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The Contributions of the Bodily Senses to  
Cortical Body Representations



The Problem
Which Body Representations & How Many Do We Have?

There is no general agreement on the number and nature of the cortical body 
representations. Here’s just a sampling of putative representations from a recent 
review (Longo 2016):


•body image: a conscious representation of the size, shape, and composition of the body 


•body schema (sometimes called the postural schema): a dynamic representation of the disposition of body parts 

relative to one another


•superficial schema: a representation used for localizing stimulation on the body’s surface (the skin)


•body model: a representation of the metrical properties of the body subserving perception


•semantic body representation: a representation of conceptual information concerning the body


•structural body description: a consciously accessible cognitive representation of the body’s structure used in 

making judgments about the spatial relationship of body part to one another.



Why no agreement?
Three primary reasons:


• The primary evidence for these distinct body representations comes from dissociations (e.g., between the 
perceived size of one’s limbs and the ability to act with those limbs). But the number of these dissociations 
is vast and subject to competing interpretations in terms of the body representations involved (e.g., is a 
functional deficit due to damage to a functionally dedicated body representation or is due to damage to 
some mechanism making use of a more general body representation?).


• Also, the empirical data on dissociations is not univocal – there are a number of complexities that have led 
researchers to posit robust interactions between the distinct body representations. But then we can again 
question the extent to which these representations ought to be thought of as distinct.


• This is further complicated by the fact that researchers differ on the criteria they use to differentiate body 
representations (e.g., function, conscious accessibility, sensory inputs, timescale, spatial structure).


See   de Vignemont (2007; 2018, ch. 8) and  Holmes and Spence (2006)  for a thorough discussion of these, and other, difficulties.



What To Do About It
Generating A How-Possibly Explanation
The proposal: Focus on the possible contributions of the bodily senses (touch, 
proprioception, equilibrioception) to the formation of body representations:


•More particularly, generate the how-possibly explanation of the construction of body representations that relies on as little 
information beyond that supplied by the bodily senses as possible.


•Why start there?

•Because (a) we have a good understanding of peripheral sensory processing leading into the somatosensory cortex –
 the problem is how we go from there to body representations, and

•(b) the body senses play a central, and uncontested role, in the formation of the body representations.


•Even if there are innate body representations, they will need to be modified by input from the bodily senses (at least) as 
our bodies grow and change.


•The goal is to then use the how-possibly explanation to give us a starting point for a refined how-actually explanation.

• We get a clearer picture of the sorts of problems that need to be solved to generate body representations, and we can 
then go looking for the mechanisms where they are solved.

•We clarify questions about multisensory contributions to the body representations, about which there is also substantial 
debate (e.g., concerning vision’s role in scaling bodily proportions).



Precedents For Going Minimal
Approaching questions in the philosophy of perception by isolating a minimal, 
sensory-specific, inputs has a long history:


•Condillac’s (1754) statue


•Strawson’s (1959) purely auditory experience


•Recent work on multisensory features of perceptual experiences – particularly on what it is for a feature of a perceptual 
experience to be associated with a given sensory modality (O’Callaghan 2015, 2017, 2019; Brisoce 2019, Wadle 2020).


Specifically concerning bodily experience/body representations:

•de Vignemont’s work on the multimodality of bodily experience (2014, 2018).


•Skin Space – a recently proposed addition to the various body representations  that is acquired only through tactile 
stimulation (Cheng & Haggard 2018; Cheng 2019; Fardo et al. 2018).



The Rules of the (Minimalist) Game
In assessing the bodily senses, we first start with each in isolation, considering 
only:

•Explicit inputs to the peripheral receptors of each bodily sense and


•only as much implicit information as is required to explain the function of those receptors


•e.g., the they are arranged along/within a continuous surface and


•that they respond to a particular kind of stimulus/energy.


•We also allow learning from statistical regularities in the stimulation received over time.


We then combine these minimal versions of the bodily senses:

•Allowing learning of correlations between stimulation states of the different (minimal) bodily senses.



Minimal Touch

Different receptor types respond to 
different sorts of stimulation on a different 
timescale. The most relevant receptors for 
our purposes are the Meissner’s 
corpuscles (FAI), which detect continuous 
movement along the skin’s surface via 
low-frequency vibration. The Pacianian 
corpuscles (FAII) respond to pressure and 
vibration, Merkel’s disks (SAI) respond to 
light pressure, and the Ruffini endings 
(SAII) respond to stretch.’FA’ stands for 
‘fast adapting. ‘SA’ stands for slow-
adapting. ‘I’ indicates small RFs, ‘II’ large 
RFs. Ruffini endings also provide input to 
proprioception. We will largely pass over 
them in minimal touch, returning to them 
when we consider the combination of 
minimal touch and minimal proprioception.


Diagram from Strzalkoski et al (2018, p. 1236)

Input to minimal touch:

•Mechanoreceptors in the skin that detect pressure, tension, and/or torsion.


•We also have recourse to the receptive field (RF) structure of these receptors.



Minimal Touch
The problem for minimal touch is:

•The size and arrangement of the individual RFs are not available to minimal touch:





The result is that minimal touch can detect continuity between points along the 
skin’s surface but cannot determine the distance between two points or the 
shape of a path traced along the skin.



Minimal Proprioception
Input to minimal proprioception:

•Mechanoreceptors, again, detecting tension and torsion, distributed through the ligaments, tendons, muscle 
spindles, joint capsules, and other connective tissue of the musculoskeletal system.


Some limitations:

•No analogy to the RF structure of minimal touch.


•The mechanoreceptors of minimal proprioception cluster at the joints


•As a result, we won’t get anything concerning the size and shape of body parts.


•At best we will get information relevant to the body schema; namely, joint angles. But this would need to be 
augmented with information concerning size and shape to get a full body schema.



Minimal Proprioception
But we don’t even get joint angle in minimal proprioception. For that we would 
need the following:

•The size and weight of the limb segment moved by the tension registered at the joint.


•The location of the attachment of tendons to the bone of the limb segment moved.


•The resting angle of the joint.




Minimal Touch +  
Minimal Proprioception
Given that we allow learning of correlations across minimal bodily senses, we 
can mitigate some of the difficulties encountered by minimal touch and minimal 
proprioception taken singly. For example:


Imagine pressing one’s palms together at the 
body’s midline. The various joint and muscle 
receptors of one arm will mirror the stimulation 
states of those of the other. Now raise the 
hands (still touching), by bending the elbows, 
until the inner forearms touch. The joint angles 
will be symmetrical and pressure on the 
forearms and hands will be (more or less) even. 
Bend the wrists back and slide the right 
forearm down along the left, until the wrist 
reaches the end of the elbow. 

Reset and perform the corresponding action 
with the left arm. In this way we verify (or 
disconfirm) that the forearms are the same 
length – no additional portions of the arm that 
are not stimulated (by pressure sense) at the 
start of the movement come to be stimulated 
during the course of the movement for either 
arm. Now we can run the forearms along each 
upper arm to verify that these, too, are the same 
length as one another. 



And yet there remain indeterminacies relevant for the creation of body 
representations. In particular there are problems with relation scale and 
orientation. Both problems result from the fact that a body representation 
generated just from minimal touch + minimal proprioception only has access to 
information about body-based space. It has no independent access to 
information about body-external space:

•Scale: There is no indication that the body remains a stable size relative to external object (think of Alice 
in Wonderland eating from alternate sides of the mushroom)

•Orientation: It is well known that object-internal spatial relations can’t distinguish objective left and right. 
(Someone operating just on a body representation derived from minimal touch and minimal proprioception 
could distinguish, say, their arms from one another. But, should they raise one of them, they won’t be able 
to tell if it is the left or right arm, from the perspective of an external viewer.)

Minimal Touch +  
Minimal Proprioception



Adding Minimal Equilibrioception
Minimal equilibrioception takes input from the vestibular labyrinths. Each 
vestibular labyrinth comprises three semicircular canals attached to a central 
vestibule containing the otolithic organs:

Semicircular Canals: Anterior canal (AC) 
and posterior canal (PC) respond to 
movement away from the center of the 
head in the plane to which they are 
oriented. The lateral (or horizontal) canal 
(HC) respond to horizontal rotations of 
the head. 

Otolithic Organs: The utricle (utr) and 
saccule (sac) respond to linear 
acceleration/gravity, in the horizontal (utr) 
and vertical (sac) planes. 


Diagram from Kingma and Van de Berg (2016, p. 4)



Adding Minimal Equilibrioception
It is clear that minimal equilibrioception won’t do much, with respect to body 
representations, on its own – the relevant receptors are not distributed through 
the body and take no input from the bodily surface or its inner mechanical 
manipulations (bending of joints). But can it help with the scale and orientation 
problems?

•Scale: No. The best we could hope for is that worldly distance would be measured by tracking (at least) 
duration of movement. But the otoliths measure acceleration, not constant velocity (think of traveling in a 
car – your otoliths stop responding very shortly after the car’s speed stabilizes).

•Orientation: A bit. The fact that minimal equilibrioception is sensitive to the effects of gravity (via 
acceleration) allows us to register down and differentiate it from up (down is the direction we are pulled in, 
up is opposite down). However, there is no similar asymmetry for left/right or front/back. So these 
dimensions remain unoriented relative to external space.



So Where Does this Leave Us?
Re: The Body Model

•We have the resources to localize sensations on the body, though translations of these locations to 
locations in external egocentric space will require additional inputs. Empirical results suggest that these 
translations occur in the posterior parietal cortex and are modulated by visual input. 

•There are still questions about the accuracy of the metrical information that can be derived from self-
exploratory movements of the body without visual input. 


Re: The Body Schema

•We have resources for a body schema that merely tracks bodily posture. We do not have the resources for 
a body schema that is fully integrated into external space. The latter will be necessary for a body 
representation that can fully guide action.
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