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Abstract What is the function of pain? A popular view in contemporary philoso-
phy is that the pain system is a bodily disturbance detector: pain states track/detect
and represent bodily disturbances and the phenomenal character of the (sensory
dimension of) pain supervenes on this representational content. The view can
accommodate paradigmatic pain cases, e.g., when pain follows from stepping on a
nail. Once we consider more complex pain phenomena, however, it has seemingly
little to offer. In this chapter, I discuss dissociation between pains and bodily distur-
bances, variation in pain thresholds, the effects of repeated stimulation on experi-
enced pain intensity, and the modulation of pain experience by contextual factors. I
argue that these phenomena suggest that the pain system is not a bodily disturbance
detector, but a sophisticated security system.
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1 Introduction

Though most of us are intimately familiar with pain, giving a coherent philosophi-
cal account of pain is difficult. Our intuitions conflict, the referent of our pain talk
is unclear, and there seem to exist plausible counterexamples to virtually every
account. In paradigmatic pain cases, the pain experience is caused by a physical
disturbance to some specific part of the body, and many philosophers maintain that
pain experiences detect/track and represent such disturbances (e.g., Tye 1995a, b;
Dretske 1997; Hill 2009; Cutter and Tye 2011). A natural companion to such views
is the conceptualization of the pain system as a sort of bodily disturbance detector,
the primary function of which is to inform us about the damaged condition of
our bodies.
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I have two main objectives in this work. First, I argue that, because the explana-
tory power of the bodily disturbance detector view of pain is severely limited, we
ought to reject the view. Second, I motivate an alternative conception of the function
of the system: the pain system is a sophisticated security system, the primary func-
tion of which is to keep us safe. I proceed as follows: I first motivate and explicate
the bodily disturbance detector view (Sect. 2) and consider some previous criticisms
(Sect. 3). I then make my own case against the view. I argue that the view has trou-
ble accommodating a wide variety of pain phenomena: dissociation between pains
and bodily disturbances, variation in pain thresholds, effects of repeated stimulation
on experienced pain intensity, and contextual modulation of pain experience (Sect.
4). I then introduce the sophisticated security system view of pain as an alternative
to the detector view and explain how it can accommodate and explain the phenom-
ena just mentioned (Sect. 5). My exposition of the security system view is program-
matic, but I also consider some questions that immediately arise and discuss ways
in which the view could be developed further and applied to clinical and research
settings (Sect. 6). Finally, I conclude that we have good reason to accept the security
system view, or something close to it (Sect. 7).

2 The Bodily Disturbance Detector View of Pain

Suppose that you step on a nail and feel a throbbing pain in your foot. This is a para-
digmatic pain scenario where the injury causes your pain experience, and you expe-
rience the pain in the injured body part. Your pain experience is clearly body-directed,
perhaps even “transparent” in the sense that you experience the qualities of the pain
as qualities of your foot, not as intrinsic features of your experience itself (Tye
2002). If your pain experience is directed at your foot (i.e., it is “about” your foot),
we can say that it has content. It is often assumed that this content is representa-
tional: your pain experience represents your foot being a certain way.

If pain experience has representational content, then how is that content deter-
mined? There are several plausible stories to be told here. For example, it might be
that the content of your experience is determined by the function of the pain system:
the system represents some property or state P if and only if it has the function of
informing about Ps (Dretske 1997, p. 2). This story is teleological: pain representa-
tions are produced by a mechanism selected for the purpose of informing about Ps.
On the other hand, it might be that your pain experiences “track” Ps. On this alterna-
tive view, pain experiences represent Ps if and only if they causally co-vary with Ps
under typical/optimal conditions (Tye 1995a, p. 113; Cutter and Tye 2011, p. 91). In
this tracking story, no explicit reference is made to the function of the system,
though it seems natural to understand tracking as something that the system has the
function to do. After all, the tracking theorist needs an account of why pain experi-
ences track Ps, and many philosophers find it natural to answer that it is the function
of the pain system to do so. As Casser writes, if the function of pain were not to
inform about P, “it would be surprising to find that pain still covaries with [P] in the
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relevant sense, even though pain is not in the business of tracking it” (2021 p. 367).!
For the remainder of this chapter, I will follow Casser in assuming that both the
Dretskean view and the tracking view are best understood as involving a commit-
ment to the claim that the function of the pain system is to detect or track (and
inform about) Ps.?

It also feels a certain way for you to undergo a pain experience. It is an attractive
idea that the phenomenal character of the (sensory dimension of) pain supervenes on
the representational content of pain, i.e., that there can be no difference in the phe-
nomenal character without a difference in the representational content (Byrne 2001;
Cutter and Tye 2011).* Such “representationalism” about pain experience makes the
phenomenal seem less mysterious and more amenable to naturalistic treatment. A
strong version of this claim simply equates the phenomenal character with a repre-
sentational content of a certain kind (Tye 2002; Dretske 1997).

If the representationalist account of pain experience is correct, then what is P?
Philosophers differ somewhat in their answers, but the basic idea is that pain experi-
ences represent tissue damage or some other mind-independent disturbance to some
part of the body. For example, Tye proposes that “pains are sensory representations
of bodily damage or disorder...they are mechanical responses to the relevant bodily
changes in the same way that basic visual sensations are mechanical responses to
proximate visual stimuli” (1995a, p. 113, italics mine). The phenomenology of pain
includes certain sensory properties, presumably at least a specific location, a

'If the notion of representation is to be a useful notion, it needs to leave space for the possibility of
misrepresentation. And what is misrepresentation, if not the failure of the system to do what it is
supposed to do (in typical/optimal conditions)? In Dretske’s words, “there is information without
functions, but there is no representation without functions” (1997, p. 4; see also Hatfield 1990,
p. 264). Note that Cutter and Tye, in discussing the tracking story, write that we are in optimal
conditions “just in case we are in conditions of the sort that our [relevant perceptual system] was
designed to operate in by natural selection or by analogous processes in the course of ontogenic
development” (2011, p. 19). To say that the pain system was designed to operate (i.e., track the
relevant states) in optimal conditions comes very close to saying that it is the function of the system
to track those states under such conditions. In fact, later in the same paper the authors explicitly
state that it is “overwhelmingly plausible that the internal states we undergo when we experience
pain have the biological function of indicating that some bodily disturbance is apt to harm us”
(ibid., p. 108, n11).

2For ease of exposition, I shall be assuming a broadly etiological (Wright 1973, 1976) conceptual-
ization of biological functions. Readers sympathetic to alternative conceptualizations (e.g.,
Cummins 1975) are free to modify my argument to better fit their preferred view. In fact, as I
briefly discuss in Sect. 4.2, my argument challenges the general idea that the function of the pain
system is to represent bodily disturbances, even if such function is altogether divorced from bio-
logical function.

31 focus on the sensory aspect of pain and bracket the issue of whether pain experiences have other
kinds of contents. For example, some philosophers maintain that pain states have evaluative con-
tents (e.g., Bain 2013) which account for the “badness” of pain. Sometimes the evaluative and
sensory contents are integrated, as in Cutter and Tye’s proposal that the content of a pain experi-
ence is something like “there is a bodily disturbance of (physiological) type d in location 1, and d
is bad for A to degree x” where A is the subject of the experience and the property of being bad for
A'is analyzed as being apt to harm A (2011, p. 99).
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specific intensity, and a specific quality (Hill 2017, p. 63). You might have a severe
throbbing pain in your foot, or a mild ache in your knee, for example. If the phe-
nomenal character of your experience supervenes on the representational content
and if the representational content is that there is a (mind-independent) disturbance
with certain features in your right foot, then the represented features are supposedly
some mind-independent features of the disturbance (Pautz 2014, p. 248; see also
Cutter 2017, p. 34). In what follows, I will use ‘bodily disturbance’ as an umbrella
term intended to capture the idea that the relevant state is some mind-independent
state related to potential or actual damage or injury.

Note that if the content of pain experience is mind-independent and determined
either by the function of the system or through a tracking relation, then pain experi-
ences have accuracy conditions. A particular pain experience is accurate if there
exists a disturbance of the appropriate sort in the relevant bodily location (e.g., a
puncture wound in your foot), and inaccurate if there does not. In other words, pain
experiences can misrepresent, just as, say, visual experiences can misrepresent.
Some pains are illusory (e.g., when a mildly noxious stimulus is perceived as excru-
ciatingly painful) and others are hallucinations (e.g., some phantom limb pains).*

Putting together these different strands (tracking/Dretskean view of content
determination, representationalism about phenomenal pain experience, and physi-
cal content), we arrive at the bodily disturbance detector view of pain:

[BDD] The pain system is a bodily disturbance detector: the function of pain states is to
track/detect and represent physical, mind-independent bodily disturbances and their mind-
independent properties, and the phenomenal character of (the sensory dimension of) pain
experience supervenes on this representational content.

The detector metaphor has played an influential role in the philosophy of percep-
tion; an analogy is often drawn between sense perception and human-made instru-
ments designed to detect and represent some physical states of the world.” The
metaphor is simple, effective, and intuitive. It accords well with popular naturalistic
theories of mental representation and with the ordinary conception of perception as
providing a transparent window into the world. It also provides a unified picture of
all sensory perception: our perceptual systems are in the business of accurately rep-
resenting the mind-independent world around us or, in the case of pain perception,
in the business of accurately representing disturbed states of our own body parts.

4See, e.g., Hill 2017, p. 63. Tye, too, accepts that pain experiences can misrepresent, even when
they are genuine. For example, the referred pain of a heart attack (felt in one’s left arm) is a genuine
pain that misrepresents the location of the relevant disturbance. Tye writes: “A man who reports to
his doctor that he has a pain in his left arm is not taken to have lied, if it is discovered that the real
cause of his pain lies in his heart. Such a man has a pain in his left arm, but in this case he is under
a kind of illusion: there really is nothing in his left arm which is hurting him” (1995b, p. 228).
3Dretske famously uses instruments to explicate his account of mental representation. For exam-
ple, immediately after expressing his “fundamental idea” (i.e., that a system represents a property
iff it has the function of informing about that property), he describes the operations of a speedom-
eter to illustrate what he means (1997, p. 2).
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Despite these advantages, I will argue that the detector metaphor is seriously mis-
leading when it comes to pain.°

I focus on BDD because it is arguably the simplest and most natural formulation
of the idea that the pain system is a bodily disturbance detector. This is because
BDD does not attribute systematic error to pain states but allows that the contents of
pain experiences could be entirely veridical. More complex views state that pain
experiences systematically misrepresent bodily disturbances, e.g., by attributing to
those disturbances properties that they do not actually have (Hill 2017; see also Hill
2009, Chap. 6). What I say in this chapter has relevance, with some modifications,
to any view of pain which takes pain experience to be primarily the perception of the
current states of one’s body but for the sake of simplicity I use BDD as my primary
target.’

3 Challenges to BDD

A variety of objections have been raised against BDD and the views in its vicinity.
Some have asked why—if feeling pain is perceptually representing a disturbance to
some part of the body—pain beliefs ostensibly report on the experience and not on
the disturbance itself (Aydede 2009, 2017). I can believe that there is pain in my foot
and at the same time believe that there is nothing physically wrong with my foot.
There is no inconsistency here; both beliefs can be simultaneously correct. A propo-
nent of BDD might respond that we use the term ‘pain’ to refer to pain experience
simply because “pain bothers us, often quite terribly” (Hill 2017, p. 67). In other
words, we care about our pain experiences, even in the absence of bodily distur-
bances, and our language use reflects what we care about. In the end, the debate
comes down to what we take to be the defining features of perceptual experience.
For Aydede, what matters are the types of beliefs and judgments that the experi-
ences directly ground. He worries that there is no good reason to take pain

Others have also found the detector metaphor misleading. Arguments have been raised against the
detector views of specific perceptual systems and against the detector view of perception in gen-
eral. For example, Hoffman et al. (2015) use evolutionary games and genetic algorithms to empiri-
cally investigate the idea that natural selection favors veridical perceptions (and thus produces
“detectors” of various sorts). Their conclusions are straightforward: “Natural selection discards
veridical perceptions and promotes interface strategies tuned to fitness” (ibid., p. 1488). Such
“interface strategies” are strategies that present the organism’s environment in a way that is useful
to that organism, e.g., by guiding successful action.

"BDD is a proper subset of a set of theories that Casser (2021) groups under the label “informa-
tion-gathering story of pain” (IGS). According to IGS, the primary function of pain is to inform
organisms about damage to their bodies. Such information gathering need not involve representa-
tions or—if representations are involved—do the contents of those representations need to be fully
externalist/physical. That said, the simplest version of the information-gathering story is that pain
experiences represent physical states of the body and that the phenomenal content of pain experi-
ence supervenes on the representational content.
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experiences to be genuinely perceptual if pain-attributing beliefs and judgments
(e.g., “I have a throbbing pain in my foot”) are never directly (de re) about the rel-
evant kinds of disturbances being instantiated in the relevant body parts (in Aydede’s
view this is evidenced by the fact that we can take such beliefs and judgments to be
true even in the absence of disturbances), when paradigmatic perceptual experi-
ences (e.g., seeing a cup as round) typically do give rise to de re judgments about
their extramental objects as such (e.g., “this thing is round”). In response, those who
take pain experiences to be genuinely perceptual might emphasize, for example, the
similarities in phenomenology between pain experiences and paradigmatic percep-
tual experiences, such as the observation that pain experiences typically assign a
bodily location to pains (Hill 2017, p. 63).

Related to the first objection, others have argued that, when it comes to pain, esse
est percipi—i.e., that one cannot have pain without having pain experience. Because
BDD and its theoretical cousins identify pains with mind-independent bodily distur-
bances (at least on the assumption that pain experiences represent pains), and
because bodily disturbances can occur in the absence of pain experiences, these
views are inconsistent with the percipi intuition (Pautz 2010). But perhaps our intu-
itions are simply confused. It seems that we apply the concept of pain both to the
physical disturbances (pains-as-objects) and to the experiences those disturbances
tend to cause (pains-as-experiences). If we get clear on this distinction, we can
make sense of the cases where the two come apart (Byrne 2001, p. 229; see also Hill
2009, Chap. 6). In the case of some phantom limb pains, for example, one might
have pain-as-experience, but not pain-as-object. If a pain is felt in a phantom hand,
the hand is not there and so the relevant sort of bodily disturbance (i.e., pain-as-
object) is not there either. The experience, which is one type of pain, misrepresents
a bodily state, which is another type of pain.® Then, plausibly, one could also have
pain-as-object, but not pain-as-experience, e.g., in the case of injuries that are not
experienced as painful. Still, as Pautz point out, we never seem to apply the concept
of pain to bodily disturbances in the absence of pain experience. For example, there
is something deeply counterintuitive about the idea that cadavers could have pains
(2014, p. 240). The body parts of cadavers can have various properties (shapes,
sizes, etc.) and conditions (damage, etc.), but intuitively not pains. For Pautz, this is
reason enough to conclude that pains are not mind-independent.

81t could be argued that at least in some cases of phantom limb pain (PLP), there does exist pain-
as-object, but the location of the pain-as-object is misperceived. The physiology of PLP remains
poorly understood but according to one theory, it is caused by the irritation of the severed and
damaged nerve endings in the residual limb (see Hanyu-Deutmeyer et al. 2022). If this were true,
then the PLP experience could be said to represent the nerve irritation but misrepresent its location,
at least if peripheral nerves are understood as part of the body in the relevant sense, i.e., if they are
taken to be the relevant kind of bodily tissue whose disturbed condition our pain experiences rep-
resent (this is not a given). That said, the causes of PLP are complex and thought to involve many
peripheral and central nervous system factors. The primary cause of some cases of PLP might be
the sensitization of the central nervous system, in which case we would have pain-as-experience in
the absence of pain-as-object. And, in any case, there are other putative cases where the two types
of pains come apart, such as fibromyalgia (e.g., Julien et al. 2005).
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Finally, philosophers have made empirical cases against BDD-type views. Casser
(2021) argues that neither biological nor neurophysiological evidence supports the
conception that the function of pain is to inform about bodily disturbances (see also
Klein 2015). Pautz (2010, 2014) takes psychophysical and neuroscientific data to
reveal two things: (i) that there is a structural mismatch between the intensity of
pain and the physical magnitudes of the corresponding bodily disturbances and (ii)
that pain intensity depends on internal (neural) states. The case I make against BDD
has affinities with both Casser’s and Pautz’s approaches. Like Casser, I focus on the
function of the pain system. I seek to show that BDD does a remarkably poor job at
accommodating and explaining a variety of pain phenomena and should therefore
be rejected. Unlike Casser, I contrast BDD with a different conception of the func-
tion of pain, which I suggest better explains the empirical data. In other words, I
advance a positive view of the function of the pain system. Like Pautz, I argue that
psychophysical evidence (in my case supplemented with phenomenological obser-
vation) puts pressure on certain kinds of views about pain. But whereas Pautz argues
against phenomenal externalism about pain (i.e., the view that pains are mind-
independent bodily states), I argue against the idea that the pain system is a bodily
disturbance detector. When it comes to deciphering the mysteries of pain, Pautz
thinks that our best bet is to adopt a combination of primitivism about pain and
projectivism about pain experience. I think that our best bet is to begin with a differ-
ent conception of the function of the pain system and to build up from there. In the
present work, I focus only on the function question and do not defend a positive
view on the nature of pain itself.’

4 Complex Pain Phenomena: A Case Against BDD

To support my claim that the explanatory power of BDD is severely limited, I focus
on four kinds of pain phenomena: dissociation between pains and bodily distur-
bances, interpersonal and intrapersonal variation in pain thresholds, temporal adap-
tation to repeated noxious stimulation, and contextual modulation of pain experience.
I propose that each of the four phenomena puts pressure on BDD and that together
they make a strong cumulative case against the idea that the goal of the pain system
is to detect bodily disturbances.

°In Pautz’s view, pains are “wholly chimerical” and exist nowhere in the world (2014, p. 295).
Others who are suspicious of the idea that pains are bodily states (even experienced bodily states)
might argue that they are subjective mental states instead. Readers sympathetic to either of these
views could read me as providing a conception of the function of the pain system that complements
their preferred view of the nature of pain (many thanks to an anonymous reviewer for pointing this
out). I will revisit the issue of the nature of pain in Sect. 6.1.
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4.1 The Dissociation of Pains and Bodily Disturbances

Bodily disturbances, even severe ones, can occur without pain experiences. Consider
the case of Rodney Fox being attacked by a great white shark during a 1963
spearfishing competition in Australia. In a Guardian article, Fox describes getting
brutally dragged and mauled by the shark yet claims to have only experienced pain
after he had been rescued from the water. “It was only when I was lying down on the
boat that the waves of pain arrived,” he is quoted as saying.'” Other examples
abound: soldiers wounded in World War II, people engaging in body suspension (a
practice where a person’s skin is pierced with sterile metal hooks from which the
person is then hung), and victims of car crashes and other accidents. In all these
cases, bodily disturbances are undeniably present, but people report feeling no
pain.!12

On the other hand, pain experiences can also occur in the absence of the relevant
kinds of bodily disturbances. Lots of people suffer from medically unexplained
pain, where pain is felt in a body part where no evidence of a physical disturbance
is found. One example is fibromyalgia, a condition characterized by generalized
musculoskeletal pain, often in the absence of observable musculoskeletal problems.
Other examples include some neuropathic pains as well as many types of back pains
and headaches. Phantom limb pain shows that pain can even be felt in a body part
that is no longer there.

1 Ammar Kalia, “‘T saw a big set of white teeth coming towards me’: the people who survived ter-
rifying wild animal attacks.” Guardian 4 Jan 2022: https://www.theguardian.com/environ-
ment/2022/jan/04/saw-big-set-of-white-teeth-coming-towards-me-people-who-survived-
wild-animal-attacks (accessed May 27, 2023).

1See Beecher (1956) on wounded soldiers and Melzack et al. (1982) on emergency room patients.
My claim about the painlessness of body suspension relies on reports from people who routinely
engage in this practice.

12Note that some of these cases might involve a phenomenon analogous to that of inattentional
blindness where fully visible (but unexpected) objects are not noticed or consciously experienced
because attention is engaged elsewhere (Mack and Rock 1998). Evidence suggests that we can also
fail to notice noxious stimuli (such as the sound of fingernails scratching a chalkboard) when
engaged in a task that focuses our attention elsewhere (Wayand et al. 2005). If the dissociation
between pains and bodily disturbances in particular cases is explained by something like inatten-
tional blindness, then such cases arguably tell us very little about the goal of the pain system (at
least on the assumption that inattentional blindness tells us very little about the goal of the visual
system). That said, attentional effects cannot explain all the cases where bodily disturbances occur
without accompanying pain experiences; people often report feeling no pain even when they spe-
cifically attend to the disturbed condition of their bodies. For example, people engaging in body
suspension are often curious about their pain level and carefully attend to it. Beecher’s soldiers, all
of whom had extensive wounds and who were “clear mentally” and not in shock, were asked the
question, “As you lie there, do you feel any pain?” Many reported feeling no pain, even though
they would complain “in a normal manner at rough handling of their wounds, or at inept venipunc-
tures” (1956, pp. 1609-1611).
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It has been suggested that BDD-like views cannot account for this dissociation
between pains and bodily disturbances,'? but this conclusion is not obvious. When
pain experience occurs without a bodily disturbance, the experience could be said to
simply misrepresent: the content of the experience would be something akin to
“there exists a disturbance (with such-and-such properties) in this bodily location,”
but the content would be false (see, e.g., Hill 2017, p. 63). In some ways, this
response is intuitive. After all, something has surely gone wrong in the case of fibro-
myalgia pain or back pain that presents without tissue damage. Such pains are usu-
ally maladaptive; they are more harmful than helpful (fibromyalgia pain might
cause people to refrain from health-promoting physical exercise, for example). It is
not clear, however, that BDD provides the best explanation for these cases. In addi-
tion, the sheer commonness of the cases poses a problem. Under BDD, pain in the
absence of relevant tissue damage is analogous to visual hallucination; the experi-
ence represents something that is not there. If BDD entails that such “pain halluci-
nations” are commonplace, it owes us an explanation as to why pain perception is
more prone to these errors than other perceptual modalities.!* On the assumption
that all sensory systems are detectors, what explains the high number of false posi-
tives in the case of pain?

When it comes to painless injuries, it could be argued that the conditions in
which they occur are simply too far removed from the optimal or typical conditions
in which our pain systems can be expected to function normally. If our visual sys-
tems cannot operate in the dark, then perhaps our pain systems cannot operate prop-
erly when we are being mauled by wild animals or suspended by hooks placed
under our skin. At least in the former case, we might be dealing with stress-induced
analgesia (SIA), i.e., an inbuilt pain suppression response to stressful or fearful
stimuli. SIA likely serves an important adaptive purpose: it allows us to focus on
surviving a dangerous situation instead of tending to our injuries (e.g., Butler and
Finn 2019, p. 185). If you wish to survive a shark attack, you ought to focus on get-
ting away!

Does SIA help the proponents of BDD account for painless injuries? Perhaps she
could argue that the typical or optimal conditions for detecting bodily disturbances
do not include high-stress situations where pain experience would likely be mal-
adaptive, and that SIA results from a mechanism that inhibits the normal and proper
functioning of the pain system. At first, this seems plausible. After all, the pain sys-
tem involves the activity of peripheral nociceptors, i.e., specialized afferent fibers in
the body tissues that are activated by noxious stimuli of different kinds: thermal,

13See, e.g., Klein 2015, Chap. 3. Klein is mainly drawing from Wall (1979) here.

41t is difficult to know exactly how prevalent pain experience in the absence of bodily disturbance
is, but for example, fibromyalgia, described as “the diminished quality of life related to generalized
body pains and physical and psychological symptoms that occurs in the absence of a clear patho-
logic cause” (my italics), is fairly common; some 1.75% of adults (18 years or older) in the US
satisfy the diagnostic criteria (Walitt et al. 2015).
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chemical, and mechanical (Dubin and Patapoutian 2010).'"> The nociceptors project
to the dorsal horn of the spinal cord and from there, various types of ascending
pathways carry nociceptive information to the brain. Importantly, however, the
transmission of the signals is modulated by descending pathways from the brain to
the spinal cord (Purves et al. 2004). In the case of SIA, nociceptive signals are inhib-
ited by such pathways. This means that SIA could perhaps be conceptualized as a
kind of emergency kill switch for the pain system.'®

The problem with this response is that the inhibitory mechanisms involved in
STA are generally considered to be part of the pain system itself.!” And so it looks
like the pain system is operating in these conditions, even if its operation results in
the suppression of pain experience. This makes the case non-analogous with the
visual system case. In the dark, there are not enough inputs for the visual system to
inform us about our surroundings. In the painless injury case, however, the nocicep-
tive inputs from the affected body parts are actively suppressed. As Casser points
out, correctly, in my opinion, the challenge here is to “explain why a system would
purposefully prevent system-relevant information from transmission if it is the sys-
tem’s function to perform such transmissions” (2021 p. 371)."® In other words, if the
goal of the system is to detect/track and represent bodily disturbances, then why
would the system itself actively work against this goal? Once again, BDD owes us
an explanation.

5Nociceptors are categorized according to the properties of their axons into polymodal nocicep-
tors (associated with unmyelinated C-fibers) and two types of A8 nociceptors (associated with
thinly myelinated AS-fibers): mechanosensitive and mechanothermal (Purves et al. 2004, p. 209).
When stimulated simultaneously, the polymodal nociceptors and Ad nociceptors give rise to differ-
ent kinds of pain. AS stimulation leads to a sharp, brief, and well-localized “first pain” whereas
polymodal nociceptor stimulation leads to a dull and poorly localized “second pain” that normally
outlasts the noxious stimulus presentation (Price and Barrell 2012, Sect. 7.4). If the phenomenal
character of pain experience supervenes on the content of the experience, then the content of first
pain and second pain must be different. This is something that the proponent of BDD should also
account for.

16 Hardcastle suggests that instead of one pain system, we have two separate systems: a nociceptive
system which “keeps us informed of the status of our bodies” and a top-down inhibitory system
which “shuts down the [first system] when flight or fleeing is immanent” (1999, pp. 130-134).
Hardcastle does not, however, advocate BDD or the kill switch view. For her, nociception does not
equal pain perception, and the inhibitory system is part of pain processing.

"Melzack and Wall’s (1965) gate control theory revolutionized our understanding of pain: the idea
is that there are gates in the spinal cord that can block nociceptor signals or let them through.
Though the original theory is now considered to be oversimplified, the understanding of pain pro-
cessing as essentially involving the modulation of nociceptor outputs in the spinal cord has
remained. As Butler and Finn write, “It is now clear that pain is processed through multiple, inter-
weaving receptor-mediated pathways utilising the excitatory and inhibitory amino acids, mono-
aminergic, opioid, and endocannabinoid systems among others” (2019, p. 196).

18Casser (2021) also considers a stronger version of this response which appeals to the filtering out
of irrelevant information in other sensory modalities such as taste (we don’t taste our own saliva).
He responds that whereas this sort of filtering of information can be understood as a form of infor-
mation control, the same cannot be said about pain. In pain modulation, information relevant to the
functioning of the system is blocked or reduced.
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4.2 Interpersonal and Intrapersonal Variation
in Pain Thresholds

Even if BDD could account for painless injuries and pain in the absence of injuries,
other problems remain. For example, there exists considerable interpersonal and
intrapersonal variation in pain thresholds, even among healthy subjects in perfectly
ordinary conditions. Experimental data suggests that pain thresholds increase with
age (Lautenbacher et al. 2017; see also Goksan et al. 2015), and that there are sig-
nificant gender differences in experimentally induced pain (Paulson et al. 1998;
Bartley and Fillingim 2013). This means that stimuli that used to be experienced as
painful often cease to give rise to pain experiences as individuals get older, and
when two healthy young subjects are exposed to the same noxious stimulus, only
one might experience the stimulus as painful. Imagine that two subjects, A and B,
are administered a thermal stimulus of 43 °C." A rates the stimulus as painful, B
does not. On the assumption that the ratings faithfully reflect the subjects’ experi-
ences, which experience is accurate: the painful or the painless one? Whose pain
system is working properly, and whose is not?

In some cases, variation in pain thresholds can be explained by deterioration. For
example, the heightened pain thresholds in older subjects likely reflect an age-
related decline in perceptual ability, comparable to a decline in visual acuity. In
addition, interpersonal variation in absolute thresholds (i.e., in the smallest levels of
stimulus that can be detected 50% of the time) is very common in general,” and it
is not always clear when a stimulus should be detectable unless we take the lowest
absolute threshold measured as our standard. We also do not normally consider this
kind of variation a problem for theories of other perceptual modalities, so why
should it be a problem for BDD? Perceptual sensitivities differ and that’s nothing new.

That said, there is a relevant difference between pain experiences and experi-
ences in other perceptual modalities that the variation in pain thresholds highlights.
With vision, for example, we have standardized tests that can be used to determine
the smallest letters you can read on a chart. We know what the letters are, and we
know when a person’s visual experience of the letters is accurate. We don’t have
these kinds of standardized tests for pain acuity.

But let us dig a little deeper. The visual acuity test was designed for the purpose
of measuring how well a person can see from a distance. This ability is required for
several important tasks, and when one’s visual acuity dips below a certain threshold,
it can be easily corrected with glasses, contacts, or even surgery. That we do not
have a comparable test for pain thresholds might just reflect the fact that we have no
need for one; perhaps it does not matter very much whether a 43 °C thermal stimu-
lus feels painful or just hot.

For the sake of the argument, we can even stipulate that the thermal stimulus gives rise to identi-
cal nociceptor firing patterns in A and B.

2 For example, Humes et al. (2009) report age-related declines in threshold sensitivity in several
sensory modalities, including vision, hearing, and touch.
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Nevertheless, if it is assumed that perception aims at accurately representing
mind-independent properties of, or events occurring in, the environment (i.e., if
BDD is generalized into a theory of perception as a whole), experiences in paradig-
matic perceptual modalities generally allow for the comparison of perceivers’ sen-
sitivities. For example, a child who hears a high-frequency sound would be said to
detect something that is there, whereas the child’s grandfather would be said to fail
at this task should his auditory experience not represent the stimulus at all. With
pain, the situation is different. We can probe people with thermal stimulators all we
want, but doing so will not help us determine the temperature at which a stimulus
becomes genuinely noxious and something detectable by the pain system.*' So, in
the end, it is not just that we do not know whose pain experience is accurate, we also
do not know how the question should be answered in the first place.

A big problem here is the lack of a clear and satisfactory definition of ‘bodily
disturbance.” An even bigger problem is the likely possibility that a clear and satis-
factory definition will never be found because pain states do not neatly map onto
any physical states (see Klein 2015, pp. 36—42). This erodes the motivation for the
view that the pain system functions to detect such states. While similar arguments
have been raised against philosophical views which identify colors with physical,
mind-independent properties of the external world (see, e.g., Hardin 1993; Cohen
2009), in the case of color it is generally clear what the relevant physical property is
supposed to be (surface spectral reflectance, etc.). With BDD, this is lacking. The
pain system is conceptualized as a detector, without a clear answer to the question
of what it is supposed to detect.??

Because the notion of bodily disturbance is so vague, the worry is that BDD can-
not tell us when the pain system is functioning properly. A focus on interpersonal
variation in pain thresholds helps make this problem apparent. The problem is mag-
nified by the fact that there is also intrapersonal variation in pain thresholds that is
not aging-related. Evidence suggests that human subjects can train themselves to
suppress pain and increase their pain thresholds. For example, functional Magnetic
Resonance Imaging (fMRI) has been used to teach people to activate the pain-
controlling parts of their brain at will (deCharms et al. 2005). Conscious control
over pain, if genuinely possible, tells us that pain thresholds are variable even in the
short term. This raises the question: why would a system whose goal is to detect
mind-independent bodily states exhibit such plasticity in its operation? It might well

21 Although pain scales and other tools can be employed to test subjects’ sensitivity to changes in
noxious stimulation, such tests cannot tell us whether a stimulus should be experienced as painful
in borderline cases. For additional discussion of pain scales, see n23.

22Tt could be argued that there is an answer to the question of when a stimulus becomes genuinely
noxious (i.e., a bodily disturbance of the appropriate kind) but that we lack epistemic access to that
answer. Analogous debates occur in philosophy of color where specifying the “true” fine-grained
colors of objects has been shown to be equally difficult and where some proponents of physicalist
views of color have responded that certain color facts might be unknowable (e.g., Byrne and
Hilbert 2003). But, again, with color we have a physical property that competing chromatic experi-
ences all supposedly represent (some more accurately than others, or so the story goes). With pain,
we do not even know what the relevant property is supposed to be.
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be that the changes in sensitivity are adaptive (the way SIA is thought to be adap-
tive), but the problem for BDD is that such adaptive plasticity does not seem com-
patible with the idea that pain systems are in the business of mechanistically
detecting mind-independent bodily states.

Now, it could be argued that veridical/accurate representation and fitness do not
always go hand in hand. Pain systems could have a separate biological function in
addition to their representational function. If so, then the effects of representational
states could be adaptive even when the states themselves are in error (see, e.g.,
Burge 2010, Chap. 8), and adaptive plasticity would not have to be in tension with
the representational function. The problem with this response is that, ideally, we
would want an explanation of how pain states come to have the contents that they
have. BDD theorists generally acknowledge this, which is why they explain content
determination in terms of a tracking relation (in design conditions) or a biological
function of the system. And even if representation were taken to be primitive, we
would still need a good reason for thinking that the pain system has a representa-
tional function in the first place. I argue that complex pain phenomena speak against
the view that pain states represent mind-independent bodily disturbances. If my
arguments succeed, then separating representational function from biological func-
tion does little to help BDD.

4.3 Temporal Adaptation: Habituation and Sensitization

In the previous two sections, I considered the dissociation of pains and bodily dis-
turbances in unusual circumstances, and the difficulty of determining when pain
should be felt in perfectly ordinary situations where the stimulus is only mildly
noxious, if at all. In this section, I consider the dissociation of the severity of bodily
disturbances and the intensity of accompanying pain experiences.

According to BDD, when the pain system is functioning properly, pain experi-
ences optimally track/detect and represent mind-independent bodily disturbances
and their mind-independent properties. I mentioned above that the phenomenology
of pain includes at least three sensory properties: a specific location (e.g., the sole of
your foot), a specific intensity (e.g., severe), and a specific quality (e.g., throbbing).
Consider Tye’s view on what different sorts of pain experiences represent:

A twinge of pain represents a mild, brief disturbance. A throbbing pain represents a rapidly
pulsing disturbance. Aches represent disorders that occur inside the body rather than on the
outside (...). A stabbing pain is one that represents sudden damage over a particular well-
defined bodily region (...). In each of the above cases, the subject of pain undergoes a
sensory representation of a certain sort of bodily disturbance. The disturbances vary with
the pains (1995a, p. 113).

Pautz (2014, p. 249) notes that pain experience exhibits response expansion: the
relationship between pain intensity and the severity of bodily disturbances is
described by a power function with an exponent greater than 1. This means, for
example, that a small increase in stimulus temperature (e.g., from 47 °C to 50 °C)
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can lead to a large increase in experienced pain intensity, and that the relationship
between pain intensity and the physical magnitudes of bodily disturbances is some-
what “messy.” Another phenomenon illustrating the messiness of this relationship is
temporal adaptation to repeated noxious stimulation. Both phenomena, but espe-
cially temporal adaptation, give reason to think that BDD cannot account for the
way in which experienced pain intensity varies.

Temporal adaptation is a well-known psychophysical fact. For example, Jepma
et al. (2014) report that adaptation effects due to repeated stimulation “strongly
modulate” the experienced painfulness of thermal stimuli. On average, repeated
stimulation of the same skin site produces habituation (decrease in pain intensity)
for all but the highest stimulus temperatures, whereas repeated stimulation across
different skin sites produces sensitization (increase in pain intensity).”® These pat-
terns of adaptation clearly show that the experienced pain intensity does not corre-
late well with the physical severity of the relevant bodily disturbance.?*

It seems that at most one of the experiences elicited by a given stimulus could be
veridical/accurate under BDD, and it is unclear how we could non-arbitrarily decide
which one is. Is the experience elicited the first time you are prodded with a thermal
stimulator the experience that accurately tracks the level of bodily disturbance, or
does the same skin site need to be prodded repeatedly before your pain system can
detect the true magnitude of the disturbance? Why is the adaptation pattern different
for lower vs. higher temperatures and for stimulation of the same skin site vs. stimu-
lation across different skin sites? If your pain system is a bodily disturbance detec-
tor, then what could be the reason for all this variation in pain experience; that is,
what mind-independent magnitude of bodily disturbances could possibly correlate
with the observed patterns?

One might argue that temporal adaptation amounts to malfunction and that the
first experience elicited by a noxious stimulus is the one that accurately tracks the
disturbance, but since the adaptation effects are ubiquitous and systematic and seem
to occur in perfectly ordinary conditions, this response is not promising. Jepma
et al. (2014) suggest that our pain sensitivity to subsequent stimuli gets dynamically
updated every time we receive a noxious (thermal) stimulus, and that this is due to
multiple adaptive processes both in the peripheral and central nervous systems.
Temporal adaptation also seems beneficial to organisms. As Paul et al. write,

Z1n the absence of a reliable biomarker, subjective pain scales (Visual Analog Scale, Numerical
Rating Scale, Verbal Rating Scale, etc.) are commonly used to measure pain intensity in both clini-
cal and research settings. There are obvious challenges with the use of these scales, including
confounding variables such as experimenter characteristics (e.g., Kéllai et al. 2004) and different
understandings of verbal descriptions, e.g., “the worst pain imaginable” (Breivik 2017). Still, com-
parative analyses suggest that the common single-dimension scales are reliable and valid measures
of felt pain intensity (Jensen 2003; Herr et al. 2004; Ferreira-Valente et al. 2011), and the replica-
tion of studies increases the validity of individual findings.

241t seems plausible that, even after habituation, a higher temperature would be correlated with
more pain. This does little to help BDD, however. If pain experiences track mind-independent
bodily disturbances and their physical features, then the same type of disturbance should not be
routinely associated with different kinds of pain experiences.
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“adapting to persistent and non-avoidable pain is an important mechanism, as it
allows preserving physical, emotional, and cognitive resources” (2021, p. 1).

The proponents of BDD have made ingenious attempts at accommodating varia-
tion in experienced pain intensity. For example, Cutter and Tye (2011) argue that
there is, in fact, a property of bodily disturbances that correlates with felt intensity
and explains response expansion. This property is the property of “being apt to
harm,” indexed to a subject. Though not a physical magnitude of the bodily distur-
bance, Cutter and Tye suggest that it is nevertheless a natural property.® Supposedly
this means that the property is mind-independent, even if subject-indexed, and a
property that our pain experiences track (see Cutter 2017, p. 34).

It is unclear whether Cutter and Tye succeed in accommodating response expan-
sion. But even if they did, there does not seem to be a strong enough correlation
between the property of being apt to harm (understood as a mind-independent natu-
ral property) and experienced pain intensity to account for the patterns of temporal
adaptation. For example, why would the bodily disturbance associated with repeated
thermal stimulation across different skin sites be more apt to harm than the bodily
disturbance associated with repeated stimulation of the same site? Cutter and Tye
assume that the relevant sort of potential harm is harm “in design conditions” (2011,
p- 102), and while we might be able to tell a plausible-sounding story about the
harm of repeated thermal stimulation across different skin sites in our evolutionary
environment (i.e., a story about why repeated stimulation of different sites produces
sensitization), this would be little more than an ad hoc attempt at redeeming BDD
in the face of adverse evidence.?® Gerrymandered “natural” properties do not seem
very natural.

The problem gets amplified if we consider the fact that different individuals show
different patterns of habituation and sensitization (Jepma et al. 2014, p. 743). Cutter

2 Cutter and Tye (2011) appeal to the property of being apt to harm to explain both the felt inten-
sity and the felt badness of pain. Under their view, the representational content of, say, the pain of
stepping on a nail would be that “there exists a throbbing pain in my foot that is bad for me to a
degree x.” The property of being bad for you is the property of being apt to harm you (ibid., p. 99)
and the question of whether a specific bodily disturbance is apt to harm you “depends also on facts
about the organism as a whole together with facts about the environment in which the organism is
embedded” (ibid., p. 101). Pautz (2014, p. 280) reads Cutter and Tye as suggesting that the aptness
to harm only accounts for the differences in the unpleasantness of pains (and not intensity), but
Cutter and Tye explicitly present their view as an account of variation in pain intensity (2011,
pp. 104-105; see also Cutter 2017).

%60ne could argue, for example, that noxious stimulation of different skin sites correlated with
there being multiple threats (and therefore more potential for harm) in the organism’s evolutionary
environment, whereas repeated stimulation of the same skin site correlated with there being just
one threat. That said, this sort of harm does not seem like a property of the bodily disturbance and
therefore not something that the pain system should be able to track under BDD. Note also that we
could tell a plausible-sounding story if the pattern of adaptation was reversed, i.e., if repeated
stimulation of the same skin site led to sensitization and stimulation of different skin sites to
habituation. For example, it could be argued that repeated stimulation of the same skin site is more
apt to harm e.g., by eventually burning the skin (something that wouldn’t happen if different skin
sites each receive just a bit of heat).
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and Tye’s appeal to subject-indexed properties does not help, because, once again, the
property of being apt to harm is supposed to be a “natural” property that our pain
experiences track in optimal conditions. If the optimal conditions are design condi-
tions and if the design conditions are the same for all members of the same species,
then there would be one pattern of habituation and sensitization that optimally tracks
the aptness to harm in those conditions. However, the wide variation in the adaptation
patterns gives little reason to think such an optimal pattern exists.

4.4 Contextual Modulation of Pain Experience

Contextual modulation of pain experience might be the biggest problem for
BDD. There is plenty of evidence that expectations, emotions, etc. can affect the
experienced intensity (and perhaps also the experienced quality and location) of
pain. For example, research on placebo analgesia indicates that verbal suggestions
can dampen the intensity of pain (Medoff and Colloca 2015). If I offer you a sugar
pill and convince you that the pill is an effective painkiller, your pain level might
decrease. There are also ways to increase the felt intensity of pain. For example,
showing a red light to subjects before the administration of a noxious stimulus
appears to lead to the stimulus being rated more painful (Wiercioch-Kuzianik and
Babel 2019; Moseley and Arntz 2007). If the cognitive and affective states associ-
ated with verbal suggestions (e.g., the expectation that a particular intervention will
be effective) and red lights (e.g., fear or stress) routinely exert influence on the
sensory dimension of pain, this presses hard on BDD. This is because, under BDD,
contextual modulation presents as inferference with the proper functioning of the
pain system. Although biological systems do sometimes malfunction, it would seem
odd to have a biological system so susceptible to malfunction. The specific type of
malfunction also raises questions. Perceptual systems in general seem somewhat
immune to the effects of cognitive states; some philosophers and scientists even
argue that their operations are impenetrable to cognition (Fodor 1983; Pylyshyn
1999; see also Firestone and Scholl 2016). If pain experience is perceptual and rou-
tinely modulated by cognitive states, then we are dealing with a perceptual system
that is much more vulnerable to cognitive penetration than other perceptual sys-
tems.?’ This demands an explanation.

Z"The purported cases of cognitive penetration of pain experience would pose a problem for BDD
even if some of them were explainable in terms of sensory inputs to the pain system. For example,
Casser and Clarke suggest that “...heuristic processes might take into account information about
the organism’s heart rate and stress levels and use this information to track the severity of the situ-
ation” (2022, p. 15). If fear causes the organism’s heart rate and/or stress level to increase, it could
modulate pain experience indirectly (which might not count as cognitive penetration proper). But
unless the heuristic processes aim at deciphering levels of bodily disturbance (this is not what
Casser and Clarke argue), they still present as interference with the normal and proper functioning
of the pain system under BDD. Furthermore, it is not at all obvious that any/all purported cases of
cognitive penetration of pain experience are explainable in terms of such sensory inputs alone.
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At this point, a word of caution is in order: empirical investigation of pain experi-
ence is extremely difficult, and it is often unclear whether studies measure the effect
of cognitive states on the sensory dimension of pain experience or the effects of
cognitive states on other cognitive states, such as beliefs about sensory experience
(Jacobson 2017, p. 270). Cognitive states could also influence the affective dimen-
sion of pain (i.e., its unpleasantness) without influencing its perceived intensity.
Nevertheless, it seems quite probable that at least sometimes contextual factors do
influence the sensory dimension of pain. Consider this oft-cited anecdote from a
medical journal:

A builder aged 29 came to the accident and emergency department having jumped down on
to a 15 cm nail. As the smallest movement of the nail was painful he was sedated with fen-
tanyl and midazolam (...). When his boot was removed a miraculous cure appeared to have
taken place. Despite entering proximal to the steel toecap the nail had penetrated between
the toes: the foot was entirely uninjured. (Fisher et al. 1995, p. 70)

In the case of the builder, there is no bodily disturbance, yet the subject experi-
ences severe pain.”® What is the cause of the pain? It seems that the pain is caused
by the person’s belief that his foot is severely injured (perhaps in conjunction with
distress or fear). If a belief can cause a pain experience in the absence of the relevant
kind of bodily disturbance, then it is probable that cognitive states can also modu-
late pain experiences in the presence of noxious stimulation. Evidence from studies
employing hypnotic suggestions supports this idea. For example, Hofbauer et al.
(2001) used hypnotic suggestions to successfully modulate the experienced inten-
sity of a painful heat stimulus, and the resulting changes in pain intensity corre-
sponded to changes in cortical activation patterns.?

Tye (1995a) acknowledges that relaxation and enjoyment can dampen pain expe-
rience and that anxiety can heighten it but argues that such effects do not challenge
his view:

These facts...may be explained by supposing that the brain receptor pathway in the spinal

column leading to the somatosensory cortex (...) has a gate in it that is controlled from the

higher brain centers (the gate control theory). When this gate is partly closed, less informa-
tion gets through, and the feeling of pain diminishes. As it opens further, more information

is enabled to pass. Anxiety, excitement, joy, concentration, and other higher-level activities

affect the orientation of the gate. So, the fact that the experience of pain is, in the above

sense, cognitively penetrable presents no real difficulty for my proposal. What happens is
simply that one’s cognitive assessment of the situation feeds back down into the sensory

28 Another example might be the phenomenon of vicarious pain where one feels pain in their own
body when witnessing (or imagining) others undergo painful experiences (Fitzgibbon et al. 2010).

2This study by Hofbauer et al. (2001) and another study by Rainville et al. (1997) together support
the view that the processing of the sensory and affective dimensions of pain involve different corti-
cal areas. When hypnotic suggestions were directed at altering experienced pain intensity, this
corresponded to modulation of pain-evoked activity in the somatosensory cortices but not in the
anterior cingulate cortex (Hofbauer et al. 2001). When the suggestions were directed at altering the
unpleasantness of pain, significant modulation of pain-evoked activity was observed in the anterior
cingulate cortex but not in the somatosensory cortices (Rainville et al. 1997).
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module for the experience of pain and affects how much information gets through about
bodily damage. (1995a, pp. 114-115; second italics mine)

Tye’s response is puzzling. In cases of top-down modulation of pain experience,
the bodily disturbance stays the same but the experience changes. It is true that this
variation likely results from the excitatory and inhibitory control of nociceptive
channels, but it is not at all clear how this is consistent with BDD. To start, Tye
mischaracterizes the issue. The issue is not the amount of information about the
bodily disturbance that is let through, but the accuracy of the resulting experience.
If you are feeling anxious and a mild disturbance gives rise to an excruciatingly
intense pain experience, then the experience misrepresents the qualities of the dis-
turbance, according to Tye’s own view. Recall Tye’s contention that a “twinge of
pain represents a mild, brief disturbance” (1995a, p. 113). Could a sudden excruci-
ating stab of pain represent the same mild bodily disturbance? It is difficult to see
how this could be if the pain system is in the business of tracking mind-independent
bodily disturbances and their features. It is even more difficult to see how an intense
pain would provide more information about a mild disturbance than a mere twinge
of pain.

Hill (2017) acknowledges that the experienced intensity of pain correlates better
with neural states than it does with bodily disturbances (or the activity of the noci-
ceptors that respond to those disturbances). As a result, he embraces the conclusion
that pain experiences systematically misrepresent bodily disturbances. More spe-
cifically, he maintains that pain experiences mistakenly attribute properties of neu-
ral states to bodily disturbances (ibid., p. 66). Though interesting, this response is
not available to the proponent of BDD; the detecting/tracking of neural properties is
not consistent with the requirement that the contents of pain states be mind-
independent. But even on a more general level, it makes little sense to conceptualize
the pain system as a bodily disturbance detector if pain experiences systematically
misrepresent those disturbances. Consider a simple Geiger counter with an analog
readout. If the measurements indicated on the readout were not correlated with the
levels of ionizing radiation in the environment (but were correlated with some inter-
nal states of the instrument instead), the only reason to call the Geiger counter a
radiation detector would be the fact that it was designed (badly!) for that purpose.
But with the pain system, we cannot simply assume that it was “designed” to be a
bodily disturbance detector; we need some reason to think that this is the case. If the
relationship between bodily disturbances and pain experiences is highly variable
and if there is evidence of substantial contextual modulation of pain experience,
such a reason is lacking.

For Hill (2017) it suffices if pains are bodily disturbances that our pain experi-
ences represent, even if those experiences systematically misrepresent some fea-
tures of the disturbances. That said, if the pain system is not in the business of
detecting/tracking bodily disturbances, it is not clear why we should identify pains
with those disturbances in the first place. What motivates this view of the nature of
pain, if we are forced to give up on the idea that there is a clear correlation between
the experiential state and the bodily state it supposedly represents?
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So far, I have sought to show that the detector view of pain falls short when it
comes to the task of accommodating and explaining systematic pain phenomena.
Since the ability to accommodate and explain relevant phenomena is a key desidera-
tum for (empirically informed) philosophical theories, I conclude that the detector
view should be abandoned in favor of a better-fitting conception of the function of
pain. In the next section, I propose such a conception.

5 The Pain System as a Sophisticated Security System

If the pain system is not a bodily disturbance detector, then what is it? A compre-
hensive answer is beyond the scope of the present work, but I hope to lay the
groundwork for an answer here. The first step is to replace the old detector metaphor
with a new, better-fitting one. The metaphor I have in mind is that of a sophisticated
security system. This metaphor is not just a metaphor, of course; it is an alternative
conception of the function of the pain system, one that better explains and accom-
modates the empirical data considered above.

5.1 The Pain System and Detectors

Recall the two striking examples of the variable relationship between bodily distur-
bances and pain experiences: painless injury and pain experience in the absence of
bodily disturbances. BDD has trouble accounting for these phenomena because it
maintains that the pain system aims to track/detect disturbed states of our body.
Tracking/detection of bodily disturbances requires correspondence between the
experience and the relevant bodily state, and such correspondence is clearly lacking
in these cases.

The pain system involves detectors, most notably peripheral nociceptors. The
function of the nociceptors might even be to detect bodily disturbances. If the acti-
vation of nociceptors correlated strongly and straightforwardly with pain experi-
ence, this would afford a great deal of credibility to BDD.* Unfortunately, however,
such a correlation is lacking, and some neuroscientists have even suggested that
nociception and pain perception are two distinct processes that should be studied

3The intuitive idea that nociception and pain experience are strongly correlated goes back to
Descartes. In Treatise on Man, Descartes conjectures that there exists a gate between the brain and
the sensory nerves that can be opened by the “pulling” of the fibers in those nerves by external
objects. In the case of pain, somatosensory fibers are supposedly pulled so forcibly that they
become severed. When the gate in the brain is opened, this “gives occasion for the soul...to have
the sensation of pain” ([1664] 1985, p. 103). Though Descartes differentiates between the mechan-
ical transmission of the sensory signals and the perceptual experience of pain, he also thinks that
God has ensured that “the soul will have different sensations corresponding to the different means
in which the entrances...are opened by means of nerves” (ibid., p. 102).



110 T. Rosenqvist

separately (Apkarian 2017, p. 74).3! Though nociceptors are generally taken to be
the “sensors of the pain pathway,” the pathways themselves are modulated by both
peripheral and central mechanisms (Dubin and Patapoutian 2010). That this modu-
lation appears to be part of the normal functioning of the pain system strongly sug-
gests that the pain system as a whole is not a detector.

In addition, the pain system appears to receive inputs not just from nociceptors
but also from vision, audition, interoception (heart rate, stress level, etc.), cognition,
etc. I mentioned earlier that red light might increase the felt intensity of noxious
stimulation. When the pain system is conceptualized as a bodily disturbance detec-
tor, such effects seem quite mysterious. After all, red lights in themselves do not
carry information about bodily disturbances or make bodily disturbances worse.
But if the pain system is conceptualized as a sophisticated security system, it makes
sense for it to be responsive to information about threats to the organism. Since red
color is often associated with danger, it could be taken to indicate a threat.

5.2 The Pain System and Dynamic Updates

Detectors do not dynamically update their sensitivity levels, or at least they are not
supposed to. Consider a simple thermometer. The job of a thermometer is to accu-
rately measure temperature and in optimal conditions, this is what a decent ther-
mometer does. Placing an ambient air thermometer in direct sunlight might cause it
to measure a temperature higher than that of the surrounding air, but these are not
the conditions in which the thermometer can be expected to function properly. In
optimal conditions, the same air temperature should always give rise to the same
reading.

Now consider a simple home security system that has customizable sensitivity
settings for, say, motion detectors at windows. If you live with cats, you might not
want an alarm to go off if they jump on the window. But if the house is empty, low-
ering the settings might be a good idea since motion near your windows is now
more likely to indicate danger. I suggest that the pain system bears more affinities
to a home security system than it does to a thermometer. There are no optimal con-
ditions in which the same noxious stimulation or the same bodily disturbance would
reliably give rise to a specific type of pain experience. This is because the pain
system, like the home security system, has “customizable” sensitivity settings.
These settings are updated in real-time through temporal adaptation and contextual
modulation, making the pain system a very sophisticated kind of security system,
responsive to different types of evidence of danger.

Stress, anxiety, and fear can provide evidence of danger. So can visual informa-
tion. Studies employing virtual reality make this apparent. One such study found
that pain experience can be evoked by the mere appearance of being touched

31 But see Pereplyotchik 2017.
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(Harvie et al. 2022). When a subject suffering from complex regional pain syn-
drome (CRPS) put his hand under a virtual tap simulating running water, this
“evoked instant and severe ‘sharp’ pain” and “an immediate withdrawal response”
(ibid., p. 1875). One of the symptoms of CRPS is allodynia, and even a light touch-
ing of the affected limb can be painful. For a person suffering from CRPS, any
contact with the affected limb might therefore come to mean danger, and visual
evidence of such contact might be sufficient to produce a pain response.

Although CRPS is an abnormal condition that likely involves changes to periph-
eral and/or central nervous systems (usually following a forceful trauma to the
affected limb), the case above is in many ways analogous to the case of the 29-year-
old builder.’> Both scenarios involve pain experiences that seem ultimately “use-
less”—uvirtual reality does not pose a real threat to one’s body and neither does a nail
piercing one’s shoe if it misses one’s foot—but they can provide clues as to how the
pain system normally operates.™®

5.3 The Pain System and Action Guidance

Detectors detect, and security systems protect. Particularly smart home security sys-
tems might, for example, connect to locks, doors, thermostats, and appliances, and
regulate their operations with the goal of protecting the building and its inhabitants.
The outputs of the pain system are obviously much more fine-grained than those of
any home security system on the market. They can also guide your behavior in
manifold ways. If you burn your finger, you feel a type of pain that causes you to
quickly withdraw your hand. If you have a migraine, your pain might prompt you to
limit your exposure to visual, auditory, and/or somatosensory stimuli. If you sprain
your ankle, your pain tells you not to put weight on the ankle. In all these cases, the
pain itself appears to be guiding your behavior. And not only that; the pain also
helps you learn to behave in a way that protects your bodily integrity in the future
(a child who touches a hot stove quickly learns not to do it again!). On the other
hand, a stimulus that used to be painful might cease to give rise to pain experiences

32 Other studies support this idea. For example, Acerra and Moseley (2005) used a mirror procedure
to create a virtual representative of a limb affected by CRPS. The unaffected limb of the participant
was then stimulated while the participant focused on its mirror image (i.e., the “virtual stand-in”
for the affected limb). As the authors describe, “when the stimulation site on the pain-free limb
corresponded to an area of allodynia on the affected limb, CRPS1 patients reported normal sensa-
tion at the stimulated site but pain at the corresponding site on the affected limb. Several patients
quickly withdrew their affected limb, and two patients chose not to finish an assessment because it
was too painful” (ibid., p. 751).

331t might be that in these cases the visual information produces anxiety or fear, making the emo-
tional state the direct cause of the pain experience. However, it could also be that vision affects
pain processing more directly. For example, Harvie et al. write that “The fact that pain was visually
evoked implies that bimodal visual-tactile and/or mirror neurons may be involved and solely acti-
vated by vision” (2022, p. 1877).
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if we learn that the stimulus is ultimately harmless. This is the guiding idea behind
many chronic pain interventions, such as pain neuroscience education (see, e.g.,
Louw et al. 2016).3

One way to flesh out the idea that pain is directly action-guiding is to say that the
function of pain is to enable and enhance the manifestation of certain kinds of com-
petences. These competences are tied to the survival and health of the organism. For
example, the pain of a sprained ankle might help a person develop and manifest a
recuperative (healing-promoting) competence, and the pain of touching a hot stove
might help a person develop and manifest a danger avoidance competence.
Recuperative competence is manifested when an injury is allowed to heal quickly
and efficiently. This might involve resting the injured body part or giving it the care
that it needs. Danger avoidance competence, on the other hand, is manifested when
contact with a potentially threatening or damaging environmental object/event is cut
short or altogether avoided.

Recuperative competence and danger avoidance competence are behavioral
competences. But it seems that pain can also help us develop and manifest cognitive
competences. One example is danger recognition. Note that pain experiences seem
to guide future decision-making and risk analysis. When pain experiences are
absent, people struggle with these tasks. Congenital insensitivity to pain (CIP) is a
case in point. Individuals with CIP either never develop nociceptors or their noci-
ceptors fail to respond to noxious stimulation. As a result, the affected individuals
never experience physical pain (Drissi et al. 2020, p. 67). Because of repeated inju-
ries, self-mutilation, and poor healing outcomes, significant morbidity—and often
untimely death—follows. Though people with CIP might correctly believe that they
should regularly check for injuries, soft-round sharp edges in their homes, allow
their injuries to properly heal, and never put their hand in boiling water, without
pain experience, such beliefs are often ineffectual. What CIP shows is that pain is
critical when it comes to learning to moderate behavior and analyze risks.

5.4 The Sophisticated Security System View of Pain

Putting together these different strands (modulation of nociceptive inputs, dynamic
updating of sensitivity levels, action guidance), we arrive at a promising preliminary
characterization of the sophisticated security system view of pain:

[SSS] The pain system is a sophisticated security system: the function of pain states is to
enhance and enable the manifestation of behavioral competences (e.g., danger avoidance)
and cognitive competences (e.g., danger recognition) in a context-responsive manner.

3*This makes pain perception different from paradigmatic perceptual modalities. Though there are
critical periods in the development of perceptual systems, it does not seem likely that our responses
such as visual stimuli could be radically altered through learning later in life.
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If SSS is on the right track, then pain experiences have success conditions; a pain
experience is successful if it helps an organism manifest some relevant competences
and unsuccessful if it does not. This means that the pain system can malfunction.
One example of such malfunction is chronic pain that presents without protective or
recuperative benefits. The pain is maladaptive because it often leads the affected
individual to avoid behaviors that are health-promoting and to engage in behaviors
that increase morbidity. That said, because the pain system is not a detector of mind-
independent states of the body, variation in pain intensity or pain thresholds need
not indicate malfunction. The same bodily disturbance can be more dangerous in
some circumstances than it is in others. If I lack access to social support, I am sleep-
deprived, or my situation is otherwise precarious, a twisted ankle might be danger-
ous. If, on the other hand, support is available, I am well-rested, and my situation is
generally safe, it might not be.

6 Further Developments

In this section, I discuss how SSS might guide further philosophical explorations of
pain, how a proponent of the conception might respond to some worries that imme-
diately arise, and how the conception might have practical relevance in clinical and
research settings.

6.1 Philosophy of Pain: The Function Question, the Content
Question, and the Nature Question

Many contemporary philosophers of pain are concerned with the function of pain
(the function question), the contents of pain experience (the content question),* and
the nature of pain (the nature question). Many of these philosophers are also com-
mitted to an empirically informed approach to answering these questions. I submit
that the function question is a particularly useful starting point for empirically
informed philosophical explorations of pain. This is because the evidence from pain
science, especially psychophysical evidence, has more direct relevance to answer-
ing the function question than it does to answering the content and nature questions;
data on how the pain system works can ground inferences about how the system is
“designed” to work.

SSS acknowledges that the subjects of pain are organisms embedded in mean-
ingful environments with experiences and histories that color their interactions with
those environments. As a result, the view can easily accommodate and explain the

35T understand the phrase “the contents of experience” broadly without a commitment to accuracy
conditions.
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pain phenomena discussed in this chapter. Painless injuries occur because some-
times pain might hinder the manifestation of relevant competences. In such cases,
the system inhibits the transmission of nociceptive signals, and doing so is perfectly
consistent with the function of the system, which is to protect the organism.*® Pain
experience in the absence of a bodily disturbance is usually evidence of system
malfunction, but it also suggests that the system is highly plastic to begin with. This
plasticity also manifests as temporal adaptation and contextual modulation of pain
even in perfectly healthy individuals in perfectly ordinary situations. The plasticity
lends support to the idea that the function of pain is to keep the organism safe in
changing conditions.

Ultimately, answers to the content and nature questions are also owed but by
answering the function question first, we can effectively limit the number of avail-
able answers to these very difficult problems. For example, my conceptualization of
the pain system as a sophisticated security system suggests that pains do not have
descriptive or indicative contents of the type “there exists a disturbance (with such-
as-such features) in this bodily location.” This leaves the door open for other kinds
of descriptive contents (e.g., “there is (this much) threat to my body in this particu-
lar situation”)*” and/or imperative contents (e.g., “protect your finger!”).*® This
means that SSS can be made consistent with the view that the phenomenal character
of pain supervenes on its content. Crucially, SSS does not entail that pain experi-
ence isn’t body-directed.

Relatedly, SSS suggests that pain should not be analyzed as a disturbed state of
the body or as an experience perceptually representing such a state.*® But, again, this

3% A relevant difference between the SSS explanation of adaptive, STA-mediated painless injury and
the BDD Kkill switch explanation of the same phenomenon (see Sect. 4.1) is that the latter portrays
painless injury as a case where the pain system is not doing its job, whereas the former can main-
tain that the pain system is functioning properly even if it is suppressing pain experience. The
proponent of BDD could argue that there is nothing wrong with the idea of the system working
against its goal in some special circumstances (where it is beneficial for the organism if it does so)
but recall that painless injury is but an extreme example of the kind of modulation that nociceptive
signals undergo in perfectly ordinary contexts. This modulation either is consistent with the func-
tion of the pain system or isn’t. SSS says it is, BDD cannot.

$TKiverstein et al. advocate an “embodied predictive processing” theory of pain and suggest that
the function of pain is “to move the person to take urgent action to avoid further, possibly life-
threatening damage to the body” (2022, p. 979). According to the authors, “pain is the outcome of
unconscious inferential processes that are distributed across the homeostatic processes that make
up the person’s body” (ibid., p. 974). But rather than reflect estimates of bodily disturbances, pain
experiences reflect “the ‘overall estimate’ of threat that is posed to the body in a particular environ-
ment...” (ibid., p. 987).

3%In other words, the view is consistent with some forms of pain imperativism, especially Klein’s
(2015). For a version of imperativism that has affinities with BDD, see Martinez 2011.

3This idea is not new. Consider, for example, the words of Patrick Wall: “Pain is taken not as a
simple sensory experience signaling the existence of damaged tissue. The presence and intensity
of pain is too poorly related to the degree of damage to be considered such a messenger.” (1979,
p- 264) With decades of additional research, the case against both the bodily disturbance view and
the messenger view can now be made even stronger.
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leaves the door open for many other kinds of answers to the nature question. Pain
could be a command issued by the body to protect a body part (Klein 2015), a type
of emotion (Craig 2003), or a felt, context-dependent estimate of bodily threat (see
Kiverstein et al. 2022). These options are rooted in the notion of pain as a homeo-
static sensation motivating situationally appropriate actions to eliminate threats to
one’s bodily integrity (see Klein 2015, pp. 13—16; Craig 2003, p. 304). As such, they
are highly compatible with the sophisticated security system view of pain. That
said, other answers to the nature question could also harmonize with SSS. For
example, pain could be conceptualized as a complex biological process with mul-
tiple levels or dimensions, including experiential ones (see, e.g., Smith et al. 2011;
Hardcastle 1999).

6.2 Pain, Beliefs, and Perception

Pain experiences appear to play a role in the formation of beliefs about bodily dis-
turbances. If I feel a sharp, burning, well-localized pain in my arm, I might correctly
infer that I have been stung by a bee and that its venom is now entering my tissues.
This could be taken to imply that, contrary to what I have argued here, pain experi-
ences do function to inform us about bodily disturbances.*® So the question is: can
SSS accommodate the role that pain experience plays in the formation of beliefs
about the disturbed states of our bodies?

It is true that pains can often be used to infer that something is disturbed in our
bodies. But when it comes to more fine-grained information, pain does not seem to
tell us much. Klein (2015, p. 2) suggests that pains are, in fact, strikingly uninforma-
tive, and I am inclined to agree. For example, If I feel a sudden pain in my leg, I
normally need to look to know what is going on (or perhaps feel the leg with my
hand). It is difficult to tell what causes the pain or how bad the injury is based on the
pain experience alone. I suspect that it is easy to forget just how uninformative pain
really is because pain prompts us to immediately search for more information about
its cause. A pain experience tells us that something is wrong or that something needs
to be done, but after it has accomplished this, we tend to rely on visual, tactile, pro-
prioceptive, etc. information to fill in the gaps.

It might even be that the spatial content of pain experience is rather uninforma-
tive when there is no help available from proprioception, touch, or other relevant
sensory systems. For example, Skrzypulec (2021) argues that we have good reason
to think that pain experiences do not involve field-like content similar to that of
tactile experiences. He cites studies by Mancini et al. (2015), in which two different
skin sites of participants were simultaneously stimulated by lasers (amounting to
noxious stimulation in the absence of tactile stimulation) and in which the

“For example, Hill writes that “if higher cognitive agencies are to protect the organism from harm,
and prevent such harms from becoming worse, they need an accurate, continuously updated map
of the peripheral loci where there is actual or potential damage” (2009, p. 180).
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participants were asked to estimate the distance between the evoked sensations. As
Skrzypulec recounts, the participants’ estimates were all over the place.*!

Skrzypulec does not claim that pain has no spatial content; he thinks that pain
sensations involve both feature-placing content (representing that there is pain in
some location of the body) and identity content (representing that two pains are
spatially distinct). What he does suggest is that the spatial content of pain experi-
ences is less developed than the content of interoceptive tactile experiences. The
fact that noxious stimulation and tactile stimulation often co-occur in paradigmatic
pain cases might explain our tendency to attribute more detailed spatial content to
our pain experience; we aren’t normally aware of the contributions of non-
nociceptive sensory information to our pain-involving experiences.

Second, as Hill (2009) notes, the experiential awareness of pain has many simi-
larities with paradigmatic forms of perception such as vision: pain experience has a
proprietary phenomenology, it is particularized and localized (no matter how
poorly), etc. In view of these similarities, argues Hill, “it would be very uncomfort-
able to withhold the label “perceptual system” from the structures that subserve
awareness of pain” (2009, p. 174).*> Assuming that Hill is right, it seems that we
have good reason to be suspicious of any conception of pain which entails that the
pain system is not a perceptual system. So, does SSS entail that?

4 Skrzypulec writes: “In some participants, greater physical distance corresponded to greater per-
ceived distances; in some participants, perceived distances were virtually constant despite changes
in physical distances; and in some participants, the correlation was negative such that greater
physical distance corresponded to smaller perceived distances” (2021, p. 563).

42 As mentioned, Hill (2009) is a proponent of a more complex version of the bodily disturbance
detector view. He states that pain experiences have the “function of encoding information” about
bodily disturbances (2009, p. 180) but maintains that such experiences do not accurately track all
aspects of the disturbances, e.g., intensity. As such, the view seems consistent with the possibility
that pain systems have additional functions, perhaps of the sort that I have proposed in the present
work, even if Hill himself does not advocate for this possibility. Nevertheless, such a hybrid view
would (i) still entail that the pain system is a very bad bodily disturbance detector and (ii) because
the correlation between the severity of bodily disturbances and the intensity of pain experiences is
so weak, we would still need other reasons for thinking that the pain system has the function of
detecting such disturbances in the first place. Hill himself finds a reason in the above-mentioned
similarities between pain experiences and paradigmatic perceptual experiences; a key motivation
for his view is the observation that pain experiences represent pains as having specific bodily loca-
tions and extents (pp. 177, 179). I have discussed evidence suggesting that the spatial content of
pain does not include specific locations or extents. But even if pain experiences did assign specific
locations and extents to pains, it is nevertheless not true, as Hill suggests, that apart from bodily
disturbance detector views, “every other theory implies that our experiences of pain are systemati-
cally misleading, or illusory, insofar as they assign locations to pains” (p. 178). For example,
Klein’s (2015) imperativist theory of pain takes it at face value that pains have locations, without
identifying pains with bodily disturbances or maintaining that pain systems have the function of
detecting and encoding information about such disturbances. Finally, I have argued that the sophis-
ticated security system view can account for all the relevant pain phenomena, including the para-
digmatic cases, which suggests that a hybrid view would be unmotivated and unnecessarily
complex.
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The answer to this question depends largely on what we take to be the goal of
perception. If perception is supposed to be in the business of representing the mind-
independent world as it is, then pain experience is not perceptual under SSS. However,
it is not clear whether paradigmatic perceptual experiences are anymore ‘“‘percep-
tual” in this sense. For example, many philosophers have argued that the function of
color vision is not to detect physical properties but to present the world in a way that
guides successful action (Hatfield 1992; Thompson 1995; Chirimuuta 2015;
Rosenqvist 2023b). And, on a more general level, the conception of perception as
tracking and representing mind-independent properties of the environment has been
challenged by scholars across disciplines (Hatfield 2009; Hoffman et al. 2015;
Koenderink 2014; Purves et al. 2015; Felin et al. 2017). If the goal of perception is
simply to guide successful action, then there is no inconsistency. Pain experience is
body-directed and action-guiding, just like color experience is external-directed and
action-guiding.**

On the other hand, there are also relevant differences between pain experience
and the paradigmatic forms of perceptual experience. For example, pain experience
seems more directly motivating than visual experience. Klein suggests that this is
because pains have imperative (and not indicative) contents, whereas visual experi-
ences have indicative (and not imperative) contents (2015, p. 3 and Chaps. 5-6). But
we could also explain this difference in terms of the competences that the relevant
perceptual systems help organisms manifest. For example, (human) color visual
systems might be primarily involved in the manifestation of perceptual compe-
tences (Rosenqvist 2023a), whereas pain systems might help organisms manifest
behavioral and cognitive competences more directly. If this were the function of
pain, then it would (partially) explain the stronger motivational force.

6.3 Practical Applications

The function question also has practical relevance in clinical and research contexts.
Consider, for example, the current International Association for the Study of Pain
(IASP) definition of pain as “[a]n unpleasant sensory and emotional experience
associated with, or resembling that associated with actual or potential tissue dam-
age” (Raja et al. 2020, p. 1977; italics mine). The IASP brings together “scientists,
clinicians, health care providers, and policymakers from around the world in pursuit
of their mission to bring relief to those who are in pain.”* However, the emphasis
of the IASP definition on actual or potential tissue damage might have unintended
negative consequences that come in the way of accomplishing this goal. For

“This is not to say that pain could not also be external-directed in some sense. For example,
Kiverstein et al. propose that pain is simultaneously “a local sensing of the body and... a more
global, all-encompassing attitude towards the environment” (2022, p. 975).

4 See the official website of the TASP: https://www.iasp-pain.org/about/ (accessed Oct 24, 2023;
italics mine).
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example, Smith et al. (2011) trace some of the “barriers to improved [pain] classifi-
cation and subsequent research” to traditional perspectives and assumptions, such
as those implicit in the IASP definition. The authors advocate amendments to the
IASP definition (such as dropping the reference to tissue damage) to facilitate
research into, and treatment of, chronic pain disorders which manifest with pain
disproportionate to the observed bodily disturbances.** By drawing attention to the
complexity of the pain system and by conceptualizing the function of the system
without explicit reference to bodily disturbances, SSS could have similar benefits.

When it comes to clinical settings, Johnson et al. (2023) connect the use of pain
metaphors aligning with “explanatory models associating pain with actual or poten-
tial tissue damage” to increased persistence of pain and advocate a shift toward
“constructive, holistic, and person-centered” pain language to promote better patient
outcomes. Not only does SSS explain how the choice of metaphor might influence
the intensity and duration of pain (the use of negative metaphors could be seen as
providing evidence of danger) but it also directly contributes to the development of
more constructive and person-centered pain language.

7 Conclusion

If you step on a nail, you will likely experience pain. But when it comes to the specific
features of that pain, it is difficult to predict what you will experience based on the
physical condition of your foot alone. This is because the relationship between pains
and bodily disturbances is messy. This messy relationship, together with the observa-
tion that the pain system is responsive to various kinds of evidence of danger and
safety, suggests that the pain system is not a bodily disturbance detector, but a sophis-
ticated security system. Instead of aiming to inform us about the mind-independent
disturbances to parts of our body, our pain systems simply aim to keep us safe.

I hope that my brief sketch of the sophisticated security system view is enough
to show its potential when it comes to facilitating our growing understanding of
pain. Empirical data from the pain sciences is crucial, but providing a coherent
philosophical account of pain can also have far-reaching consequences. Pain is a
public health challenge and a leading cause of disability worldwide. It is difficult to
study, difficult to communicate, and difficult to treat. At least some of these chal-
lenges have to do with how the pain system is conceptualized.
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