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Introduction 

The concept of internal representation is both foundational and ubiquitous in the 

contemporary cognitive sciences, and it has been for a long time (Bermúdez 2010; Von 

Eckardt 2012). Despite this, recent decades have seen a growing chorus of voices calling for 

either the marginalisation or outright elimination of this concept in cognitive theorizing 

(Anderson 2014; Brooks 1999; Barrett 2011; Chemero 2009; Garzón 2008; Hutto and Myin 

2013; Noë 2002; Ramsey 2007; Van Gelder 1995). Drawing on insights from 

phenomenology, embodied cognition, robotics, theoretical biology and dynamical systems 

theory, this eclectic group of anti-representationalists argue that internal representations are 

metaphysically problematic and explanatorily unenlightening, masking the embodied and 

dynamic character of our basic cognitive transactions with the world (Chemero 2009; Hutto 

and Myin 2013). Given these alleged deficiencies, they call for a full-blooded revolution 

(Hutto and Myin 2013, p.1) in the mind sciences—a genuine paradigm shift (Engel et al. 

2015, p.1) in scientific thought that many argue is already under way.  

In this paper, we evaluate these claims about representation in the context of recent 

research in cognitive neuropsychiatry on the nature and cause of anorexia nervosa. We argue 

two things: first, that a robustly representational concept—the body schema—is explanatorily 

central within this research; and second, that this body schema underlies even our most basic 

environmental interactions and affordance perception. Given that such psychological 

phenomena are supposed to be most hospitable to a non-representationalist treatment 

(Anderson 2014; Chemero 2009; Hutto and Myin 2013), we conclude that the prospects for a 

radical non-representationalist shift in cognitive theorizing are dim.   

We structure the paper as follows. In Section 1, we outline two conditions for the 

attribution of genuine representational status: first, that the relevant structure passes what 

Ramsey (2007) calls the “job description challenge”; and second, that it has satisfaction 

conditions of some kind. For the sake of our argument, we designate these conditions as 

jointly necessary and sufficient. In Section 2, we introduce the concept of the body schema, a 

sensori-motor representation of the body exploited in action, and we explain how distortion 

of this representation plays an integral role within contemporary research into anorexia 

nervosa. In Section 3, we validate the representational credentials of the body schema: not 

only does it pass the job description challenge (Section 3.1), but its content is essential to its 

explanatory role (Section 3.2). Finally, in Section 4 we argue that this research is of central 
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relevance to the “representation wars” of recent cognitive science: it strongly suggests that 

this body representation underpins basic environmental interactions and affordance 

perception in neurotypical subjects, and it undercuts some of the most influential arguments 

for wholly non-representational treatments of these domains. We conclude in Section 5 by 

briefly summarising our argument.  

Section 1: Adjudicating the Representation Wars  

At least since the 1960s, one of the defining characteristics of mainstream cognitive science 

has been an emphasis on the importance of internal representations in psychological 

theorizing (Bermúdez 2010). Since then, there have been dramatic shifts in scientific thought 

about the nature of such representations—their vehicles, formats, and systemic roles, for 

example. There is—to put it mildly—much less enthusiasm for the original vision of 

cognition as rule-governed operations defined over arbitrary symbol structures (Williams and 

Colling 2017). Nevertheless, a broad commitment to the idea that cognitive processes 

implicate content-bearing states remains firm, helping to define orthodoxy in an otherwise 

extremely heterogenous multidisciplinary effort to understand the mind (Bechtel 2008; 

Bermúdez 2010). As Ramsey (2007, p.xi) puts it,  

“It has become almost a cliché to say that the most important explanatory posit today in 

cognitive research is the concept of representation. Like most clichés, it also happens to be 

true.” 

When a growing chorus of anti-representationalists in philosophy and cognitive science 

characterize their view as “radical,” then, they’re not kidding (Chemero 2009; Hutto and 

Myin 2013; Ramsey 2007). Whilst the motivations, views, and prescriptions of such theorists 

are extremely eclectic, they are united in calling for either the marginalisation or outright 

elimination of the concept of internal representation in cognitive theorizing. The heated 

debates instigated by this anti-representationalist movement have given rise to what might 

reasonably be called the “representation wars” in cognitive science (Clark 2015; Williams 

2017).  

In this section we briefly outline a framework for adjudicating the representation 

wars. Specifically, we assume that a structure qualifies as representational if and only if it 

satisfies two conditions: first, the structure must pass what Ramsey (2007) calls the “job 

description challenge”; second, it must possess satisfaction conditions of some kind. In both 

cases, we have chosen conditions that are both widely accepted in the broader literature 
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and—more importantly—accepted by anti-representationalists themselves (Hutto and Myin 

2013; Ramsey 2007). Specifically, given that we are arguing in favour of the representational 

credentials of a previously neglected aspect of cognition, we have deliberately chosen 

conditions that are deemed acceptable by our opponents.  

1.1. The Job Description Challenge  

The job description challenge (henceforth JDC) is “the challenge of explaining how a 

physical state actually fulfils the role of representing in a physical or computational process” 

(Ramsey 2007, p.xv). Specifically, Ramsey (2007, p.28) argues that the concept of 

representation is a “functional notion,” and that the representation wars thus concern to what 

extent the structures implicated in the production of psychological capacities perform this 

function (see Haugeland 1991, p.69). To answer the JDC, then, one must show that “the 

states characterized as representations in explanatory framework X actually serve as 

representations, given the processes and mechanisms put forth” (Ramsey 2007, p.xiii). That 

is, one must show that the representational status of the relevant states or structures 

contributes to their systemic role within the cognitive mechanism or mechanisms of which 

they are a part.  

What is it to function as a representation? Ramsey (2007) argues that our 

commonsense pre-theoretic understanding of representation constrains any acceptable answer 

to this question, such that “exploring how a representational posit is thought to operate in a 

system” is a matter of “assessing this role in terms of our ordinary, intuitive understanding of 

what a representation is and does” (Ramsey 2007, p.10). According to Ramsey (2007, p.14), 

this intuitive understanding clusters around “two different families of representational 

notions”: first, “various notions of mental representation”; and second, “different types of 

non-mental representation.” Because it will be most relevant in what follows, and it is the 

family of representational notions that Ramsey (2007, p.22) believes has been most central in 

cognitive-scientific research, we will focus mostly on the second family here. 

One way of passing the JDC, then, is to show that a given physical structure or 

mechanism functions analogously to public representations with which we are familiar. As 

Ramsey points out, however, this is no easy feat. Public representations are “employed by 

cognitive agents as a type of tool”—namely, a tool that enables them to coordinate their 

behaviour with a domain to which they have restricted access (Ramsey 2007, p.23; see also 

Williams and Colling 2017). As such, Ramsey argues, it is not obvious how an internal 
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cognitive structure (a state of one’s brain, say) could function as a public representation 

without an inner homunculus to use and interpret it (2007, pp.26-7).  

Unlike philosophers such as Ryle (1949) and Wittgenstein (1953), Ramsey does not 

argue that this challenge cannot be met. For example, he argues that a legitimately 

representational approach in cognitive science is the appeal to cognitive systems that exploit 

internal models of specific domains to solve various cognitive problems (Ramsey 2007, 

ch.3). In this case the relevant cognitive structure genuinely gets used by the system of which 

it is a part as a proxy or surrogate for something else (Ramsey 2007, 23). Nevertheless, he 

does argue that this explanatory strategy is an increasingly rare example in the contemporary 

cognitive sciences, and that many appeals to the term “representation” in cognitive theorizing 

today—especially in cognitive neuroscience—fail the JDC.  

1.2. Content  

Ramsey’s outline of the JDC deliberately focuses on functional questions of the sort that are 

directly relevant to the explanatory concerns of cognitive science. At least since Quine’s 

(1960) attack on the scientific credentials of meaning, however, a second major focus of the 

representation wars has been on representational content, where “content” is typically 

understood to minimally include satisfaction conditions of some kind (see Hutto and Myin 

2013; Fodor 1987; Rosenberg 2015). For example, Hutto and Myin (2013, p.x) write: 

“Just what is content? At its simplest, there is content wherever there are specified 

conditions of satisfaction. And there is true or accurate content wherever the 

conditions specified are, in fact, instantiated.”  

In the case of world-directed representations, at least, the appeal to satisfaction conditions 

codifies the widespread intuition that an essential property of representations is the ability to 

misrepresent—to be in error relative to how things are (Hutto and Myin 2013; Shapiro 2011, 

p.143). As Ramsey (2007, p.12) puts it, “the possibility of misrepresentation is built into our 

ordinary way of understanding what it is to represent.” 

An enormous amount of philosophical energy has been expended in trying to answer 

what Von Eckardt (2012) calls the “foundational problem of cognitive science,” namely the 

“content determination problem”: what in the natural world determines the contents of 

cognitive representations (see Fodor 1987)? A growing number of philosophers have argued 

that this “hard problem of content” is unsolvable for most (Hutto and Myin 2013) if not all 
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(Rosenberg 2015) cognitive structures—that such structures do not have satisfaction 

conditions of any kind. As Ramsey (2007, p.30) notes, this problem of “understanding how a 

state’s content is grounded in some set of conditions is not the same thing as understanding 

how the state actually serves as a representation.” Nevertheless, the stipulation that 

representations must be contentful has served as a foundational assumption in the 

representation wars on both sides (Hutto and Myin 2013; Fodor 1987; Rescorla 2013).1 As 

such, we will follow others in taking this criterion for representational status as given in what 

follows.  

1.3. Summary 

Given the foregoing overview, we assume that a cognitive structure qualifies as a 

representation if and only if: (i) it performs a genuinely representational function; and (ii) it 

has satisfaction conditions of some kind. Of course, there is something slightly artificial 

about distinguishing these conditions. After all, if we have good reason to believe that a 

structure genuinely functions as a representation, presumably this provides us with good 

reason to believe that it is contentful as well (see Section 3 below). Nevertheless, the focus on 

function and content have generated distinguishable threads in the representation wars, so it is 

useful to separate them in the foregoing manner.  

Importantly, we have characterised these conditions as collectively necessary and 

sufficient for the attribution of genuine representational status. Some philosophers and 

cognitive scientists might argue that this analysis is too stringent—for example, because a 

representational structure need not pass the JDC, or because it need not possess satisfaction 

conditions (Williams 2018). Strictly, all that our argument below requires is that the 

conditions are collectively sufficient—that if a structure passes the JDC and possesses 

satisfaction conditions, it is a representation. Nevertheless, we will also assume throughout 

that if a structure does not satisfy such conditions, it is not a representation—that these 

conditions are necessary. This ensures that the case for a representational interpretation of the 

body schema is maximally difficult: if it could be shown that this cognitive structure fails just 

one of the conditions outlined in this section, we concede that it should not be treated as 

representational.   

                                                             
1 An unstated corollary of this assumption that we will take for granted is that the contents 
of cognitive representations must be an objective property of the representations, and not 
derived from the interpretation of the theorist.   
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 In Sections 2 and 3 we outline the nature of a cognitive structure—the body schema—

and show that it satisfies both conditions, thus authenticating its representational status. In 

Section 4, we finish by arguing that the representational nature of the body schema is of 

central relevance to the representation wars.  

2. The Body Schema and Anorexia Nervosa 

2.1. The Body Schema 

Within cognitive neuroscience, the notion of a body schema has had a long and fascinating 

history. Through the influence of Head and Holmes (1911), the body schema gained traction 

as a fundamentally contrastive notion to the well-known body image—a broad set of 

intentional states (perceptions, beliefs, attitudes) in which the object is one’s body (Gallagher 

and Cole 1995, p. 371). The body schema was considered distinct from the body image in 

two important ways: first, its functional role—the body image subserves perception, whilst 

the body schema subserves action; second, its relationship to consciousness—the body image 

is conscious, whilst the body schema is unconscious (de Vignemont 2010). What emerged 

was the notion of the body schema as an “unconscious, sensorimotor, representation of the 

body that is invoked in action” (Keizer et al. 2013, 1). As this quote illustrates, the body 

schema is simply assumed to be representational in the cognitive neuroscientific literature (de 

Vignemont & Alsmith 2012, 3), and descriptions of its role are saturated with appeals to 

phenomena such as content and information. We will initially follow orthodoxy in taking this 

representational terminology at face value. In Section 3, we provide a systematic defence of 

why this terminology is warranted.  

Within cognitive neuroscience, the most well-known and fine-grained synthesis of the 

body schema is provided by de Vignemont (2010). Her description of the way in which body 

schema content is utilised to enable holistic bodily movement draws on the standard, forward 

model-based characterisation of motor control. Within this explanation, there are two kinds of 

“models” to consider (Wolpert and Ghahramani 2000). The inverse model computes the 

necessary motor commands to achieve a desired state, given the body’s current state. Further 

along the causal chain, the forward (aka emulator) model predicts the sensory feedback of 

those same motor commands. Whilst there is a fascinating body of literature regarding the 

representational credentials of the forward models’ simulated states (Grush 1997), we need 

not concern ourselves with that here. Our focus is instead on the information needed for these 

models to control movement.  
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As de Vignemont describes, inverse models are fed by the initial body schema, a 

collection of body-related information containing “long-term information like the size of the 

limbs, and short-term information like the joint angles and the hand position” (2010 673). 

According to this notion, then, the body schema consists of two kinds of information 

regarding the body: short-term and long-term (de Vignemont 2010).  

In terms of the internal models themselves, however, how many exist and how exactly 

they operate is still an open question within motor control research (Pickering & Clark 2014; 

Wolpert & Kawato 1998). As will become clear, our argument below does not depend on 

how such models make use of this content, only that they do. That is, the explanatory 

importance of the body schema rests on the kinds of body information computationally 

required for successful motor control, and not the specific architecture of the cognitive 

mechanisms that exploit such information.  

2.2. Anorexia Nervosa and The Body Schema 

The notion of the body schema has its roots within cognitive neuropsychology, being used to 

explain several different dysfunctions related to somatosensation and motor control (Haggard 

& Wolpert 2005; Paillard 1999). More recently, however, it has come to play an important 

role in an exciting body of research in the emerging subfield of cognitive neuropsychiatry, 

which applies the methods of cognitive neuropsychology to understanding disorders of 

higher-level cognition, such as belief formation (Halligan & David 2001). Specifically, it has 

been employed to explain a number of behavioural peculiarities and problematic beliefs 

associated with anorexia nervosa (Gadsby 2017a; 2017b; Keizer et al. 2013; Metral et al. 

2014). 

Whilst ostensibly categorized as an eating disorder—whereby the central symptom is 

a problematic relationship with food—anorexia has long been suspected to involve cognitive 

dysfunction of some kind (Bruch 1962). Operating under this assumption, there is an 

incredibly fecund field of cognitive neuropsychiatry devoted to uncovering the cognitive and 

neurological differences between patients and neurotypical subjects (Kanakam & Treasure 

2013).  

Whilst it has long been thought that anorexia involves distortion of the body image 

(Smeets 1997), a more recent branch of research focuses on uncovering evidence that 

patients’ body schemas are also distorted. Indeed, this represents one of the most promising 

branches of research into the body schema. The prerequisite knowledge for such research 
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arises from studies done by ecological psychologists in the 1980s. Warren & Wang (1987) 

first discovered that when passing through apertures (for example, a doorway), neurotypical 

subjects turn their shoulders at roughly the same ratio of shoulder-to-aperture width—what’s 

known as the critical point. Similarly, it was found that neurotypical subjects conform to a 

shared ratio when assessing their ability to pass through apertures without turning their 

shoulders. Given these known ratios, cognitive neuropsychiatrists devised a number of 

behavioural tasks to test the body schemas of anorexia patients. These tasks can be divided 

into two categories: movement and action assessment.  

Though a number of movement-based studies have been conducted (Keizer et al. 

2013; Metral et al. 2014; see also: Engel & Keizer 2017), we will focus on the first of these 

experiments, in order to give a more detailed summary of its findings. In this initial study, 

participants were required to walk through different sized apertures whilst completing a 

distractor task. Movement kinematics were recorded using a camera and reflective markers. 

For each participant, their critical point was calculated “based on the largest aperture width 

for which participants [turned their shoulders] at least two times … divided by the 

participants’ shoulder width” (4). The experimenters discovered differences in critical points 

between the healthy control and anorexia groups: anorexia patients displayed significantly 

higher critical points than the usual standard; in other words, their movement kinematics 

were equivalent to subjects with much broader shoulders. The researchers interpreted this as 

evidence that the patients’ body schemas were distorted, representing their bodies as wider 

than reality (Keizer et al. 2013, 5).  

Are there any possible alternative explanations of this data? For example, is it 

possible that anorexia patients simply misperceive aperture width, or perhaps exhibit some 

form of non-specific kinematic abnormality? Under these alternatives, there would be no 

need to posit the existence of an impairment in the body schema itself.  

There are further aspects of the study which rule out these alternative hypotheses. 

Beyond measuring movement kinematics, Keizer and colleagues also included a behavioural 

task aimed at measuring the spatial content of participants’ body representations. 

Specifically, “participants were instructed to draw a vertical line on a whiteboard which 

represented the width of their shoulders” (Keizer et al. 2013, 4). What they discovered was 

that “if [anorexia] patients’ shoulders were as wide as they estimated them to be [in this task], 

they would perform equal to [healthy controls] on body-scaled action” (ibid. 6). That is, 
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anorexia patients were moving their bodies with the same dynamics as healthy controls, albeit 

as if they were as wide as they estimated them to be.  

This finding is inconsistent with the hypothesis that patients exhibit non-specific 

kinematic abnormalities or simply misestimate aperture width. Neither of these can account 

for the finding that the width at which patients start to turn can be predicted by the outcome 

of the shoulder-width estimate task. However, this evidence can be accounted for by 

assuming that the shoulder-width estimate task is a measure of the same information used to 

determine critical point and therefore that differences in this information are what cause 

differences in critical point—as the experimenters themselves conclude (ibid.).2  

Considering the relationship between critical points and the body schema illuminates 

this evidence. Specifically, whilst critical points are measured as the ratio between shoulder 

width and aperture width, these critical points are determined not by the body, but by the 

body schema (Gadsby, 2017a). As per de Vignemont’s model, body schema information is 

fed to the inverse model, determining motor trajectory (via the calculation of motor 

commands), which in turn determines critical point. Because the motor system computes 

critical points from body schema information, changes in this information explain critical 

point differences.  

2.3 Action Assessment 

In order to further buttress the explanatory relevance of long-term body schema information 

to this research, we will briefly discuss another group of experiments, antecedent to these 

movement-based tasks. These studies required participants (anorexia patients and healthy 

controls) to assess their ability to pass through different sized apertures without turning their 

shoulders. Again, whilst healthy controls roughly conformed to the ratio discovered by 

                                                             
2 An anonymous reviewer pointed out the possibility that these computations might rely on “hard-
coded” values, which presumably don’t count as representations as they don’t track the body. 
However, this possibility is at odds with knowledge of movement dynamics. Our motor commands 
are consistently body size appropriate: as we transition from childhood to adulthood and our bodies 
grow, our motor commands reflect this change in size. Similarly so for more sudden changes in body 
size (fat and muscle fluctuation, loss of limbs, etc.). And, of course, motor commands are altered 
when the dimensions of tools are incorporated into the spatial content of the body schema (Gadsby, 
2017c, 22-23). This evidence discounts the possibility that motor command computation relies on 
“hard-coded” size values, rather than a body schema representation which tracks the size of the body 
(and other action-relevant effectors such as tools). 
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Warren and Wang, anorexia patients’ critical points were much higher—they estimated their 

ability to pass through apertures as if their bodies were wider than reality (Guardia et al. 

2010; 2012; Metral et al. 2014; see also: Engel & Keizer 2017). As expected, this bias in 

action assessment was not present when patients were asked to assess an experimenter’s 

ability to pass through apertures (Guardia et al. 2012).  

Although traditionally associated with movement, research suggests that the body 

schema also underlies action assessment (Schwoebel & Coslett, 2005). This falls in line with 

the dominant psychological theory of action assessment, whereby in order to assess our 

ability to act, we take our motor circuitry offline, simulating the actions themselves 

(Jeannerod 2001; for review, see Declerk 2015, 2-5). According to this theory, both motor 

control and motor simulation are driven by the same motor circuitry—motor circuitry which 

relies on the body schema. Again, the positing of long-term body schema information is 

central in accounting for why anorexia patients show differences in movement kinematics 

and action assessment: this information represents the body as wider than reality, leading to 

downstream effects in both these domains.  

2.4 Summary 

The notion of the body schema—an unconscious sensori-motor representation of the body 

used for action—has played a prominent role within the field of cognitive neuropsychology. 

Furthermore, this structure has come to play an indispensable explanatory role within the 

cognitive neuropsychiatric approach to understanding anorexia. Whilst cognitive 

neuroscience has traditionally conceptualised this structure in representational terms, there is, 

as of yet, no robust philosophical grounding of this assumption; this is the task we turn to 

now.  

3. The Body Schema’s Representational Credentials 

We have introduced the notion of a body schema, involving two kinds of information about 

the body—long-term spatial characteristics and short-term information regarding current 

body position—which are used for motor control and action assessment. We have also 

discussed the central role that this notion plays within cognitive neuropsychiatry—in 

particular, in explaining evidence of abnormal movement kinematics and action assessment 

in anorexia patients. Whilst this research paints the body schema as fundamentally 

representational, it mustn’t simply be taken at its word. Indeed, a central insight of the anti-

representationalist movement is that the structures which cognitive scientists conventionally 
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refer to as representations often do not properly fit the label (Ramsey 2007). As such, in this 

section we turn to validating the representational status of the body schema. First, we show 

that it satisfies the JDC. Specifically, its functional role is to stand in for something to which 

the brain’s sensorimotor systems have restricted access. Second, we show that the notion of 

content (understood as satisfaction conditions) is indispensable to its explanatory role within 

the research we have drawn on. As such, the body schema passes both conditions stipulated 

to be jointly sufficient for representational status. 

3.1. The Body Schema and the Job Description Challenge  

Consider the introduced distinction between two kinds of body schema information: short-

term and long-term. This is a somewhat classic distinction in the body representation 

literature, arising due to the different ways in which we sensorily track the state of our body 

(O’Shaughnessy 1980). There are a whole host of afferent receptors which monitor 

information such as tendon tension, joint angle and muscle stretch (de Vignemont 2014, 990). 

These receptors have evolved to supply very specific information regarding current body 

position—information which is consistently available. As such, the internal states which 

carry this information are in constant causal connection (via the afferent receptors) with the 

states of affairs themselves (e.g. muscle tension, joint angle etc.). The information derived 

from these receptors therefore needn’t be stored over long periods of time, instead, it is 

consistently replaced by new incoming signals (de Vignemont 2010, 672). 

In contrast, there are no afferent receptors which deliver size information regarding 

the spatial structure of the body (i.e. size and shape) (Proske and Gandevia 2012). We rely on 

vision the most to gain information about our body size, but of course our body is rarely in 

the visual field, especially when we are attending to our environments during goal-directed 

action. As such, size information regarding the body is absent to the sensory systems. 

Consequently, this information must be stored and slowly updated over long periods of time 

(de Vignemont 2014; Gadsby, 2018). 

Ramsey’s functional analysis of cognitive structures is relevant to this distinction 

between short-term and long-term body information. Internal states which carry short-term 

information are in constant causal contact with the afferent sensory receptors that deliver it. 

Given this unbroken chain of causality—from internal property to external state of affairs—

states like these are best thought of as reliable causal mediators; they facilitate action via 

reliably responding to external conditions (in this case, immediate properties of body parts 
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like joints, muscles and tendons). As Ramsey (2007) argues, however, being a reliable 

responder is not sufficient for representational status. If it were, this would entail an overly 

permissive account of representation, as there are many seemingly non-representational 

internal states which fulfil this same systemic role (e.g. the immune system’s response to 

infections) (2007 125). For the sake of argument, we grant that receptors do not answer the 

JDC. As such, we also grant that internal states which carry short-term body information are 

not representational.  

On the other hand, internal states which carry long-term information about spatial 

parameters are a different affair. Specifically, there is no unbroken causal link from these 

internal states to the relevant external states of affairs. Whilst the states are updated via 

occasional sensory input, this input is not present to the sensory system whenever the states 

are in use. As such, it is plausible to think that a property of the internal states themselves 

must stand in for these spatial parameters. In the research we have drawn upon, this is exactly 

the functional role assigned to the long-term body schema. It is emphatically not a mere 

reliable causal mediator: there is no unbroken internal-state/sensory-system/external-state 

loop at play.  

Further, not only does the body schema stand in for spatial characteristics of the body 

to which the brain has restricted access, but recognising this status accounts for the 

previously discussed evidence. Long-term body schema information enables successful 

aperture passing because the motor system uses it as a proxy for shoulder-width, in order to 

calculate body-appropriate motor commands (de Vignemont 2010, 673). Further, as per the 

simulation hypothesis, the same motor circuitry is used for action assessment (via offline 

motor simulation). As such, this same information is also used to passively assess aperture 

passability. Without the body schema standing in for shoulder width in this manner, it is 

difficult to see how subjects would be able to successfully navigate through apertures or 

estimate their ability to do so. Thus it isn’t simply that the body schema stands-in for 

shoulder-width, but that this standing-in relationship is exploited by the motor system to 

enable successful navigation and action assessment.  

In the same way that structural features of a map function as stand-ins for physical 

features of the world, the evidence suggests that long-term body schema information 

functions as a stand-in for structural characteristics of the body. When a structure functions as 

a stand-in, or surrogate, for a target which the system lacks direct access, it is serving a 
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representational role, therefore passing the JDC (Ramsey 2007, 87, 99, 199, 201). As 

Haugeland puts it, “[t]hat which stands in for something else in this way is a representation; 

that which it stands in for is its content; and its standing in for that content is representing it” 

(1991, 62; from Ramsey 2007, 87) or, as Ramsey (2007, 199) himself states (in reference to a 

hypothetical car navigation system), “to say that an area of the groove functions as a ‘stand 

in’ for a segment of the track is just to say that an area of the groove is playing a 

representational role”. 

The fact that the motor system uses the body schema as a surrogate in this way also 

provides undeniable explanatory purchase in terms of the aforementioned behavioural 

evidence. That the motor system uses the body schema as a surrogate explains why 

neurotypical subjects turn their shoulders and assess the need to turn their shoulders at 

consistent critical points (despite lacking sensory access to their own shoulder width). 

Further, the fact that anorexia patients deviate from this standard in ways that can be 

predicted using body size estimate tasks can be understood by assuming that their body 

schema information is inaccurate and that the tasks are a measure of this inaccurate 

information (see below). 

To summarise, then, not only does long-term body schema information play a 

fundamentally representational role—standing in for characteristics of the body to which the 

brain’s sensorimotor systems have restricted access—this representational role is integral to 

the operation of such systems. Through reference to this role we can explain the full range of 

behavioural evidence related to aperture passing.  

3.2. The Explanatory Role of Content  

If we are right, a subject’s body schema genuinely functions as a stand-in or proxy for 

structural characteristics of her body in a way that can be exploited to guide action and 

facilitate action assessment. As such, it passes Ramsey’s job description challenge: it 

resembles the functional profile of prototypical public representations—that is, 

representations that enable us to coordinate our behaviour with domains to which we have 

restricted access by standing in for such domains (Ramsey 2007). For some, this is sufficient 

to ascribe representational status to a structure (Isaac 2012; Williams 2018). After all, its 

systemic role within the motor system is to re-present information to which the system does 

not have direct access.  
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However, we noted in Section 1 that many philosophers require something more. 

They require that the relevant states are contentful—at a minimum, that they possess 

satisfaction conditions of some kind. For example, this requirement is central to Hutto and 

Myin’s (2013) claim that much of cognition should be viewed as non-representational on the 

grounds that we have no solution to what they call the “hard problem of content”. 

Specifically, they argue that the kinds of covariational relationships that cognitive scientists 

rely upon to characterise the operation of cognitive mechanisms are insufficient to explain 

how such systems acquire determinate satisfaction conditions—how they come to be 

answerable to how things are:   

“… anything that deserves to be called content has special properties—e.g., truth, reference, 

implication—that make it logically distinct from, and not reducible to, mere covariance 

relations holding between states of affairs. Though covariance is surely scientifically 

respectable, it isn’t able to do the required work of explaining content” (Hutto and Myin 

2013, p. 67).  

This kind of anti-representationalist argument is similar in character to Ramsey’s. However, 

whereas Ramsey’s argument targets the functional role of “receptor” states, Hutto and 

Myin’s argument is broadly metaphysical: namely, that one cannot reduce content to co-

variational relations of the sort countenanced by natural science. If this is right—if the hard 

problem of content is as insuperable for sub-personal cognitive processes as Hutto and Myin 

claim—one might take this as evidence against the representational status of the body 

schema.  

Whilst we don’t propose to wade into the enormous literature on content 

determination and naturalistic psychosemantics here, we will note two points that we think 

strongly undermine this non-representationalist challenge in the current context.  

First, as noted above, the body schema is not a “receptor”-style state whose function 

is to reliable covary with bodily states. In fact, just the opposite is the case: its function is to 

stand in for structural characteristics of the body to which the brain does not have reliable 

access. Unlike mere detectors, it is not obvious how to describe the behaviour of such 

cognitive structures without appealing to the concept of representation (Williams and Colling 

2017). If one wants to argue for a non-representational analysis of the body schema and its 

broader functional role, then, one must offer a non-representational description of the 

research. For the reasons outlined above (see also Section 4 below), we do not think that this 
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is possible. As such, if the body schema genuinely functions in the manner we have 

suggested, this gives us good prima facie reason to suppose that it is contentful. As Ramsey 

(2007, 30-31) puts it:  

“if theorists can develop accounts of cognitive processes that posit representations in a 

way that reveals just how the posit plays a representational role in the system, then the 

explanation of content can wait … from the standpoint of psychological theory 

development, the need for an account of content-grounding is not so urgent.” 

In fact, it is possible to go further than this. The second—and more important—point is that 

satisfaction conditions themselves play an indispensable explanatory role in the research we 

have outlined. That is, it is not just that the body schema is genuinely used as a stand-in for 

structural characteristics of the body (i.e. its shape and size). Central to the research outlined 

above is the fact that in patients with anorexia the body schema gets something wrong. 

Specifically, we saw above (Sections 2.2 and 2.3) that the best explanation for these patients’ 

movement kinematics is that their body schema information is inaccurate. If this is right, 

however, the body schema must be contentful: not only does it possess veridicality conditions 

that can fail to be satisfied, but this failure of satisfaction is positively central to the research 

that we have drawn upon.  

To quote Ramsey once more,  

“The significance of a representational theory of the mind stems in large measure from the 

different elements that are associated with representational states as ordinarily understood. 

For example, when theorists posit inner representations, they typically assume that they now 

have an important way to explain how the system can fail to behave appropriately. It is now 

possible to explain faulty behavior as sometimes stemming from false representations of the 

world” (Ramsey 2007, p.12, our emphasis). 

As should be clear from the research introduced above, the role of the body schema conforms 

to this analysis. By construing the body schema in representational terms, researchers in 

cognitive neuropsychiatry can explain the anomalous behaviour evidenced in anorexia 

nervosa in terms of inaccuracy. Not only does this inaccuracy explain differences in critical 

point, the measurement of this inaccurate content (via body size estimate task) is also integral 

to the research discussed, as it allows researchers to predict the movement kinematics of 

those with distorted body schemas (see Section 2.2). 
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Advocates of the “hard problem of content” might claim that taking content as given 

in this research is somehow illegitimate or insufficiently “naturalistic”—that to substantiate 

this research we must show how to explain the content of the body schema in terms of 

“naturalistically” kosher non-content (cf. Hutto and Myin 2013; Hutto and Satne 2015). This 

is not a version of naturalism that can be sustained, however. If our best science of some 

capacity indispensably requires the postulation of contentful stand-ins for bodily states, we 

should be realists about such representations in the only sense of “realism” that could matter 

in the representation wars (Rescorla 2013). Specifically, we understand these representation 

wars to concern the representational status of our best science of cognition (see Section 1), 

and we understand philosophical naturalism to involve a deference to science in determining 

how the world works (Quine 1960). As such, given that representational content seems to 

feature indispensably in the research we have drawn on, whether the body schema is 

contentful should depend on the scientific value of this research, not on the outcome of 

metaphysical theories of content (cf. Ramsey 2007; Rescorla 2013).  

Of course, as noted above, our argument here will not go through if anti-

representationalists can provide an alternative explanation of the judgemental and 

behavioural anomalies exhibited in anorexia as outlined in Section 2—an explanation that 

makes no reference to content. We know of no such explanations, however, and—given the 

systemic role of the body schema articulated above—we are not optimistic that any could be 

provided.3  

3.3 Summary 

According to the research from cognitive neuropsychiatry we have outlined, the body schema 

stands in for structural characteristics of the body to which the brain has restricted access, 

enabling fluid motor control and action assessment. As such, the body schema passes the 

JDC: just as one might use scribbles of ink on a napkin as a proxy for the spatial layout of a 

city to navigate one’s way to a conference, the brains’ sensorimotor systems exploit the body 

schema as a surrogate for the shape and size of the body to guide effective action and action 

                                                             
3 As an anonymous reviewer points out, given that our argument is one of abduction—i.e. 
that the best explanation of the evidence posits satisfaction conditions—in order to counter 
this argument anti-representationalists would need to provide not just an alternative non-
representational explanation but a better one, relative to some standards of explanatory 
power (e.g. simplicity, coherence, predictive power, consilience with other scientific 
research, etc.). 
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assessment. Further, as outlined in Section 2, the content of the body schema—specifically, 

its inaccuracy in the case of anorexia—has been central to research within the field of 

cognitive neuropsychiatry. Pending an explanation of the data that avoids reference to 

content, we should thus assume that it is indeed contentful and, as such, legitimately 

representational. The body schema thus satisfies both conditions stipulated as jointly 

sufficient for representational status and, as such, should be considered a genuine 

representation. 

Section 4: Basic Cognition and the Body Schema 

We have argued that research into the development and maintenance of anorexia nervosa 

rests on an explanatorily robust concept of representation: the body schema. So what? Even 

the most intransigent anti-representationalists concede that some internal structures are rightly 

considered representations. What’s so special about the body schema? 

In this section, we argue that this seemingly recondite area of research is of central 

importance to the “representation wars”. To see this, it will be helpful to briefly outline two 

obvious implications of the foregoing argument.  

First, our arguments concerning the representational status of the body schema are not 

restricted to the domain of psychopathology. A central methodological practice in cognitive 

neuropsychology exploits evidence concerning breakdowns in cognitive functioning to reveal 

the mechanisms underlying cognitive processes in the neurotypical population more generally 

(Coltheart, 2001). As such, if anorexia involves a pathological case of misrepresentation, this 

gives us strong evidence to believe that the relevant domain of cognition (see below) involves 

veridical representation in non-pathological cases.  

Relatedly, although the research we have focused on predominantly concerns 

aperture-passability, its implications extend far beyond this narrow domain. Specifically, they 

extend to the domains of environmental interaction and affordance perception more 

generally—the domain of “basic cognition” supposed to be most hospitable to a non-

representationalist treatment (Hutto & Myin 2013; Gallagher 2017; Chemero, 2009). This 

bears significant relevance to the “representation wars” of recent cognitive science (see 

Section 1).4 In what follows, we briefly outline some prominent anti-representational 

                                                             
4 Whilst different groups of anti-representationalists emphasize different activities, basic cognition is generally 
characterized as consisting of our capacities for “online” sensorimotor engagement with the environment e.g. 
learning, skilled action, environmental interaction, action-oriented perception (Dreyfus, 2002; Gallagher, 2017; 
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accounts of two of these paradigmatically basic domains (environmental interaction and 

affordance perception) and show how, specifically, the body schema undermines such 

accounts.  

4.1 Environmental Interaction 

Anti-representationalists generally consider environmental interaction to be a pervasive and 

integral aspect of our cognitive economy. Radical enactivists, for example, claim not only 

that there is “no prospect of understanding minds without reference to interactions between 

organisms and their environments” (Myin and Hutto, 2015, 4) but indeed that “most of what 

humans do and experience is best understood in terms of dynamically unfolding interactions 

with the environment” (ibid., 61, our emphasis). This naturally includes the assumption that 

environmental interaction is a fundamentally representation-free process (see below).  

Yet as we have just shown, environmental interactions are not necessarily unmediated 

by representation: our interactions with apertures are driven by representations of the 

subject’s own body size. Further, as just noted, this insight is not restricted to the recondite 

domain of aperture passing. If we are right—if the body schema performs the systemic role 

that we have outlined in this paper—then a considerable portion of our environmental 

interactions must be similarly mediated by representations of body size.  

This argument is substantiated by introspection and commonsense. Consider the 

broad range of goal-directed movements we make in a day: switching on the office light, 

turning on a computer monitor, reaching for a coffee cup, bringing it to our mouth for a sip, 

and so on. None of the motor commands for these actions can be calculated without relying 

on the spatial content of the relevant body parameters. For example, the motor commands 

necessary for reaching for coffee cups will markedly differ between subjects with different 

arm lengths. Indeed, it is difficult to see how any goal-directed interaction with one’s 

environment could proceed without this relevant information. The spatial diversity of the 

objects in our environments, coupled with the spatial diversity of our action-relevant effectors 

(e.g. arms, legs, hands), positively requires that successful environmental interaction must 

take head of the dimensions of the body. 

It is worth taking a moment to explore an influential argument in favour of the non-

representational credentials of environmental interaction, in order to see how, exactly, the 

                                                             
Hutto & Myin, 2013). This contrasts against “higher-order” capacities—such as language, thought, memory, 
planning etc.—which are generally regarded as “representation-hungry” (Clark & Toribio, 1994).  
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body schema undermines them. Enactivists fortify the non-representational credentials of this 

process via the notion of dynamic couplings (Gallagher 2017; Hutto & Myin 2013, 6). In 

contrast to linear relations holding between inputs and outputs, dynamic couplings consist of 

causal loops between organism and environment (Clark 1997, 163-167). These loops are 

importantly recurrent, involving ongoing reciprocal influence, linking sensory input, motor 

output, and environment. Such looping relationships, it is argued, are not usefully 

characterised as involving stand-ins for those parts of the outer world the organism responds 

to (Van Gelder, 1995). As such, the notion of representation never comes into consideration.  

However, the body schema is exactly such a stand-in. Instead of an unbroken 

recurrent causal loop between subject and world, then, an intermediary step within this 

process can be identified—namely one which involves inner surrogates standing in for body 

size. The dynamic coupling is thus broken by a decidedly internal, decouplable surrogate; not 

of the world, but of the body. 

4.2 Affordance Perception 

Whilst many anti-representationalists take environmental interactions as key to explaining the 

broader scope of cognition, others focus more closely on the notion of affordance perception. 

Gibson originally defined affordances as the actions provided or furnished by one’s 

environment (1979, p. 127), of which passing through apertures is a prime example (Warren 

& Wang 1987). Perception of affordances was specifically contrasted with conventional, 

representational theories of perception (Richardson, 2008). As such, they became a popular 

focus point for many anti-representationalist accounts of cognition (Anderson 2014; Chemero 

2009). Chemero, for example, claims that Gibson’s ecological psychology—along with its 

principle that “perception is of affordances”—provides a “non-representational background 

theory” for the radical embodied approach to cognition (p. 98-99). Echoing the popularity of 

affordance perception amongst non-representationalists, Zipoli Caiani writes, “conceiving 

affordances as dispositional properties allows for a lawful account of how agents perceive 

and interact with action-related properties of the environment, without relying on mental 

representations and computations” (2017 665, our emphasis). 

Yet knowledge of the cognitive and neurological systems which enable affordance 

processing has grown in leaps and bounds since Gibson first introduced the term. Today, we 

are in a significantly enlightened position, where the dominant assumption is that affordance 

processing is enabled through simulation of the actions themselves (Garbarini & Adenzato 
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2004; Declerck 2013; 2015; Zipoli Caiani 2017). As discussed, this same assumption is 

crucial in understanding the evidence from anorexia research—whereby it is suggested a 

distorted body schema, used by the motor system, figures in both action and affordance 

perception tasks, explaining why differences in critical point are evident in both.  

Again, simple introspection supports the relevance of the spatial characteristics of the 

body schema to a considerable number of affordances. To see this, consider a defining claim 

of ecological psychologists: that affordances are relational, implicating not just properties of 

the environment but properties of the agent (Chemero 2003). In particular, the spatial 

properties of an agent’s body play a strong role in determining the affordances of an 

environment: a foot-stool is perceived as a seat for a child but not an adult because of their 

differences in size (Heft 1989, 3). As such, body size is a pervasive factor in determining 

affordances. 

In the case of affordance perception, its non-representational credentials are borrowed 

from the notion of direct perception. Anti-representationalists claim that temporally invariant 

patterns in the sensory input itself are sufficient to specify affordances. As such, 

reconstructive—that is, re-presentational—perception of these environmental affordances is 

unnecessary: organisms can directly “resonate” to this environmentally embedded 

information (Anderson 2014; Chemero 2009; Gibson 1979; Noë 2002). 

Irrespective of the legitimacy of this approach for cases of ordinary exteroceptive 

perception, however, we can now see why it fails in the case under discussion. Even if one 

thinks that some properties of the environment and agent can be directly tracked, such as the 

width of apertures (through vision) or the angle of joints (through proprioception), the spatial 

parameters of the body cannot—humans (and other animals) simply did not evolve afferent 

receptors dedicated to tracking the spatial parameters of the body. We can—and do—perceive 

these parameters (largely through vision), but this access is patchy at best, occurring 

sporadically and over long periods of time (de Vignemont 2014).  

As such, factors like shoulder width, arm length, or the size of one’s grip aperture are 

not dimensions one can simply pick up or resonate to, yet they are precisely the kinds of 

dimensions that determine affordances. Again, this point is buttressed by the evidence from 

anorexia research. Anorexia patients do not have a breakdown in their exteroceptive perceptual 

abilities, resulting in some kind of dysfunctional pickup of environmental variants pertaining 

to shoulder or aperture width (however that would work); rather, they internally misrepresent 
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their own body size (Smeets 1997; Smeets et al. 1999; Spitoni et al. 2015; Keizer et al. 2011; 

2012; Metral & Keizer, 2017).   

4.3. Summary 

Whilst anti-representationalists tend to think of basic cognitive processes such as 

environmental interaction and affordance perception as representation-free, we have shown 

this assumption to be false. Cognition over such domains is heavily reliant on long-term body 

schema information regarding the spatial characteristics of the body. Furthermore, this 

information satisfies the anti-representationalists’ own desiderata for being considered 

genuinely representational, putting considerable strain on their position within the 

representation wars.  

Section 5: Conclusion 

We have drawn on research in cognitive neuropsychiatry concerning the malfunctioning of 

the body schema in patients with anorexia, and have argued that this body schema is robustly 

representational—that it passes Ramsey’s job description challenge, and that its content is 

central to its explanatory role within such research. Further, we have argued that this 

seemingly recondite area of research is of central relevance to the heated representation wars 

that have arisen in cognitive science in recent decades: it substantiates the view that 

representational cognition underlies environmental interaction and affordance perception in 

neurotypical subjects, the domains which are assumed to be most hospitable to purely 

representation-free explanations. 

If our argument is along the right lines, it strongly undermines recent prophecies of a 

radical non-representational shift in cognitive theorizing (Hutto and Myin 2013; Ramsey 

2007). Nevertheless, we acknowledge the limits of our argument. We do not claim—and have 

not demonstrated—that a non-representational interpretation of the evidence we have 

discussed in this paper is impossible, and we welcome attempts to accommodate this 

evidence in strictly representation-free terms. Any such non-representational treatment would 

need to account for the systematic differences between patients with anorexia and 

neurotypical subjects in the aperture passing-tasks we have outlined, as well as the ability to 

predict these differences using the outcomes of body size estimate tasks without appealing to 

an internal representation of the subjects’ shoulder-width. Again, we do not claim that this 

cannot be done, but—for the reasons enumerated in Section 3—it seems unlikely.  
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 Cognitive neuropsychology has enjoyed great success in understanding the 

mechanisms underlying our cognitive capacities by exploring cases in which they 

malfunction. We hope that the current paper has illustrated how fruitful this strategy can be 

with respect to questions about the existence and extent of cognitive representation. 

Specifically, the extensive and growing body of literature on psychopathology provides a rich 

and compelling cache of empirical data to explore in answering such questions, precisely 

because such research so often revolves around the notion of misrepresentation—whether 

through false belief, false perception, or otherwise. Misrepresentation has long been 

considered the key to understanding representation in general (Dretske 1986). If this is right, 

understanding may be gained by conducting debates surrounding representation in contexts 

where cognitive systems appear to get something wrong—to be in error relative to how things 

are in the world. We have exploited this strategy to reveal something important: the prospects 

of a global non-representationalism about basic cognition seem dim. Pathological 

misrepresentation of the body in patients with anorexia helps to reveal the extent to which 

affordance perception and environmental interactions are underpinned by a very specific kind 

of representation—a mirror not of nature, but of the subject’s own body.   
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