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Imagine you’re apple picking and an apple on the branch in front of you catches your eye. Your

visual system forms a representation of the apple, including not only its various properties, such

as its color, shape, and texture, but also its location. Its location is specified egocentrically: you

represent the apple at some distance and direction relative to yourself. This suggests that you

are represented in your visual representation. But that seems strange. Intuitively, you visually

represent the objects – not the subject – of perception. What’s more, it is not clear what it would

mean for you to be represented in your visual representation. Does your visual representation, like

the thought ‘An apple is in front of me’, include the concept of self?

This case raises two questions about the relation between perception and the self. One asks

whether the self is represented in perception. The other concerns how the self is represented in

perception. This dissertation addresses both.

I answer the first question in the affirmative. I argue that perception involves the use of first-

personal contents that are represented in perceptual systems that map complex spatial relations.

This suggests that nearly all perceiving creatures self-represent in perception and challenges the
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traditional view according to which self-representation is confined to language and thought.

However, how the self is represented in perception differs from its representation in language

and thought. Perception involves the use of egocentric reference frames – frameworks for specify-

ing spatial relations relative to the perceiver – that, I argue, carry first-personal contents. I draw on

work in neuroscience and perceptual psychology to offer a representational trajectory that traces

how these reference frames, and thus their contents, move from being encoded in the functional

architecture of our perceptual systems to explicitly represented. Each step along this path moves

closer to conceptual self-representation, suggesting that our capacities for self-representation in

language and thought may have their origins in perception.
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Chapter 0

Introduction

Imagine that I’m playing fetch with my dog in the backyard. I throw the tennis ball, and he

chases after it, tracking its arc through the air. While we’re both engaged in the same activity, our

experiences are presumably quite different. First, I am self-conscious: I’m aware not only of the

ball’s flight but also of my role as the one who threw the ball. I also possess self-knowledge: I

know that I’m playing fetch with my dog, that I like playing with him, that I’m in my backyard,

and so forth. I can exercise agency. I can weigh various considerations – whether to throw the ball

again, how hard to throw it – and decide how to act. Finally, when I exercise this agency, I bear

responsibility: if I were to chuck the ball at my neighbor walking by, I would be responsible for

my action. Plausibly, none of these things is true of my dog: he is not self-conscious, nor does he

have self-knowledge, agency, or moral responsibility.

What accounts for this difference? A natural explanation is that I can represent myself while

my dog cannot. The idea is that while my mind carries information about my self, my dog’s mind

does not, and this difference is relevant, or even critical, to my being aware of myself, to my

knowing about myself, to my choosing how I will act, and to my responsibility for my actions.

To flesh this out further, imagine that the mind is a filing cabinet that contains different files about

different aspects of the world. That my mind includes a file about my self and my dog’s mind does

not may help explain why I, for example, am self-conscious and he is not.
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The reason to think that my dog cannot self-represent is that he presumably lacks capacities for

language and conceptual thought. The traditional picture locates self-representation exclusively

in these domains. In English, we represent ourselves using words like “I,” “me,” and possibly

“mine.” In thought, we represent ourselves whenever we think about ourselves. When I think

‘I should throw the ball again,’ my thought involves a representation of my self. But if my dog

does not have the same general capacities for language and thought, then he seems precluded from

self-representing.

I argue against this traditional picture. The central thesis of this dissertation is that self-

representation extends to perception. To motivate this idea, note that perceptual experiences are

egocentric. When I look at the ball, for example, I locate it relative to my self. This suggests

that my visual representation includes a representation of self. That is, in the same way that the

utterance “Get ready, I’m going to throw the ball!” and the thought ‘I’m only throwing a few more’

involve representations that refer to the speaker and thinker, respectively, my perceptual state when

I see the ball involves a representation that refers to the perceiver (i.e., my self). This reasoning

equally applies to other perceiving creatures. Most perceiving creatures, according to my view,

self-represent in perception.

If this is right, then the primary building block of self-consciousness, self-knowledge, agency,

and moral responsibility may be both more primitive and more widespread than we typically sup-

pose. This is because the representation of self found in perception may mark the origins of the

representations of self used in thought and language. That is, our capacities to self-represent in lan-

guage and thought might be bootstrapped from more basic self-representational capacities found in

perception. This follows from the idea that perception is the most primitive type of mental repre-

sentational system; it is where the “representational mind begins” (Burge, 2014, p. 396). Thus, by

investigating the representation of self in perception, we may gain greater insight into its workings

in thought and language.

This idea that the origins of the representation of self used in language and thought might
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lie in perception has garnered growing attention in the philosophical literature over the last few

decades.1 This dissertation contributes to this line of inquiry by offering what we might consider a

“representational trajectory” of how representations of self are used in perception. By “representa-

tional trajectory,” I mean an account that traces how information about the self moves from being

encoded in the functional architecture of our perceptual systems to being explicitly represented.

I summarize the broad strokes of this trajectory here before offering a more detailed account in

the chapter summaries below. To begin, first-personal contents are implicit in perceptual represen-

tations of the most basic spatial relations. What’s more, such contents are architecturally encoded

in perceptual systems; they are trapped within the walls of the mind. Once a creature begins to

represent more complex spatial relations, first-personal contents become explicitly represented.

These explicit representations form a hierarchy, where first-personal information that is implicit

at one level becomes explicit at the next. Finally, a single representation of self – rather than a

hierarchy – is used to represent the body that feels like one’s own. In this way, perceptual systems

move from using architecturally encoded first-personal contents, to using multiple hierarchically

arranged representations of self, to using a single representation of the whole bodily self. Each

step along this path inches closer to the conceptual representation of self found in thought.

In Chapter One, I ask whether perceptual representations carry first-personal contents by ex-

amining their role in action explanations. The dominant view in the literature holds that action

explanations require that perceptual representations carry first-personal contents, while a more re-

cent proposal suggests that they carry merely indexical locational contents that refer to the per-

ceiver’s location. I argue that both views capture something essential that the other neglects:

first-personal contents explain how perception motivates action, while indexical locational con-

tents explain perceptual-motor coordination. Since each view faces explanatory challenges when

taken alone, I propose the Located Individual View, which holds that perceptual representations

include both first-personal and indexical locational contents. I argue that this hybrid account can

1See, for example, Bermúdez (1998), Burge (2019), Hurley (1998), Musholt (2015), and Peacocke (2014).
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best explain how perception both motivates and guides action.

I then propose that perceptual representations include both first-personal and indexical loca-

tional contents in virtue of perception’s use of egocentric reference frames – frameworks for spec-

ifying spatial relations relative to the perceiver. I present a unified account of these frames, which

are central posits in perceptual psychology, in Chapter Two. First, I use a Kaplanian framework to

explicate how these frames might carry both first-personal contents and indexical locational con-

tents. Second, I contend that when used in their standard role as anchors for specifying spatial

relations, egocentric reference frames remain implicit – they contribute to the accuracy conditions

of perceptual representations without being explicitly represented. Third, I suggest that egocentric

reference frames are encoded in the functional architecture of perceptual systems. Taken together,

these theses entail that first-personal contents are encoded in the architecture of our perceptual

systems.

Are first-personal contents always encoded in the architecture of our perceptual systems? In

Chapter Three, I argue that this depends on an egocentric reference frame’s role in perception.

When an egocentric reference frame is used to specify the locations of other objects, it is archi-

tecturally encoded. But in the next stage of perceptual processing, an egocentric reference frame’s

role changes: it serves as the object whose own location is specified relative to another frame. In

its new role, the frame is explicitly represented. In this way, implicit first-personal contents be-

come explicit in the next stage of processing. This progression, where implicit information at one

stage becomes explicit in the next, continues, forming a hierarchy of reference frames. I marshal

empirical evidence and theoretical considerations in support of this hierarchical picture and show

how it unifies standard explanations of two perceptual phenomena: gaze shifts and the illusory

experience of self-motion.

In Chapter Four, I examine the move from the use of many, hierarchically arranged, represen-

tations of self to the use of a single representation of self. Here, I turn my focus from exteroception

to the sense of bodily ownership, the feeling that our bodies are our own. I first discuss an account
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of the sense of bodily ownership offered by Bermúdez (2017), according to which we represent

the space of our bodies using a hierarchy of body part representations. While this account seems

to explain the sense of local body ownership – the sense of ownership we have for our body parts,

I argue that emerging neural and psychological evidence suggests it cannot explain the sense of

global body ownership – the sense of ownership we have for our whole bodies. To account for the

latter, I propose that we posit a single representation that is used to represent objects as belonging

to one’s self. I end by briefly comparing this representation to the conceptual representation of self

used in thought.
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Chapter 1

Locating the Self:
Indexicals in Perception and Action

Our actions are guided by, and thus partially explained by, our perceptions. When my friend tosses

me a frisbee, I am able to catch it in part because of perceptual information about its location. But

how, exactly, is its location perceptually represented in a way that enables successful action?

In contemporary philosophy of perception, perceptual representations are often described as

“self-locating.”1 That is, however I represent the frisbee’s location, I also, in some sense, locate

myself. According to certain articulations of this view, my perceptual contents take the form

frisbee approaching me and so involve a de se or first-personal element.2 An alternate view of

perceptual contents seemingly replaces this de se element with a spatial indexical. The idea is that

my perceptual contents instead take the form frisbee approaching here.3 It is generally assumed

1See Alsmith (2017), Ávila (2014), Brewer (1992), Cassam (1997), Fernandez Velasco (2024), Schellenberg (2007,
2016), and Schwenkler (2014) for explicit discussions of the idea that perception is self-locating.

2That my perceptual contents take the form frisbee approaching me leaves substantial room for interpretation. One
question is what exactly the de se element refers to. Another question is whether perceptual contents that include a de
se element also include a spatial indexical. These complexities are discussed in greater depth in §1.3 and §1.4.

3Whether this view might be grouped with those that take perceptual representations to be self-locating is disputed.
Mitchell (2021), for example, argues that perceptual contents involve only a spatial indexical and clearly contrasts this
with the “self-locating” view according to which perceptual contents involve a de se element. By contrast, Schellenberg
(2016, p. 339-341), who also defends the idea that perceptual contents can involve only a spatial indexical, thinks this
is one way of unpacking the idea that perception is self-locating.

6



that the first view can explain how I manage to catch the frisbee (see Bermúdez, 1998). More

recently, it has been argued that the second view can offer an even simpler explanation (Mitchell,

2021; Schellenberg, 2016).

In this chapter, I argue that both views of perceptual contents face serious challenges when

used to explain action. The view that posits purely de se contents struggles to account for how

perceptions can inform action; the view that posits purely indexical locational contents struggles

to explain how perceptions can motivate action. To address both of these problems, I propose that

perceptual representations include both de se contents and indexical locational contents. More

specifically, I suggest that there is a single representational element in perceptual representations

that simultaneously expresses de se and indexical locational contents.

I proceed as follows. In §1.1, I provide a more detailed account of both views of perceptual

contents and discuss how each is thought to contribute to explanations of action. In §1.2, I begin by

distinguishing two desiderata that I argue any representational-level explanation of action should

meet. I then contend that the view that posits indexical locational contents struggles to satisfy the

second desideratum. In §1.3, I discuss how the view that posits de se contents struggles to satisfy

the first desideratum. Finally, in §1.4, I articulate the Located Individual View and argue that it

satisfies both desiderata.

1.1 Two views of perceptual contents

Imagine that I’m playing frisbee with a friend. She tosses the disc and I watch it fly towards

me. Looking at the frisbee, I visually represent not only its properties, such as its color, shape,

and texture, but also its location relative to myself. But how exactly do I represent the frisbee’s

egocentric location? One possibility is that I represent the frisbee at some distance and direction

relative to my self. If so, then I, like the frisbee, figure in my visual contents. This intuitive

thought comports with the more general view, widely suggested in the literature, that the perceiver

figures in the contents of her egocentric perceptual representations (Alsmith, 2017; Bermúdez,
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1998; Brewer, 1992; Cassam, 1997; Hurley, 1998; Peacocke, 1999; Schwenkler, 2014).

That perceptual contents are first-personal in this way is often taken as an explanandum. The

standard explanation is that perceptual contents are made first-personal in virtue of their connection

to action (Alsmith, 2017; Bermúdez, 1998; Brewer, 1992; Cassam, 1997; Hurley, 1998). Brewer

(1992), for example, articulates this idea by saying that “it is, at least in part, the way in which

perception is taken up in the guidance and control of the flexible, world-behavioral responses of

a single, persisting physical entity, which constitutes its egocentric, self-locating spatial content”

(p. 28). According to this view, perceptual contents would not be first-personal if the link between

perception and action were severed. They are first-personal precisely because they contribute to “a

subject’s capacity for basic purposive action in the world” (Brewer, 1992, p. 26).

Of course, this explanation is moot if perceptual contents aren’t first-personal, and perhaps

they aren’t. What if I represent the frisbee at some distance and direction relative to my location?

If this is the case, it is my location, rather than my self, that figures in my visual contents. This

alternative possibility reflects the broader view that perceptual representations of egocentric spatial

relations do not necessarily involve de se contents; instead, they can represent such relations using

an indexical representation of a location, that which is in fact occupied by the perceiver (Mitchell,

2021; Peacocke, 2014, 2016; Schellenberg, 2016).4

Both views agree that perceptual contents, understood as something like Fregean senses or

modes of presentation, are indexical. They differ in what they index. According to what I will call

the Individual Contents View, perceptual representations have indexical contents that refer to the

perceiver. One way to understand this is by analogy to first-person thought. Just as my thought

‘A frisbee is approaching me’ involves indexical contents that refer to the thinker (i.e., me), my

4A related debate, which I take up in Chapters Two and Three, concerns whether first-personal perceptual contents
are implicitly or explicitly represented. Campbell (1994, p. 119), Perry (1986), Musholt (2015, pp. 80-81), and
Recanati (2012, pp. 185-190) articulate the view that first-personal perceptual contents are implicit; Schwenkler
(2014) argues that such contents are sometimes explicit. Like Peacocke (2014, p. 32), I take this question concerning
the implicit/explicit distinction to be orthogonal to the question of whether perceptual contents are first-personal.
Peacocke (2014) frames the latter question in terms of a difference between what he calls “Degree 0” and “Degree
1.” Creatures at Degree 0 are not capable of any kind of self-representation – they merely represent locations – while
creatures at Degree 1 are capable of non-conceptual self-representation.
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perceptual representation of the frisbee involves indexical contents that refer to the perceiver (i.e.,

me). By contrast, what I will call the Locational Contents View takes perceptual representations

to have indexical contents that refer to a location. While the location referred to is that occupied

by the perceiver, the perceiver does not appear in the contents or extension of her perceptual rep-

resentations. According to this view, the indexical element of perceptual contents is analogous

to the content expressed by the conceptual representation ‘here,’ not the content expressed by the

conceptual representation ‘I.’

The locus of debate between these two views of perceptual contents centers on the role that

perceptual contents play in explanations of action. Those who take perceptual representations to

have indexical individual contents argue that this view of contents is necessary to explain action.

The rejoinder is that action can be explained by positing merely indexical locational perceptual

contents instead. To frame this debate, I first discuss Perry (1979)’s famous case of the messy

shopper, which is used to illustrate why de se beliefs seem necessary to explain action. I then

show how this reasoning is carried over to perception and used to argue that indexical individual

perceptual contents are necessary to explain action. Lastly, I explore how some reject this in favor

of an allegedly simpler explanation of action that posits merely indexical locational perceptual

contents.

Perry (1979) argues that de se beliefs are necessary to explain action by analyzing the following

case. He imagines spotting a trail of sugar on the floor of a supermarket and forming the belief,

‘The shopper with the torn sack is making a mess.’ After following the trail for some time, Perry

realizes that he himself is the culprit with the torn sugar sack. He now believes ‘I am making a

mess’ and so rearranges the sack in his cart. Both his first-personal de se belief and third-personal

de dicto belief are made true by the same fact – that Perry is making a mess. Nonetheless, Perry

argues that with his de se belief he comes to believe something new, so the two beliefs must be

different. Their difference is highlighted by the apparent fact that only the de se belief provides an

adequate explanation of Perry’s behavior. It is only by referencing Perry’s de se belief that we can
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explain why he stops following the sugar trail and rearranges the sack in his cart.5 Perry concludes

that de se beliefs are essential to explanations of behavior.

We can adapt Perry’s style of argument to make the case that perceptual representations with

indexical individual contents are necessary to explain action. Imagine that I’m looking in a mirror

and see a frisbee flying towards the person in the reflection. Initially, I don’t recognize the person

as myself. My visual representation has the rough content, ‘A frisbee is approaching that person.’

Then, I suddenly recognize that the person in the mirror is myself. My visual content changes to

‘A frisbee is approaching me’, and I quickly turn to catch the disc. Both visual representations

are made true by the same fact – that a frisbee is approaching me. So, what explains my change

in behavior? Plausibly, a change in my visual contents. Only the second representation, which

includes indexical individual contents, adequately explains why I turn to catch the frisbee. Like

the de se belief ‘I am making a mess’, only this first-personal representation describes how I fit into

my environment in the way necessary to inform my actions. This seems to suggest that perceptual

representations with indexical individual contents are essential to explanations of behavior.

Bermúdez (1998) uses this kind of argument to explain the actions of non-linguistic creatures.

He suggests that “in cases where the behavior of non-language-using creatures demands an inten-

tional explanation, such explanations can draw on first-person perceptual contents just as explana-

tions of the behavior of more conceptually sophisticated creatures can draw on first-person beliefs”

(p. 118). In other words, we can run a Perry-style argument to explain the behavior of creatures

that lack linguistic, and presumably, conceptual, capacities. To explain why a mouse scurries into

a crevice upon spotting a predator, for example, we can posit that the mouse visually represents

the predator at a location relative to its self using indexical individual contents. Our reason for

positing indexical individual contents in this case is analogous to our reasons for positing such

contents when I catch the frisbee and when Perry adjusts the sugar sack in his cart.

5Kaplan (1989) illustrates this point using a different example: one’s actions will vary depending on whether one
thinks ‘His pants are on fire’ or ‘My pants are on fire’, even when both thoughts are made true by the same fact (p.
533).
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But positing that creatures without conceptual capacities nonetheless use representations with

indexical individual contents might seem implausible. Do we really need to posit that the percep-

tual contents of creatures like a mouse are that similar to first-person thought? An alternate view

of perceptual representations suggests that we do not. Schellenberg (2016) and Mitchell (2021)

argue that, instead, perceptual representations involve merely indexical locational contents.

Following Mitchell (2021), I will unpack the view that perceptual representations involve

merely indexical locational contents using an idea from Evans (1982). Evans, in discussing the

conceptual framework a subject uses to think about egocentric space, suggests that one locates ob-

jects in the environment relative to a perceptual map, whose coordinates are “given by the concepts

‘up’ and ‘down’, ‘left’ and ‘right’, and ‘in front’, and ‘behind’ ” (p. 154). He further suggests that

we understand the map’s origin by analogy to the concept ‘here’: “we may call thinking about spa-

tial positions in the framework centring on the subject’s body ‘thinking egocentrically about space’.

A subject’s ‘here’-thoughts belong to this system: ‘here’ will denote a more or less extensive area

which centres on the subject” (p. 154).

If how we conceptualize egocentric space centers (quite literally) on the use of the concept

‘here,’ then perhaps how we perceptually represent such space centers on a non-conceptual ana-

logue of ‘here.’ Mitchell (2021) clearly articulates this idea when he proposes that “the non-

conceptual analogue of ‘here’... would not only be embedded within a holistic system of ego-

centric spatial notions, but would play a unique role within that system, namely referring to what

Evans calls a more or less extensive area which centres on the subject” (p. 20). In other words,

his thought is that in perception, one represents objects at locations relative to another location

– that occupied by one’s body – using indexical locational contents. This idea is anticipated by

Schellenberg (2016). She argues that the origin of one’s perceptual map can be represented using

what she calls de hinc contents, which are indexical locational contents.

Both Schellenberg (2016) and Mitchell (2021) argue that this view of perceptual contents can

be used to explain action. What is critical to such explanations seems to be “that one represents
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one’s location in a dual mode: as both the point of origin of perception, and as the point of origin

for bodily movement” (Schellenberg, 2016, p. 341). In other words, according to Schellenberg,

the origin and axes of one’s perceptual map must be the same as the origin and axes of one’s

actional map. Explanations of action require this match between one’s perceptual and actional

maps because it enables perceptual representations to inform action. But critically, that one’s maps

match in this way leaves open how one represents the maps’ origins. As Schellenberg writes,

“nothing in the requirement of having an origin and axes on the perceptual map requires any de se

representation of the origin point via ‘I’. All that is required is that there be some such origin and

axes, and that they are available for perception and action to operate on as relevant locations and

orientations” (p. 341). She thus proposes that the origin of one’s perceptual map can be represented

using de hinc contents. So long as the ‘here’ from which one perceives is the same as the ‘here’

from which one acts, one can use de hinc perceptual contents to offer explanations of action.

As we’ve seen, both views of perceptual contents seem to be able to explain a creature’s actions.

Given this, Mitchell (2021) argues that all else equal, we have reason to posit the use of merely in-

dexical locational contents instead of indexical individual contents. Simplicity is supposed to push

us to this conclusion. As he explains, “the de se reading implicates complex self-representational

capacities in what are basic visual-spatial scenarios” (p. 26, emphasis added). Because the use of

indexical locational contents can just as well explain a creature’s actions, positing de se contents

is “surplus to requirements” (ibid). Schellenberg (2016) likewise identifies the Locational Con-

tents View as the simpler one. For example, she writes that “even quite sophisticated perceptual

states have mere de hinc rather than de se content” (p. 341, emphasis added). While both authors

seem to express similar ideas, exactly why the Locational Contents View is simpler remains some-

what opaque. I conjecture that the purported problem with the Individual Contents View is that it

hyper-intellectualizes perception (see Burge, 2010). The concern is that the view treats perceptual

representations as analogous to conceptual representations, even though perception is a more prim-

itive cognitive system than thought. The Locational Contents View is thus thought to be preferable
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given that it avoids this problematic resemblance to thought and appears to equally well explain

action.

1.2 The Locational Contents View’s motivation problem

I want to push back against the idea that our two views of perceptual contents have equal explana-

tory power. To show this, I first distinguish two desiderata of representational-level explanations of

action. Such explanations should address how an action is spatially responsive to the environment

and why a creature performs the spatially responsive action that it does. Following this, I argue that

the view that perceptual representations have merely indexical locational contents satisfies the first

desideratum but cannot easily satisfy the second. In the next section, I then argue that the view that

perceptual representations have indexical individual contents also faces an explanatory challenge:

while it easily satisfies the second desideratum, it struggles to satisfy the first. In this way, each of

the two views captures something that the other leaves out.

To begin, I want to suggest that representational-level explanations of action should satisfy two

desiderata insofar as they should be able to answer the following two questions:

1. How is a creature’s action spatially responsive to its environment?

2. Why does a creature perform the spatially responsive action that it does?

Let’s look at these questions one at a time. The first assumes that a creature’s action will

be “spatially responsive” to its environment and asks for an explanation of this. I use the term

“spatially responsive” to describe actions that respond to the spatial features of a creature’s envi-

ronment. Such features are those that concern the locations, shapes, sizes, or movements of objects

in the environment. A frisbee coming towards me is a spatial feature of my environment; the fris-

bee’s color is not. If a frisbee is coming towards me and I reach my arm out to catch it, my action

is spatially responsive. There is a match between the spatial features of my action and the spatial

features of my environment.
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Part of what explains the spatial match between one’s action and one’s environment is that

the action is informed by perception. My action of reaching my arm out is spatially responsive

because it is informed by my perception of the frisbee. In other words, it is because perceptual

information about the frisbee’s location is fed into my actional system that it can issue a motor

command to reach for the frisbee. Plausibly, the way in which this perceptual information feeds

into my actional system is indirect: it goes by way of higher-level cognition. But whether or not

the route from perception to action is direct is orthogonal. What is important is simply that in order

for one’s action to be spatially responsive to one’s environment, the former must be based, directly

or indirectly, on perceptual information. In the absence of such information, one’s actional system

will lack information about the environment and so will not (except through luck) generate actions

whose spatial features would match those in the environment.

I take it that most actions are spatially responsive to the environment. An action would not be

spatially responsive if the link between a creature’s perceptions and actions were severed. In this

case, the action would appear random or disconnected from the context, unless sheer luck produced

a spatial match between it and the environment. Infant movements provide a helpful example, as

they often look random and so do not seem spatially responsive. The empiricist view holds that

infants initially move “without regard to what they [see]” and gradually learn through trial and error

to coordinate perception and action (Keil, 2013, p. 123). While now considered outdated, this view

shows how a capacity for spatially responsive action could develop from increased coordination

between one’s perceptual and actional systems.6

The Locational Contents View can explain how an action is spatially responsive to one’s envi-

ronment. Recall that the view posits the use of a perceptual map, whose origin is represented using

merely indexical locational contents. This entails that when, for example, I perceive the frisbee

coming towards me, I visually represent it as approaching a location. While this location is in fact

6More recent research suggests that infant reaching movements are not as random as they seem, and that increased
eye-hand coordination results from other developments in one’s perceptual and motor systems, rather than develop-
ment of the perceptual-motor link specifically (see Keil, 2013, pp. 123-125).
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my location, it is represented using merely indexical locational contents and not indexical individ-

ual contents. Now, in order for my action of reaching for the frisbee to be spatially responsive to

my environment, my action must be informed by perception. This will be possible so long as there

is a coordinate transformation between my perceptual map and my motor command. A coordinate

transformation allows for translations between coordinates used in different coordinate systems

(see Gallistel, 1999). If my motor command to reach for the frisbee employs the same coordinate

system as my perceptual representation of the frisbee, then any coordinate transformation from the

latter to the former will be trivial. If the two maps differ, a coordinate transformation will enable

my motor command to successfully target the frisbee’s location. Either way, the Locational Con-

tents View can explain how my perception informs my action. As Schellenberg (2016) expresses,

all that matters is that there be “some such origin and axes, and that they are available for percep-

tion and action to operate on as relevant locations and orientations” (p. 341). That the origin of my

perceptual map is represented using merely indexical locational contents does not seem to impair

the link between perception and action. As of yet, we find no need to posit indexical individual

contents.

Let’s now turn to consider the second desideratum of representational-level explanations of

action. This asks why a creature performs the spatially responsive action that it does. Why, for

example, do I reach my arm out to catch the frisbee rather than moving my head towards it? Both

actions could be spatially responsive to my environment insofar as they could be informed by the

same perceptual inputs, and yet I perform one action and not the other. An account of action should

explain why.

One way to explain why a creature performs one action and not another is to appeal to its

motivations. To unpack this idea, I appeal to belief-desire explanations, which hold that actions are

caused by a combination of beliefs and desires.7 In such explanations, it is the desire component

7For discussions of belief-desire explanations of action, see Davidson (1963) and Fodor (1987). I adopt belief-
desire explanations for their simplicity. While these accounts can be expanded to include intentions (see Bratman,
1987; Velleman, 1992), these elaborations do not affect my central claims concerning the role of indexical perceptual
contents in action explanation. What is important is only that the explanation considered is reasons-based rather than
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that provides the motivational force behind the creature’s action. Consider our frisbee example: a

simple belief-desire explanation of my action of catching the frisbee might take it to be caused by

my perceptual belief about the frisbee’s location and my desire that I play frisbee with my friend.

It is because my desire motivates me to catch the frisbee, rather than collide with it, that I perform

the former action and not the latter. While providing this kind of explanation might seem trivial, I

will argue that it poses a significant challenge for the Locational Contents View.

Trying to explain my action of catching the frisbee in belief-desire terms helps illustrate why

the Locational Contents View faces difficulties answering our second explanatory question. Let’s

first consider what the relevant belief might be. Plausibly, it is a perceptual belief with roughly

the same contents as the perceptual representation on which it is based. If so, then my belief,

like my perceptual representation, carries indexical locational contents and so refers to a particular

location, not an individual. Let’s now turn to my desire. We can imagine that having gone to the

park with some friends, I desire that I play frisbee with them – that I toss the disc to my friends

when it’s in my possession and that I catch it when it’s thrown to me. As can be seen, this desire

is de se; it indexically refers to my self. The problem is that there is a disconnect between my

perceptual belief and my desire. Because the former merely refers to a location while the latter

refers to my self, the two cannot connect to rationally explain my action. We can further understand

this by recasting Perry’s example of the messy shopper in belief-desire terms. Recall that Perry

does not rearrange his sugar sack when he has the de dicto belief ‘The shopper with the torn sack

is making a mess.’ Nonetheless, we can imagine that Perry desires that he be considerate to others.

So why don’t his belief and desire prompt him to start rearranging his sugar sack? Because the two

do not connect: his belief is de dicto while his desire is de se. The idea is that a similar disconnect

merely causal.
One might wonder whether my arguments extend to non-human animals, given skepticism about whether belief-

desire models apply to them. What matters for my purposes is simply that an animal’s motivation to act connects to
its perceptual representations. This connection is preserved across a range of alternative frameworks used to explain
animal behavior, including those involving proto-beliefs and proto-desires (Bermúdez, 1998, pp. 118–123), non-
conceptual intentions (Kaufmann, 2015), and perceptual representations with normative content (Sebo, 2017). So, I
expect that my arguments could be re-framed so as to apply to non-human animals.
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appears in our frisbee example between my perceptual belief and my desire.

To be clear, the Locational Contents View only concerns the contents of perceptual representa-

tions. The problem raised here does not concern these contents per se, but rather suggests that they

are insufficient for explanations of action. More specifically, the problem is that when perceptual

representations with mere indexical locational contents are fed into belief, resulting belief-desire

explanations are unsuccessful.

Changing the kind of action explanation offered will not address this problem. Mitchell (2021),

for example, attempts to explain a similar action – moving to avoid a ball – in terms of the contents

of visual experience and intentional action. Using ‘x’ to stand for the ball and ‘h’ to stand for what

I have called indexical locational contents, he claims that “the content of the visual experience is ⟨x

moving towards h⟩, and that the content of the intentional action could be ⟨move left of h to avoid

x⟩” (pp. 24-25). Mitchell further explains that “taking the content of [one’s] visual experience

at face value provides [one] with a non-inferential reason for moving” (p. 24). But this is where

we disagree. The content of one’s visual experience does not provide one with a reason to move

because the content does not refer to one’s self. The content merely specifies that an object is

approaching a location, and that, in itself, does not give one reason to do anything. To frame the

issue differently: while it is plausible that one has a standing desire not to be hit by flying objects,

it is implausible that one has a standing desire that flying objects not reach a particular location.

In other words, the motivation that could plausibly explain why one moves does not connect with

the content of one’s visual experience as Mitchell characterizes it. Without reference to the self,

perceptual contents cannot link up with the relevant motivations to explain action.

In the face of this problem, one might propose that the functional connection between percep-

tion and action guarantees that specific perceptual inputs cause specific intentional actions. Using

Mitchell (2021)’s example, the idea would be that one’s perception-action link is such that when

one has a visual experience with the contents ⟨x moving towards h⟩, one automatically forms an

intention with the content ⟨move left of h to avoid x⟩. If this input-output pair were hardwired
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into the connection between one’s perceptual and actional systems, it would causally explain why

one moves out of the ball’s path. The broader idea behind this action explanation is that one

performs the spatially responsive action that one does because of how one’s perceptual representa-

tions, which involve merely indexical locational contents, are processed by one’s actional system.8

The problem with invoking functional architecture in this way is that it does not allow actions

to be context sensitive. To see why, we should first note that it is not plausible that all possible

pairs of perceptual inputs and actional outputs are built into the functional connection between

perception and action. There are simply too many pairs. Given this computational constraint, any

function from perceptual inputs to actional outputs will need to generalize away from the specifics

of the perceptual scene. With this in mind, we might imagine that one’s perception-action link

operates such that every time one sees a ball coming towards one, one moves out of its way. But,

of course, it is not the case that one always acts in this way. Actions are context-sensitive. When

a ball is coming towards me, there are many actions I might take. I might move out of its path, or

jump to catch it, or wait until it reaches me to catch it, and so on. Positing a fixed relation between

my perceptual inputs and actional outputs would preclude this flexibility.

A different approach to defending the use of the Locational Contents View in action expla-

nations might introduce an additional belief to explain why one is motivated to act as one does.

Recall that in the frisbee case, the challenge is that my perceptual belief, ‘A frisbee is approaching

here,’ does not seem to connect to my de se desire that I play frisbee with my friends. The new

suggestion is that a complete belief-desire explanation of my action requires more than just a per-

ceptual belief. Such an explanation must also include the belief ‘I am here,’ which combines with

my perceptual belief to yield the belief ‘A frisbee is approaching me.’ In contrast to my perceptual

belief, this de se belief could connect to my de se desire that I play frisbee. The combination of

8It is tempting to think that this action explanation simply mis-describes the perceptual contents that it posits.
While insisting that perceptual representations have merely indexical locational contents, this account simultaneously
proposes that perceptual representations function to motivate actions. One might argue that this is a mistake. Per-
ceptual representations that motivate actions are properly described as involving indexical individual contents. One
cannot erase such contents by packing their functional import into the perception-action link.
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my de se belief and my de se desire would explain why I catch the frisbee.

While the addition of a bridge premise would resolve the Locational Contents View’s motiva-

tion problem, it would also tarnish the view’s purported simplicity. As discussed, proponents like

Schellenberg (2016) and Mitchell (2021) favor this view because it avoids positing seemingly so-

phisticated contents – indexical individual contents – in basic perceptual scenarios (see §1.1). But

this simplicity is preserved only by shifting the complexity elsewhere – namely, by requiring an ad-

ditional de se belief and inference in our explanations of action. In effect, the Locational Contents

View avoids hyper-intellectualizing perception only to hyper-intellectualize the perception-action

link. This trade-off arguably leaves our action explanations worse off: positing an additional de se

belief and inference in our action explanations may be more complex than simply accepting that

perception involves indexical individual contents.

To wrap up, I have argued that the view that perceptual representations have indexical locational

contents has difficulty satisfying one of the two proposed desiderata of representational-level ex-

planations of action. Specifically, it struggles to offer a simple explanation of why one performs

the spatially responsive action that one does. This constitutes a serious shortcoming.

1.3 The Individual Contents View’s coordination problem

I now turn to evaluate whether the Individual Contents View satisfies our two desiderata of rep-

resentational explanations of action. I start by showing how the view easily explains why one

performs one action and not another, and so satisfies the second desideratum. I then explore the

challenges that arise when the view attempts to satisfy the first desideratum and explain how one’s

action is spatially responsive to one’s environment. These challenges give us reason to look for a

new view, which I offer in §1.4.

The second question that I claimed representational-level explanations of action should answer

is why one performs the spatially responsive action that one does. Why, for example, do I reach

out to catch the frisbee rather than bonk my head into it? The Individual Contents View can be
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used in belief-desire explanations to easily answer this question. In broad strokes, the idea is that

one performs the action that one does because one’s de se perceptual belief connects with a de se

desire that motivates the action one performs. With respect to our frisbee example, the explanation

goes as follows. First, I visually represent the frisbee using indexical individual contents. Next,

I form a perceptual belief whose content roughly matches that of my visual representation. My

belief is thus ‘A frisbee is approaching me.’ This perceptual belief connects with a de se desire that

I play frisbee with my friends. Lastly, these two states – my belief state and my motivational state

– cause my action. The reason that I catch the frisbee rather than bonking my head into it is that

my desire motivates the former action and not the latter.9

The Individual Contents View can be used in belief-desire explanations that are considerably

simpler than ones that use the Locational Contents View. As discussed, belief-desire explanations

that use the Locational Contents View require that one infer a de se belief from a perceptual be-

lief (that carries merely indexical locational contents) and the bridge premise ‘I am here.’ It is

the inferred de se belief that connects to the desire that motivates action. But, in belief-desire ex-

planations that use the Individual Contents View, no inference or bridge premise is needed. This

is because one’s perceptual belief is already de se and so can itself connect with the desire that

motivates action.

I’ve argued that the Individual Contents View provides a simple account of why one performs

the spatially responsive action that one does. In this way, it satisfies the second desideratum of

representational-level explanations of action. But how does the view fare with respect to the first

desideratum? Can it explain how a creature performs an action that is spatially responsive to

9Answers to more detailed questions about why one performs the spatially responsive action that they do will likely
refer to motor planning that happens downstream of the formation of belief and motivational states. For example, we
might wonder why I catch the frisbee with my right hand rather than my left. The suggestion is that this is caused by
motor planning that occurs after my intention to catch the frisbee. My actional system determines the best – perhaps
the most energy efficient – way to catch the frisbee. In this case, that might be to use my right hand. While these
details are part of a more complete explanation of why I perform the action that I do, they are not directly relevant
to or affected by the belief-desire explanation offered by the Individual Contents View. The role of the Individual
Contents View in representational-level explanations of action concerns the relations between one’s perceptual, belief,
and motivational states and how these states prompt action.
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its environment? I first show that to answer this question, we must assume that the indexical

individual contents described by the view refer to a bodily self. I then argue that having interpreted

indexical individual contents in this way, the view nonetheless encounters numerous challenges in

explicating how these contents can inform spatially responsive actions.

To illustrate why indexical individual contents must refer to a bodily self in order to explain

a creature’s capacity for spatially responsive action, let us suppose the opposite for the purposes

of argument. Suppose that these indexical individual contents refer to a Cartesian ego. If so,

then my visual representation of the frisbee carries indexical individual contents that refer to my

Cartesian ego and not my body. Of course, this raises an immediate difficulty: my perceptual

representation of the frisbee is not only hard to interpret but also at risk of involving a category

mistake. If my ego lacks spatial properties, it cannot be properly described as spatially related to a

frisbee. My ill-formed visual representation thus fails to locate the frisbee in my environment. As

such, the representation cannot be used to explain why my (body’s) action is spatially responsive

to its environment. If I were to miraculously catch the frisbee, this feat could not be explained

by referencing my visual representation. The view that the indexical individual contents used in

perception refer to something like a Cartesian ego is clearly a non-starter.

We can articulate this idea slightly differently by further investigating the notion of a perceptual

map. As discussed, the objects of perception are thought to be represented on a perceptual map

used to specify spatial relations (§1.1). One relatum of these spatial relations is the objects of

perception. These objects have spatial features: they have sizes, shapes, and occupy locations. At

issue in the debate about perceptual contents is what the other relatum is. One possibility, offered

by the Locational Contents View, is that it is a spatial location. Another possibility, posited by

the Individual Contents View, is that it is the perceiver. Importantly, this latter possibility seems

to presuppose that the perceiver – one’s self – has spatial features: it is the kind of thing that can

stand in spatial relations to other objects. In this way, the Individual Contents View presupposes

that the self is similar to the objects of perception. Just as those objects have sizes, shapes, and

21



occupy locations, the self has a size, shape, and occupies a location.

It thus seems that the Individual Contents View takes indexical individual contents to refer to a

bodily self. More specifically, such contents refer to the embodied creature who tokens a perceptual

representation with such contents. Cassam (1997), who takes spatial perception to be self-locating,

articulates this idea when he writes that “in experiencing objects as spatially related to one, one

literally experiences the bodily self as located in the perceived world” (p. 53, emphasis added). He

reiterates this idea as follows: “for it is one’s Body that is at the point of origin of egocentric space,

and in relation to which other bodies are experienced as being to the left or right, above or below”

(p. 53).

Having interpreted indexical individual contents to refer to a bodily self, let me clarify what

perceptual contents look like according to the Individual Contents View I am articulating. This

view holds that perceptual representations specify spatial relations between perceived objects and

the perceiver using indexical individual contents that refer to a bodily self. Crucially, such repre-

sentations carry only indexical individual contents and not also indexical locational contents. In

this way, perceptual representations specify relative spatial relations and presuppose that the relata

have absolute locations, though these locations are not included in the contents themselves.

It remains unclear whether this view aligns with those who describe perceptual representations

as self-locating. Consider Alsmith (2017):

“An experience represents its subject’s location when its content includes a spatial

relation between the subject and the object of the experience. It includes a relation

of the kind aRx, where a refers to the object of experience, x to the subject of the

experience, and R to the spatial relation between them. In representing R, the content

specifies the relative location of each relatum as represented by the experience” (p.

267).

That perceptual contents include “a relation of the kind aRx, where x is the subject of experi-

ence” suggests these contents do not include indexical locational contents but rather include merely
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indexical individual contents. Yet, Alsmith simultaneously claims the perceptual experience rep-

resents the subject’s location. I highlight this tension only to illustrate the interpretive challenges

in understanding the common view that perceptual contents are self-locating. Regardless of what

proponents of this view maintain, the Individual Contents View I am considering here takes a clear

position: perceptual contents include only indexical individual contents.

Now, let us consider how indexical individual contents might be used to explain spatially re-

sponsive action. Recall that explanations of spatially responsive action seem to require that percep-

tion informs action. Further recall that perception can inform action only if there is a coordinate

transformation between one’s perceptual and actional maps. The Individual Contents View as-

sumes that the origin of one’s perceptual map is represented using indexical individual contents

that refer to one’s bodily self. So long as this origin can be coordinated with the origin of one’s

actional map, then one’s perceptual representations can inform one’s actions. It seems reasonable

to assume that the origin of one’s actional map will also be represented using indexical individual

contents that refer to one’s bodily self. Thus, coordination between perception and action should

be straightforward.

But the fact that perception and action use many spatial maps poses a problem for this expla-

nation. Evidence suggests that human visual perception alone employs retinotopic, cyclopean, and

head-centered reference frames.10 Not only does each of these reference frames play a critical

role in visual perception, but also, each of their origins corresponds to a different location. The

Indexical Contents View would suggest that each origin is represented using indexical individ-

ual contents. But if this is right, then the origins of these maps won’t be distinguished from one

another and so, coordination between these maps and those used in action will be unsuccessful.

To illustrate the problem, imagine that I perceive the frisbee and visually represent it relative to

10For evidence of retinotopic representations, see Wandell & Winawer (2011); for cyclopean representations, see
Julesz (1971) and Ono et al. (2002); and for head-centered representations, see Galletti et al. (1993) and Sun & Gold-
berg (2016). Other perceptual modalities also appear to use multiple reference frames. For instance, evidence sug-
gests that auditory perception employs both eye-centered and head-centered reference frames (Groh, 2014; Mullette-
Gillman et al., 2005).
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my cyclopean reference frame, whose origin corresponds to the midpoint between my eyes. The

frisbee might be represented as 20 degrees to the right, 15 degrees above, and 12 feet away from

this point. But, if the origin of my cyclopean reference frame is not distinguished from the origin

of my head-centered frame, my actional system won’t be able to determine whether these coordi-

nates are relative to the midpoint between my eyes or the center of my head. In short, my visual

representation won’t be of use to my actional system.

One might try to sidestep this problem by distinguishing between subpersonal and personal-

level perceptual representations. The thought would be that while one’s subpersonal perceptual

representations make use of many different spatial maps, one’s personal-level perceptual represen-

tations do not. Perceptual experiences appear unified, strongly suggesting the use of only one map

at the personal-level. If only one map is used, then there is no need to distinguish its origin to make

it fit for coordination with action.

It is not obvious that personal-level perceptual representations are unified on a single perceptual

map. Perhaps, the unity of perceptual experience is instead achieved through the coordination

of many maps.11 But even if we grant that personal-level perceptual representations are unified

on a single perceptual map, this response has its drawbacks. First, it restricts the scope of the

Individual Contents View to only apply to personal-level perceptual representations. Second and

more importantly, it raises a new challenge. This is to specify more precisely which part of the

bodily self is referred to by the origin of one’s single and unified personal-level perceptual map.

That it might be the whole body seems implausible. The body occupies a significant volume and

its parts are distributed across different locations. This entails that specifying spatial relations

relative to the whole body will be imprecise. Representing a frisbee as 20 degrees to the right,

11Skepticism towards the idea that personal-level perceptual representations are unified on a single perceptual map
seems present in Briscoe (2009). Seemingly referring to the use of many egocentric reference frames in subpersonal
processing, he writes that “this subpersonal representational arrangement seems to be reflected at the person level.
When I see an object’s egocentric location, I do not simply see its location relative to myself. Indeed, there is no
privileged point in (or on) my body that counts as me for purposes of characterizing my perceived spatial relation to
the object” (p. 425). Alsmith (2021) explicitly argues for the related claim that bodily experience and action can be
explained without positing “a representation of the body as an integrated whole” (p. 2195).
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15 degrees above, and 12 feet away from the whole body is under-specified: it is unclear where

these coordinates are measured relative to. This suggests that for perceptual representations of

spatial relations to be precise, they must be specified relative to an origin that corresponds to a

single point. But which bodily point is referred to by the single, unified perceptual map posited?

The obvious candidates are the center of one’s head and the center of one’s torso. Alsmith (2017)

articulates the advantages of these two origin points as follows: “The head houses a great number

of sensory organs that are particularly significant for spatial representation, namely the eyes, ears,

and the vestibular labyrinth. Yet, ... the torso is the stable continent relative to which other parts are

mere peninsulas and hence the most likely point of reference for the construction of a consistent

egocentric representation” (p. 273). Given these competing factors, it’s not clear why a proponent

of the Indexical Contents View would choose one point on the body over the other.

To wrap up, I have argued that the Individual Contents View can explain why one performs the

spatially responsive action that one does, and, thus, the view satisfies the second desideratum of

representational-level explanations of action. Where the view encounters difficulty is in addressing

the first desideratum: it struggles to explain how one performs spatially responsive actions in the

first place. More specifically, problems arise when trying to fit the idea that indexical individual

contents refer to a bodily self with the idea that such contents serve as the origin of one’s perceptual

map(s).

1.4 The Located Individual View

Our two views of perceptual contents have different explanatory strengths and encounter different

explanatory problems. The Locational Contents View can be used to explain how one performs

a spatially responsive action but cannot be used to easily explain why one does so. In short, it

struggles to answer questions about a creature’s motivations. By contrast, the Individual Contents

View can be used to explain why one performs a spatially responsive action but cannot be used to

easily explain how one does so. It thus struggles to answer questions concerning the coordination
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between perception and action. In this section, I propose to integrate the two views and so combine

their explanatory strengths.

According to what I call the Located Individual View, perceptual representations carry both

indexical individual contents and indexical locational contents. These refer to a perceiver and a

spatial location (that is occupied by the perceiver), respectively. We might call the conjunction a

“located individual.” Strictly speaking, this is a view about the contents of perception. But to get

a fuller picture of how such contents might be used within our perceptual systems, consider how

they could be represented. Suppose, for example, that the origin of a perceptual map – such as

the cyclopean reference frame – is explicitly represented in vision. I would like to suggest that

this origin representation, o, has the content ⟨i, h⟩. That is, the origin carries a pair of indexical

individual and locational contents. When I token o, it simultaneously refers to my self and a

specific location – the midpoint between my eyes. It thus represents what I have called a located

individual.

These two indexical contents serve complementary roles. Indexical locational contents estab-

lish a spatial framework while indexical individual contents identify who is located at its origin.

The thought is that neither content alone captures the nature of egocentric spatial perception. The

use of merely indexical locational contents privileges a spatial point without anchoring it to a per-

ceiver. The use of merely indexical individual contents refers to a perceiver without situating her

in space. Together, these contents capture that perception presents the world as spatially structured

relative to one’s self.

The Located Individual View seems to resemble some articulations of the idea that percep-

tual contents are “self-locating.”12 For example, Schwenkler (2014) presents what he calls the

12One articulation of the self-locating view that clearly resembles the Located Individual View appears in Mitchell
(2021). While Mitchell himself argues against the self-locating view, he explicitly construes it as positing that per-
ceptual contents “index the subject relative to a location” (p. 25). Peacocke (1999) also seems to express a view
like the Located Individual View. He claims that perceptual contents can have the form ‘I am F’ and “[represent] the
subject as having some location in the spatio-temporal world” (p. 265). Thus, perceptual contents appear to include
both indexical individual and locational elements. Perhaps, the same is true of creatures at Degree 1. Such creatures
are characterized by a capacity for non-conceptual de se representation, but Peacocke (2014) also describes them as
having the resources to think through “their own past path through space” (p. 36).
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“Self-Location Thesis,” which claims that “simply in virtue of its perspectival character, visual

experience can include the location of the perceiver among its face value contents” (p. 3, emphasis

added). At first glance, one might interpret this as suggesting that perceptual representations carry

mere indexical locational contents. However, other parts of Schwenkler’s discussion clarify that

this is not his intended view. He writes, for example, that one can represent something as “to my

right” or “to my left,” indicating that perceptual representations also include indexical individual

contents (p. 7). While his view and the Located Individual View thus appear similar, his discussion

somewhat obscures the dual role of indexical locational and individual contents. Explicitly distin-

guishing between these two types of indexical contents not only can clarify our understanding of

perceptual contents, but also can illuminate how they contribute to action explanations.

The Located Individual View can address both explanatory questions about action. Regarding

the first, the view can be used to explain how one’s actions are spatially responsive to one’s envi-

ronment. As we’ve seen, spatially responsive actions require perception to inform action. This is

possible given the Located Individual View, which takes the origin of a perceptual map to carry in-

dexical locational contents. So long as locations given relative to this origin can be translated into

locations on one’s actional map, there will be a link between perception and action that enables the

performance of spatially responsive actions. This explanation is the same as that provided by the

Locational Contents View.

The Located Individual View supports action explanations with broader explanatory scope than

the Individual Contents View. This is because explanations using the former view succeed regard-

less of the number of perceptual maps used. According to the Located Individual View, each

perceptual map is distinguished by its origin, which carries the content ⟨i, h⟩. While indexical

individual contents refer to the same perceiver across maps, indexical locational contents refer

to different bodily locations. Thus, the origin of each map refers to a different located individ-

ual. Because one’s perceptual maps are distinguished from each other in this way, coordinate

transformations can be used to translate between them and one’s actional maps. This entails that
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the Located Individual View can support both subpersonal and personal-level explanations of ac-

tion.13 This contrasts with the Individual Contents View. As discussed, the Individual Contents

View cannot distinguish between multiple maps within a single perceiver, which limits its use to

personal-level explanations (§1.3).

Turning to the second explanatory question, the Located Individual View can be used to explain

why one performs the action that they do. We can see this by observing how the view is compatible

with belief-desire explanations. According to the view, one’s perceptual representations carry

indexical individual contents. Thus, these representations can inform de se perceptual beliefs.

These beliefs, in turn, can connect with one’s de se desires that motivate one to act as one does.

We have already seen this explanation: it is the same as that offered by the Individual Contents

View (see §1.3).

Now, there is no need to posit use of the bridge premise ‘I am here’ to connect one’s perceptual

belief with one’s motivational state. One’s perceptual belief already carries these contents because

it is based on a perceptual representation that carries indexical individual and indexical locational

contents. Nor is there need to posit a specific kind of functional architecture that might fix the

relation between perceptual inputs and actional outputs. An explanation of why one acts as one

does is fully available at the content level. In these ways, the Located Individual View’s answer

to the second explanatory question avoids the difficulties encountered by the Locational Contents

View.

1.5 Conclusion

In conclusion, I have argued that explanations of action seem to require that perceptual represen-

tations carry both indexical individual and indexical locational contents. The former contents help

explain how one is motivated to perform the action that one does; the latter contents help explain

13By accommodating the use of multiple perceptual maps, the Located Individual View also avoids the need to
identify a single bodily point as primary in perceptual representation. This marks another distinction between it and
the Individual Contents View, which must determine whether the origin of one’s single perceptual map corresponds to
the center of the head or torso.
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how one’s perceptual representations are coordinated with one’s actional representations. Views

which posit that perceptual contents include only one of these indexical elements encounter signif-

icant challenges when used in action explanations. To overcome these challenges, I have proposed

that perceptual representations carry both kinds of indexical contents. More specifically, I have

suggested that each origin of a perceptual map represents a “located individual,” that is, an indi-

vidual and a specific location occupied by that individual. Together, these contents capture that

perception presents the world as spatially structured relative to one’s self.
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Chapter 2

Egocentric Reference Frames in Perception

Perceptual experiences are egocentric. Put roughly, this means that one experiences the objects of

perception from one’s own point of view. As I type, I’m not simply looking at my computer. I’m

looking at my computer from a particular point of view, which affects how and where the computer

appears relative to me. It currently appears head on and three feet in front of me. If I move forward

and to the left, its side will appear to my right. In this way, my perceptual experiences are centered

on me: they place me “as a subject at the center of [my] world” (Campbell, 1994, p. 6).

Philosophical and empirical accounts of perception often capture its egocentric nature by posit-

ing that perception involves the use of egocentric reference frames. These are frameworks used

to specify the locations of perceived objects relative to the perceiver. Consider the cyclopean ref-

erence frame used in early visual perception. This frame specifies spatial relations relative to the

perceiver’s eyes using a coordinate system whose origin corresponds to the midpoint between the

eyes and whose axes correspond to the front/back, left/right, and up/down directions relative to the

eyes. When I visually represent my computer, I specify its orientation and location in my cyclo-

pean reference frame. As I move my eyes, the frame shifts – the midpoint between my eyes and

directions of my eyes move – and so I come to represent the computer at a new orientation and

location. It is because the frame is context-sensitive in this way that it seems to capture my visual

point of view.
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More generally, egocentric reference frames are what make perceptual representations rep-

resentations from an individual’s point of view. They are, if you will, the representational glue

between objects in the environment and the perceiving self. Despite this critical role, questions

about their nature and use remain underexplored. One central issue concerns what these frames

contribute to the content of perceptual representations. Although I have suggested that they might

carry both individual and locational contents (§1.4), a systematic account of this proposal remains

to be developed. A related but distinct question concerns what it means to say that such frames are

“used” in perception. Are egocentric reference frames constituents of complex perceptual repre-

sentations or are they built into the architecture of the mind?

These questions take on particular urgency when we consider how perceptual representations

must function in action explanations. In the previous chapter, I argued that successful action expla-

nations require that perceptual representations carry both indexical individual contents and indexi-

cal locational contents – what I called the Located Individual View. If egocentric reference frames

are indeed the mechanism underlying the use of these two indexical contents, then understanding

their nature and operation becomes central to a complete theory of how perception guides action.

This chapter advances a novel set of claims to address these questions. After providing ad-

ditional background on egocentric reference frames (§2.1), I elaborate a view according to which

these frames contribute two kinds of indexical contents to perception: indexical individual contents

(which index to the perceiver) and indexical locational contents (which index to a location) (§2.2)

– thereby supplying a mechanism by which the Located Individual View might be realized. I then

argue that when used in their standard role as anchors from which to specify spatial relations, ego-

centric reference frames remain implicit: they contribute to the accuracy conditions of perceptual

representations without themselves being explicitly represented (§2.3). Lastly, I propose that these

frames are best understood as encoded in the functional architecture of perceptual systems (§2.4).

It is in virtue of this that egocentric reference frames shape the accuracy conditions of perceptual

representations without being explicitly represented. In building on elements of these claims an-
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ticipated by different philosophers in the literature, this chapter develops a unified account of how

egocentric reference frames operate in perception. Taken together, this account entails that indexi-

cal individual information is implicit and encoded in the functional architecture of our perceptual

systems. I briefly discuss this consequence in §2.5.

2.1 Introducing egocentric reference frames

We can begin to understand what egocentric reference frames are by looking at the genus reference

frame of which they are a species. A reference frame is a framework for specifying spatial loca-

tions. Groh (2014) helpfully unpacks this idea by considering how we talk about space (p. 161).

Imagine, for example, that I describe the spatial arrangement of items on my desk by specifying

their locations relative to my computer. Here, I am using a “computer-centered” reference frame

because my computer functions as the origin of a framework for specifying spatial locations. Al-

ternatively, I might (painstakingly) attempt to specify these locations relative to the nearest library,

thereby using a “library-centered” reference frame. While more or less practical, any one of an

infinite number of points could function as the origin of a reference frame used to specify the

locations of items on my desk.

In paradigmatic cases, a reference frame specifies locations using a coordinate system. A polar

coordinate system specifies a location l in 3D-space by i) the distance between l and a reference

point or origin, and ii) the angles between l and two reference directions or axes.1 One angle is

given relative to an up/down (i.e. zenith) direction and the other angle is given relative to a left/right

(i.e. azimuth) direction. While polar coordinates can be translated into Cartesian coordinates and

vice versa (Klatzky, 1998, p. 5), I use polar coordinate systems throughout this chapter: they

mirror how we naturally describe the locations of objects using distance and direction pairs.2

1I set aside analysis of reference frames that use coordinate systems that likely lack an origin and/or axes. Tactile
perception, for example, involves the use of a somatosensory map (see Medina & Coslett (2010)’s discussion of
primary somatosensory representations). This kind of map does not seem to require an origin: we can imagine that
each location on the skin is specified by a unique address, none of which is privileged.

2Gallistel (1990) notes that although one can translate between polar and Cartesian coordinate systems, there are
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Campbell (1994) writes that the use of an egocentric reference frame involves “thinking about

the space [one is in] from a particular point of view, as a subject at the center of one’s world” (p. 6).

Imagine Bo – a retriever – is lying down and staring at a ball in front of him. He is perceiving the

ball “from a particular point of view,” namely, from his own point of view. We can begin to offer

a functional account of how he perceives from his own point of view by positing that he uses an

egocentric reference frame. In other words, Bo specifies the locations of objects in the environment

using a reference frame whose origin corresponds to a point on his body.

The use of an egocentric reference frame is contrasted with that of an allocentric reference

frame, in which one thinks about the space “independently of any particular viewpoint on it, in

an impersonal or absolute way” (Campbell, 1994, p. 6). Allocentric frames are characterized in

various ways, sometimes as ‘centred on a point in space distinct from the one that the perceiver is

occupying’ (Schellenberg, 2007, p. 614) and sometimes as ‘non-centred structured sets of spatial

relations’ (Fernandez Velasco, 2024, p. 164). Using a library-centered frame is an example of the

former; using a map of the New York City transit system is an example of the latter. While they

differ with respect to the role of an origin, both seem “impersonal” insofar as they map spatial

relations independent of any particular perceiver.

As discussed, human visual and auditory representations are used with an egocentric reference

frame. But this is not to say that a given perceiver uses only one such frame. Different perceptual

representations are used with different reference frames. Empirical research on the use of reference

frames in perception attempts to determine which reference frame is used with a given perceptual

representation by observing which changes to the spatial relations between a stimuli and a perceiver

affect the perceiver’s perceptual representation of the stimuli. A toy example helps to illustrate this

experimental paradigm. Imagine that while looking at the computer in front of me, I hear the

constant sound of rain falling outside the window to my left. If I shift my gaze, my auditory

experience will not change. The same is true if I move one of my hands or feet. The only bodily

computational reasons to posit use of the latter (p. 76). The choice between coordinate systems, however, does not
affect the discussions to follow, which focus on the role of a coordinate system’s origin and axes.
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movements that will affect my auditory experience are ones that involve changes to the position

of my head. If, for example, I turn my head and look directly at the window, the rain will sound

louder. This suggests that my auditory representations specify locations relative to my head. From

this, we can posit that my auditory representations are used with a head-centered reference frame.

For simplicity, my discussion to follow largely focuses on only one egocentric reference frame:

the cyclopean reference frame. Positing the use of this frame is thought to solve a puzzle regarding

visual perception. The puzzle is that we receive two sources of visual information in the form

of two 2-D retinal images, one from each eye, but we experience one 3-D visual percept. This

suggests that our two retinal images are fused together. Some researchers posit that information

from both eyes is integrated relative to a single reference frame – the cyclopean reference frame

– that takes the midpoint of the eyes as its origin (Barendregt et al., 2015; Julesz, 1971; Ono &

Barbeito, 1982; Ono et al., 2002; cf. Erkelens & van Ee, 2002).

2.2 The dual contents of egocentric reference frames

While the foregoing account explains how egocentric reference frames enable perception from

one’s own point of view, it leaves open what their contents are. In this section, I address this lacuna

by developing what I call the Dual Contents View, according to which egocentric reference frames

carry both indexical individual contents and indexical locational contents. I begin by offering

an account of the accuracy conditions of perceptual representations that takes them to involve

both the perceiver and her location. After discussing how this account aligns with the Located

Individual View developed in Chapter One, I suggest that the perceiver and her location appear

in these accuracy conditions in virtue of the use of egocentric reference frames. This entails that

egocentric reference frames carry contents corresponding to both the individual and the location.

I then develop this Dual Contents View using a Kaplanian framework and motivate it by showing

how it explains the two functions of egocentric reference frames.

Consider a case where one visually represents some object o in their environment. As dis-
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cussed, there is strong empirical support for the idea that in early visual processing, one represents

perceived objects in their cyclopean reference frame, whose origin corresponds to the midpoint

between the eyes and whose axes correspond to directions relative to the eyes. Thus, further sup-

pose that object o is located at distance d from the midpoint between the perceiver’s eyes and an

angle θ from directions relative to their eyes. Given this setup, I propose that their perceptual

representation R in context c will have the following accuracy conditions:

(1) R is accurate at world w and context c iff object o is located at distance d and angle θ from

location l(c) and l(c) is the midpoint between the eyes of individual i(c) in w.

These accuracy conditions contain two parts connected by a conjunction. The first part takes

R to be accurate if o is a certain distance and direction from a location in the context. Thus, R’s

accuracy depends on a set of spatial relations holding between the object perceived and a location.

This should be intuitive. After all, the perceptual representations that we are concerned with are

spatial representations that are anchored to a particular location. Note, also, that this anchoring

location l is context-sensitive. In this way, the accuracy conditions of a representation tokened

at one location will necessarily differ from the accuracy conditions of a representation tokened at

another location.

The second part of R’s accuracy conditions mark a second way in which R’s accuracy condi-

tions are context-sensitive: they are sensitive to the individual in the context. Thus, the accuracy

conditions of a representation tokened by one individual will necessarily differ from the accuracy

conditions of a representation tokened by another individual. This captures the idea that a point

of view is partially distinguished by the individual whose point of view it is. A similar idea is

sometimes articulated in terms of the “for-me-ness” of perceptual experiences: they are for me, or

mine, in a way that distinguishes them from the perceptual experiences of others (see Zahavi &

Kriegel, 2015). If this is right, there is reason to think that at the representational level, the individ-

ual must figure in the accuracy conditions of her perceptual representations, thereby distinguishing

the perceptual representations of one individual from those of another.
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The second part of R’s accuracy conditions posits a specific relation between the anchoring

location and the individual in the context, namely, that the midpoint between the eyes of the indi-

vidual occupies the anchoring location. This condition assumes that some relation holds between

bodies and individuals. What exactly this relation is is not relevant for my purposes, but I will

outline two possibilities. One is a Cartesian view according to which the individual stands in some

kind of ownership relation to her body. In this case, discussion of an “individual’s eyes” indicates

that a Cartesian ego owns a particular set of eyes. Another option is to think that individuals are

fundamentally embodied. In this case, an “individual’s eyes” refers to one part of a physically

embodied individual. All that matters for present purposes is that there is a one-to-one correspon-

dence between bodies and individuals so as to make interpretable phrases such as “the eyes of an

individual.”

Specifying which part of the body occupies the anchoring location allows perceptual repre-

sentations used with different reference frames to be distinguished from each other. To see how,

imagine that R’s accuracy conditions merely specified that part of the individual’s body occupied

the anchoring location. In this case, R would be accurate were the perceived object at the distance

and angle represented from any point on the individual’s body that occupied the anchoring loca-

tion. For example, R could be accurate regardless of whether the midpoint between the perceiver’s

eyes or the center of her body occupied the anchoring location. As a result, it would be impossible

to distinguish R when used with the cyclopean reference frame from a nearly identical representa-

tion used with any other egocentric reference frame. Specifying which bodily point occupies the

anchoring location thus is crucial for distinguishing perceptual representations used with different

egocentric reference frames.

That both a location and an individual figure in the accuracy conditions of perceptual represen-

tations comports with what I called the Located Individual View, discussed in the previous chapter.

As I argued there, perceptual representations must carry both indexical individual contents and

indexical locational contents to explain action. The former help explain why perceptual states
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can motivate action by connecting to the perceiver’s desires and goals; the latter help explain how

perceptual states can inform action by structuring a reference frame. If a subject and a location

appear in the contents of perceptual representations, then presumably, both should also figure in

the accuracy conditions of perceptual representations.

The accuracy conditions I have described point towards a semantic interpretation of egocentric

reference frames that I call the Dual Contents View. According to this view, egocentric reference

frames carry two kinds of indexical contents: indexical locational contents and indexical individual

contents. This view emerges from considering which elements in the accuracy conditions of a

perceptual representation should be attributed to the egocentric reference frame with which it is

used. The object o, distance d, and direction θ presumably appear in R’s accuracy conditions in

virtue of constituent representations of an object, distance, and direction.3 This leaves the location

l and midpoint between the eyes of individual i unaccounted for. The Dual Contents View suggests

that these elements figure in R’s accuracy conditions in virtue of the use of the cyclopean reference

frame.

I will use a modified version of Kaplan (1989)’s theory of indexicals to further explicate the

Dual Contents View. For background, Kaplan takes indexicals to have two kinds of meaning: a

character and a content. The character of an indexical is a rule that determines the content in any

given context. So, for example, the character of the linguistic expression “I” is a rule that always

picks out the speaker in the context of utterance. Character is thus stable across contexts. By

contrast, content is context-sensitive: the content of an indexical is that which it refers to in a given

context. When I utter the expression “I” in a given context, it refers to me, while when you utter

the same expression in a given context, it refers to you.

3My use of the term constituent differs from its use in Perry (1986). For Perry, constituents are the objects that
propositions are about (p. 139). Constituents, in this sense, can be articulated or unarticulated depending on whether
they are designated by the components of a proposition. For example, when I utter “It is raining” in New York, rain
is an articulated constituent of my utterance’s content because it is designated by the component “raining,” while New
York is an unarticulated constituent of the content because it is not designated by any of the utterance’s components. A
component, as Perry uses the term, seems to be an element of a sentence. My use of the term constituent roughly maps
onto Perry’s use of the term component insofar as I use constituent to designate the elements of mental representations.
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While perceptual representations differ from linguistic representations, we can use Kaplan

(1989)’s framework to help explicate the Dual Contents View. The relevant contexts are no longer

contexts of utterance, but contexts of use: the perceptual situation in which an egocentric refer-

ence frame is used with a perceptual representation. Given this, the view takes the character of

an egocentric reference frame to be a rule that picks out a pair – a location and an individual –

in the context of use. The content of such a frame in a particular context of use is thus a specific

location and individual. To see this more clearly, let’s look at the cyclopean reference frame. We

can express its character as follows:

(2) JCRFK: worlds w and contexts c → ⟨location l, individual i⟩ in c, where l is occupied by

the midpoint between the eyes of i.

Like the linguistic expression “I,” the cyclopean reference frame has a stable character and

variable content. The frame’s character is a rule that always picks out a location and an individual

in every context. Its content in a context is a particular location and individual. When I use

the frame with my perceptual representation of my computer, the frame refers to a location (that

occupied by the midpoint between my eyes) and my self. When you use this frame with your

perceptual representation of your computer, the frame refers to a different location (that occupied

by the midpoint between your eyes) and yourself.

The Dual Contents View takes egocentric reference frames to partially resemble individual

indexicals and partially resemble locational indexicals. Like the linguistic expression “I” or the

conceptual self-representation used in thought, part of the character of egocentric reference frames

maps contexts to individuals. Thus, part of their content in a given context is an individual, just as

it is for “I.” At the same time, part of the character of egocentric reference frames maps contexts

to locations, like the linguistic expression “here” or its conceptual analogue. As such, egocentric

reference frames and “here” also have similar contents: both refer to a location in a context.

Of course, what makes egocentric reference frames distinctive according to the view is that

they feature two kinds of indexicality simultaneously. Unlike individual and locational indexicals
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in thought and language, egocentric reference frames pick out both an individual and a location in a

context. Thus, we might think of the content of an egocentric reference frame as roughly analogous

to saying (or thinking) “I am here.” Nonetheless, an important distinction between the indexicals

remains: while one can use “I” and “here” independently of one another in thought and language,

egocentric reference frames package these two indexical components together in perception. The

cyclopean reference frame, for instance, does not refer to just a location or just an individual; it

always refers to both together.

Because an egocentric reference frame is constituted by these two contents, they always re-

main packaged together. If the frame is explicitly represented, both its locational and self-related

information are explicit; if it is implicit, both are implicit. This marks another difference between

egocentric reference frames and locational and de se representations in thought and language. The

thought ‘I am sitting’, for example, has an explicit de se component and implicit locational in-

formation. The contents of egocentric reference frames, by contrast, cannot be teased apart for

separate implicit and explicit representation.

The two indexical components of egocentric reference frames are related by a constraint. This

constraint, which varies across different frames, specifies which point on the relevant individual’s

body occupies the relevant location. For the cyclopean reference frame, the location referred to

must be occupied by the midpoint between the eyes of the individual referred to.4 For the head-

centered reference frame, the relevant location must occupy the center of the relevant individual’s

head. Notice that if an individual moves their body such that the center of their head occupies the

location formerly occupied by the midpoint between their eyes, their head-centered reference frame

will pick out the same location and individual as their cyclopean reference frame did previously.

4I assume that context determines the contents of the two indexical components independently, and that these
contents must then satisfy the constraint linking them. However, there are other ways to construe the function from
contexts to contents. For example, one could take the location to be determined first, such that the relevant individual
would be whoever was such that the midpoint between their eyes occupied the location referred to. This would seem
to treat the cyclopean reference frame’s spatial function as primary. Alternatively, one could take the individual to
be determined first, such that the relevant location would be whichever the midpoint between the individual’s eyes
occupied. This, by contrast, would seem to treat the cyclopean reference frame’s perspectival function as primary.
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The frames are nonetheless distinguished by the constraints they satisfy: initially, the cyclopean

reference frame’s constraint is satisfied by the fact that the relevant location is occupied by the

midpoint between the individual’s eyes, while the head-centered reference frame’s constraint is

subsequently satisfied by the fact that the relevant location is occupied by the center of their head.

As discussed, the accuracy conditions of perceptual representations suggest that egocentric

reference frames have dual contents. Further support for this view comes from reflecting on the

function of such frames. Egocentric reference frames seem to perform two functions. First, they

act as spatial reference frames: they are used to specify spatial relations relative to an origin point.

Second, they act as egocentric frameworks: they specify relations relative to the perceiver and so

capture the perceiver’s point of view. The Dual Contents View explains these two functions of

egocentric reference frames as follows: indexing to a location establishes the origin of a spatial

reference frame, while indexing to an individual specifies whose perspective the origin represents.

Both contents are necessary for egocentric spatial representation. Without indexical individual

contents, indexical locational contents could establish the origin of an allocentric reference frame,

while without indexical locational contents, indexical individual contents could establish a non-

spatial egocentric framework.

The idea that egocentric reference frames perform dual functions parallels Burge (2011)’s anal-

ysis of what he calls an egocentric index. According to Burge, an egocentric index is constitutive

of perceptual representational content (p. 293). While his account of egocentric indices differs

from the view I have presented of egocentric reference frames, Burge similarly attributes two func-

tions to the former.5 One function is “to index an origin for a framework of representation” (p.

5Burge’s account of what egocentric indexes refer to is somewhat ambiguous. In “Self and Self-Understanding”
(2011), he writes that they refer to “the individual – or, more commonly, some position on the individual or some
time at which the perception occurs” and that they “single out an individual, position, or time in a context-dependent
way” (p. 294). Here, it seems somewhat unclear whether reference to individuals, positions, and times is mutually
exclusive or whether indexes might refer to combinations of these elements. In later work, “Psychological Contents
and Egocentric Indexes” (2019), Burge seems to suggest that these kinds of reference are mutually exclusive. He
writes that “egocentric reference to individuals probably emerges only when an individual can represent its own body
and coordinate such representation intermodally with spatial and temporal egocentric indexes” 2019, p. 50). Not only
does reference to individuals emerge later, but it is merely “coordinated” with indexes which refer to positions or
times. On this reading, his view differs from mine. According to the Dual Contents View, a single egocentric reference

40



294). In other words, an egocentric index functions to structure a reference frame. Its other func-

tion, Burge writes, is to “type-individuate an aspect of psychological states that treats the origin

as having immediate ego-relevance” (p. 294). Among other things, the notion of ego-relevance

captures relevance to one’s “own needs, goals and perspective” (p. 294). That egocentric indices

have ego-relevance seems closely related to the idea that egocentric reference frames capture an

individual’s point of view.

I have offered an analysis of egocentric reference frames according to which they carry index-

ical locational contents and indexical individual contents. As discussed, this Dual Contents View

comports with an account of the accuracy conditions of perceptual representations, which takes

them to include both the perceiver and her location. Moreover, this view explains how egocentric

reference frames fulfill two distinct functions insofar as they serve as spatial reference frames and

capture a perceiver’s point of view.

2.3 Two arguments for implicitness

Having offered a view of the contents of egocentric reference frames, I now turn to consider how

they are used with perceptual representations. Specifically, are egocentric reference frames con-

stituents of complex perceptual representations or do they remain implicit in such representations?

This question closely parallels an existing debate in the literature that concerns whether indexical

individual contents are part of the contents of perceptual representations or rather remain implicit

(Bermúdez, 1998; Campbell, 1994; Ismael, 2012; Musholt, 2015; Recanati, 2007, 2012; Schwen-

kler, 2014). Framing the question in terms of egocentric reference frames helps anchor it to the

empirical study of perception, making it more directly informed by – and answerable to – the

empirical literature. At the same time, the philosophical debate about whether the self is implicit

in perceptual content provides arguments and considerations that help motivate my answer to the

question about egocentric reference frames. In what follows, I will argue that egocentric reference

frame refers to both an individual and a location. Although I will not pursue the possibility here, I note that this kind
of frame may also refer to a time.
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frames remain implicit and present two arguments for this view: one based on considerations of

simplicity and another based on considerations of the kinds of errors that perceptual systems make.

To make our question about the role of egocentric reference frames in perceptual representa-

tions more concrete, let us return to our previous example in which R is a complex perceptual

representation used with the cyclopean reference frame. I suggested that the object o, distance

d, and direction θ appear in R’s accuracy conditions in virtue of constituent representations of an

object, distance, and direction. I then proposed that the location l and midpoint between the eyes of

individual i figure in R’s accuracy conditions in virtue of the use of the cyclopean reference frame.

But does this mean that R includes a constituent representation of the cyclopean reference frame?

There are two ways to answer this question. According to what I will call the Explicit Model,

perceptual representations include constituent representations of the egocentric reference frame

relative to which the locations of objects are specified. Thus, this view takes reference frames to be

represented in the same way as other elements of the perceptual scene: just as complex perceptual

representations include constituent representations of objects, distances, and directions, they in-

clude constituent representations of egocentric reference frames. Let o be an object representation,

d be a distance representation, θ be an angle representation, and CRF be a cyclopean reference

frame representation. According to the Explicit Model, complex perceptual representations are

structured as follows:

(3) ⟨o,d,θ ,CRF⟩

What I call the Implicit Model offers an alternative. It takes perceptual representations to

include constituent representations of only an object, distance, and angle and not a constituent

representation of the relevant egocentric reference frame. Thus, according to the Implicit Model,

complex perceptual representations are structured as follows:

(4) ⟨o,d,θ⟩

Critically, the Implicit and Explicit Models agree on the accuracy conditions of perceptual

representations. Both hold, for example, that R is accurate if and only if the conditions in (1)
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obtain. With respect to R, they differ only on whether it includes a constituent representation

of the cyclopean reference frame. According to the Implicit Model, R does not include such a

constituent; rather, the location l and the midpoint between the eyes of individual i figure in its

accuracy conditions without being explicitly represented. In this sense, the cyclopean reference

frame remains implicit. The Implicit Model maintains that this is true more broadly: egocentric

reference frames always remain implicit in perceptual representations.

2.3.1 Simplicity

The first argument for the Implicit Model draws on a philosophical strategy famously employed by

Perry (1986). Perry imagines a case in which indexical locational contents might remain implicit

– or as he says, “unarticulated” – in conceptual thought. Specifically, he asks us to consider Z-

landers, a group of people who have only ever lived in Z-land, only communicate with fellow

Z-landers, and do not know of other lands. As such, Z-land plays an invariant role in Z-landers’

location-sensitive thoughts: all such thoughts concern Z-land and only Z-land. Given this, Perry

explains that “there is no need to postulate a concept or idea of Z-land as a component of their

thought in order to secure the connection to Z-land” (p. 144). Doing so would be unnecessary.

Instead, it is simpler to posit that Z-land is an “unarticulated constituent” of Z-landers’ location-

sensitive representations.

Proponents of the view that indexical individual contents are implicit in perceptual represen-

tations often appeal to Perry’s style of argument for support (Ismael, 2012; Recanati, 2012).6 For

example, Recanati uses it to analyze proprioception. He first notes that proprioceptive information

is invariant insofar as it always and only concerns oneself. He then argues that because “the role of

6Ismael (2012) contrasts representational contents in experience with those in language and thought. She notes
that representational contents in language and thought “have an argument place for the subject that can take a range
of values and that acts as a separate degree of representational freedom” (p. 72). She then explains that we lack
the capacity to ascribe properties to different subjects in experience. It is invariant that our experiences are our own.
Therefore, Ismael concludes that there is no argument place for subjects in the representational contents of experiences:
“To experience pain is to be aware of a certain state, but there is no internal dimension of variation in that content of
that state that corresponds to different values for the subject” (p. 72).
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representational content is to keep track of whatever is susceptible to variation,” there is no need

for the subject to appear in the contents of her proprioceptive representations (p. 189). Positing

this would be superfluous. It is simpler to assume that the self does not figure in the contents of

perceptual representations.

We can apply this reasoning to the use of egocentric reference frames in perception. Just

as the self’s role in proprioception appears invariant, so too is the use of egocentric reference

frames in perception. More specifically, it seems that a particular egocentric reference frame is

used invariantly at a particular stage of perceptual processing. Support for this comes from the

observation that different egocentric reference frames appear to be implemented in different brain

regions (see Andersen et al., 1985; Barendregt et al., 2015; Gross & Graziano, 1995; O’Keefe

& Dostrovsky, 1971). Since perceptual inputs reach these areas in a fixed temporal order, the

sequence in which inputs are used with different reference frames appears to be fixed. That is,

perceived objects are represented at locations first relative to one egocentric reference frame, and

then a second, third, and so on. For example, in visual perception, objects are initially represented

relative to a retinotopic reference frame; as processing continues, they come to be represented

relative to the cyclopean and then the head-centered reference frames (Barendregt et al., 2015;

Grossberg et al., 1993). Given this invariance, considerations of simplicity suggest that we should

not posit explicit representations of such frames. Doing so would be unnecessary. Thus, we have

reason to choose the Implicit Model.

Beyond theoretical parsimony, there may be computational reasons to prefer the simpler model.

This is because the simpler model will describe a system that is less cognitively demanding to op-

erate. This consideration further supports the Implicit Model: by avoiding the need to explicitly

represent egocentric reference frames, our perceptual systems may conserve time and computa-

tional resources.

It is important to recognize that this argument from simplicity provides only prima facie sup-

port for the Implicit Model. Simplicity considerations apply when competing models are equiva-
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lent in all other respects. One might wonder whether explicitly representing egocentric reference

frames could support additional computational functions that would render our two models func-

tionally non-equivalent. The burden of proof falls on defenders of the Explicit Model to demon-

strate what explanatory work representations of egocentric reference frames might accomplish.

In the meantime, there is a stronger argument for the Implicit Model that sidesteps this issue of

functional equivalence.

2.3.2 Empirical fit

I now turn to argue that the Implicit Model better describes the kinds of representations that per-

ceptual systems actually use. If egocentric reference frames were constituents of perceptual rep-

resentations – i.e. if the Explicit Model accurately described the role of such frames in perceptual

representations – we should expect to find evidence of two specific kinds of representations involv-

ing these frames that we don’t, in fact, find. As such, the Implicit Model seems to better match the

perceptual evidence.

Beyond perceptual representations that specify the location of an object relative to an egocentric

reference frame (as shown in 3), the Explicit Model allows for two other kinds of representations.

First, it allows for what I call circular representations. An example of a circular representation is

shown below:

(5) ⟨CRF,d,θ ,CRF⟩

Complex representations of this form use a constituent representation of the same egocentric

reference frame twice. In so doing, they represent that frame as located at some distance d and

angle θ away from itself. For any distance and angle greater than zero, this generates semantic

incoherence. The reference frame problematically serves as both the coordinate system relative

to which the locations of objects are specified and as the object whose location is specified. One

might compare this to the English sentence “Here is five feet away from here.” As in (5), the dual

use of the same locational indexical makes this sentence uninterpretable.
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Second, the Explicit Model allows for allocentric representations. As I use the term here,

these are complex representations that specify the location of one object relative to another (which

is external to the perceiver). In such representations, a constituent representation of the second

object replaces the constituent egocentric reference frame representation, as shown below:

(6) ⟨o1,d,θ ,o2⟩

I argue that neither circular nor allocentric representations are used in early to mid-level percep-

tual processing. Two sources of evidence support this claim: reflection on perceptual experience

and neural findings.

Perceptual experience provides reason to doubt that circular representations are used in percep-

tion. Because circular representations are semantically incoherent, it is difficult to say what kind

of experience their use would correspond to. Surely, they do not account for typical perceptual

experiences. Perhaps the most plausible option for an atypical experience they might correspond

to is heautoscopy, in which individuals perceive a double of themselves and experience an am-

biguous sense of first-person perspective and self-location (Blanke & Metzinger, 2009, p. 10). In

some cases, patients report feeling as though they occupy both their physical body and the ob-

served double simultaneously. For example, one woman reported experiencing herself lying in

bed and simultaneously standing at the foot of the bed; when asked where she took herself to be,

she answered, “I am at both positions at the same time” (Blanke et al., 2004, p. 248). It might

seem plausible that in this case, the woman represents one egocentric reference at two different

locations, which correspond to the two locations she takes herself to be. However, this represen-

tational account of such experiences is likely mistaken. Heautoscopic experiences are generally

associated with vestibular hallucinations and changes to the body schema in the temporoparietal

junction (Blanke & Mohr, 2005, p. 92), pointing to processing errors well beyond those that might

be found in the basic spatial representations used by individual perceptual systems.

Phenomenological evidence also suggests that we never use allocentric representations in per-

ception. Of course, standard perceptual experiences are always experienced from one’s own point
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of view. But even when perceptual experiences deviate from the norm, they generally remain expe-

riences from a point of view that one experiences as one’s own. Consider out-of-body experiences,

in which people feel like they are located outside of their physical body. In such cases, one’s point

of view is likewise experienced as located outside the body (Blanke & Metzinger, 2009, p. 9). Crit-

ically, however, one still experiences this point of view as one’s own (Blanke & Metzinger, 2009,

p. 9). Thus, such experiences remain importantly different from our experiences of allocentric

representations like maps, which fail to include the perceiver’s point of view. This provides some

evidence for the claim that even in unusual circumstances, perceptual systems use only egocentric

representations.

Let’s now turn to the neural evidence. There, we find an absence of evidence for the use of

circular representations. To the best of my knowledge, there is no evidence suggesting that percep-

tual representations ever include two constituent representations of one and the same egocentric

reference frame. The kinds of errors known to occur are those that involve the misrepresentation

of an object, its properties, or its location. Nor is there neural evidence for the use of allocentric

representations in early or mid-level perceptual processing. Early visual areas are primarily repre-

sented relative to either a retinotopic or cyclopean reference frame (Barendregt et al., 2015). Where

we find allocentric representations is in the hippocampus and related medial temporal lobe struc-

tures, which support navigation and spatial memory (Epstein et al., 2017; Ekstrom et al., 2017;

O’Keefe & Dostrovsky, 1971. While these allocentric representations may influence perception

through top-down modulation, there remains no evidence that early visual areas themselves token

allocentric representations.

The absence of circular and allocentric representations in early perceptual processing poses a

serious challenge for the Explicit Model. By taking perceptual representations to include explicit

representations of egocentric reference frames, the Explicit Model allows that perceptual systems

could, in principle, token either of these kinds of representations. Yet neither phenomenological

nor neural evidence supports their use in early perceptual processing. Because it fails to fit the
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empirical facts, the Explicit Model thus appears ad hoc: it leaves unexplained why only some of

the representations it permits are used, while others are not.

By contrast, the Implicit Model is better tailored to the data. Because it does not treat egocentric

reference frames as explicit constituents of perceptual representations, the model rules out the

possibility of circular or allocentric representations. As a result, the representations it posits better

match the representations that perceptual systems seem to use. Moreover, the Implicit Model can

explain why circular and allocentric representations are never tokened: perceptual systems cannot

token them, and so they do not token them.

One might suggest that the Explicit Model could include rules that prohibit the production of

circular and allocentric representations. If such rules were included, then the Implicit and Explicit

Models would equally well match and explain egocentric perceptual experiences. But this sugges-

tion is unappealing for two reasons. First, adding rules to the Explicit Model would only increase

its relative complexity and thereby strengthen the simplicity considerations in favor of the Implicit

Model (§2.3.1). The former model would posit not only a more complex representational struc-

ture – which would include constituent representations of egocentric reference frames – but also

additional rules constraining how those representations could be used. Both posits are unneces-

sary. The Implicit Model naturally excludes circular and allocentric representations in virtue of its

simpler representational structure, obviating the need for additional rules.

Adding rules to the Explicit Model is misguided for a deeper reason. Representations play a

certain role within the mind: they carry information whose use is variable. As theorists, we should

posit representations only when information is used variably. If the use of information is fixed,

then it should not be described as represented. The proposed change to the Explicit Model would

fix the use of egocentric reference frames in perceptual processing, making it a mistake to describe

such frames as represented. In short, I take it to be a kind of theoretical error to hold both that

egocentric reference frames are represented and that their use is fixed.

The question of whether egocentric reference frames are explicitly represented in perception
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connects to a broader philosophical discussion about whether the self is explicitly represented in

perception. Musholt (2015) argues that it is not and offers a structurally similar argument to the

one I have given here. She first notes that if the self were explicitly represented, “there should,

at least in principle, be the possibility of misrepresentation” (p. 81). But experience does not

seem to include any such misrepresentations: I do not have pains that I ascribe to someone other

than myself, nor do I have visual experiences that I ascribe to someone other than myself. Rather,

our experiences always correctly identify our selves as their subject. She takes this to support the

conclusion that the self is not explicitly represented in perception.

While Musholt (2015) provides valuable groundwork, focusing on egocentric reference frames

offers a more empirically tractable approach to determining whether indexical individual contents

are explicitly represented in perception. Rather than searching for general misrepresentations of the

self, I have looked for two specific types of representational errors: circular representations that

would locate reference frames relative to themselves, and allocentric representations that would

abandon the first-person perspective entirely. The absence of these specific error types provides

strong empirical evidence for the conclusion that egocentric reference frames – and thus, indexical

individual contents – remain implicit in perception.

2.4 Architectural encoding

If, as I argued in the previous section, egocentric reference frames are not constituents of perceptual

representations, then how do they nonetheless contribute to the accuracy conditions of such repre-

sentations? Perhaps, the information they carry is located elsewhere in the mind. In this section,

I will argue that egocentric reference frames are encoded in the functional architecture of one’s

perceptual systems. My argument relies on a particular view of functional architecture, according

to which it does not merely compute over representations but also encodes information. After ex-

plicating this view in greater detail, I will show how this framework can be used to understand the

role of egocentric reference frames in perception.
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2.4.1 Architecturally encoded information

The functional architecture of a representational system enables the system to process represen-

tations. It makes possible algorithms or functions that take certain representations as inputs and

produce certain representations as outputs. I want to propose that the functional architecture of

a representational system itself encodes information. According to this view, information is en-

coded in two places within a representational system: in the representations themselves and in the

functional architecture that processes those representations.

This view, while not widely adopted, appears across different literatures. Musholt (2015), con-

cerned with how information about the self becomes explicit, draws on developmental psychologist

Karmiloff-Smith’s theory of representational redescription. Musholt writes that at the lowest stage

of this process, “information is encoded in procedural form – in procedures for processing and

reacting to environmental inputs...” (p. 103). Her emphasis on procedures suggests that she is con-

cerned with what I call the functional architecture of a representational system. She clarifies what

it means for information to be encoded when she adds: “The information is in the system, but not

available to the system” (p. 103). This points to an important contrast between functional archi-

tecture and representations that I will return to later. The idea that functional architecture encodes

information also appears in Johnson (2020)’s account of implicit bias. She writes that “certain

stereotype-like contents can also be encoded by embedding them in non-representational transfor-

mation rules” (p. 1203). For Johnson, architectural transformation rules provide an alternative

mechanism for encoding stereotype-like contents beyond explicit representations.

Let’s explore the idea that functional architecture encodes information using a visual example.

A particular shading pattern on the retinal image is compatible with various environmental causes:

it can be caused by light from above hitting a concave shape or by light from below hitting a convex

shape. The visual system resolves this ambiguity in a way that is consistent with the assumption

that light comes from above, producing a representation of a concave shape (Palmer, 1999, pp.

244-245). According to the proposed view, the system does not merely function consistently with
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this assumption. Rather, the system’s architecture itself encodes the information that light comes

from above.

Positing that functional architecture encodes information has two advantages. The first is ex-

planatory. In the example above, ascribing this information to the system’s architecture helps

explain how the system comes to represent a concave shape: it does so by processing a particular

shading pattern using the information that light comes from above. This offers a better explanation

of the system’s functioning than the orthodox view, according to which this information merely de-

scribes the system’s functioning. Tyler Burge expresses this standard view when he maintains that

“principles governing transformations in perceptual systems are not the contents of any perceptual

state” but rather “specify patterns that occur in perceptual systems” (p. 406). While he considers

these principles “psychologically real,” Burge treats them as external descriptions of perceptual

patterns rather than as information encoded within the system’s architecture. This creates an ex-

planatory gap: if the system doesn’t contain the information that light comes from above, we lack

an explanation of why it seems to function in line with this constraint.

The second advantage concerns theoretical consistency. If we are willing to attribute informa-

tion to cognitive systems at all, why restrict this attribution to explicit representations? Both ex-

plicit representations and functional architecture play essential roles in explaining cognitive func-

tions. In our previous example, representations of the shading pattern together with the system’s

built-in assumption that light comes from above help explain why the system produces a represen-

tation of a concave shape. Given that representations and functional architecture are both critical

to this explanation, we have reason to treat both as carrying information.

Treating both explicit representations and functional architecture as carrying information does

not collapse the distinction between them. They are distinguished by how such information is used:

representational information is used variably to track changing features of a context, whereas archi-

tecturally encoded information is fixed and constrains processing in the same way across contexts.

For instance, in veridical cases, a visual representation of a concave shape is used only when a
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concave shape is present in the environment. By contrast, the information that light comes from

above is always used, regardless of environmental lighting conditions. As theorists, we can thus

look to how information is used to determine whether such information is explicitly represented or

architecturally encoded.

2.4.2 Architecturally encoded egocentric reference frames

This view of functional architecture can be used to elucidate the role of egocentric reference frames

in perception. Recall our question: how do a particular location and individual appear in the ac-

curacy conditions of perceptual representations if such representations do not include an explicit

constituent representation of an egocentric reference frame? The answer I want to suggest hinges

on the idea that information about the location and individual is encoded in the functional archi-

tecture of perceptual our systems. In other words, egocentric reference frames are architecturally

encoded in perceptual systems.

We can see how this architectural encoding of egocentric reference frames might work in prac-

tice by looking at visual processing. As discussed, different reference frames operate at different

stages of visual processing. I propose that these different frames are architecturally encoded in the

visual system. Early visual processing architecturally encodes a retinotopic reference frame. More

specifically, it encodes indexical locational information and indexical individual information, such

that the retina of the individual referred to occupies the location referred to. The next stage of

visual processing encodes the cyclopean reference frame. This is to say that it encodes indexical

locational and individual information, such that the midpoint between the eyes of the individual

referred to occupies the location referred to. Later visual areas encode other egocentric reference

frames in similar ways. This analysis does not merely describe how the visual system functions

to represent space. Rather, it also claims that these bundles of indexical information are in the

system’s functional architecture.

We can also consider where in the brain these reference frames might be architecturally en-
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coded. Given that V1’s function is to map objects relative to a retinotopic frame, it would presum-

ably encode the retinotopic frame (Barendregt et al., 2015). Similarly, given that V2’s function is to

map objects relative to the cyclopean reference frame, it would presumably encode the cyclopean

reference frame (Barendregt et al., 2015). Later visual areas likely encode the reference frames

used in later visual processing. While speculative, this suggests how these bundles of indexical

information might be physically instantiated.

Interpreting egocentric reference frames as architecturally encoded naturally follows the advice

of Pylyshyn (1984) on how to develop cognitive models. Pylyshyn (1984) explains that we have

a choice between attributing mental functions to functional architecture or representations when

developing cognitive models. He further advises that, when faced with this choice, one of our

goals should be to develop models that “fix as many properties as possible by building them into

the fixed, functional architecture” (p. 106). Put differently, our methodological approach should

involve attributing mental functions to functional architecture, rather than representations. Doing

so constrains a model’s expressive power and thereby more closely tailors the model to its ex-

plananda. If we accept Pylyshyn’s advice, it seems that we should interpret egocentric reference

frames as built into the fixed, functional architecture of our perceptual systems. Doing so seems

to provide a “principled rationale” for why the use of such reference frames appears invariant at

certain stages of perceptual processing (p. 106). Interpreting my cyclopean reference frame as

architecturally encoded, for example, seems to explain why early visual representations are always

used with this frame and not another: my visual system follows a functional rule regarding the use

of my cyclopean reference frame in early visual processing, and as such, use of the frame at this

stage of processing is invariant.

This architectural encoding in the visual system parallels our light-from-above case. Just as the

visual system’s architecture encodes the information that light comes from above, it also encodes

various egocentric reference frames. Critically, we can distinguish both kinds of architecturally

encoded information from the information that the system explicitly represents. Only the archi-
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tecturally encoded information is used invariantly across contexts: the system always relies on the

light-from-above constraint and always employs the same egocentric reference frames at specific

stages of processing.

We can now see how the architectural encoding of egocentric reference frames helps explain

the accuracy conditions of perceptual representations. Since functional architecture, like explicit

representations, carries information, it provides an additional mechanism for fixing accuracy con-

ditions. Thus, a perceptual representation’s accuracy conditions include a specific location and

individual, not because these are explicitly represented, but because information about them is

encoded in the perceptual system’s functional architecture. This shows how egocentric reference

frames can shape the accuracy conditions of perceptual representations without being explicitly

represented.

Consider again representation R, whose accuracy conditions include a location l and an indi-

vidual i, such that l is the midpoint between the eyes of i. The location and individual appear in

these accuracy conditions precisely because information about them is architecturally encoded in

the perceiver’s visual system – because the cyclopean reference frame is architecturally encoded.

In this way, R has these accuracy conditions without containing any explicit representation of the

cyclopean reference frame.

I have proposed that functional architecture can itself encode information, thereby offering a

mechanism besides explicit representations for fixing accuracy conditions. More specifically, I

have argued that given their invariant use across contexts, egocentric reference frames are architec-

turally encoded in perceptual systems. This architectural encoding explains how specific locations

and individuals can appear in the accuracy conditions of perceptual representations without being

explicitly represented, thereby offering a mechanism by which egocentric reference frames shape

perceptual accuracy conditions.
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2.5 The encoded self

To sum up, I have proposed a view of egocentric reference frames according to which they carry

two kinds of indexical information – locational information and individual information – and are

architecturally encoded in our perceptual systems. The upshot, given my focus on the self, is that

indexical individual information is baked into the hardware of our perceptual systems.

This aligns with certain reflections on how the self figures in perception. Consider Wittgenstein

(1922), for example. In the Tractatus, Wittgenstein writes that “the subject does not belong to the

world but it is a limit of the world” (5.632). This is followed by the thought that “from nothing in

the field of sight can it be concluded that it is seen from an eye” (5.633). We can interpret these

ideas as follows: just as an eye does not see itself in the visual field, so too, the subject does not find

itself in the world. In representational terms, the eye and the subject can represent the visual field

and the world, respectively, but cannot represent themselves. My account of egocentric reference

frames offers a parallel: indexical individual information about the perceiver is embedded in the

architecture of perceptual systems and constrains how they operate, yet it is not among the explicit

contents of perception. In this respect, indexical individual information functions as a kind of

“limit” on perceptual representations, rather than as an object of such representations.

We can also explain Hume’s (1739/1978) observation that whenever he introspects, he “fails

to catch” himself and “never can observe anything but the perception” (Bk. 1, ch. 4, §3). He

can never catch himself because his indexical individual information is encoded in the functional

architecture of his perceptual systems rather than explicitly represented. This information remains

inside the walls of his mind, so to speak, and is therefore unavailable for conscious reflection.

What he can observe – what is consciously accessible – are those things that are explicitly repre-

sented, what he calls “the perception.” This line of thought allows us to explain Hume’s experience

without endorsing the conclusion that perception fails to involve indexical individual information

– a conclusion that could be consistent with his rejection of the existence of the self.

While thus doing justice to the phenomenology of perceptual experience, the view I have pre-
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sented also raises a new question concerning the relation between self-related information in per-

ception and thought. According to the view I have developed here, indexical individual contents

are architecturally encoded in our perceptual systems, but in thought, such contents are explicitly

represented. The question, then, is what the representational pathway is from the former to the

latter. In other words, how do architecturally encoded indexical individual contents come to be

explicitly represented in thought? The next chapter begins to sketch an answer to this question.
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Chapter 3

The Hierarchy of Selves in Perception1

In the previous chapter, I argued that indexical individual information is architecturally encoded

in our perceptual systems. While my interest broadly lies in how this information transitions from

being architecturally encoded in perception to being explicitly represented in thought, this chapter

focuses on a narrower question: whether such information is ever explicitly represented within

perceptual processing itself. A prevalent philosophical view holds that it is not. According to

this view, indexical individual information always remains implicit in perceptual representation

(Campbell, 1994; Ismael, 2012; Musholt, 2015; Recanati, 2007, 2012).2 This reflects something

like Wittgensteinian insight already considered. What I perceptually represent are the objects of

perception – things such as colors, textures, and shapes. Because I am not usually among the

objects I perceive, I do not perceptually represent myself. Nonetheless, I locate the objects I

perceive relative to myself, and so it seems that the self plays some implicit role in perceptual

1A revised version of this chapter is forthcoming in Review of Philosophy and Psychology.
2The idea that the self figures in perception implicitly echoes theories of self-consciousness that treat it as a periph-

eral, albeit necessary, feature of consciousness. For example, Kriegel (2004) argues that “it is impossible to think or
experience something consciously without thinking or experiencing it self-consciously, i.e. without being peripherally
aware of thinking or experiencing it” (p. 200). Here, peripheral awareness of a thought or experience contrasts with
focal awareness of its object. Similarly to the view that the self plays an implicit rather than explicit role in percep-
tual representation, Kriegel takes self-consciousness to be constituted by peripheral rather than focal awareness. Both
views – of perceptual representation on the one hand and conscious experience on the other – thus involve a subjective
element that operates “in the background.”
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representation.

I will argue against this view that indexical individual information is always implicit in per-

ception. More specifically, I will argue that whether such information is architecturally encoded

or explicitly represented depends on an egocentric reference frame’s role in perception. When

an egocentric reference frame is used to specify the locations of other objects, it is not explicitly

represented. But in the next stage of perceptual processing, an egocentric reference frame’s role

changes: it serves as the object whose own location is specified relative to another frame. In its

new role, the frame is explicitly represented. In this way, implicit indexical individual information

becomes explicit in the next stage of processing. This progression, where implicit information at

one stage becomes explicit in the next, continues, forming a hierarchy of reference frames.

I proceed as follows. In §3.1, I articulate the view that indexical individual information is

always implicit in perceptual representations. I discuss how this view follows from my account

of egocentric reference frames if such frames are always architecturally encoded. But, this does

not seem to be the case, as I argue in §3.2. Rather, I propose that implicit indexical individual

information becomes explicitly represented as perceptual processing advances and one egocentric

reference frame is explicitly represented at a location relative to another. My proposal rests on

a view I develop called the Nested Frames View, which posits that whether egocentric reference

frames are implicit or explicit in perceptual representation depends on their role in a hierarchy

of nested frames. §3.3 shows how standard explanations of two perceptual phenomena – gaze

shifts and vection, the illusory experience of self-motion – are committed to and thus support the

Nested Frames View. In §3.4, I discuss how this hierarchy of egocentric reference frames partially

explains one’s capacity for complex movements and informs self-locating judgments in creatures

with conceptual capacities. I briefly conclude in §3.5.
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3.1 Implicit Self

As mentioned, a prevalent view in the literature holds that indexical individual information is

implicit in perceptual representation (Campbell, 1994; Ismael, 2012; Musholt, 2015; Recanati,

2007, 2012). To better understand this idea, let’s assume that perceptual representations are struc-

tured, meaning that complex perceptual representations are composed of constituent perceptual

representations bound together in a certain way. Information is explicit in a complex perceptual

representation (or any complex representation) in virtue of being represented by a constituent of

that representation. So, information about the color red, for example, is explicit in a complex

visual representation of a red apple in virtue of a constituent representation of the color red. By

contrast, implicit perceptual information can be understood as information that is not represented

by one of the constituents of a complex perceptual representation but still figures in its accuracy

conditions. Given this, the idea that the self is implicit in perceptual representation entails that

perceptual representations lack constituent representations of self, although the self figures in their

accuracy conditions. Call this view Implicit Self.

Implicit Self : Perceptual representations do not include constituent representations of

self, although the self figures in the accuracy conditions of perceptual representations.

Suppose I visually perceive a book three feet in front of me. According to Implicit Self, my

complex visual representation does not include a constituent representation of self. The constituent

representations are of an object (the book), a distance (three feet), and a direction (in front of), but

there is no constituent representation of myself.3 Despite this, I figure in the accuracy conditions

of my visual representation. My visual representation is accurate just in case a book is three feet

in front of me. Implicit Self holds that this is true for all perceptual representations: they lack

3To clarify, I take it that I perceptually represent a distance of three feet, but not that I represent the book’s distance
from me in units. After all, it would seem arbitrary for me to specify the book’s distance from me in feet rather than
meters. The same considerations apply to how I perceptually represent directions. See Peacocke (1992, p. 69) for
discussion of the idea that spatial perception is unit-free.
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constituent representations of self, although the self figures in their accuracy conditions.4

My interest here is in how indexical individual information figures in perceptual representa-

tions generally, but this presents a slight disconnect with the literature, which typically focuses

on personal level perceptual representations. The view more frequently expressed in the literature

can be glossed as holding that personal level perceptual representations lack constituent repre-

sentations of self, although the self figures in their accuracy conditions (Ismael, 2012, p. 72;

Musholt, 2015, pp. 80-81; Recanati, 2012, pp. 185-190). I believe that if you are committed to

this, you are likewise committed to the view that indexical individual information is implicit in

all perceptual representations. This is because the arguments that support the former also support

the latter. These general arguments – one of which concerns simplicity and the other, immunity

to error through misidentification – are discussed below. In any case, my focus going forward is

on perceptual representations in general, and to the extent that Implicit Self correctly describes

personal level perceptual representations, I take it to likewise correctly describe sub-personal level

perceptual representations.

One theoretical motivation for Implicit Self is based on considerations of simplicity (see §2.3.1).

One begins with the observation that, regardless of how the scene that one perceives changes, one’s

self is always the subject of perception. Because there is no variation in the role of the self in

perception, it seems that a perceptual representation of self is not needed. Representations, it is

assumed, are only needed to track things that are variable. Occam’s Razor does the rest: because a

representation of self is not needed, no such representation is used. A representation of self would

be superfluous.

Implicit Self also allows us to explain why certain judgments of the form ‘I am F’ are immune

to error through misidentification (IEM). A judgment of this form is susceptible to error through

misidentification if one’s grounds for the judgment are such that it is possible for one to know

4The scope of Implicit Self is limited to cases in which the self is only the subject of perception. The thesis does
not describe perceptual representations in which one is also an object of perception, such as when one looks in a mirror
and sees oneself.
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that something is F and be mistaken that the thing that is F is oneself (Evans, 1982; Shoemaker,

1968). To borrow from Shoemaker (1968), the thought ‘I am bleeding’ is susceptible to error

through misidentification when based on visual observation (p. 556). I might know that someone

is bleeding but misidentify the person bleeding as myself when it is in fact my friend. Judgments

that are IEM are not susceptible to this kind of error. For example, the thought ‘I have a toothache’

is IEM when based on an inner feeling of pain: I cannot know that someone has a toothache and

be mistaken that the relevant person is myself (Wittgenstein, 1958, pp. 66-67).

A popular method used to explain why certain thoughts are IEM is to posit that their grounds

never include identifications of the form ‘I = a’. If the grounds of a de se thought lack an identifi-

cation of this form, then “it looks as though there is no point at which an error of misidentification

could get introduced” (Morgan & Salje, 2020, pp. 154-155). By contrast, if the grounds of a de

se thought do depend on an identification of this form, then there is the possibility of misidenti-

fying oneself. But how can the grounds of a de se thought lack an identification of the form ‘I

= a’? Ismael (2012), Musholt (2015), and Recanati (2007, 2012) propose that non-conceptual

representations of the form ‘F’ are directly translated into conceptual representations of the form

‘I am F’, bypassing the need for such an identification. Critically, this entails that non-conceptual

representations, like perceptual representations, lack constituent representations of self.5

While these motivations make Implicit Self theoretically attractive, we should be cautious about

accepting it as a general principle. This skepticism arises when we interpret how the view might

work using egocentric reference frames. As we saw in the previous chapter, when an egocentric

reference frame is used in its customary role as the reference frame relative to which objects are

represented, it is architecturally encoded. Granting that egocentric reference frames carry index-

ical individual information, this entails that indexical individual information remains implicit in

perceptual representation. The difficulty is that perception also involves specifying the locations

5I take it that perceptual representations are non-conceptual (see Block, 2023). Following Evans (1982), I gloss
this as meaning that a perceiver might token perceptual representations without possessing the concepts necessary to
specify the contents of those representations. (I leave the debate regarding the distinction between state and content
non-conceptualism aside (see Bermúdez, 2007; Heck, 2000; Toribio, 2008).)
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of egocentric reference frames relative to each other. In cases like these, one reference frame takes

on the role of the object whose location is specified. In the next section, I argue that in such cases,

we have reason to think that egocentric reference frames are explicitly represented and thus, that

indexical individual information is explicitly represented. This suggests that contra Implicit Self,

we have reason to posit a restricted use of representations of self in perception.

3.2 The Nested Frames View

The reason we should be cautious about taking Implicit Self to describe all perceptual representa-

tions is that egocentric reference frames are not limited to functioning as reference frames, as they

do in standard cases; they also function as objects whose locations are specified. This occurs in

creatures like us, whose perceptual systems use many egocentric reference frames and must track

their variable spatial relations. When one reference frame is represented at a location relative to

another, the former assumes the role of an object while the latter serves as a reference frame. To

account for these cases, this section proposes the Nested Frames View as a new theory of how ego-

centric reference frames are used in perception. As I will argue, the view shows how the indexical

individual information carried by such frames comes to be explicitly represented in perception.

For context, empirical research on reference frames has often focused on where in the brain dif-

ferent frames are implemented and what cognitive processes they underwrite (Andersen & Zipser,

1988; Barendregt et al., 2015; Chen et al., 2013; Colby & Duhamel, 1996; Groh, 2014; O’Keefe &

Dostrovsky, 1971). In philosophy, a central concern has been why our experiences appear unified

despite the use of many frames (Alsmith, 2020; Briscoe, 2009; Grush, 2000). My question here is

different: how are reference frames represented relative to one another, and what does this reveal

about how the self is represented in perception?

The Nested Frames View addresses this question in two parts. The first concerns the represen-

tational relations between the egocentric reference frames used by a creature in perception.6 The

6The Nested Frames View seems to capture the representational relations between the egocentric reference frames
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view proposes that within a given perceptual system, one reference frame is nested within another,

meaning that the former is represented at a location relative to the latter. This nesting relation then

iterates. Imagine a creature that uses three reference frames: RF0, RF1, RF2. If RF0 is nested

within RF1 and RF1 is nested within RF2, this means that RF0 is represented at a location relative

to RF1 and RF1 is represented at a location relative to RF2.7

The second component of the Nested Frames View describes when egocentric reference frames

are implicit and explicit based on their role in the nested structure. This builds on insights from ex-

isting work suggesting that egocentric frames can shift between implicit and explicit roles. Grush

(2000), for instance, argues that what he calls a point of view (POV) functions as the implicit

anchor of an egocentric space but becomes explicitly represented when coordinated with an allo-

centric frame (p. 82). While Grush focuses on egocentric-to-allocentric coordination, the Nested

Frames View extends his idea to egocentric-to-egocentric relations. Specifically, the view holds

that for any given pair of nested frames, the nested frame is explicit and the nesting frame is im-

plicit. In other words, when one frame is represented at a location relative to another, the former

is explicitly represented and the latter is architecturally encoded. This entails that when RF0 is

nested within RF1, which is nested within RF2, RF0 is explicitly represented at a location relative

to RF1, which is architecturally encoded, and RF1 is explicitly represented at a location relative to

RF2, which is architecturally encoded.

To illustrate this nested structure more concretely, let’s look at an example. Imagine a creature

whose visual system uses four egocentric reference frames that are arranged such that RF0 is

nested within RF1, RF1 is nested within RF2, and RF2 is nested within RF3. I will stipulate

that perceived objects are first represented at locations relative to the maximally nested reference

frame, RF0; the reason for this will become clear later. When perceived objects are explicitly

used in human visual perception, as will be seen in §3.3. I anticipate that the view also applies to human auditory
perception and similar perceptual systems in non-human animals. However, how far the view extends beyond that
remains an open question.

7Other configurations are also compatible with the view. For instance, both RF0 and RF1 could be nested within
RF2. This might occur in vision, if two monocular reference frames are nested within the cyclopean reference frame.

63



represented at locations relative to RF0, it remains architecturally encoded. But when its location

is specified relative to RF1, RF0 is explicitly represented. This pattern, in which one reference

frame is architecturally encoded at one level of the nested structure and explicitly represented in

the next, continues, as shown in Figure 1. The pattern stops with the outermost frame, RF3, which

is not explicitly represented because it is not nested within another frame.

Figure 1: Nested Reference Frames. Perceived objects are nested within RF0, RF0 is nested within
RF1, RF1 is nested within RF2, and RF2 is nested within RF3.

Now, let me outline what the nested structure used in human visual perception might look like.

For simplicity, let us assume that only four reference frames are used: the cyclopean reference

frame, the head-centered reference frame, the body-centered reference frame, and an allocentric

reference frame.8 We should expect that the cyclopean frame is nested within the head-centered

frame, which is nested within the body-centered frame, which is nested within an allocentric

frame.9 This is because objects in the environment that are visually perceived are represented

relative to the eyes before the head; they are represented relative to the head before the body; and

they are represented relative to the body before the environment. In this way, maximally embedded

8This structure leaves out egocentric reference frames, like monocular reference frames, whose role in perception
is less well-established. It also does not engage with the possibility of more complex kinds of reference frames, such as
hybrid reference frames (Carrozzo & Lacquaniti, 1994) and idiosyncratic reference frames (Chang & Snyder, 2010).

9The hierarchical arrangement of reference frames is an empirical matter and will vary across systems. For exam-
ple, Nortmann et al. (2025) developed a recurrent neural network that converts egocentric (eye-centered) coordinates
into allocentric (image-centered) coordinates while minimizing energy consumption. Because this model uses only
two frames, it cannot implement a hierarchy like the one I propose for human visual perception.
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egocentric reference frames are located at the beginning of the visual processing stream; but as pro-

cessing continues, information is passed to frames that occupy less and less embedded positions.

In fact, moving along the processing path critically involves contextualizing incoming information

in wider and wider spatial frameworks.

I now turn to consider three lines of support for the Nested Frames View: empirical findings

from spatial neglect, robot kinematics, and an analysis of proprioceptive information. Together,

these not only reinforce the general idea of a hierarchy of egocentric reference frames in perception

but also specifically align with the structure outlined above for human visual perception.

First, studies of spatial neglect reveal error patterns consistent with a hierarchy of reference

frames in perception. Before considering the empirical findings, it is helpful to clarify how errors

propagate within such a hierarchy. Given that information flows upward, errors in lower-level ref-

erence frames should propagate upward to higher-level frames, but not downward. For instance,

using Figure 1, an error in RF2 should produce errors in RF3, while leaving RF0 and RF1 unaf-

fected. Applied to the hierarchy proposed for human visual perception, errors in the body-centered

frame should affect allocentric representations but not head-centered or cyclopean representations.

Empirical evidence supports this prediction. Li et al. (2014) studied patients with left-sided

spatial neglect using triangular targets that either contained a gap or were intact. The targets ap-

peared at different positions relative to the patient’s trunk, while the gap’s location varied in allo-

centric space. Crucially, neglect of gaps on the left of allocentric space was worse when stimuli

appeared to the left of the trunk. The authors concluded that “not only were allocentric and ego-

centric biases present simultaneously, but that egocentric information can influence the severity

of allocentric neglect” (p. 166).10 Focused on disambiguating between different egocentric refer-

ence frames, Karnath et al. (1991) also studied patients with left-sided spatial neglect and found

that it was specifically trunk-centered: leftward trunk movements compensated for neglect, while

10A similar hierarchical relationship between egocentric and allocentric processing has been observed at the neural
level by Zaehle et al. (2007), who suggest that “a hierarchically organized processing system exists in which egocentric
spatial coding requires only a subsystem of the processing resources of the allocentric condition” (p. 92).
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head movements did not. This suggested that the patients’ spatial neglect was localized to their

body-centered frame and did not affect their head-centered frame (see also Karnath et al. (1993)).

Taken together, these findings provide empirical grounds for a hierarchical organization of

egocentric reference frames used in visual perception. The influence of body-centered errors on

allocentric representations, alongside the absence of errors in the head-centered frame, suggests

a structure in which the body-centered frame falls between the lower-level head-centered frame

and a higher-level allocentric frame. By contrast, a non-hierarchical model appears incompatible

with these results. If, for example, the body-centered reference frame were explicitly represented

relative to both an allocentric frame and the head-centered frame, it would be difficult to explain

why errors in the body-centered frame do not propagate to the head-centered frame.

That said, it is important to recognize that a hierarchical model does not preclude top-down in-

fluences from higher-level frames on lower-level ones. Increasing evidence shows that hippocam-

pal information, which encodes an allocentric (or cognitive) map, can modulate early visual pro-

cessing. As Fernandez Velasco (2024) emphasizes, “The classical picture (be it in neuroscience,

psychology, or philosophy) of the interaction between the systems in charge of visual processing

and spatial location is bottom-up... A wealth of discoveries is now turning this classical picture

on its head” (p. 162). For example, recent studies have demonstrated that V1 neural responses to

landmarks are modulated by allocentric information about self-location (Saleem et al., 2018) and

that some V1 neurons exhibit stimulus-predictive responses possibly “scaffolded” by hippocampal

activity (Fiser et al., 2016, p. 1664). While these findings reveal top-down effects on early visual

processing, they do not constitute evidence that higher-level frames systematically alter the spatial

positions of objects represented in lower-level frames, which would suggest that reference frames

are mutually represented relative to each other rather than nested. Thus, the current findings appear

compatible with the Nested Frames View.

A second source of support for a hierarchy of reference frames in perception comes from

robotics (see standard robotics textbooks such as Craig (2009) and Siciliano et al. (2008)). In robot
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kinematics, each of a robot’s links or articulated body parts is assigned its own reference frame.

These frames are then arranged hierarchically, with each defined relative to a parent frame. The

root of the hierarchy, known as the “base frame,” is typically anchored to the most stable part of the

system (e.g. the torso in humanoid robots). Other frames represent links beyond the base that can

move given the robot’s joints. Movement is modeled by specifying the spatial relations between

each frame and its parent, tracing all the way back to the base frame.

Like robotic systems, biological systems might also use a hierarchy of reference frames because

they too must track a hierarchy of physical relations introduced by joints. Consider the relationship

between the eyes and head. Physically, the eyes can move while the head remains fixed, but

the head cannot move while keeping the absolute position of the eyes fixed. In keeping with

computational models in robotics, the nested frames structure I have proposed for visual perception

suggests that this asymmetry is mirrored at the representational level: the cyclopean frame can be

represented at different positions within the architecturally encoded head-centered frame, but not

vice versa. Like the head relative to the eyes, the head-centered reference frame functions as the

anchor relative to which the cyclopean reference frame is represented. Given that the asymmetrical

relations between body parts continue (e.g. the head moves relative to the torso), we should expect

the asymmetrical relations between reference frames to continue, thereby forming a hierarchy.

The use of hierarchical spatial structures like those found in robotics has precedent in other

models of perception. Bermúdez (2017) explicitly draws on robotics in developing a model of

bodily awareness. He proposes that the human body is represented “as a hierarchy of generalized

cones linked by mechanical joints” and anchored to the immovable torso (p. 136). According to his

view, a sensation in the hand, for example, is located in a cylindrical coordinate system centered

on the wrist that is then located relative to the torso via joint angles at the elbow and shoulder. In

this way, a wrist-centered frame is nested within an elbow-centered frame, which is nested within

a shoulder-centered frame, which is nested within the torso-centered frame. While Bermúdez uses

this kind of hierarchical structure to model spatial representation in interoceptive perception, the
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Nested Frames View uses it to model such representation in exteroceptive perception.

The third and final source of support for the Nested Frames View that I will discuss concerns the

proprioceptive information used to track spatial relations between reference frames. I’ll explicate

my idea by previewing an example discussed in §3.3.1. During gaze shifts, cognition must track

object positions relative to the eyes and eye position relative to the head in order to represent visual

objects relative to the head (Andersen et al., 1993, pp. 171-173; Briscoe, 2021, p. S3926; Grush,

2000, p. 68; Zipser & Andersen, 1988). Mathematically, representing eye position relative to

the head is equivalent to representing head position relative to the eyes. But when we consider the

source of this spatial information, a clear asymmetry emerges, one closely related to the asymmetry

between body parts. The information used is proprioceptive and derives from eye muscle activity

during eye movements (Balslev & Miall, 2008; Briscoe, 2021, p. S3926; Zipser & Andersen,

1988). Thus, this information is best construed as concerning the position of the eyes relative to

the head rather than vice versa. This indicates a possible asymmetry between the relevant reference

frames, namely, that the cyclopean reference frame is represented at a location relative to the head-

centered frame rather than vice versa. More broadly, this suggests a hierarchy of reference frames

in which each frame is represented relative to another, mirroring the asymmetric proprioceptive

signals that track spatial relations between body parts.

Beyond providing evidence for a hierarchy, this analysis of proprioceptive information helps

highlight a key feature of the Nested Frames View: that some reference frames are explicitly rep-

resented, in addition to being architecturally encoded. This likely occurs because our perceptual

systems must track the variable relations between different reference frames. We’ve seen, for ex-

ample, how representing visual objects relative to the head requires tracking both their positions

relative to the eyes and the eyes’ position relative to the head. This suggests that the cyclopean

reference frame plays two roles: it serves as a frame relative to which objects are represented and

as an object represented relative to the head-centered frame. When objects are represented at lo-

cations relative to the cyclopean frame, it remains architecturally encoded. As we saw, there is no
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need for it to be represented (§2.4.2). Yet when the eyes shift, downstream parts of cognition must

track and compensate for this shift. I propose that at one step higher in the processing stream, the

cyclopean frame is now explicitly represented at a location relative to the architecturally encoded

head-centered frame. Thus, the cyclopean frame is encoded twice over: first, implicitly, for rep-

resenting other objects at locations relative to it; second, explicitly, for representing itself relative

to another frame. This reflects a broader functional trend: an implicit egocentric reference frame

functions as the frame relative to which other objects are represented, while an explicit egocentric

reference frame functions as an object that is itself represented relative to another frame.

The dual use of egocentric reference frames mirrors the self’s roles as subject and object of

perception. To see this, notice how the functions of the cyclopean reference frame map onto the

two roles of the eyes: to perceive and to be perceived. When the cyclopean reference frame is

architecturally encoded and used as the frame relative to which objects are represented, it carries

information about the eyes in their perceiving role. The eyes are perceiving the objects represented

at locations relative to the cyclopean frame. By contrast, when the cyclopean reference frame is

explicitly represented at a location relative to another frame, it carries information about the eyes

as they are being perceived. In this case, the eyes are objects of proprioception, whose positions

relative to the head must be tracked for downstream perceptual processing. Interestingly, even

while reflecting the role of the eyes as objects of proprioception, the cyclopean reference frame

serves as an input to downstream perceptual processing and so facilitates one’s role as a perceiver.

In this way, as a whole, the nested structure of reference frames is marshaled in support of the

self’s role as the subject of perception.

The nested structure of egocentric reference frames illustrates how indexical indexical individ-

ual information comes to be explicitly represented in perception. When an egocentric reference

frame that is architecturally encoded at one level of the nested structure becomes explicitly rep-

resented in the next, the information that it carries is likewise articulated. This follows from my

analysis of egocentric reference frames as structures that jointly encode indexical locational infor-
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mation and indexical indexical individual information (§2.2).

Another source of support for the idea that explicit representation of an egocentric reference

frame entails explicit representation of indexical individual information comes from consideration

of conscious access. The positions of our body parts relative to one another are consciously ac-

cessible (Bermúdez, 1998, ch. 6; Evans, 1982, ch. 7). I can, for example, feel where my eyes are

located relative to my head and report on this. Crucially, this feeling is accompanied by a sense

of ownership (de Vignemont, 2018). When I feel the position of my eyes relative to my head,

they feel like my eyes. That something is consciously accessible in this way is generally taken

to be indicative of explicit representation. Thus, this consciously accessible sense of ownership

provides evidence that when information about eye position is explicitly represented, indexical in-

dividual information – here, information that the eyes are my eyes – is also explicitly represented.

More generally, this suggests that indexical individual information is explicitly represented when

egocentric reference frames are so represented.

We can use the nested structure of reference frames proposed earlier to sketch the use of explicit

indexical individual information in human visual perception. The cyclopean reference frame’s

nesting within the head-centered frame marks explicit information about one’s eyes, used to specify

their position relative to the head. The head-centered reference frame’s nesting within the body-

centered frame marks explicit information about one’s head, used to specify its position relative

to the body. And the body-centered reference frame’s nesting within an allocentric frame marks

explicit information about one’s body, used to specify its position relative to the environment.

In summary, the Nested Frames View proposes that egocentric reference frames are hierar-

chically organized such that they can be both architecturally encoded and explicitly represented

depending on their role. I have provided support for this hierarchical organization using studies

of spatial neglect, robot kinematics, and an analysis of proprioceptive information. Crucially, the

view entails that when an egocentric reference frame moves from being architecturally encoded at

one level to being explicitly represented at the next, the indexical indexical individual information
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that it carries likewise becomes articulated. I now turn to argue that the Nested Frames View is

well-suited to describe two phenomena in human perception.

3.3 The Nested Frames View in action

In this section, I further explicate the Nested Frames View by showing how it applies to specific

perceptual phenomena: gaze shifts and vection. Gaze shifts are movements of the eyes, and vec-

tion is the illusory experience of self-motion. I’ll argue that during gaze shifts, the cyclopean

reference frame is architecturally encoded when used as the frame relative to which objects are

represented, but explicitly represented when used as an object whose location is specified relative

to the architecturally encoded head-centered frame. Similarly, I’ll argue that during vection, the

body-centered reference frame is architecturally encoded when used as the frame relative to which

objects are represented, but explicitly represented when used as an object whose location is spec-

ified relative to an allocentric frame. These cases thus appear to show how indexical individual

information comes to be explicitly represented in perception.

3.3.1 Gaze shifts

The first case we will look at involves the routine perceptual experience of shifting your gaze. Let

us try a short exercise, shown in Figure 2. Look straight in front of your nose, such that some

object x is in the center of your visual field. Call this t1. Holding the position of your head fixed,

rotate your eyes – in other words, shift the direction of your gaze – 20◦ to the left. Now x is in

the right periphery of your visual field, although x’s position relative to your head is the same as

before. Call this t2. Notice that at both times, part of your experience is as of x’s position in front

of your head and you judge x to be in front of your head. These facts give us reason to believe that

you represent x at a position relative to your head. But how do you do this? The visual information

you receive only gives x’s position relative to your eyes and the position of your eyes relative to

your head changes over time. The basic answer is that the capacity to represent x relative to your
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head depends on tracking the position of your eyes relative to your head. But as I will argue, this

suggests that egocentric reference frames are themselves explicitly represented in higher frames,

as the Nested Frames View anticipates.

Figure 2: Gaze Shifts

During gaze shifts, the cyclopean reference frame is used to locate x relative to one’s eyes and

the head-centered reference frame is used to locate x relative to one’s head. As shown in Figure

3, at t1, x is represented 90◦ from the cyclopean frame’s left-right axis because x falls in front of

one’s eyes. The direction corresponding to this axis runs parallel to the direction corresponding to

the left-right axis of one’s head-centered frame, and so, x is represented 90◦ from the latter as well.

At t2, x is represented 70◦ from the left-right axis of one’s cyclopean frame because of one’s 20◦

gaze shift to the left. Critically, because of one’s gaze shift, this axis corresponds to a direction

that is 20◦ rotated from the direction corresponding to the left-right axis of one’s head-centered

frame. The 20◦ shift in the axis of the former frame relative to the latter offsets the 20◦ change in

x’s position relative to the cyclopean frame. Thus, at t2, x is still represented 90◦ from the left-right

axis of one’s head-centered frame.11

11This analysis need not be taken to imply support for what Briscoe (2021) calls the decomposition thesis, according
to which “perceptual experiences resolve without remainder into their different modality-specific components” (p.
S3913). In the context of gaze shifts, this thesis would entail that awareness of an object’s location relative to the head
decomposes into awareness of its location relative to the eyes and awareness of the eyes’ position relative to the head.
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Figure 3: A Representational Account of Gaze Shifts

What this explanation of gaze shifts highlights is that x’s position relative to one’s head-

centered reference frame is a function of x’s position relative to one’s cyclopean reference frame

and the cyclopean frame’s position relative to one’s head-centered frame. The Nested Frames View

accounts for this calculation by positing explicit representations of x and the cyclopean reference

frame, both of which play the role of the object whose location is specified. Specifically, the idea

is that the visual system computes x’s position in one’s head-centered reference frame by explicitly

representing x relative to the architecturally encoded cyclopean frame and explicitly representing

the cyclopean frame relative to the architecturally encoded head-centered frame. As can be seen,

this explanation relies on the idea that one’s cyclopean reference frame is both architecturally en-

coded and explicitly represented at different stages of processing. It is architecturally encoded

when perceived objects are represented at positions relative to it, and it is explicitly represented

when its position is specified relative to the head-centered frame. Insofar as the cyclopean refer-

Against this view, Briscoe argues that the object’s location relative to the head constitutes a “strongly novel type of
perceptible feature” that cannot be reduced to these components alone (p. S3929). While my analysis focuses on only
these two components, I remain neutral on whether there are additional representations of the kind Briscoe describes.
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ence frame is explicitly represented relative to the head-centered frame, the former is nested within

the latter.

The foregoing account posits that the visual system explicitly represents the cyclopean refer-

ence frame relative to the head-centered reference frame. The deflationary alternative is that the

function used to compute the position of object x relative to the head-centered frame is encoded in

the visual system’s functional architecture. In other words, the system might follow a rule, such

as: When the eyes rotate x◦ counterclockwise, the location of object o relative to the head-centered

reference frame = the location of o in the cyclopean reference frame + x◦. If this kind of rule

is architecturally encoded, then no representation of the cyclopean reference frame is necessary.

How objects are represented relative to the head-centered frame is guaranteed by how the visual

system functions.

I turn to discuss two studies of visual perception, which considered together, support positing

an explicit representation of the cyclopean reference frame during gaze shifts. As will be seen, the

studies are framed to concern a “representation of eye position,” but this is plausibly interpreted

as a representation of the cyclopean reference frame at a location relative to the head-centered

reference frame. After all, what is relevant to the studies is information about the position of one’s

eyes relative to one’s head, and this is just the information carried by the latter representation. If this

is right, then these studies give us reason to think that egocentric reference frames are sometimes

explicitly represented in perception.

Wang et al. (2007) recorded neurons in area 3a of the primary somatosensory cortex of two

rhesus monkeys and identified a total of 88 neurons that appeared sensitive to eye position (pp.

640-641). Given their location in the somatosensory cortex, a brain region involved in sensory

processing, the researchers hypothesized – and later confirmed – that these neurons were involved

in the sensory processes that inform perceptual representation. For each neuron, the strength of its

neural signal correlated with a particular position of the eyes relative to the head. For example,

one neuron exhibited baseline activity for all positions below the head’s horizontal axis, increasing
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activity for positions above it, and maximum activity at 15◦ from its vertical axis and 0◦ from its

horizontal axis. This neuron thus seemed tuned to an eye position of 15◦ from the head’s vertical

axis and 0◦ from its horizontal axis (p. 641). 70% of the neurons also showed a phasic response:

when the monkey made a saccade to the neuron’s preferred eye position, the signal would initially

spike, before exhibiting a constant firing rate for as long as the monkey held a fixed gaze (p. 642).

The correlation between neural responses and eye positions led the researchers to conclude that

there is a “representation” of eye position in the somatosensory cortex of the monkey.12

Wang et al. (2007) then attempted to confirm whether this eye position representation origi-

nated from proprioceptive signals from muscles around the eyes. The other possibility was that

it came from efference copy – a copy of the motor commands used to direct movements of the

eyes. The location of the neurons within “a region of somatosensory cortex dedicated to muscle

proprioception, [suggested] a proprioceptive origin”, but to confirm this hypothesis, Wang et al.

used a retrobulbar block to temporarily anesthetize and paralyze one eye (p. 642). The other eye

was able to move normally. The researchers continued recording the neurons correlated with eye

position and found that they stopped firing for the duration of the anesthesia and paralysis of the

one eye. A signal from efference copy would be expected to continue despite the block, given that

one eye continued to move freely. Thus, Wang et al. concluded that the eye position signal had

proprioceptive origins, and that this signal was cut off when the eye was anesthetized.

While providing evidence of a proprioceptive representation of eye position, Wang et al. (2007)’s

study does not specifically address whether this representation is used during gaze shifts. What we

need is evidence that this representation is used to specify the positions of objects relative to the

head. Balslev & Miall (2008)’s results indicate just this.

In Balslev & Miall (2008)’s study, human subjects were tasked with performing a “straight-

ahead” test. Participants saw an LED appear in an otherwise dark setting and instructed the exper-

imenter to move the LED either to the left or right until it appeared straight ahead of their nose (p.

12In other studies, eye position seems to modulate neural receptive fields, rather than being represented on its own
(Andersen et al., 1985; Bremmer et al., 1998; Zipser & Andersen, 1988).
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8969). In the control condition, subjects performed this task both before and immediately follow-

ing fifteen minutes of low-frequency repetitive transcranial magnetic stimulation (rTMS) over their

left motor cortex. (Low-frequency rTMS is used to temporarily “turn-off” selected brain areas.)

The test condition differed only in that rTMS was applied over the primary somatosensory cortex.

While performance was highly accurate in the control condition, performance was inaccurate in the

test condition: rTMS over the primary somatosensory cortex affected subjects’ visual perceptions,

shifting the visual scene to the left of their nose (p. 8970).13 Balslev & Miall wrote, “we interpret

this shift as an error in perceived eye position” (p. 8970). Their idea was that the perceptual error

in locating objects relative to the nose (i.e., head) was best understood as derived from a proprio-

ceptive error in locating the eyes relative to the head. The error was thought to be proprioceptive

given the role of the somatosensory cortex – the region affected by rTMS – in sensory processing.

One shortcoming of Balslev & Miall (2008)’s study is that rTMS occurs over a relatively large

area, and thus, it could be that subjects’ altered visual perceptions resulted from more generalized

changes to connections both within and without the somatosensory cortex. However, as Balslev &

Miall note, their results match those of Wang et al. (2007). When considering these two studies to-

gether, the following picture emerges. The firing patterns of specific neurons in the somatosensory

cortex correlate with positions of the eyes relative to the head. And, disruptions to these neurons

correlate with inaccurate perceptual representations of object positions relative to the head. These

correlations lend strong support to the idea that there is a representation of eye position which is

used to locate objects relative to the head.14 If this is correct, it seems reasonable to conclude

that this representation is used during gaze shifts. What’s more, if, as I have proposed, we can

re-describe this representation of eye position as a representation of one’s cyclopean frame located

relative to one’s head-centered frame, then we can conclude that gaze shifts involve the use of an

13Using two different non-visual tests, the experimenters ruled out the possibility that the shift in subjects’ percep-
tion of the visual scene was caused by a shift in their perception of their body mid-line (Balslev & Miall, 2008, p.
8970).

14The view that certain correlations between world states and internal states are sufficient to postulate mental rep-
resentations is articulated and defended in Gallistel (1998) and Shea (2018, chap. 4).
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explicitly represented egocentric reference frame.

To recap, we aimed to explain how one is able to represent objects at positions relative to the

head during gaze shifts. In line with the Nested Frames View, I proposed that representing an ob-

ject at a position relative to the head-centered reference frame required explicitly representing the

object at a position relative to an architecturally encoded cyclopean reference frame and explicitly

representing the cyclopean frame at a position relative to an architecturally encoded head-centered

frame. My proposal thus relied on the idea that one’s cyclopean frame is nested within one’s

head-centered frame. I found support for this idea by looking at two empirical studies of visual

perception. If, as I have argued, gaze shifts do in fact involve the nesting of one’s cyclopean frame

within one’s head-centered frame, then they constitute a case in which, contra Implicit Self, in-

dexical individual information is explicitly represented in perception. We have reason to believe

that the cyclopean frame carries indexical individual information insofar as it seems to capture the

individual’s perspective (§2.2). When the frame is made explicit, so too is the information that it

carries.

3.3.2 Vection

The second case that I will analyze using the Nested Frames View is vection, an illusion in which

one inaccurately experiences oneself as moving when one is stationary (see Palmisano et al., 2015).

The paradigmatic experiment for inducing vection, depicted in Figure 4, runs as follows (see Mach,

1875/2001). A subject is seated inside a drum painted with black and white vertical stripes. At

t0, both the subject and the drum are stationary and the subject experiences both as stationary.

At t1, the drum starts to rotate counterclockwise along the earth’s vertical axis. At this time, the

subject’s experience is veridical: she experiences the drum as spinning and herself as stationary.

The subject’s experience then changes, typically between 2-20 seconds after the drum begins to

spin (Riecke & Schulte-Pelkum, 2013, p. 30). Although the drum is still spinning and the subject

is still stationary, the subject inaccurately experiences herself to be moving clockwise relative to
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a stationary drum. Call this t2. I will argue that explicit representation of an egocentric reference

frame offers the best representational explanation of the shift in the subject’s experience between

t1 and t2.

Figure 4: Vection

Vection is often understood as involving a change from one rest frame – the reference frame

one takes to be stationary – to another (Prothero & Parker, 2003; Riecke, 2011; Seno et al., 2009).

The idea is that one’s rest frame at t2 differs from one’s rest frame at t0 and t1. At t0 and t1, when

the subject takes herself to be stationary, she uses one of her egocentric reference frames as her

rest frame. I will assume that this is her body-centered reference frame because the subject takes

her whole body to be stationary. As shown in Figure 5, at t0, the drum is represented as stationary

in the body-centered frame and at t1, the drum is represented as spinning counterclockwise in this

frame.

Because entire visual scenes do not normally move, at t2, the subject’s incoming visual in-

formation (of the drum moving) is interpreted as a signal that the subject is moving relative to a

fixed visual scene. The visual scene – i.e. the drum – is taken as stationary, which is to say that

a drum-centered reference frame is used as the subject’s rest frame. Spatial relations which were

previously represented relative to the subject now are represented relative to the drum. Specifically,

the body-centered reference frame, which at t0 and t1 was used to map spatial relations relative to

the center of the subject’s body, is represented as moving clockwise relative to the drum-centered
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Figure 5: A Representational Account of Vection

frame, as shown in Figure 5.15

This representational account of vection comports with the Nested Frames View. The view

suggests that at t0 and t1, one explicitly represents the drum relative to an architecturally encoded

body-centered reference frame, while at t2, this frame is explicitly represented relative to a drum-

centered reference frame. The underlying reasons for the body-centered frame’s being architec-

turally encoded at t0 and t1 but explicitly represented at t2 concern variability and motion. At t0

and t1, one’s body is perceived to be at rest and so, the position of one’s body-centered frame is

invariant. This invariance obviates any need for the frame to be explicitly represented; thus, we

can posit that it is merely architecturally encoded. However, at t2, we have reason to think that the

body-centered frame is explicitly represented relative to the drum-centered frame. This is because

one’s body is perceived to be moving. A natural way to encode the body as moving is to explic-

15Schwenkler (2014) offers a compelling reductio argument for the related conclusion that one’s visual experience
during vection involves self-locating contents. See Mitchell (2021) for a reply.
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itly represent it at different positions over time. This is achieved by explicitly representing the

body-centered reference frame at different positions relative to the drum-centered reference frame.

We may reject the idea that the position of the body relative to the drum is merely architec-

turally encoded at t2. This is because the spatial relations between oneself and the drum are highly

variable; one can easily change both one’s location and orientation relative to one’s environment.

Encoding such variable information in one’s functional architecture would be computationally

costly. For comparison, it would be far more costly than architecturally encoding the position of

one’s eyes relative to one’s head – a deflationary proposal considered in our discussion of gaze

shifts. After all, the movements of one’s eyes relative to one’s head are relatively constrained,

while the movements of one’s body in the environment are not. Given this high computational

cost, we should doubt that information about one’s position relative to the drum is architecturally

encoded.

To sum up, I have argued that we have reason to think that during the illusory experience

of self-motion, one explicitly represents one’s body-centered reference frame as spinning relative

to a drum-centered reference frame. Explicit representation of the former frame seems required

given the body’s highly variable positions relative to the drum. While the body-centered reference

frame appears architecturally encoded at earlier stages of processing, I conclude that it is eventually

represented explicitly. Thus, it constitutes a further example of an explicitly represented egocentric

reference frame and so, a further example in which indexical individual information is explicitly

represented in perception.

3.4 Implications of the hierarchy beyond perception

Having explicated the Nested Frames View and discussed how it accounts for gaze shifts and vec-

tion, I would like to highlight two important consequences of the view that extend beyond per-

ception. One consequence concerns how the hierarchy of reference frames relates to a creature’s

capacity for movement; the other concerns how reference frames in the hierarchy inform de se
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thought. I’ll develop each of these ideas in turn.

To begin, I propose that only creatures with the capacity for movement use a hierarchy of

egocentric reference frames. This is because multiple reference frames are useful only if they

can “come apart”: only if the spatial relations between the points and directions to which they

correspond can vary. For example, the reason that both the cyclopean and head-centered reference

frames are useful in human perception is that humans can move their eyes, and when they do, the

directions corresponding to the axes of the cyclopean reference frame vary independently of the

directions corresponding to the axes of the head-centered frame. This relation between the use of

reference frames and the capacity for movement suggests that creatures that lack the capacity for

movement will not use multiple reference frames and so will not use a hierarchy of such frames.

Thus, where there is no capacity for movement, we find at most one reference frame used by a

creature in perception.

Increasingly sophisticated forms of movement, both within and across creatures, suggest the

use of increasingly nested reference frames for two interrelated reasons. First, as movements

become more complex, they engage the use of more bodily joints. For example, turning one’s

head while moving one’s eyes involves more joints (both the eye sockets and the neck) than either

movement involves individually. The joints, in turn, introduce degrees of physical freedom that

a creature must track in cognition (as discussed in §3.2). The greater the degrees of physical

freedom introduced by the joints, the greater the number of reference frames a creature requires.

So, increasingly sophisticated kinds of movement typically require increasingly nested structures.

Second, each nesting reference frame marks the capacity to represent proprioceptive informa-

tion that can be used to guide a creature’s movements. The use of the head-centered reference

frame marks the capacity to represent proprioceptive information about the movements of one’s

eyes; the use of the body-centered frame marks the capacity to represent proprioceptive informa-

tion about the movements of one’s head; and so on. This proprioceptive information is critical

to successful action because it allows one to perceive one’s actions while in progress and adjust
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them if and as necessary. So, increasingly sophisticated forms of movement seem to be partially

explained by the use of more nested reference frames insofar as they mark the availability of pro-

prioceptive information.

One consequence, then, of the hierarchy of egocentric reference frames is that it seems to help

explain a creature’s capacity for complex movements. I’ll now explore a second consequence of

the hierarchy, which concerns its connection to de se thought. I conjecture that, in creatures with

conceptual capacities, representations used with frames towards the top of the hierarchy are more

likely to inform conceptual judgments about self-location than representations used with frames

towards the bottom. I’ll gloss a self-locating judgment as a judgment that specifies the spatial

relations between oneself and the greater environment. This kind of judgment is often informed by

perception. For example, one might form the self-locating judgment ‘Buckingham Palace is to my

left’ based on one’s current perceptual state. By analyzing how perceptual representations inform

self-locating judgments like this one, we can start to understand how the hierarchy of egocentric

reference frames used in perception connects to the representation of self used in thought.

Borrowing an example from Peacocke (1992), let’s compare different ways in which you might

look at Buckingham Palace. First, your eyes might be rotated relative to your head, such that the

palace falls in the middle of your cyclopean reference frame, but off to the left in your head-

centered frame. If prompted to judge where the palace is relative to you, my intuitions are that

you will say it is to your left. If so, your judgment will be based on the palace’s location in your

head-centered reference frame, rather than its location in your cyclopean frame. Thus, it is the

representation used with the higher frame in the hierarchy that informs your judgment. The same

seems true when we compare the use of your head- and body-centered reference frames. This time,

imagine that your head is rotated relative to your body, such that Buckingham Palace falls in the

middle of your head-centered frame, but off to the left in your body-centered frame. Again, you

seem more likely to judge that the palace is to your left and again, your judgment is based on a

representation used with the higher frame in the hierarchy: the body-centered frame rather than
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in the head-centered frame. Although they concern different reference frames, what both of these

cases suggest is that representations used with less embedded frames are more likely to inform

one’s self-locating judgments than representations used with more embedded frames.

There is some empirical confirmation of this hypothesis. Alsmith et al. (2017) used what they

call a “Misalignment Paradigm” to evaluate the relative contributions of one’s head- and body-

centered reference frames to self-locating judgments. Over a series of 750 trials, subjects were

tasked with judging whether a ball was to the left or right of an avatar viewed from a bird’s-eye

perspective. Because the avatar’s head and torso were misaligned, Alsmith et al. were able to

determine how the avatar’s head- and body-centered frames contributed to subjects’ judgments.

While they found both reference frames to contribute, Alsmith et al. (2017)’s analysis revealed

that “the torso’s [i.e., body’s] overall contribution to judgments was substantially stronger than

that of the head” (p. 110). This offers initial support for my hypothesis that one’s self-locating

judgments are more heavily influenced by representations used with reference frames towards the

top of the hierarchy.

To wrap up, I have explored two consequences of the hierarchy of reference frames posited

by the Nested Frames View that extend beyond perception. First, the capacity to perform complex

movements seems to be partially explained by the use of increasingly nested structures. Second,

in creatures with conceptual capacities, representations used with reference frames at the top of

the nested structure seem to inform one’s self-locating judgments more than representations used

with frames at the bottom. So, the more sophisticated one’s movements, the more reference frames

compose one’s hierarchy. And the closer a frame is to the top of the hierarchy, the greater its impact

on one’s conceptual representation of self.

3.5 Conclusion

This chapter has offered a new account of how the self is represented in perception. I have pro-

posed that the egocentric reference frames used in perception form a hierarchy. The hierarchy
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reveals how indexical individual information comes to be articulated, as each frame that is im-

plicit at one stage of perceptual processing is explicitly represented in the next. I have marshaled

empirical and theoretical considerations in support of this view, and demonstrated how standard

explanations of perceptual phenomena appear committed to it. What’s more, I have discussed how

the hierarchy of egocentric reference frames not only seems to partially explain one’s capacity for

complex movements but also seems to inform self-locating judgments in creatures with conceptual

capacities. While more research is required to understand how this hierarchical organization might

extend beyond perception, the tantalizing possibility is that the foundations of self-representation

emerge from the ever-widening structures of egocentric reference frames used in perception.
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Chapter 4

Local and Global Body Ownership:
A Case for Representational Independence

Thus far, I have examined how representations of self might be used in exteroception, in our per-

ception of the external world. But plausibly, we also use representations of self in interoception,

when we perceive our own bodies. This possibility is particularly salient with respect to the sense

of bodily ownership. Many philosophers posit that a feeling of bodily ownership, sometimes re-

ferred to as a feeling of “mineness,” is a real and distinctive aspect of our phenomenology (Billon,

2017; de Vignemont, 2018; Peacocke, 2014). It is thought to be qualitatively different from the

feelings that one has towards external objects, including those that one materially possesses.

A growing body of empirical evidence suggests that the sense of bodily ownership comes in two

forms: a sense of ownership of individual body parts and a sense of ownership of our whole body.

This raises two representational questions: What are the representational bases of local and global

ownership? And, are these representational bases one and the same?1 Answering these questions

offers to shed light on how self-representation operates in bodily perception and to further develop

our understanding of self-representation in perception more broadly.

1De Vignemont (2022) and Orbán & Wong (2023) refer to versions of these questions as “the problem of body
mereology” and the “mereological question,” respectively.
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Philosophical accounts of the sense of bodily ownership have primarily been concerned with

the sense of ownership that we have for our body parts, leaving these broader representational

questions largely unaddressed. One exception comes from Bermúdez (2017), who proposes that

both local and global ownership are grounded in a hierarchy of body part representations centered

on the bodily joints. In this way, he suggests that the two forms of bodily ownership share the same

representational basis.

However, recent empirical evidence suggests that the representational bases of local and global

ownership may differ. In this chapter, I argue that while Bermúdez (2017)’s hierarchical account

seems to successfully explain local ownership, it cannot also account for global ownership. I

propose instead that global ownership is grounded in a single representation of self. This repre-

sentation is used with a representation of a perceived object to ascribe ownership of the object to

the perceiver. As I discuss, this representation is distinct from those that compose the hierarchy of

body part representations in two ways: it is a single representation and it lacks spatial content. In

both respects, this representation resembles the conceptual representation of self used in thought.

I will begin by outlining empirical evidence for a sense of bodily ownership and explain how

this evidence reveals bodily ownership to have two distinct objects: the individual body parts and

the whole body (§4.1). I will then present Bermúdez (2017)’s account of bodily ownership and

show how it successfully covers many cases of body part ownership (§4.2). Next, I will argue that

it cannot account for whole body ownership, given empirical evidence suggesting a dissociation

between the representations that ground body part ownership and those that ground whole body

ownership (§4.3). I will then propose that unlike body part ownership, whole body ownership is

grounded in a single representation of self (§4.4). After discussing how this representation con-

trasts with the representations that ground body part ownership, I will relate this global ownership

representation to the conceptual representation of self used in de se thought (§4.5).
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4.1 Evidence for the sense of bodily ownership

The sense of bodily ownership refers to the unique feeling that our bodies are our own. Not

only do multiple lines of evidence converge to support that this feeling is genuinely part of our

phenomenology, but also, recent research suggests that this feeling can be directed towards two

different kinds of objects: the individual body parts and the whole body. This section first reviews

evidence for a sense of body part ownership and then examines evidence for a sense of full body

ownership. As I discuss, these different kinds of ownership raise a representational question: are

both grounded in the same representations?

One of the most significant pieces of evidence that supports positing a sense of bodily owner-

ship as an aspect of phenomenology is the rubber hand illusion. Following the original experimen-

tal design used by Botvinick & Cohen (1998), a rubber hand is aligned next to the subject’s real

hand, and a screen obscures their real hand from view. The experimenter uses two paintbrushes

to stroke the subject’s real hand and the rubber hand simultaneously. Following the experiment,

subjects report that when both hands were stroked simultaneously, the rubber hand felt as though it

belonged to them and felt like a part of their body. They also report feeling as though the touches

they felt were caused by touches to the rubber hand. In other words, subjects seem to experience a

sense of bodily ownership for the rubber hand.

But do subjects in these studies really feel as though the rubber hand is part of their body? Ev-

idence from nonverbal tests suggests that they do.2 For example, when the two hands are stroked

simultaneously and the rubber hand is threatened, subjects exhibit fear responses: they flinch as if

their real hand were threatened. Moreover, this behavioral response is accompanied by an increase

in skin conductance (Armel & Ramachandran, 2003). Skin conductance response measures the

2Admittedly, some of the evidence is mixed. For example, Botvinick & Cohen (1998) found evidence of “propri-
oceptive drift” of the real hand toward the location of the rubber hand. That is, participants’ proprioceptive sense of
their real hand’s location appeared displaced in the direction of the rubber hand. However, further research suggests
that proprioceptive drift may not be caused by the illusion of ownership (Holmes et al., 2006). Another purported
physiological correlate of ownership is skin temperature. Moseley et al. (2008) found that the temperature of the real
hand decreased during the subjective experience of ownership for the rubber hand, but subsequent research suggests
that this may not be a strong indicator of the sense of bodily ownership (Rohde et al., 2013).
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electrical conductance of the skin and indicates arousal of the autonomic nervous system. When

elevated, it is interpreted as evidence of a “fight or flight” response. Thus, elevated skin conduc-

tance in response to threats to the rubber hand suggests that subjects genuinely feel threatened

when the rubber hand is threatened.3

A second source of evidence in favor of positing a sense of bodily ownership comes from

somatoparaphrenia. Somatoparaphrenic patients, who often suffer damage to the right hemisphere

of the brain, deny that certain body parts (usually their contralesional limbs) are their own. Such

denials are accompanied by further “illusional, confabulatory or delusional ideas” (Gerstmann,

1942, p. 909). For example, patients often attribute ownership of their disowned limb to someone

they know, such as a relative or caregiver. One woman discussed her own left hand as follows:

“It’s my niece’s hand...She is so kind, she left it here to keep me company... My niece is so

sweet... but she’s also very absent minded... look here, she was rushing home and forgot her

hand here!” (Gandola et al., 2012, p. 1177). A plausible explanation of reports like this is that

they accurately reflect patients’ feelings of bodily disownership. One way we might cache out a

sense of disownership is to posit that it results from a disruption to the sense of bodily ownership.

If this is correct, then somatoparaphrenia thus gives us additional evidence for a sense of bodily

ownership.

The rubber hand illusion and somatoparaphrenia appear to reveal different kinds of disruptions

to the sense of bodily ownership. In the former, individuals report feelings of ownership for some-

thing not part of their bodies, while in the latter, they report feelings of disownership for a body

part. Other purported disruptions to the sense of bodily ownership include the tool ownership il-

lusion, the disownership illusion, and phantom limb syndrome (see de Vignemont, 2018). Taken

together, these cases all point to the same conclusion: there is a sense of bodily ownership, and it

can be disrupted.

Importantly, these sources of evidence all point to the existence of a feeling of ownership for

3In line with these findings, Ehrsson et al. (2007) found that the strength of the illusion of bodily ownership seems
to correlate with neural activity in areas of the brain associated with anxiety.
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individual body parts. In both the rubber hand illusion and somatoparaphrenia, it is a feeling of

ownership for one’s hand that is manipulated or disrupted. I now turn to consider evidence that we

also have a feeling of ownership for our whole bodies.

Researchers have modified the experimental paradigm used in the rubber hand illusion to test

for a sense of ownership for the whole body. This is known as the full-body illusion. In one of

the first studies of the full-body illusion by Petkova & Ehrsson (2008), participants looked down

at their bodies while wearing head-mounted displays. The head-mounted display showed a live

feed from a video camera centered on a mannequin’s head, positioned so as to be looking down at

its body, thus mirroring the bodily position of the participants. As in the rubber hand illusion, the

experimenter used two paintbrushes to stroke the subject’s abdomen and the mannequin’s abdomen

synchronously in the test condition and asynchronously in the control condition. Following the

experiment, participants completed a questionnaire in which they were asked to agree or disagree

with statements on a seven-point scale. Participants were more likely to agree with the statement

“It felt like the mannequin’s body was my body” following synchronous touching than following

asynchronous touching. This difference was statistically significant.

Subjective reports of a sense of ownership for the mannequin’s body were further confirmed

by physiological evidence. During a second experiment, participants observed the experimenter’s

hand appearing to cut the mannequin’s abdomen with a knife following one minute of either syn-

chronous or asynchronous stroking. Participants’ skin conductance responses were significantly

greater following synchronous stroking. Petkova & Ehrsson (2008) suggested that “the partici-

pants’ emotional systems responded as one would anticipate a person to respond were their own

body threatened” (p. 3).

One might express skepticism about whether participants in this experiment really experienced

a sense of ownership for the mannequin’s whole body, rather than merely experiencing a sense of

ownership for its abdomen. Perhaps participants agreed with the statement that the mannequin’s

body felt like their own because it was approximately true. What they really felt, however, was
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that the mannequin’s abdomen felt like their own. According to this interpretation, the experiment

manipulated the sense of body part ownership.

One piece of evidence against this skeptical interpretation is the observation of a “spread of

ownership” from one body part to another. In a third experiment, Petkova & Ehrsson (2008)

changed the location of the synchronous and asynchronous stroking from the abdomen to the hand.

Then, as before, the experimenters threatened the mannequin’s abdomen using a knife. Participants

again exhibited elevated skin conductance response in the synchronous condition. In other words,

synchronous stroking of the hand appeared to produce a feeling of ownership for the abdomen, a

non-stimulated body part. This spread of ownership from the hand to the abdomen supports taking

participants’ reports of a sense of whole body ownership at face value.

If we accept that subjects in the full-body illusion experience a sense of ownership for a man-

nequin’s whole body, we can ask how this relates to the sense of ownership of the body parts.

De Vignemont (2022) frames the relevant question as follows: “Is it one and the same thing to

experience a body part or the whole body as one’s own? Or if we rephrase the question in em-

pirical terms, do the rubber-hand illusion (RHI) and the full-body illusion (FBI) manipulate the

same notion of ownership?” (p. 48). I will pursue a specific version of this question that explicitly

concerns representations: Are the representations that ground the sense of ownership of the body

parts the same as those that ground the sense of ownership of the whole body?

Two possibilities present themselves. First, they might be the same representations. According

to this view, the sense of ownership of the whole body might result from a particular combination

of the representations that ground the sense of ownership of the body parts. Thus, whatever rep-

resentational explanation accounts for the rubber hand illusion, for example, could be extended to

explain the full-body illusion.

The second possibility – which I will defend – is that the two senses of ownership are grounded

in independent representations. No combination of representations that ground the senses of body

part ownership can ground the sense of whole body ownership. In the following section, I present
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Bermúdez (2017)’s account of bodily ownership and suggest that it successfully explains local

ownership. In §4.3, I then argue that his account cannot adequately explain global ownership.

4.2 Bermúdez’s account of bodily ownership

In this section, I present Bermúdez (2017)’s account of bodily ownership. I begin by explaining

his proposal that we represent the space of the body using a hierarchy of generalized cones. I then

show how this account explains body part ownership under normal conditions and in cases where

ownership is disrupted, such as the rubber hand illusion and somatoparaphrenia.

Before presenting Bermúdez (2017)’s account, I should note an important difference in our tar-

get phenomena. While I have argued that empirical evidence points to a sense of bodily ownership

as a genuine aspect of phenomenology, Bermúdez disagrees with this conclusion. According to

him, “there are facts about the phenomenology of bodily awareness (about position sense, move-

ment sense, and interoception) and there are judgments of ownership, but there is no additional

feeling of ownership” (Bermúdez, 2011, p. 166). According to his view, there is no feeling of

ownership over and above our awareness of bodily position, movement, and interoceptive sensa-

tions.

Given this, Bermúdez (2017) aims to account for judgments of ownership rather than feelings

of ownership. However, this does not undermine the representational analysis I want to pursue.

Judgments and purported feelings of ownership are thought to co-occur – indeed, judgments of

ownership are typically taken as evidence for feelings of ownership. So, whether we understand

ownership in terms of judgments or feelings, the same representational question arises: what are

the underlying representations that make ownership (however construed) possible? I will take

Bermúdez’s theory to answer this broader representational question.

Bermúdez (2017) begins his account of bodily ownership by identifying two features that dis-

tinguish our experiences of bodily space from our experiences of extra-personal space: “Bounded-

ness” and “Connectedness.” To say that we experience the body as Bounded is to say that “bodily
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events are experienced within the experienced body (a circumscribed body-shaped volume whose

boundaries define the limits of the self)” (p. 124). Bermúdez clarifies that while the boundaries

of the experienced body are usually the boundaries of the physical body, the two can come apart.

For example, sensations in a phantom limb are felt within the boundaries of the experienced body

despite falling outside the physical body. Only the space of the body is experienced as Bounded;

extra-personal space is not. To say that we experience the body as Connected is to say that “the

spatial location of a bodily event is experienced relative to the disposition of the body as a whole”

(p. 126). When I feel a pain in my right foot, for example, I do not merely experience the pain

as in my right foot – I experience the pain relative to the space of the rest of my body. Because

Connectedness presupposes Boundedness, it, too, distinguishes bodily space from extra-personal

space.

For Bermúdez, Boundedness and Connectedness are features of bodily experience that a repre-

sentational theory of bodily ownership should explain. He proposes that we represent the space of

the body using a “hierarchy of generalized cones linked by mechanical joints” (p. 136). Each body

part is represented as a generalized cone – a surface “generated by moving a cross-section along

an axis, maintaining its shape but possibly varying its size” (p. 135). That one’s body parts are

represented as cones – i.e. bounded spaces – is intended to explain Boundedness. Connectedness is

explained by the hierarchical organization of these cones. The hierarchy extends from the smallest

body parts at the ends of the extremities (e.g., the last section of the finger following the outermost

joint) all the way back to the torso. A bodily sensation is located relative to the limb in which it

occurs using a cylindrical coordinate system whose origin falls on the joint immediately control-

ling movements of that limb; it is located relative to the body more generally by supplementing its

limb-relative location “with a chain of relative joint angles that collectively specify the location of

the given limb relative to the immovable torso” (p. 136). Each cone thus is linked to the others

in the hierarchy, ensuring that sensations in any body part are experienced relative to the spatial

organization of the whole body.
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To see how this model of bodily space might account for body part ownership, I will work

through specific cases. To begin, consider how the model can account for body part ownership un-

der normal conditions. Under normal conditions, the model of the body should match the physical

body. More specifically, the cones and spatial relations between them should match the body parts

and spatial relations between them. In this way, we should expect that one has bodily ownership

for their own physical body.

Now consider how the model might account for the rubber hand illusion, in which one expe-

riences bodily ownership for a rubber hand rather than one’s real hand. The model explains this

shift as follows: the cone centered on one’s wrist is misrepresented relative to the cone centered on

one’s elbow. The former matches the position of the rubber hand relative to the elbow rather than

the position of one’s real hand. As a result, one experiences bodily ownership for the rubber hand,

rather than one’s real hand.

The model can also account for limb disownership in somatoparaphrenia. Consider the so-

matoparaphrenic patient who experiences disownership of her paralyzed left hand and believes

that it belongs to her niece. According to this account, her left wrist-centered cone is no longer

represented; it is no longer part of her hierarchical model of her body. Because her hand represen-

tation has been excluded from her body representation, the patient no longer experiences bodily

ownership for that hand.

Beyond explaining the rubber hand illusion and somatoparaphrenia, Bermúdez’s model gains

broader support from the patterns of ownership change in these cases. Bermúdez’s hierarchy forms

a tree structure because of how our body parts are structured. If bodily ownership is grounded in

such a tree structure, we should expect specific propagation effects: changes to ownership of inner

body parts (those closer to the torso) should always be accompanied by corresponding changes to

outer body parts (those farther from the torso). For instance, if ownership of one’s arm changes,

ownership of the hand and fingers should change as well, since alterations to any branch of a tree

structure affect all its offshoots.

93



The evidence appears to support this prediction. In the rubber hand illusion, ownership shifts

from one’s real hand to the rubber hand, and this shift extends to the fingers – subjects experience

ownership not only of the rubber hand but also of its fingers. Similarly, in somatoparaphrenia,

patients who lose ownership of their left hand also lose ownership of the hand’s fingers. These pat-

terns align with the tree structure model’s predictions. In the rubber hand illusion, when the wrist-

centered reference frame shifts position in the hierarchy, the finger-centered reference frames (as

its offshoots) shift accordingly. In somatoparaphrenia, when the wrist-centered reference frame is

dropped from the tree structure, the finger-centered reference frames are as well. This propagation

from inner to outer body parts provides evidence that bodily ownership is grounded in hierarchical

representations of the kind Bermúdez describes.

Thus far, we have seen how Bermúdez’s hierarchical model successfully explains body part

ownership. Bermúdez appears to think that this model can also explain whole body ownership. In

his paper, he discusses research on full body ownership and expresses that his “proposal concerns

the judgments of ownership that we make about our bodies and body parts” (p. 181, emphasis

mine). That said, he does not work through how his account might apply to whole body ownership.

Presumably, he takes whole body ownership to result from one’s experience of the space of one’s

whole body as Bounded and Connected, just like body part ownership. One experiences the space

of one’s whole body as Bounded and Connected given how it is represented: the whole body is

represented via a hierarchy of interconnected cones. That the cones represent a bounded volume

makes one’s experiences of whole body Bounded; that the cones are represented as connected

to each other makes one’s experiences of one’s whole body Connected. In this way, the same

representations that account for ownership of the body parts seem to account for ownership of the

whole body.

This approach is theoretically parsimonious. It provides a single model of bodily representation

that explains both body part ownership and whole body ownership. However, as I show in the next

section, recent empirical evidence reveals a dissociation between the two kinds of ownership that
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challenges this approach.

4.3 A dissociation between global and local bodily ownership

In this section, I challenge the application of Bermúdez (2017)’s hierarchical model to global

ownership by arguing for the following claim:

Representational Independence: The representations that ground the sense of owner-

ship for the body parts are not the same as the representations that ground the sense of

ownership for the whole body.

We can understand this claim by imagining a Venn diagram with the representations ground-

ing local ownership in one circle and those grounding global ownership in another. According to

Representational Independence, these circles do not overlap – the representations that ground local

ownership do not ground global ownership, and vice versa. Note that Representational Indepen-

dence does not amount to or entail the probabilistic or causal independence of the two senses of

bodily ownership. It is fully compatible with this view that local and global ownership experiences

influence each other’s likelihood, or that the use of one set of representations causally contributes

to the use of the other. Such causal and probabilistic relations fall outside the claim’s scope.

I now turn to review three sources of evidence that support Representational Independence:

subjective reports, neuroimaging findings, and statistical analyses.

4.3.1 Evidence from subjective reports

O’Kane et al. (2024) found evidence of a bidirectional dissociation between the senses of local and

global ownership. More specifically, they found evidence that individuals can experience an illu-

sory sense of ownership for a mannequin’s body part without experiencing a sense of ownership

for the mannequin’s whole body. At the same, they found that individuals can experience an illu-

sory sense of ownership for a mannequin’s whole body without experiencing a sense of ownership
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for all of its parts. This two-way dissociation between experiences of local and global ownership

supports the idea that such experiences are grounded in distinct representations.

O’Kane et al. (2024)’s experimental setup mirrored that used by Petkova & Ehrsson (2008)

but involved eight different experimental conditions. These varied with respect to whether syn-

chronous or asynchronous strokes were applied to the participants’ and mannequin’s right arms,

torsos, and right legs. For example, one experimental condition involved stroking all three body

parts synchronously. Another involved synchronous strokes to the participant’s and mannequin’s

right arms, and asynchronous strokes to their torsos and right legs. A third condition involved

synchronous strokes to the participant’s and mannequin’s right arms and torsos, and asynchronous

strokes to their right legs. Following the experiment, participants completed a questionnaire similar

to that used by Botvinick & Cohen (1998) during the rubber-hand illusion and Petkova & Ehrsson

(2008) during the full-body illusion. The questionnaire was comprised of ten statements, which

participants were asked to score on a 7-point scale from “strongly disagree” to “strongly agree.”

One question assessed the sense of global ownership (“I felt as though the mannequin’s whole

body were my own body”), while others assessed the senses of local ownership (“I felt as though

the mannequin’s right arm were my arm”).

The questionnaire results revealed a two-way dissociation between the senses of local and

global ownership. When only one body part received synchronous stimulation and the other two

body parts received asynchronous stimulation, participants reported a sense of ownership for the

mannequin’s synchronously stimulated body part but did not report a sense of ownership for the

mannequin’s whole body.4 This suggests that subjects can experience local ownership without

global ownership. By contrast, when two body parts received synchronous stimulation and the third

received asynchronous stimulation, participants reported a sense of ownership for the mannequin’s

whole body, but did not report a sense of ownership for the mannequin’s asynchronously stimulated

4This observation seems congruent with results from the rubber-hand illusion, where a rubber hand is experienced
as owned in virtue of congruent multisensory stimulation to one’s real hand and the rubber hand.
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body part.5 This suggests that subjects can experience global ownership without local ownership.

O’Kane et al. (2024)’s findings suggest that none of the representations that ground the sense

of local ownership is individually necessary or sufficient to ground the sense of global owner-

ship. As we have seen, one can experience a sense of global ownership for a mannequin’s whole

body without experiencing a sense of ownership for the mannequin’s hand. This suggests that the

representation that grounds the sense of ownership for one’s hand is not necessary to ground an

experience of global ownership. The same can be said for each of the representations that ground

ownership of a body part. We have also seen that one can experience a sense of ownership for a

mannequin’s hand without experiencing a sense of ownership for its whole body. This suggests that

the representation that grounds the sense of ownership for one’s hand is not sufficient to ground

the sense of global ownership.

Representational Independence, if true, would explain why none of the representations that

ground the sense of local ownership is individually necessary or sufficient to ground the sense of

global ownership. The representations that ground the sense of local ownership would be com-

pletely distinct from the representations that ground global ownership, and so, none of the former

would be individually necessary or sufficient for the latter.

That said, Representational Independence is not the only interpretation of these findings. One

might suggest that, depending on the context, various combinations of representations that ground

the senses of local ownership are jointly sufficient to ground the sense of global ownership. In

one context, the representations that ground the senses of ownership for the hand and torso may

be sufficient to ground the sense of global ownership, while in another context, the representations

that ground the senses of ownership for the torso and leg may be sufficient, and in a third context,

the representations that ground the senses of ownership for the hand and leg. If something like this

were right, then Representational Independence would be false. The representations grounding the

sense of global ownership would be an amalgam of the representations grounding the senses of

5The researchers note that full-body ownership appeared “related to the number of synchronously stimulated parts,
with the strongest illusion occurring in the fully synchronous condition” (O’Kane et al., 2024, p. 14).
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local ownership, and so, the two sets of representations would not be independent.

Given the different possible interpretations of O’Kane et al. (2024)’s results, let us turn to

consider another source of evidence that points in favor of Representational Independence.

4.3.2 Neural evidence

Neuroimaging evidence also supports Representational Independence. Petkova et al. (2011) used

fMRI to analyze the activity of different brain regions during the full-body illusion. Three findings

led them to conclude that “a genuine full-body ownership representation” – rather than a collection

of body part representations – is instantiated in the left ventral premotor cortex (p. 1120). First,

activity in this area was higher in experimental conditions in which the full-body illusion was

elicited than in those in which it was not. In other words, such activity correlated with subjective

full-body ownership ratings. Second, activity in the premotor cortex occurred irrespective of which

body part received synchronous stimulation: activity occurred when the full-body illusion was

elicited using synchronous stimulation to both the participant’s and mannequin’s i) hand and ii)

abdomen. Such activity thus appeared insensitive to information about specific body parts. Third,

this insensitivity to body part specific information was confirmed using multivoxel pattern analysis.

Multivoxel pattern analysis allows for a more fine-grained understanding of neural activity patterns.

Petkova et al. (2011) trained a classifier on activity patterns in the premotor cortex to detect when

the full-body illusion was elicited given stimulation to the abdomen. They then found that this

classifier could accurately detect when the illusion was elicited given stimulation to the hand.

(They also found the reverse: a classifier trained to detect when the illusion was elicited given

stimulation to the hand could accurately detect when the illusion was elicited given stimulation

to the abdomen.) Thus, this fine-grained analysis confirmed that activity patterns in the premotor

cortex did not carry information specific to a body part. Rather, as the researchers concluded, the

results suggested “that activity in the left ventral premotor cortex reflects ownership generalized to
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the whole body” (p. 1120).6

The reviewed neuroimaging evidence supports the conclusion that global and local ownership

are grounded in different neural activity patterns. If we assume that these different neural activity

patterns instantiate different representations, then we have reason to think that global and local

ownership are grounded in independent representations. In short, the neural evidence seems to

support Representational Independence.

4.3.3 Statistical evidence

A third piece of evidence in favor of Representational Independence comes from a statistical anal-

ysis of the relation between local and global ownership from O’Kane & Ehrsson (2021). Following

a modified version of the experiment performed in Petkova & Ehrsson (2008)’s study of the full-

body illusion, O’Kane & Ehrsson (2021) had participants rate their agreement with statements

concerning their feelings of ownership for a mannequin’s 1) right arm, 2) left arm, 3) trunk, 4)

right leg, 5) left leg, and 6) whole body. They then aggregated these ratings and performed a

regression analysis of local ownership ratings on global ownership ratings. Their aim was to de-

termine whether and how much local ownership ratings determine global ownership ratings. They

found that “approximately half of the variance (57.5 percent) in illusory full-body ownership rat-

ings could be attributed to the variance in illusory ownership for all body parts” (p. 17). This

entails that full-body ownership ratings could not be predicted on the basis of body-part ownership

ratings alone.

Representational Independence would explain why full-body ownership ratings cannot be pre-

dicted using body-part ownership ratings alone. If the representations that ground local and global

ownership are independent, then no combination of the representations that ground local owner-

ship is sufficient to generate experiences of global ownership. Therefore, local ownership ratings

6These results were replicated and expanded by Gentile et al. (2015), who found that activity patterns in the
left ventral premotor cortex correlated with subjective global ownership ratings and were invariant to whether the
stimulation which elicited the full-body ownership illusion was on the hand, abdomen, or leg.
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cannot be used to predict global ownership ratings.

O’Kane & Ehrsson (2021) themselves articulate support of Representational Independence,

albeit in slightly different terms. As they explain, their regression analysis results suggest that

another variable (besides local ownership ratings) must be involved in the determination of global

ownership ratings. They then write that “this variable likely reflects cognitive processes specific

to the full-body ownership percept and involves neural substrates unique to those that represent

the owned body parts” (p. 21). Cognitive processes specific to the full-body ownership percept

would not be involved in local ownership percepts. O’Kane & Ehrsson (2021) suggest that such

processes are instantiated in the neural substrates specific to global ownership (those previously

examined). In this way, the researchers interpret their results as supporting the independence

of global ownership from local ownership with respect to both cognitive processes and neural

substrates.7

4.3.4 Implications for Bermúdez’s account

Taken together, the three lines of evidence reviewed provide compelling support for Representa-

tional Independence. The behavioral evidence demonstrates that local and global ownership can

dissociate in both directions. The neural evidence reveals that global ownership correlates with

activity patterns in brain regions that are invariant to specific body part information. And finally,

the statistical evidence shows that local ownership ratings cannot fully predict global ownership

ratings. While each line of evidence has alternative interpretations, their convergence strengthens

the case that the representations grounding local and global ownership are indeed independent.

If the empirical evidence supports Representational Independence, then Bermúdez’s hierarchi-

cal model cannot adequately explain global ownership, despite its success with local ownership.

7Another possibility is that the missing variable(s) are additional body-part ownership ratings. O’Kane & Ehrsson
(2021)’s questionnaire only covers some of the body parts (the two arms, the two legs, and the trunk), but misses others
(the hands, feet, and head). Perhaps, adding these other ownership ratings would fully account for the unexplained
variance in full-body ownership ratings. While this remains a possibility, it does not fit as well with the neuroimaging
results, which suggest that local and global ownership are grounded in different neural substrates.
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Representational Independence holds that local and global ownership require distinct representa-

tions, while Bermúdez’s account grounds both in the same hierarchy of generalized cones. We thus

seem to stand in need of a new representational account of global ownership.

4.4 A global ownership representation

What might such a new representational account look like? In this section, I will sketch one

possibility. I propose that global ownership is grounded in a single representation of self. This

representation operates according to rules that differ from those that govern local ownership. Most

notably, use of the global ownership representation follows what I call the Constitution Rule, while

use of the hierarchy of body part representations follows the Parthood Rule. I will argue that this

representational account of global ownership differs from Bermúdez (2017)’s hierarchy of body

part representations in three respects and is compatible with the empirical evidence for Represen-

tational Independence.

I propose that global ownership is grounded in a single representation that carries indexical

relational content – specifically, the relation of being owned by the perceiver. This interpretation

aligns with how global ownership is measured empirically: participants in full-body illusion stud-

ies agree to statements that use possessive language, such as “I felt as though the mannequin’s

whole body were my own body.” This global ownership representation carries indexical infor-

mation about the ownership relation without specifying any location or spatial properties of the

perceiver. When combined with a representation of an object, it represents the object as owned by

oneself, but considered alone, the global ownership representation lacks spatial content.

This representation is used in conjunction with complex multisensory representations of one’s

body and surrounding environment. Under normal conditions, it is applied to that object in the

scene that corresponds to the perceiver’s actual body, thereby marking that object as belonging to

the perceiver. When global ownership is disrupted, as in the full-body illusion, the representation

is incorrectly applied to an object that is not the perceiver’s body.
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When are objects represented as standing in the ownership relation to the perceiver? Given

variations in the circumstances under which individuals have illusory experiences of global owner-

ship, we can posit certain rules governing use of the global ownership representation. For example,

an illusory experience of owning a mannequin’s body seems to require that one feels touches on

one’s own body at the same time as one sees touches applied to the mannequin’s body. When

these cues are asynchronous, the full-body illusion disappears (Petkova & Ehrsson, 2008). Tem-

poral synchrony of multisensory cues thus seem to constrain the conditions under which the global

ownership representation is applied. Similarly, the strength of the full-body illusion appears to

vary depending on whether the visually observed object looks like a human (Petkova & Ehrsson,

2008). This suggests that the illusion might be constrained by a humanoid shape rule, accord-

ing to which the closer an object’s shape is to that of the human body, the more likely (all else

equal) that the object is represented as belonging to one’s self. Other possible rules likely concern

the object’s position relative to oneself (Maselli & Slater, 2014) and congruence between visually

observed movements of the object and proprioceptively felt movements of one’s body (Banakou

et al., 2013).

Empirical evidence suggests that many rules governing global ownership also govern local

ownership. For example, the rubber hand illusion, like the full-body illusion, appears to depend

on synchronous multisensory cues delivered to the rubber hand and one’s own hand (Botvinick &

Cohen, 1998). Likewise, the illusion depends on whether the perceived object’s shape resembles

the shape of one’s own hand (Haans et al., 2008). This suggests that the constraints that affect

whether objects are incorporated into the hierarchy of body part representations are similar to

those that affect whether something is represented as one’s whole body.

Despite these similarities, the rules governing local and global ownership appear to differ in

one crucial respect. Local ownership appears governed by what I call the Parthood Rule: an

object is more likely to be represented as part of the hierarchy of body part representations if

(all else equal) the whole of which the object is a part is represented as belonging to one’s self.
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For example, one is more likely to represent a mannequin’s hand as part of the hierarchy if one

represents the mannequin’s whole body as belonging to one’s self. This explains the spread of

feelings of ownership from whole bodies to body parts found in Petkova & Ehrsson (2008)’s study.

By contrast, global ownership appears governed by what I will call the Constitution Rule: the

greater the number of objects represented in the hierarchy of body part representations, the more

likely (all else equal) that the whole that the objects compose is represented as belonging to one’s

self. This rule explains O’Kane et al. (2024)’s findings. Synchronous stimulation of only one of the

mannequin’s body parts produced local ownership for the part but was insufficient, given the Con-

stitution Rule, to trigger global ownership for the mannequin’s whole body. However, synchronous

stimulation of two body parts was sufficient to trigger global ownership for the mannequin’s whole

body.8

We can now consider the three ways in which the global ownership representation differs from

Bermúdez’s hierarchy of body part representations. First, it differs in number: many representa-

tions ground the many senses of local ownership – one for each of the different body parts – while

only a single representation grounds the sense of global ownership. Second, it differs in content:

the hierarchy of generalized cones that Bermúdez posits has inherently spatial content, with each

cone representing a certain bounded volume, while the global ownership representation carries

only indexical relational content without any spatial content. Third, as we have seen, it differs in

one of the rules governing its application: local ownership is constrained by the Parthood Rule,

while global ownership is constrained by the Constitution Rule.

This representational account of global ownership is not only theoretically distinct from Bermúdez’s

approach – it also aligns with the empirical evidence for Representational Independence. Specifi-

cally, it is consistent with behavioral evidence showing that subjective reports of local and global

ownership can come apart, with neural evidence that global ownership is instantiated in different

brain regions than local ownership, and with statistical evidence that local ownership ratings cannot

8This discussion of the rules governing the use of local and global ownership representations is inspired by O’Kane
et al. (2024)’s Bayesian hierarchical model of local and global ownership.
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fully predict global ownership ratings.

4.5 Towards the conceptual self representation

I want to close by suggesting that the global ownership representation occupies a middle ground

between the body part representations used in perception and the conceptual representation of self

used in de se thought. This follows from the preceding comparison of the global ownership repre-

sentation with the body part representations and the following comparison of the global ownership

representation with the conceptual self-representation.

Two of the features that distinguish the global ownership representation from the hierarchy of

body part representations mark points of similarity between it and the conceptual representation of

self. These are number and content. With respect to number, both are single representations rather

than hierarchies of multiple representations. With respect to content, both lack spatial information

when considered in isolation.

Of course, the global ownership representation is not identical to the conceptual self represen-

tation. The key difference lies in what they represent. While both carry indexical information about

the representing individual, the global ownership representation carries relational content (‘owned

by me’), whereas the conceptual self-representation carries individual content (‘me’). The former

is used to represent objects as standing in a relation to the self; the latter is used to represent the

self directly.

These comparisons suggest that the global ownership representation occupies an intermedi-

ate position between the many representations of the body parts used in perception and the self-

representation found in thought. Determining the full path from this relational self-representation

to the pure conceptual self-representation remains for future work. What should be clear is that

understanding this transition will likely require tracing how different kinds of representations of

self interact throughout the mind.
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Alsmith, A. J., Ferrè, E. R., & Longo, M. R. (2017). Dissociating contributions of head and torso
to spatial reference frames: The misalignment paradigm. Consciousness and Cognition, 53,
105–114.

Andersen, R. A., Essick, G. K., & Siegel, R. M. (1985). Encoding of spatial location by posterior
parietal neurons. Science, 230(4724), 456–458.

Andersen, R. A., Snyder, L. H., Li, C.-S., & Stricanne, B. (1993). Coordinate transformations in
the representation of spatial information. Current Opinion in Neurobiology, 3(2), 171–176.

Andersen, R. A., & Zipser, D. (1988). The role of the posterior parietal cortex in coordinate trans-
formations for visual–motor integration. Canadian Journal of Physiology and Pharmacology,
66(4), 488–501.

Armel, K. C., & Ramachandran, V. S. (2003). Projecting sensations to external objects: Evi-
dence from skin conductance response. Proceedings of the Royal Society of London. Series B:
Biological Sciences, 270(1523), 1499–1506.
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Bermúdez, J. L. (1998). The paradox of self-consciousness. MIT Press.
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