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Abstract: A foundational assumption of contemporary cognitive science is that perceptual
processing involves inferential transitions between representational states. However, it remains
controversial whether accounts of this kind extend to modalities whose perceptual status is a
matter of debate. In particular, it remains controversial whether we should attribute inferential
mechanisms to the sensory processing underpinning (human) pain experiences. This paper
argues that, contrary to recent proposals in the philosophy and science of pain, pain processing
is not mediated by inferential transitions. To this end, I show that standard motivations for
inferentialism—including appeal to underdetermination, illusion, cue combination, cognitive
penetration, perceptual constancy, and invariance—do not carry over to pain. Instead, I suggest
that pain’s sensory processing may be better characterised as an idiosyncratic form of
transduction, distinguishing it both from paradigmatic perceptual modalities and canonical

transducers.

Conld a machine think?—conld it be in pain?—

Well, is the human body to be called such a machine?

1t surely comes as close as possible to being such a machine.
(Wittgenstein, Philosophical Investigations)

1. INTRODUCTION

A foundational assumption of contemporary cognitive science is that perception depends upon
unconscious inferences: that what we see, hear, and feel is—by and large—the result of subpersonal
processes which ‘draw conclusions’ about the state of the environment from relevant ‘premises’
(Fodor & Pylyshyn, 1981, Gregory, 1970, Marr, 1982, Palmer, 1999, Ritchie, 2022, Rock, 1983).
Some such premises are supplied by sensory organs, and amount to current (albeit impoverished
and ambiguous) information about the world; other premises are (implicitly) encoded in the
architecture of perceptual systems themselves, and amount to prior (albeit defeasible) information
about what the world is typically like. When we perceive, perceptual systems are seen to literally
infer the most likely estimate of the perceptual scene on the basis of both current and prior
information at their disposal. This theory of perceptual processing is known as zuferentialism (also
referred to as constructivism ot cognitivism).'

Origins of inferentialism date back at least as far as Ptolemy’s Opfies (c. 160), which argues
that the perception of size requires visual systems to make ‘unnoticed judgements’—a view

1 As I will go on to clarify shortly, unconscious inference can also be understood in statistical rather than logical
terms, replacing talk of ‘premises’ and ‘conclusions’ with that of probability assignments to a hypothesis space (see
Section 2).



developed in more detail by the Arab mathematician Alhazen centuries later (c. 1030) and
maintained by various authors since (see Hatfield, 2002, for a historical overview). In its modern
form, inferentialism is typically attributed to Hermann von Helmholtz (1867), a German physicist
and physician, who proposed that perceptual systems ‘construct’ coherent images of the
environment in a series of ‘mental adjustments’ or ‘unconscious inferences’. Helmholtz’s
approach is now standard within contemporary perceptual psychology and credited with
remarkable explanatory power: not only is inferentialism considered to offer the only viable
solution to the so-called ‘underdetermination problem’ (of which more later), but it promises to
explain a variety of notable perceptual phenomena which would otherwise remain obscure
(Rescorla, 2015a, b, 2020, Ritchie, 2022).

While inferentialism is frequently discussed in the context of zisual perception, it is
typically understood as a theory about perception quite generally. Consequently, the processes
which underlie hearing, touch, and proprioception are similarly seen to implicate inferential
mechanisms (Burge, 2010, Palmer, 1999). However, whether or not we should attribute
mechanisms of this kind to modalities whose perceptual status is more contentious (such as
olfaction and gustation) or, indeed, to sensory systems quite generally, remains a controversial
(albeit neglected) area of inquiry.

According to an increasingly influential view, there is compelling evidence in support of
inferential processing in (human) pain perception (Seymour & Mancini, 2020, Tabor et al., 2017,
Casser & Clarke, 2023). It is argued that pain systems, much like visual and auditory systems,
inferentially interpret their inputs and thereby determine the state (and causes) of bodily damage
incurred by the organism. This view is not unmotivated since, according to its proponents, pain
processing faces (and solves) some of the same ‘problems of inference’ as afflict paradigmatic
perceptual systems. In fact, this much is taken for granted in recent discussions of pain’s cognitive
architecture (Gligorov, 2017, Jacobson, 2017, Shevlin & Friesen, 2020, Skrzypulec, forthcoming), as
well as increasingly popular Bayesian and predictive coding models of pain (Wager, 2004, Watson
et al., 2006, Brown et al,, 2008a, 2008b, Seymour and Dolan, 2013, Yoshida et al., 2013,
Moutoussis et al., 2014, Anchisi & Zanon, 2015, Wiech, 2014, 2016, Ongaro et al., 2019, Hoskin
etal., 2019).

These developments are not inconsequential: to this day, traditional pain science seeks to
explain how pain systems operate at a primarily neurophysiological and functional level of
analysis. However, if an adequate explanation of pain processing requires the ascription of
inferences (and, by extension, mwental representations), then this suggests that there are generalisations
which can only be captured at a more abstract, ‘symbolic’ or ‘computational’ level of description
(see Pylyshyn, 1984). Consequently, if pain is inferential, then a complete science of pain must
extend its current vocabulary to capture such generalisations—a trajectory reminiscent of that of
vision science in the 1970s (see Marr, 1982).

However, contrary to recent proposals in the philosophy and science of pain, this paper
argues that pain processing is #ot inferential. To this end, I show that standard motivations for
inferentialism—including appeal to underdetermination, illusion, cue combination, cognitive
penetration, perceptual constancy, and invariance—do not successfully carry over to pain. More
specifically, I argue that () pain processing does not solve an underdetermination problem
(rendering the introduction of inferential mechanisms unmotivated), that (ii) candidate cases of
pain illusions, cue combination, and cognitive penetration fail to successfully motivate a problem
of inference for pain (though they may at times motivate a problem of inference for other sensory



systems), and that (iii) potential further indicators of inferential underpinnings, such as constancy
mechanisms and invariance, are absent from pain processing (and hence needn’t be accounted
for inferentially or otherwise). As a consequence, pain does not manifest any of the prominent
explananda which inferentialism is intended to explain, rendering the introduction of inferential
mechanisms gratuitous and, hence, unjustified. I conclude by sketching an alternative model of
pain’s sensory processing as an idiosyncratic form of transduction, which differentiates pain both
from paradigmatic perceptual modalities and canonical sensory transducers.

This paper is divided into four sections. Section 2 provides an overview of inferentialism
in perceptual psychology and outlines why perceptual systems are seen to make inferences.
Section 3 traces recent commitments to inferentialism in the philosophy and science of pain, and
argues that despite apparent similarities between pain and paradigmatic forms of perception, none
of the standard motivations for inferentialism carry over to pain. In section 4, I gesture at an
alternative conception of pain processing as a form of sensory transduction.

2. MAKING AN INFERENCE

It is said that perception is all about the news. Its purpose is to gather information about the
current state of the organism’s environment—the ‘here and now’, as it were—which will assist
the organism in the conduct of its life (Armstrong, 1968: 209; Block, 2014: 567, 2022: 99, cf.
Phillips & Firestone, 2023). To do so, perceptual systems receive inputs via specialised sensory
receptors and form (more or less) accurate representations of distal objects, scenes, and events
on their basis. This process is not straightforward. Specifically so, since said inputs typically
underdetermine the state of the world: one and the same pattern of proximal sensory stimulation is
compatible with multiple (sometimes infinitely many) possible distal causes.

To get an intuitive grasp on this issue, consider touch: When we explore objects with our
hands, we typically have a ‘feel’ for the unity of objects we are touching (see Lederman & Jones,
2011). When we grasp an orange, for example, we fee/ that we are in contact with a single,
contiguous object. When we are clutching a bunch of blueberries, on the other hand, we fee/ that
we are in contact with several, disconnected items. Notably, however, in the absence of visual
aid, the only proximal stimulation our tactile system has to go on when estimating unity or
disunity is information from separate contact points of our skin: information to the effect that
there is something of a certain texture, temperature, and force applied ‘here’, ‘here’, and ‘here’.?
That information, however, is compatible with multiple interpretations: it may very well be the
case that there is only one contiguous object that is responsible for all points of contact, but it
might also be the case that there are multiple objects that are. Some such interpretations may, of
course, be more plausible than others. The point, however, is simply that the sensory inputs
which the system is receiving are themselves ambiguous between these distinct possibilities. One
and the same pattern of stimulation is compatible with multiple ways the world might be. This is

the underdetermination problem.

2This is an oversimplification. Even in the absence of visual information, the tactile system receives additional inputs
from proprioception, which help it try and determine relevant properties of objects, such as shape (Hsiao, 2008).



Underdetermination is a pervasive phenomenon, affecting all perceptual modalities in
multiple ways.” Remarkably, however, perceivers tend to have a pretty good idea of the world
around them—underdetermination notwithstanding. Indeed, our senses typically provide us with
stable and fairly accurate information about the state of our environment, including information
about the number of objects we are grasping. How is this possible? The classical solution
proposed by Helmholtz has been that perceptual systems interpret their inputs on the basis of
‘implicit assumptions’ about environmental regularities and zzfer the most likely distal conditions.
For instance, when the tactile system is trying to determine the number of objects in contact with
the perceiver’s hand, it may rely on information about the kinds of stimulation patterns that
objects in the perceiver’s environment are likely to cause. And so it may assume, for example,
that ‘contiguous objects are fairly uniform in temperature’, that ‘the likelihood of contact with
multiple objects increases with the spatial separation between contact points’, or that ‘single,
contiguous objects are unlikely to touch the “outsides” of two adjacent fingers simultaneously’.
Assumptions of this kind allow the system to rule out a number of possible interpretations of its
inputs and to ultimately make an informed estimate of the quantity of objects in contact with the
perceiver.

To give a concrete (albeit idealised) example of such a case, imagine that the tactile system
is receiving inputs from mechanoreceptors located on the left of the subject’s right index finger
and inputs from mechanoreceptors located on the right of the subject’s right middle finger (the
‘outsides’ of those fingers, if you will). Here, the tactile system is faced with inputs that are
ambiguous between at least two interpretations: Either one contiguous object is in contact with
the outsides of middle and index finger, or two objects are in contact with the outsides of middle
and index finger respectively. Since contiguous objects in the perceiver’s environment are
typically shaped in such a way that they do not simultaneously come into contact with the
‘outsides’ of two adjacent fingers, the tactile system may assume, quite generally, that ‘single,
contiguous objects are unlikely to touch the outsides of two adjacent fingers simultaneously’. On
the basis of this assumption, the system is then able to infer that the former interpretation is far
less likely to be correct than the latter, leading it to conclude that the perceiver is in contact with
multiple objects. In this way, the system can be seen to have determined the state of the
environment by way of inference.

Perceivers may, of course, encounter the world under atypical conditions, in which case
the system’s implicit assumptions are likely to be violated. A perceiver may, for example, cross
their middle and index finger and hence touch a single object with the ‘outsides’ of two adjacent
fingers after all. In this case, the system’s implicit assumptions will lead it to erroneously conclude
that the perceiver is in contact with multiple objects—an effect known as Aristotle’s llusion or
tactile diplopia (Baysan & McPherson, 2017). However, given the assumptions that the tactile
system is hypothesised to be making, this is just as a proponent of inferentialism would predict.
In fact, the inferentialist can quite naturally account for perceptual illusions more broadly as
instances of inferential failure (Fodor & Pylyshyn, 1981).

As these examples illustrate, the notion of inference not only helps explain how
perceptual systems get things right, even in the face of underdetermination, but also how
perceptual systems get things wrong, as in the case of perceptual illusions. In addition, an inferential

3 Examples of underdetermination abound. For visual cases see Burge (2010), Palmer (1999), Ramachandran
(1988). For auditory cases see Nudds (2015).



understanding of perceptual processing is seen to explain a variety of other notable perceptual
mechanisms and phenomena (see Section 3), including cue combination (Rescorla, 2020),
(alleged) cognitive penetration (Hohwy, 2013), perceptual constancy (Rescorla, 2015a), and
invariance (Ritchie, 2022).

Since its introduction by Helmholtz, inferentialism has been developed in roughly two
different ways. On one version of the view, the notion of inference is construed in something
like a logical sense: here, the perceptual system’s ‘implicit assumptions’ are regarded as stored
premises which feature in deductive, inductive, or abductive lines of reasoning. Inferentialism, in
this sense, posits that perceptual systems ‘draw conclusions’ from relevant ‘premises’ in a rather
literal sense (see e.g. Rock, 1983: 272-282). On another version of the view, the notion of
inference is construed in a statistical, Bayesian sense: here, talk of ‘implicit assumptions’ is
replaced with that of a hypothesis space reflecting possible environmental conditions to which
probabilities are assigned. Upon receiving incoming sensory evidence, these probabilities are
reallocated in (rough) accordance with Bayes’ Llaw, and a favoured hypothesis is selected.
Inferentialism, in this sense, posits that perceptual systems approximately conform to norms of
Bayesian inference (see e.g. Rescorla, 2015a). While these two versions of inferentialism differ
from one another in significant respects, which version one endorses does not bear on the
arguments presented in this paper.

It is important to note that inferentialism of either strand tends to take the role of
inferences in perceptual processing quite literally: perceptual systems don’t operate as i they
performed inferences, but 7 fact do so. However, since said inferences are unconscious, and
hence inaccessible to the perceiver, their presence cannot be verified introspectively. Rather, their
postulation is justified, on the inferentialist’s view, oz/y by the fact that a description of perceptual
processing without appeal to inferential mechanisms falls short of adequately explaining the
perceptual phenomena in question. This approach is seen to be vindicated by the fact that
inferentialism has led to major advances in the recent history of perceptual psychology.

What exactly (unconscious) inferences are supposed to be is not always so clear, and
depends on the species of inferentialism one endorses. However, proponents of either version
of inferentialism typically understand inferences to be paradigmatically #on-associative and reason-
responsive transitions between representational states (see Casser & Clarke, 2023). Inferences are
‘non-associative’ insofar as relevant transitions are not (merely) linked by an associative relation,
such as ‘closeness’ or ‘similarity’, which can be established through conditioning. Rather, they are
guided by a set of rules or principles, such as, e.g., disjunctive syllogism or Bayes’ Law, which
convey an internal logic to perceptual processing. Relatedly, inferential transitions are ‘reason-
responsive’ insofar as they can be modified by evidence, such as, for example, content-relevant
information from another sensory system (see Jenkin, 2022).

Since inferences in perceptual processing involve transitions between contentful states,
such as premises or estimates about possible environmental conditions, unconscious inferences
are seen to implicate mental representations (see Fodor & Pylyshyn, 1981, Rescorla, 2015a). Mental
representations are ‘mental’ insofar as they are proprietary to psychology, and ‘representations’
insofar as they are ‘causally active semantic mediators’ standing in for something other than
themselves, such as the state of the environment or an estimate thereof.

Inferentialism is, of course, not the only available theoretical framework by which
perceptual processing may be interpreted. So-called ‘ecological’ or ‘embedded’ accounts of
perception, for example, remain competitive, albeit marginal, alternatives (see Gibson, 1979,



Orlandi, 2014). In these accounts, perception is not mediated by inferences or mental
representations, but capable of ‘picking up’ environmental properties directly. Accordingly, what
is seen to explain the perceptual solution to the underdetermination problem, for example, is not
that perceptual systems somehow represent certain environmental regularities and make znferences
on their basis, but that the environmental regularities themselves have shaped perceptual systems
in the course of evolution to process ambiguous sensory stimulation one way rather than another.
As such, perceptual processing is seen to be explained by ‘the facts’ as opposed to perceptual
systems’ representation of the facts (Otlandi, 2014). However, ecological and embedded accounts
remain marginal as they are widely seen to have (insurmountable) difficulties accounting for
perceptual illusions, constancies, and adaptation effects (Rescotrla, 2015a, b).

For the purposes of this paper, I will assume (primarily for the sake of argument) that
such criticisms of ecological and embedded accounts are decisive, and that inferentialism is the
most promising account of perceptual processing. In fact, I am going to assume that the
phenomena of underdetermination, illusion, cue combination, cognitive penetration, perceptual
constancy, and invariance are directly indicative of inferential underpinnings to sensory
processing. I will argue, however, that even if this much is granted, inferentialism does not carry

over to pain.

3. INFERRING PAIN

The science of perception and the science of pain have evolved fairly independently from one
another (see Finlay, 2019). And whereas inferentialism has been prevalent in the science of
perception for some time now, it remains a rather recent proposal in the philosophical and
scientific study of pain. Putting these differences aside, however, a central motivation for
inferentialism about pain is that pain systems are seen to face similar processing tasks as do
paradigmatic perceptual systems—tasks which require the system to make inferences about the
state of its (bodily) environment in order to succeed. For example, Casser and Clarke (2023)
suggest that:

[P]ain may be regarded as inferential 7z much the way vision is. For just as a retinal image
underdetermines the size and shape of the objects one perceives, leaving these to be
inferred by visual mechanisms, somatosensory inputs to polymodal nociceptors may
underdetermine the nature of bodily damage (see Ringkamp et al., 2013). By parity of
reasoning, this suggests that for pain processes (of the sort posited by perceptualists) to
reliably identify objective levels of bodily damage, they, too, perform inferences akin to
those performed by other perceptual mechanisms (p. 3, emphasis added).*

Similarly, Tabor and colleagues (2017) write that

There is now a compelling body of literature to support an inferential model of pain.
During the experience of pain, just as during other perceptual experience, the brain makes

4 As I will elaborate on in Section 3.1.1., Casser and Clarke ultimately propose that pain’s computational function
diverges from that of vision insofar as it makes further ‘practical inferences’ based on the state of bodily damage
already inferred.



inferences based on incomplete information. Specifically, the most common trigger of
pain is a somatosensory barrage that includes, but is not limited to, activity in high
threshold primary receptors (nociceptors) and their projections. Physiologically,
nociceptive input is always accompanied by—indeed, preceded by—a wide array of non-
nociceptive input triggered by other somatosensory receptors and a multisensory suite
of event-related information. This suite of information needs to be integrated with prior
knowledge and over time, in order to calculate the experience that would most
favourably serve the immediate objectives of the organism (p.3, emphasis added).

As these authors suggest, pain faces similar processing tasks as do paradigmatic perceptual
systems, and hence inherits similar (computational) problems. Since plausible solutions to these
problems are widely seen to implicate inferential operations, pain processing is supposed to be
inferential in much the same way perceptual processing is standardly taken to be—whether pain
is itself a perceptual phenomenon (strictly speaking) or not.

3.1. Underdetermination

In typical cases of underdetermination, there is a one-to-many relation between sensory input
and possible distal cause: one and the same pattern of stimulation is compatible with multiple
ways the world might be. In order to determine which way the world actually is, perceptual
systems are seen to perform genuine inferences. Casser and Clarke (2023) suggest that there are
at least two ways of motivating an underdetermination problem for pain, each of which is broadly
aligned with one of the two most prominent views on pain in contemporary philosophy:
perceptualism and imperativism.

3.1.1 Two Kinds of Underdetermination

According to perceptualists, pain is a perceptual phenomenon akin to paradigmatic forms of
perception, such as vision and audition. On this view, pain resembles other perceptual modalities
insofar as it functions to inform organisms about objective states of their physical environment—
in this case: damage or threat of damage to the organism’s body (Armstrong, 1968, Pitcher, 1970).
In doing so, pain plausibly informs not only about the existence of such damage, but also about
its location, its extent, and (perhaps) even its immediate causal origins (as represented by different
pain qualities; see Tye, 1995a, b).

If perceptualism is broadly correct, Casser and Clarke suggest, then it is natural to expect
that pain faces an underdetermination problem akin to that of other perceptual modalities (p.
3f.). After all, if we believe perceptualists, pain 7s a perceptual modality. And if other forms of
perception cannot uniquely determine the state of the organism’s environment on the basis of
proximal sensory stimulation, then we might expect the same to hold for pain. And indeed, there
is some plausibility to this. For many of the peripheral receptors involved in pain processing (so-
called nociceptors) are polymodal: they respond to multiple stimulus modalities, including
mechanical, thermal, and chemical stimuli. On the assumption that pain systems are interested in



telling the difference between these, additional information will be required in order to determine
the stimulus-modality and, with that, the nature of bodily damage incurred.

Of course, perceptualism is controversial, and not everyone agrees that pain shares the
functional role of perception (Coninx, 2019, Casser, 2021, Rosenqvist, fortheoming). Imperativists,
for example, reject perceptualism and argue that pain is better characterised as a form of
behavioural homeostasis, akin to hunger or thirst (Martinez, 2011, Klein 2007, 2015, Barlassina
& Hayward, 2019). In their view, pain is not primarily concerned with informing the organism
about the state of its environment, but with promoting suitable protective behaviours (such as
retraction of a limb or nursing of a body part) in order to avoid serious injury and subsequent
death. Critically, if imperativism is to be preferred over perceptualism, then we cannot
straightforwardly infer an underdetermination problem from pain’s alleged kinship to perception,
as imperativism denies that such kinship exists.

However, Casser and Clarke suggest that a broadly imperativist view of pain may motivate
an underdetermination problem of its own. One consideration is that a system concerned with
promoting adequate protective behaviours may still need to determine the organism’s state of
bodily damage, since the effectiveness of a protective response will depend, at least in part, on
facts about what the organism needs protection froz. And since the determination of such facts
is likely to involve underdetermination, as we said before, an imperativist conception of pain will
similarly suggest an underdetermination problem. A further consideration is that there might be
additional underdetermination at the level of the behavioural response being promoted, since one
and the same bodily state might warrant distinct protective responses, depending on the
behavioural context. For example, incurring a serious bone fracture in a safe and familiar
environment might best be addressed by immediate pain-onset to facilitate nursing behaviours
which keep the affected area from further strain; however, the very same injury incurred in a fight
or flight situation, such as on the battlefield, might best be addressed by sufficiently delayed pain-
onset, which will allow the organism to deal more effectively with the dangerous situation at
hand. In this way, pain processing might be facing underdetermination twice over: first at the
level of determining the state of bodily damage on the basis of proximal sensory stimulation, and
second at the level of determining a suitable protective response on the basis of the state of bodily
damage inferred.

If Casser and Clarke are correct, then there exists plausible reason to expect pain
processing to be faced with an underdetermination problem irrespective of whether one
ultimately prefers a perceptualist or an imperativist perspective on pain. And since
underdetermination is generally regarded as providing some of the most compelling evidence for
inferentialism in the perceptual domain, parity of reasoning suggests that we should regard
underdetermination as providing similarly compelling evidence in the case of pain.

3.1.2. From Underdetermination to Inference

Pace Casser and Clarke, I want to suggest that the argument from underdetermination outlined
above is not as plausible as these authors take it to be. To illustrate why, it is helpful to consider
some of the individual claims that their argument relies upon in order to yield the desired
conclusion that pain processing involves inferences:



1. First and foremost, it relies on the claim that pain processing is indeed facing
underdetermination to begin with. If pain processing did not face underdetermination,
there would obviously be no ‘argument from underdetermination’.

2. Second, supposing that pain processing /s facing underdetermination, it relies on the
further claim that this poses a problem for the system. If the presence of
underdetermination did not pose a problem, there would be no reason to expect an
inferential solution, since there wouldn’t be anything that needs to be solved.

3. Third, assuming that pain processing is facing underdetermination and that this poses a
problem for the system, it relies on a yet further claim to the effect that the system
overcomes ot solyes this problem. If it did not solve the problem, there would be no reason
to appeal to inferences in order to explain its solution.

In order for there to be an argument from underdetermination and for that argument to yield the
conclusion that pain processing involves inferential mechanisms, each of these claims has to be
accepted. In the case of paradigmatic perceptual systems, they typically are (mutatis mutandis):
virtually no one denies that the visual system, for example, faces underdetermination, that this is
a problem, and that the system solves it. In fact, even opponents of inferentialism typically admit
this much. In the case of pain, however, I suggest that there are compelling reasons to be sceptical
of each of these claims.

1. Is pain processing really facing underdetermination? There are at least two reasons to be
doubtful of an affirmative response. The first is that the causal determinants of pain experiences
(unlike the causal determinants of e.g. visual or auditory experiences), are not very well
understood. In fact, unlike vision science, for example, which has a very detailed understanding
of the precise causes of visual states, and which can boast rigorous mathematical models of
underdetermination as a result, pain science remains in desperate search for the causes of pain. In
fact, many kinds of pain, including migraines, headaches, lower back pain, and so forth, famously
occur without any accurately discernable causes (Melzack & Wall, 2008). Moreover, it has become
increasingly clear that pain experiences are influenced by a wide variety of different psychological
states and events which go far beyond mere nociceptive input. I take it that this is (at least in part)
why pain medicine and pain management remain as imperfect as they are: not enough is known
about the causes and determinants of pain to reliably prevent it. However, if we know little about
how pain states are determined, then it is unclear how we could know that such states are #nder-
determined.

The second reason to be sceptical is that the percepts of pain experiences, ‘pains’, appear
far less determinate and complex than the percepts of other sensory modalities. Pains differ in
terms of their sensory qualities, bodily location, and intensity, but they plausibly lack the
complexity of visual, auditory, and tactile objects, which appear to us in considerable detail. This
observation is not inconsequential, since it illustrates a difference in how demanding we may
expect the processing tasks of these systems to be. For example, part of what makes the work of
the visual system so difficult is that it needs to create three-dimensional percepts from two-
dimensional retinal stimulation (Burge, 2010). However, pains are typically not experienced as
three-dimensionally extended, nor do they have distinct shapes, sizes, textures, or any other
comparably complex properties which would indicate that the system needs to contribute



additional information to interpret its inputs. The same type of worry applies to an imperativist
view on which what is underdetermined are not the proximal causes of pain, but the protective
behaviours pain is seen to promote. Considering that the number of candidate behaviours
(retraction, nursing, rest) is fairly limited, it is unclear why we should think that the system
couldn’t determine the appropriate output simply on the basis of information it receives from its
inputs. To return to the case of bone fracture, for example, it is unclear why the system’s decision
between immediate and delayed pain onset couldn’t be determined solely by, e.g., nociceptive
input plus the organism’s adrenaline levels or heart rate (standing in as proxies for the behavioural
context), hence leaving no need for inferences. The critical point, then, is that whereas
underdetermination in the perceptual realm has long been known as scientific fact, ignorance of
which may have you fail science class, underdetermination in the case of pain remains a mere
desideratum for the inferentialist.

2. Is underdetermination really a problem for pain systems? But let us assume for the sake of
argument that there 7s underdetermination: that the proximal sensory stimulation pain systems
receive as inputs underdetermines that state of bodily damage, or that the state of bodily damage
underdetermines candidate protective behaviours, or both. Even if this much is granted, neither
kind of underdetermination will automatically be a problem for the system unless we make fairly
specific assumptions about the system’s tasks and goals. For example, if we suppose that
nociceptive stimulation plausibly underdetermines whether an injury to the body is thermally or
mechanically induced, then this will be a problem for the system only on the further assumption
that it is among the system’s goals to determine which of these alternatives itis. On a perceptualist
view of pain, this assumption may seem quite natural. However, it is worth noting that if pain
systems do aim at distinguishing between thermally and mechanically induced injuries in the
formation of their percepts, they do not seem to do so very successfully. In fact, subjects generally
fail to tell apart thermally from mechanically induced pains, even if explicitly instructed to do so
in a laboratory setting (see Wall & McMahon, 19806). Nor is it clear that such differentiation would
serve any meaningful purpose on an imperativist view. Whether an acute injury is thermally or
mechanically induced hardly matters for imminent behavioural purposes: retraction of the limb
and nursing of the affected body part would seem to be an appropriate response in either case.
But if that is true, it remains unclear whether underdetermination, even if it does affect pain
systems, constitutes a problem for such systems (irrespective of whether we are leaning towards
a perceptualist or imperativist conception of pain).

3. Do pain systens really overcome an underdetermination problem? But now, let us assume further
(and again, for the sake of argument), that pain systems not only face underdetermination, but
that underdetermination also poses a problem for them. I’d like to suggest that even if this much
is granted (and I think it’s granting a lot), there is little reason to suppose that pain systems actually
solve this problem. After all, the correlation between pain and bodily damage is notoriously
tenuous, as is the correlation between pain intensity and physical trauma, as well as between pain
quality and stimulus modality. Unlike paradigmatic perceptual modalities, which keep us
remarkably well informed despite underdetermination, pain frequently leaves us in the dark (Wall,
1979). And so, even if pain faces an underdetermination problem akin to that of paradigmatic
perceptual systems, it is a stretch to say that it is ‘solving’ it. Nor is a solution to
underdetermination more plausible on an imperativist view: bodily trauma frequently occurs
without any immediate onset of pain, even in behavioural contexts in which pain onset would be
helpful (since it would encourage timely treatment). As Melzack and colleagues (1982) found in
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a large-scale study, 37% of emergency room patients did not feel pain at the time of injury despite
the fact that many of them incurred their injuries under non-threatening conditions at home or
at the workplace. If pain systems face an underdetermination problem at the level of behavioural
response, aiming to induce pain in situations in which pain behaviours are helpful and to prevent
pain in situations in which pain behaviours are distracting, they hardly provide an effective
solution to it.

As these considerations illustrate, an argument for inferentialism about pain on the basis
of underdetermination faces serious difficulties at each individual stage. Not only is it yet to be
shown that pain systems actually face underdetermination to begin with, but it remains unclear
whether underdetermination would even constitute a problem for pain systems, much less a
problem they are equipped to solve. In the absence of concrete evidence and further
argumentation, underdetermination in pain processing remains no more than a desideratum for
inferentialists.

3.2. Illusion

Illusions are a familiar type of perceptual experience in which subjects perceive an object but
misperceive one or more of its properties. In cases of this sort, perceptual objects appear to be
some way other than they really are. Inferential accounts of perceptual processing are regarded as
particularly well equipped to explain such cases insofar as they can identify their ‘sources’ namely,
the relevant perceptual system’s prior assumptions that are being violated (Rescorla, 2015a).

However, in the case of pain, a distinction between appearance and reality is controversial.
Indeed, a popular view holds that pain simply zs the way it is fe/s to be, and hence remains immune
to the possibility of illusion and hallucination. On this view, inferentialism about pain couldn’t be
motivated by appeal to its explanatory power of illusions, simply because there are no illusions
to be explained. Having said that, everyone must contend with the fact that there are a number
of phenomena which are (rightly or wrongly) recognised as candidate cases of ‘pain illusions’—
including phantom limb pain, referred pain, and the so-called ‘thermal grill illusion’—and which
pose an explanatory challenge. As such, it is worth considering whether the introduction of
inferential mechanisms is required for this challenge to be met.

Perhaps the most promising candidate of a putative pain illusion indicating inferential
underpinnings is the thermal grill illusion. In the TGI, thermal stimuli alternating in temperature
between innocuously warm and innocuously cold are applied to the subject’s skin. Even though
subjects do not experience these thermal stimuli as painful when applied individually, they
experience a burning pain sensation when applied collectively—provided the stimuli are suitably
arranged and their temperature set to differ by at least 20°C (Thunbetg, 1896). Subjects’ pain is
said to be ‘illusory’ in the (somewhat idiosyncratic) sense that it is generated by an entirely
innocuous physiological event. Touching the thermal grill ‘shouldn’t’ be painful, but it is.’

The question of why the TGI occurs remains unresolved (see Bouhassira et al., 2005,
Green, 2002, Craig and Bushnell, 1994, Fardo et al., 2019). However, the phenomenon might be

> Interestingly, the painfulness of the TGI is not entirely uncontroversial (see e.g. Bach et al., 2005). Historically, the
TGI was regarded as a phenomenon of synthetic heat from its discovery in 1896 until the 1990s, and only then
became known as a pain phenomenon. However, for the purposes of this discussion, I will put these difficulties
aside.
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described as involving a kind of ‘mistake’ in the pain system’s identification of the stimulus. One
way of understanding this process is as a matter of inferential failure: the relevant pain systems
interpret incoming sensory information by drawing on certain inbuilt assumptions about
environmental regularities. In the case of the TGI, these inbuilt assumptions are (somehow)
violated, leading the system to perform a bad inference and conclude that the stimulus is to be
deemed painful for the organism. What exactly the implicit assumptions relevant to the TGI are
meant to be (provided there are such assumptions) remains speculative, but one might think that
the system expects innocuous objects in contact with the body to be fairly uniform in
temperature. If, however, as in the case of the TGI, juxtaposed contact points differ in
temperature by a sufficiently large margin, the system (erroneously) judges that the stimulus
threatens tissue damage and should be avoided.

Unfortunately, however, this suggestion faces serious difficulties. We said that the TGI
intuitively involved a type of ‘error’ or ‘mistake’ in the sense that the thermal stimuli shouldn’t be
giving rise to a pain experience (as they are evidently innocuous). This error, we said, might
helpfully be cashed out in terms of inferential failure. However, it is important to note that
whatever error or inferential failure the TGI may or may not suggest, it is at best unclear why we
should think this error to lie at the level of pain processing, as opposed to processing that may
precede it. That is because the ‘mistake’ involved in the T'GI is not that the experience presents
the pain in some way it is not, or fails to present the pain in some way it is, but rather that there
is a pain experience af all. And so, unless we thought that it is somehow among the processing
tasks of a dedicated pain system to work out itself whether or not a given stimulus should lead to
a pain experience—which is not among the tasks we ordinarily attribute to sensory systems—the
TGI doesn’t actually suggest any error at the level of pain processing itself. Rather, the TGI might
be interpreted as involving, say, an (inferential) failure at the level of thermal or tactile processing,
leading the relevant systems to erroneously conclude that the stimulus is considerably hotter than
it actually is—a conclusion which triggers pain, but which isn’t the result of a pain system’s
efroneous processing.

This alternative possibility is not unmotivated, as can be illustrated by consideration of
the phenomenon of thermal referral (see Lederman & Jones, 2011). The setup of such cases is fairly
similar to that of the TGI: the ring and index finger of one hand are both placed on a warm or
cold thermal stimulator, while the middle finger is situated on a neutral surface. Upon contact,
subjects have been found to perceive the temperature of the neutral surface as having the same
temperature as the thermal stimulators under their adjacent fingers. Moreover, it has been found
that such thermal stimulation of adjacent fingers can in fact enbance the perceived warmth or cold
of a surface touched by the middle finger (Green, 1977). As these effects suggest, the thermal
inputs to adjacent sites of the body are not processed independently. Instead, thermal processing
appears to take into account the temperatures of neighbouring stimuli, which influences the
perceived temperature of the surface.

The relevance of this finding is that it provides evidence of the fact that tactile processing
involves the estimation of stimulus temperature, and that it may mistakenly conclude that said
stimulus temperature is (significantly) higher than it actually is. This result opens the door for the
following hypothesis: namely, that the TGI involves a mistaken temperature estimate at the level
of tactile processing, the output of which (i.e. a signal of dangerously high stimulus temperature)
then causes a pain experience. Critically, on this picture, the only stage of (inferential) stimulus
interpretation is that of tactile processing, whereas the pain system simply takes as its input the
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very temperature estimate already worked out beforehand. If we accept this interpretation of
events, the TGI fails to motivate a problem of inference for pain, though it may be seen as
motivating a problem of inference for touch.

Unless proponents of inferentialism can show that this proposed interpretation of the
TGI is untenable, or, alternatively, identify other illusions which demonstrate the need for
inferential mechanisms in pain processing more clearly, candidate cases of pain illusions like the

TGI do not provide evidence for inferentialism about pain.

3.3. Cue Combination

Organisms frequently receive information (or “cues”) about a single environmental variable from
multiple sources. The perceived szze of an object, for example, may derive from both visual and
haptic information; the perceived /ocation of an object may derive from both visual and auditory
cues, and so forth. In cases of this kind, perceptual systems integrate distinct sensory cues to aid
their analyses and frequently produce more accurate estimates of environmental properties as a
result. This phenomenon is known as ae combination.

As is frequently stressed by proponents of inferentialism, cases of cue combination are
naturally explained by appeal to unconscious inferences (Rescorla, 2020). On this view, perceptual
systems form hypotheses about environmental properties under uncertainty, and take on new
representational content derived from other sources in non-associative, reason-respecting ways;
a process which leads the relevant systems to draw a (more) accurate conclusion. Bayesian
perceptual frameworks, which lean heavily on the notion of inferential processing, are seen to
model sensory integration of this kind with particularly great success (see Trommershauser et al.,
2011).

Proponents of Bayesianism have identified a variety of potential cue combination effects
involving pain. However, it is important to note that many such cases do not meet the criteria
tor inferential processing by the standards of mainstream inferentialists. For example, Tabor and
colleagues (2017) discuss an experiment by Moseley and Arntz (2007) in which the experimenters
paired nociceptive with visual cues. Subjects would receive a noxious stimulus to their hand and
be shown a red or blue visual cue, after which they would rate the stimulus in terms of
temperature, pain unpleasantness, pain intensity, and pressure, on a visual analogue scale. As the
experimenters found, noxious stimuli paired with a red cue are rated hotter and more painful
than noxious stimuli paired with a blue cue. On the assumption that subjects associate red light
with heat and danger, and blue light with cool and safety, Tabor and colleagues propose that
nociceptive and visual cues are combined to estimate the level of threat to the subject’s body.

However, pace Tabor and colleagues, it is difficult to accept Moseley and Arntz’s finding
as evidence for inferential processing. One reason for this is that it is unclear from the
experimental results if the detected effect pertains to pain processing itself or to the subjects’
judgement of pain. In other words, it is unclear whether subjects rated the noxious stimuli paired
with red light as hotter and more painful than those paired with blue light because these stimuli
really did fee/ hotter and more painful, or because subjects merely judged them to be so. The
former possibility would indicate an effect on pain processing (as Tabor and colleagues are
assuming it is), the latter merely a kind of response bias. However, subject ratings alone cannot
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tell these alternatives apart. Hence, it is unclear whether the phenomenon in question even
constitutes a genuine case of cue combination or not.

Another reason to be sceptical of Tabor and colleagues’ interpretation of this study is that
the measured effect (even if it is an effect on pain processing) does not appear non-associative
and reason-respecting as is ordinarily required for genuine inferences (see Section 2). After all,
the relation between ‘the colour red’ and ‘more pain’ or ‘the colour blue’ and ‘less pain’ is hardly
one of content. If pain processing did indeed take on a visual cue to the effect that there is red
or blue light in the vicinity, that cue would itself provide no reason for the system to revise its
analysis and increase or decrease the intensity of pain. And so, if there is a cue combination effect
that affects pain processing here, that effect appears associative and not inferential.

A perhaps more compelling case of cue combination has been identified by Casser and
Clarke (2023). These authors draw attention to cases in which subjects report an analgesic effect
as a consequence of visual feedback, especially mirror therapy treatment of phantom limb pain.
As part of this treatment, patients with phantom pain view a mirror reflection of their intact limb
at the location at which their phantom limb is felt to be, thereby creating an illusory percept as of
an undamaged body part. This experience is reported to have an analgesic effect (see
Ramachandran & Altschuler, 2009). On one possible interpretation, the effect is due to an
integration of nociceptive information (signalling bodily damage at the location of the phantom
limb) and visual information (signalling no visible damage at the location of the phantom limb).
As the visual information contradicts the nociceptive information, the relevant pain systems
lower their confidence in bodily damage at the location of the phantom limb upon integration,
leading to an analgesic effect. This, Casser and Clarke suggest, has the appearance of an inferential
transition.

However, there are at least two problems with this particular suggestion. The first
problem is that there is a question of how robust the data for mirror therapy-induced analgesia
really is. For despite the fact that the relevant studies cited above record a change in subjects’
estimation of pain intensity, and despite the fact that mirror therapy has become a recognised
treatment option for phantom pain, a number of larger clinical trials and textbook entries on
mirror therapy find no significant analgesic effect during or after such treatment (Brodie et al,,
2007, Nikolajson, 2013); a finding that is possibly reflected in the observation that mirror therapy
is used significantly less frequently than are its alternatives—such as pharmacological treatment
and physical therapy—even though it is inexpensive and free of known side effects (Nikolajson,
2013). There is, as such, a question as to whether or not the phenomenon which inferentialism
is seen apt to explain reliably occurs.

The second problem resembles that encountered in the context of the TGI (see Section
3.2): namely, that even if said effects did reliably occur, and even if they were indicative of
inferential underpinnings, it is unclear why we should attribute them to the processing of a pain
system. To see why this is not a given, consider that amputees frequently report that their
phantom limb contorts into an extremely painful spasm upon amputation, which feels as if the
patient’s nails are ‘digging into their palm’ (Ramachandran et al., 1995: 489, Ramachandran &
Altschuler, 2009: 1697). In the mirror condition, however, amputees can typically (and often for
the very first time) feel their phantom limb obey their motor commands and move into a relaxed
position, reducing their pain (ibid.). This suggests that a patient's phantom pain is (at least in part)
a consequence of illusory limb position, and that the mirror therapy condition involves an effect
on proprioceptive processing. If so, we can formulate an alternative to Casser and Clarke’s
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interpretation of the situation: Its not that a pain system (inferentially) integrates visual
information which leads it to a new conclusion about the state of bodily damage, but rather that
a proprioceptive system (inferentially) integrates visual information which leads it to revise its
estimation of limb position. And whereas its former estimate as of a distorted body part was
causing a pain experience, its new and revised estimate does not. On this picture, the only stage
of inferential processing is that of proprioceptive (and visual) processing, whereas the pain system
simply takes as its input the very estimate already worked out beforehand. If we accept this
interpretation, then mirror therapy fails to motivate a problem of inference for pain (similarly to
the TGI), though it may be seen as motivating a problem of inference for proprioception.

This is not to say that all phantom pain is guaranteed to be explained in terms of
proprioceptive analysis, nor, of course, that there couldn’t be other cases of cue combination
which would provide more compelling evidence for inferential underpinnings in pain processing.
However, if there are, then it is on the proponent of inferentialism to identify and motivate such
cases. For, as we have seen, the candidate cases of cue combination under discussion do not

provide evidence for inferentialism about pain.

3.4. Cognitive Penetration

Similarly to cases of cue combination, which involve a synthesis of distinct sensory cues,
cognitive penetration is alleged to involve a synthesis of sensory and cognitive information within
perceptual processing. In such cases, the operations which determine what we see, hear, and feel,
are seen to be directly influenced by what we think, want, and expect. Whether or not cognitive
penetration (in this strict sense) actually ever occurs remains a matter of dispute (see Pylyshyn,
1999, Firestone & Scholl, 2016). However, if it does, then such effects may be naturally
accommodated by inferentialism in much the same way cases of cue combination are seen to be:
perceptual systems form hypotheses about environmental properties under uncertainty, and take
on new representational content derived from other sources—in this case cogritive sources—to
inferentially determine the organism’s surroundings. On this picture, cognition ‘penetrates’
perception (see Hohwy, 2013).

In the case of pain, candidate forms of cognitive penetration mainly concern the
influences of expectations on judgements about pain intensity. Such cases are primarily
exemplified by placebo and nocebo effects, which are frequently regarded as among the best
available evidence for an inferential view of pain (Seymour & Mancini, 2020, Tabor et al,. 2017,
Shevlin & Friesen, 2021). In what follows, I will focus on the placebo effect in particular.
Placebos are a form of dummy treatment, such as a sugar pill or sham surgery, without any
identifiable inherent therapeutic properties. Upon administration, however, a placebo may lead
patients to report (oftentimes significant) pain relief, exceeding the relief reported by control
groups which receive neither active nor placebo treatment (Wager & Fields, 2013). The most
central determinants of this effect are generally seen to be (1) conditioning of pain relief with
explicit sensory cues, (ii) (conscious) expectations of treatment efficacy, and (iii) the psychosocial
context surrounding treatment (Price et al., 2008).

To give a concrete example, illustrating the central role of expectations, consider a type
of placebo effect induced in the ‘open-hidden paradigm’. In this setting, a subject is either
administered treatment in an ‘open’ condition, where they receive a drug from a healthcare
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professional in full view (and who may also verbally assure the subject of the drug’s analgesic
potency). Or, alternatively, the subject is administered treatment in a ‘hidden’ condition, where
they receive the same drug unawares by means of an automated drug infusion pump (and without
any verbal assurance of the drug’s analgesic potency). Studies employing the open-hidden
paradigm have shown that open administration of a treatment is significantly more effective than
hidden administration (ibid.). Subjects in the open condition report greater pain relief and require
less medication to reach postoperative analgesia than subjects in the hidden condition (Amanzio
et al.,, 2001). The difference in medication needed is seen to reflect the placebo effect. These
results suggest that open administration of medical care, and promises of treatment efficacy,
make a significant contribution to subjects’ treatment response. On a standard interpretation,
this is because open treatment creates positive expectations of analgesia, which are linked to pain
relief (Wager & Fields, 2013).

Proponents of inferentialism suggest that this ‘link’ between a cognitive state and pain
intensity is inferential: that expectations of pain relief act as premises which inform pain
processes in their estimation of imminent threat to the body (Tabor et al., 2017, Seymour &
Dolan, 2013). However, this suggestion faces similar difficulties as do candidate cases of cue
combination: One difficulty is that it is unclear why we should attribute the placebo effect to a
cognitive influence on pain processing and not to a cognitive influence on subjects’ judgements
of pain (a point which Casser and Clare (2023): 13f. stress at length).® After all, the measurement
of a placebo effect usually requires patients to rate their pain or indicate that they have reached
a satisfactory analgesic state, which requires them to make a judgement about the intensity of
their pain experience. Importantly, however, the judgement process can be influenced by various
factors. As is widely recognised, explicit anticipation of pain reduction can lead subjects to (1)
establish a lower cognitive anchoring point in their assessment of pain, (ii) overemphasise
moments of low pain when judging overall pain experiences, (iii) report what they think the
experimenter expects, and (iv) report what they would like to be the case (Wager & Fields, 2013).
As such, various researchers have noted that the placebo effect may be explained (at least in part)
by differences in reporting decisions which, in turn, reflect differences in cognitive bias, rather
than differences in inferential pain analyses.

A second difficulty is that even if the placebo effect did involve cognitive penetration in
pain processing, it is unclear why we should think this integration involves inferential, as opposed
to associative transitions. As is widely acknowledged, numerous placebo effects are the result of
conditioning: a form of associative learning whereby contextual or chemical cues surrounding
treatment become associated with pain relief. Some of the clearest evidence for conditioning
effects of this kind come from studies involving pharmacological methods. For instance,
administering an inert placebo after consecutive administration of an active analgesic, such as
morphine, produces a correlated, ‘morphine-like’ analgesic response (Amanzio & Benedetti,
1999, Colloca & Benedetti, 2006). More generally, conditioning methods of pairing treatment
context (e.g. drug, hospital, nurse) with analgesic response can generate future pain relief in virtue
of association with the conditioned cue. But if that’s true, then a variety of placebo effects can
be explained by appealing to associative mechanisms, rendering the introduction of additional,
inferential mechanisms in pain processing redundant.

¢ In a different vein, Klein (2024) has recently argued that many types of cognitive influence on pain processing are
best explained in terms of ‘transducer calibration’, and hence are not even candidates for inferential processing.
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As with cases of cue combination, this is not to say that there are no cases of placebo
analgesia, or placebo and nocebo effects more broadly, which cw/d potentially motivate the
thought that pain processing is inferential. However, placebo analgesia as a phenomenon is itself
not obviously in need of an inferential interpretation.

3.5. Perceptual Constancy and Invariance

A final pair of possible motivations for inferentialism concerns perceptual constancy and
invariance: cases in which our perception of the world remains stable despite significant variation
in perceptual conditions. Perceptual constancies are mechanisms which ensure uniformity when it
comes to a perceptual object’s or scene’s properties, even when proximal sensory stimulation
varies greatly. This allows us, for example, to see a bowl as being ‘the same colour’ despite
significant local differences in illumination across its surface (see Cohen, 2015). To explain how
perceptual systems achieve such constancy in the face of variation, it is assumed that they
establish the state of the organism’s environment inferentially, allowing them to discount
variations in their inputs (Rescorla, 2015a).

Invariance, on the other hand, is a feat of object recognition. It characterises our ability to
recognise (specific) objects (rather than their properties) across different viewing conditions. This
enables us, for example, to recognise something as a fire hydrant, or to recognise a specific
person’s face, despite the fact that we have never seen either under the particular perceptual
conditions we currently find ourselves in. To explain how perceptual systems do this, it is
assumed that they infer the identity of a given object in a ‘matching process’ whereby incoming
sensory inputs are compared to stored representations of entities encountered in the past (see
Ritchie, 2022).

However, even if it was agreed that perceptual constancy and invariance are
straightforwardly indicative of inferential underpinnings, there is seemingly no evidence for
analogues of either phenomenon in the case of pain. As evidence for perceptual constancy, what
we would expect to find is that our pain experiences represented features of bodily damage as
uniform in some way, even when the inputs to the system vary greatly. We would expect to find,
for example, that we’d experience pain as ‘of the same intensity’ or ‘at the same location’ even
when nociceptive information pertaining to the representata fluctuates. However, even if it was
granted that pain experiences are representational, there are, to my knowledge, no established
effects of this kind (Burge, 2010).

Similarly, as evidence for invariance, what we would expect to find is that we have an
ability to ‘recognise’ specific pains (or specific kinds of pain perhaps) across time and different
perceptual conditions. However, insofar as one can make sense of this ability at all, it doesn’t
seem that we ever recognise or identify pains in anything like the way in which we recognise visual
objects. For one thing, we do not pick out pains from other objects in pain experience the way
we might pick out a fire hydrant from a trash can in visual experience. After all, all we are ever
presented with in pain experience are ‘pains’, so what role can object recognition even play here?
For another, it isn’t clear what ‘differences in perceptual conditions’ would even amount to for
pain. We are not separated from our pains the way in which we are separated from the objects of
our visual experiences, and hence it is less clear what differences there might be across which we

could exercise an ability to recognise pains. Having said that, even if these considerations do not
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rule out the possibility of invariance in pain experience, the absence of established candidate cases
surely speaks against invariance as an argument in favour of inferentialism about pain.

And so, neither perceptual constancy nor invariance successfully motivate inferential
mechanisms in pain processing for the (admittedly) uninteresting reason that there is no evidence
for either kind of phenomenon in the case of pain. Unless such evidence can be gathered, the
postulation of inferential mechanisms remains explanatorily redundant.

4. TRANSDUCING PAIN

I have argued that standard arguments for inferentialism do not successfully carry over to pain.
More specifically, I have argued that (i) pain processing does not solve an underdetermination
problem, that (ii) candidate cases of illusion, cue combination, and cognitive penetration fail to
motivate a problem of inference for pain, and that (iii) potential further indicators of inferential
underpinnings, such as constancy mechanisms and invariance, are absent from pain processing,.
If this is correct, then pain does not manifest any of the prominent explananda which
inferentialism is intended to explain, rendering the introduction of inferential mechanisms
gratuitous and, hence, unjustified.

Having said that, the debate over inferentialism remains (to a large extent) subject to
empirical fortune, and so proponents of inferentialism about pain are not without options: they
may, for example, wish to try and identify more compelling pain-analogues to inferential
petceptual processes than those which have been discussed so far. Alternatively, they may wish
to show that there are pain phenomena which motivate inferential processing in largely
idiosyncratic ways, independent of pain’s similarity or dissimilarity to canonical forms of
perception. However, in the absence of concrete suggestions, the burden remains on the
proponent of inferentialism to show why we need to postulate unconscious inferences in order
to account for the operations of (human) pain systems.

And yet, one may rightfully wonder what a non-inferential pain system would look like
exactly. In what remains of this paper, I would like to sketch at least one option for how we might
think of such a system. A crude way of understanding the difference between an inferential and
a non-inferential system is in terms of how ‘smart’ these systems are. Inferential systems are seen
to be ‘very smart’ (see Fodor, 1985, Gregory, 1970): they actively interpret their inputs on the
basis of information they themselves contribute and produce outputs which typically contain
more information than the proximal inputs they receive. Perceptual systems are smart, inferential
systems par excellence. Non-inferential systems, by contrast, are seen to be ‘pretty dumb’ (Fodor,
1985): instead of interpreting or contributing anything, they merely map inputs to outputs without
any complex intermediary steps. There is no more information contained in the outputs they
produce than in the inputs they receive. Such ‘dumb’ systems are sometimes identified with
transducers (see Pylyshyn, 1984: ch. 6, Klein, 2024).

The notion of a transducer is familiar from biology where it denotes a system which
converts one form of energy into another (Loewenstein, 1960). Sensory receptors, such as
mechanoreceptors in the skin, for example, transduce (and hence convert) mechanical energy
into electrical nerve signals. In this way, transducers re-transmit and convert information, but do
so without manipulating (or computing over) the information they are transmitting. Insofar as
philosophers of cognitive science regularly regard this process as #be contrast notion to inferential
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(and computational) processing (see Fodor, 1983: 41), it naturally suggests itself as an alternative
characterisation of pain processing. On this view, pain’s sensory elements are transducers which
transmit (and perhaps convert) their inputs, but do so without interpreting or manipulating them.

However, if transduction is indeed the right way to conceive of pain’s sensory processing,
I think we need to add a couple of qualifications which differentiate pain systems from canonical
transducers. The primary reason to think this is that transduction is ordinarily considered to be a
pre-perceptual process. It is ‘the bridge” between the environment and sensory processing proper
(Pylyshyn, 1984). However, if my suggested alternative explanations of the thermal grill illusion
(Section 3.2.) and phantom limb pain (Section 3.3) are roughly correct, then there is reason to
think that pain systems (at least occasionally) take post-perceptual inputs. In the case of the TGI,
for example, I suggested that the inputs to the pain system are the outputs of a tactile system (i.e.
the mistaken temperature estimate of the stimulus). If so, then the transduction process of pain
may at times begin affer the (inferential) process of eatly tactile processing has been concluded.

A further, independent reason to resist the identification of pain systems with canonical,
pre-perceptual transduction is that the relationship between pain states and the activity of
candidate (pre-perceptual) sensory receptors is complicated at best. The firing patterns of so-
called nociceptors, for example, which are a functionally defined class of receptors sensitive to
noxious stimulation, is not straightforwardly related to pain and involves a fair amount of
modulation at various stages of spinal processing (Wall, 1979, Heinricher & Fields, 2013). As
such, the transduction process cannot be as simple as a mere one-way transmission from neural
receptor to pain state. Rather, the transduction process (while non-inferential) must be more
complex than what is usually ascribed to ‘dumb’ transducers.

For these reasons, one would have to conceive of pain’s sensory processing as an
‘idiosyncratic’ form of transduction: not as a bridge between environment and sensory
processing, but between perception and cognition. On this view, pain processing often starts
where (eatly) perceptual processing comes to an end:” perceptual systems, such as the tactile
system, process and (inferentially) interpret sensory information to determine the state of the
organism’s (bodily) environment. In some such cases, the perceptual system determines (rightly
or wrongly) that the stimulus is exceedingly hot, cold, forceful, acidic, and so forth, in which case
its output triggers the activity of a pain system, whose sensory elements transduce the sensory
information they receive ‘upstream’, as it were, where, depending on the influences of various
cognitive factors, they ultimately lead to a pain state and the initiation of the organism’s protective
behaviours. In this way, pain’s sensory processing is distinct from that of paradigmatic perceptual
modalities and as well as that of canonical transducers.

While this proposal remains tentative and could be fleshed out in a number of different
ways, it illustrates that pain is, in many ways, a largely idiosyncratic modality which cannot be
understood by mere analogy to paradigmatic perceptual modalities but deserves sustained
philosophical attention in its own right In view of this upshot, I am hopeful that future
engagement with these issues will allow for a more detailed account of what pain’s mental
architecture is like.

7 However, pain systems plausibly receive earlier inputs as well, as e.g. in situations where the heat pain of touching
the hot stove almost reflexively causes limb withdrawal.
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