
Such differences in the primitive facts with which we are acquainted may ground
differences in shape phenomenology between vision and touch.

Thus, we should reject premise 1 in the above argument. It is not true that if
radical externalism is correct, then visual and haptic experiences must be alike
in shape phenomenology. I suggest that the apparent plausibility of this premise
derives from insufficient reflection on the compositional character of shape per-
ception.

However, one might still be tempted to think that if radical externalism is cor-
rect, then there should necessarily be a rational connection between visual and
haptic experiences of the same shape property. For, even if a given shape property
is “described” differently in vision and touch, it should nonetheless be possible for
a fully reflective subject to figure out that the two descriptions are necessarily co-
extensive. And if so, there should be no room for rational doubt regarding whether
the two experiences present the same property.

In fact, toward the end of his paper Campbell concedes that differences in how
shape properties are described in vision and touch might yield minor differences
in the phenomenology of shape, even if radical externalism is true. However, he
insists that such differences still would not block a rational connection between
the experiences:

[I]t will be possible for different geometrical descriptions to be given
of the very same shapes in sight than in touch; indeed, two different
visual perceptions of the same shape may give different geometrical
descriptions of it, as when one object is a rotated version of another,
similarly shaped thing. In this case it may still be informative to be
told that the shapes are the same; so if vision and touch give different
geometrical descriptions of the same shape, it may still be informative
to be told that it is the same shape one is seeing as touching. But given
the unity of the underlying, externally constituted geometry of the
two senses, it will be possible for the perceiver to determine a priori
that it is the same shape that is in question. (Campbell, 1996, p. 317)

Campbell doesn’t tell us what he means by the “unity of the underlying, externally
constituted geometry of the two senses,” or why radical externalism entails the
presence of such a unified geometry. (Indeed, it is an open question whether there
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is even a unified geometry characterizing the representation of spatial properties
within vision; see Wagner (2006)). In any case, however, I see no good reason to
accept that identities between shape properties perceptually represented bymeans
of distinct representation schemes must be appreciable a priori, if this means that
they must be appreciable by reasoning alone. Or, at least, I see no reason to accept
it unless we also adopt a controversial view of the relation between perception and
thought.

Campbell seems to think that if two perceptual states offer distinct but neces-
sarily coextensive descriptions of a given shape property, then it should be pos-
sible for a rational subject to “reason with” these descriptions to recover their
equivalence. Such reasoning might, for instance, begin with a representation of
the centroid distance function and derive, step-by-step, an equivalent skeletal rep-
resentation. However, doing so would presumably require deploying concepts of
the properties encoded by the two descriptions (e.g., centRoid, tuRning angle,
axis point, boundaRy point, etc.). Yet it is consistent with radical externalism
that perceptual states are non-conceptual—i.e., that a perceptual state might rep-
resent or acquaint one with a given property even though one lacks the concept
of that property (Block, 2023; Heck, 2000; Tye, 1997, 2000). So, even if a subject is
fully reflective, there is no guarantee that she will have the conceptual repertoire
needed to determine the equivalence of distinct visual and haptic descriptions of
a given shape property.22

Moreover, those who hold that perceptual representation is at least partly
non-conceptual typically pair this position with a view about the formats or
“codes” employed in perception. Specifically, perception employs at least some
codes that are qualitatively different from those employed in reasoning and
inference, and that are only eligible for restricted forms of computation (Block,
2023; Carey, 2009; Quilty‐Dunn, 2020). Accordingly, if certain perceptual shape
descriptions are couched in a format that is ineligible to participate directly in dis-
cursive geometrical reasoning, then regardless of the concepts a subject happens
to possess, she may not be able to reason with the two perceptual descriptions to
work out their equivalence.23 So, in addition to conceptual limitations, constraints
imposed by representational format or cognitive architecture may also prevent
22 In fact, even if perception is wholly conceptual (in a certain sense), it still wouldn’t follow that

the coextension of distinct perceptual representations of a given shape property must be trans-
parent to the subject. Suppose that a subject must possess concepts of every property treated as
primitive within any scheme of shape representation her perceptual system employs (e.g., tuRn-
ing angle, axis point, etc.). Still, the subject may be unable to derive equivalences between two
shape descriptions unless she also possesses certain linking concepts necessary for relating the
primitives in one scheme to those in the other. But even if perception is wholly conceptual, there
is no guarantee that the subject will possess such linking concepts.

23 Note that even if the subject has this inability, she may still be able to use the perceptual shape
descriptions for some psychological tasks—e.g., imagery tasks like mental rotation or scanning.
But such tasks would presumably involve altering a shape’s encoding within the relevant de-
scriptive scheme (e.g., its represented orientation within that scheme). They would not require
“translating” between distinct schemes of shape description.
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a fully reflective subject from deriving equivalences between distinct visual and
haptic shape descriptions. Crucially, however, all this is compatible with the
view that the phenomenal character of visual and haptic experiences is fully
determined by the external properties presented by those experiences.

I conclude that radical externalism about perceptual experience is compatible
with differences in shape phenomenology across modalities, and also with a neg-
ative resolution to Issue 2: Even if the phenomenology of perception is wholly
determined by the mind-independent objects and properties we perceive, it would
not follow that any rational subject must be able to derive the equivalence of shape
properties presented in different modalities. Thus, Issue 2 cannot be used to adju-
dicate debates about the fundamental nature of perceptual experience.

5 Conclusion
In considering Molyneux’s question, it is important to distinguish the question it-
self, which poses a concrete experimental test of a newly sighted perceiver, from
various theoretical issues to which the question’s answer might be relevant. One
broad topic concerns whether there is a “rational connection” between the repre-
sentations of shape deployed in sight and touch—that is, a connection that would
be transparent to any rational subject given the proper time, attention, and moti-
vation.

I’ve suggested that we should distinguish two versions of the rational connec-
tion question. The first version, which I’ve called Issue 1, concerns whether the vi-
sual and haptic states through which normally sighted perceivers apprehend shape,
and which mediate our capacities for cross-modal recognition, are rationally con-
nected. While this issue has significant implications for understanding the archi-
tecture of our sensory modalities and the forms of interaction they exhibit, I’ve
argued that newly sighted subjects are largely irrelevant to it. Thus, Molyneux’s
question (at least interpreted literally) does not bear interestingly on the relation
between visual and haptic shape representations in normally sighted perceivers.

The second version, which I’ve called Issue 2, concerns whether visual and
haptic presentations of shape are necessarily rationally connected—i.e., whether it
is impossible for a fully reflective perceiver to perceive the same shape property
through both sight and touch while coherently doubting that this is so. I’ve ar-
gued that newly sighted subjects may bear on Issue 2, but that whether they do
depends on whether they visually represent shape at all—and this is indeed an
open question.

Nevertheless, irrespective of its independent interest, I’ve argued that the out-
come of Issue 2 cannot settle debates about the metaphysics of perceptual expe-
rience. For even if the character of perceptual experience is fully determined by
the worldly objects and properties we perceive, two senses may present or “de-
scribe” the same global shape property using different geometrical primitives, and
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equivalences between these modality-specific descriptions may not be derivable
by reasoning alone.

Where does this leave the question that Molyneux initially posed to Locke?
I suggest that while the question does retain some theoretical interest, it is far
less significant for understanding our perception and cognition of shape than one
might have thought. The question’s answer cannot tell us much about the nature
of cross-modal recognition (or, indeed, the nature of shape concepts) in normally
sighted individuals, and neither can it be used to adjudicate between rival views
of the nature of perceptual experience.
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