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Summary 

This thesis takes a basic approach to empathy by focusing on the role of the 

anterior cingulate cortex (ACC) during observation of the pain-related situations 

of other people. It seeks to place this role in terms of the AC C's more general 

involvement in the preparation and selection of motor responses on the basis of 

motivational relevance. In doing so, the thesis introduces the conceptual and 

empirical bases for current prevailing hypotheses about interpersonal 

representations, empathy, and pain, especially those centering on human 

neuroimaging evidence (Chapter I). Integral to the interpretation of this 

evidence is a dimensional model of pain processing in which motivational­

affective and sensory-discriminative components are dissociable. The current 

understanding of the role of cingulate cortex in pain processing and other 

functions is also described (Chapters I and VII). 

The studies presented in the experimental chapters elucidate the role of the 

cingulate in pain observation, including its relevant processing dimensions 

(Chapter II), the anatomical localization of visual pain-related responses 

(Chapters II ,III, IV and VI), stimulus features upon which these depend 

(Chapters III, IV and VI), and the relationship of pain observation to behavior 

and functions of the cingulate dealing with selecting, preparing, and executing 

motor responses (Chapters V and VI). The findings of these studies indicate 

that both feeling pain directly and seeing others' apparent injury give rise to 

activations in the dorsal ACC (dACC) and midcingulate (MCC) cortices. The 

converging behavioral and neuroanatomical results presented here also reinforce 

the relationship between pain observation and motor processing in medial 

premotor areas of the human brain. 
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CHAPTERI1
: 

INTRODUCTION 

"What have you done to it?" asked Ursula, who had been aching to put the 
question for the last half hour. 

"To my hand?" said Gerald. "I trapped it in some machinery." 
"Ugh!" said Ursula. "And did it hurt much?" 
"Yes," he said . "It did at the time. It's getting better now. It crushed the 

fingers." 
"Oh," cried Ursula, as if in pain, "I hate people who hurt themselves. I 

can.foe/it." And she shook her hand. 

- D.H. Lawrence, #'o111e11 in Low, chapter XIV ("Water-party") 

1 Portions of this chapter are adapted from a book chapter in press: Morrison, I., Motivational­
affective processing and the neural foundations of empathy. In T. Farrow and P. Woodruff, 
Eds., &npalhy in !Wen/al /I/J1ess and Heallh. Cambridge: Cambridge University Press. 
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Chapter I /ntroduction 

I. Conceptual foundations of empathy and pain 

One of the essential issues at the core of "empathy" is that of knowledge. 

If each person is a psychically bounded entity with privileged access only to 

his or her own mental or emotional experience, how is it possible to htow 

what another person experiences? In addressing such a multifarious subject 

as "empathy", cognitive neuroscience inherits a concept that began as a 

hybrid of early psychological theories of perception, and philosophical 

theories dealing with phenomenology (the subjective contents of experience) 

and epistemology (what makes knowledge of these contents possible). The 

modern "empathy" concept as it comes to us is relatively young, but 

nevertheless represents the complex product of multiple conceptual 

influences that acted on it from the late nineteenth century- when 

experimental psychology was finding its feet- to today, when theories of 

mind-brain are dominated by representationalist models of information 

processing. 

The studies presented in this thesis are directed towards an understanding 

of the basic neural mechanisms that may ultimately underlie our ability to 

"empathize" in the sense of having relatively reliable, subjectively-flavored 

knowledge of another person's probable mental state, on the basis of 

perceiving objective features of their circumstances or behavior. But in 

studying empathy empirically it is important to be aware that the object of 

study is not a straightforward phenomenon, or even a well-delineated 

construct, but rather is a vernacular concept of which certain aspects have 

been implicitly or explicitly highlighted in hypothesis-testing. For example, 

the studies in this thesis posit that empathy chiefly applies to the domain of 

3 
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unpleasant experiences, and thus investigates it through the narrower lens of 

pain. 

It is not possible to give a complete account of all that the vernacular 

concept of empathy entails. It is similarly difficult to encapsulate the nature 

of pain. Pain, like empathy, is a complex concept, having both subjective, 

phenomenal aspects and objective, physical aspects that are difficult to 

reduce into a single theoretical framework. However, in the absence of a 

comprehensive definition, it is useful to identify some of the elements of the 

"empathy" concept that inform the approach taken in the following chapters. 

Likewise, there are key features of current models of pain processing which 

have direct bearing on the study of "pain empathy," especially for the recent 

studies using neuroimaging techniques. This chapter outlines the main 

elements of the empathy concept and pain-processing models that lie behind 

the stance taken in the rest of the thesis. 

Historically, two of these elements have taken the form of paradoxes: the 

first could be called the "problem of foreign experience": how is it possible to 

"sense", "feel", or "know" others'subjective experience in a firsthand 

manner? The second, related issue could be called the "sense-datum problem 

of pain": how is it possible to "sense" or "feel" a bodily sensation like pain in 

the absence of a direct physical cause? The conceptual foundations of these 

two issues are covered in this section, and are relevant to the more empirical 

issues in this chapter which review research on empathy, pain, and associated 

brain regions. 

The third main element will be taken up in the subsequent section (section 

II). It addresses a more recent, neuroscientifically-centered concern: the 

4 
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functional link or mechanism relating the perception of externally-caused 

sensory events (egthrough vision) to the body-centered, first-person 

processing which may be accompanied by subjective feeling states. This 

third issue will be referred to as the "functional mechanism problem." 

The problem o/faretgn experience 

The phenomenologist philosopher Edith Stein first articulated the 

"problem of foreign experience" in the context of empathy (Stein, 

1917 /1989). The basic problem for Stein was to show empathy as the 

perceiving of foreign (others') experience as ultimately "primordial" (as if it 

were part of our own present subjective experience). She described empathy 

in phenomenological terms, in which present phenomenal experience is 

primary to other more removed forms of knowledge, and integral to 

perceiving and acting in the world (rather than, for example, being a 

consequence or by-product of perceiving and acting). For her, there was a 

difference between knowledge derived from inference, memory, and other 

such processes, and phenomenological "givenness", with givenness being 

more fundamental. Her project was to explore the respects in which the 

phenomenal experience of others is subjectively "given" upon perception of 

their acts, expressions, utterances, etc. 

Stein's analysis does not emphasize the means by which perception of 

these acts and what they elicit in the consciousness of the observer are 

bridged. This is because her concern was not one of explaining mechanical 

causation, which she and other phenomenologists (such as her teacher 

Edmund Husserl) viewed as an inappropriate criterion for addressing matters 

5 
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of a psychical or "spiritual" nature. Instead, she concentrates on the 

epistemological status of empathy, and concludes that it is not reducible to 

representation, inference, association, or other less "given" forms of 

perception and knowledge. The importance of her treatise to the modern 

conception of empathy lies mainly in her bringing its subjective quality and 

immediacy to the fore. 

For Stein, the issue of whether the phenomenal character of foreign 

experience in empathy was accurate or justified was not essential. However, 

for later philosophers and current theorists, this issue regarding "other minds" 

is central (egEisenberg, Murphy, & Shepard, 1997; Batson, Early, & 

Salvarani, G, 1997). For example, do we know what the other person is 

feeling, or do we know how the other person's situation makes usfeel? The 

latter has been referred to as "personal distress" which may be elicited by 

seeing someone else in pain (egLawrence, Shaw, Giampietro, Surguladze, 

Brammer, & David, 2006). Even if perceiving others' pain is a direct 

phenomenal perception and not an inference, it still begs the question of 

whether the observer is .rea/&justified in claiming that the other person is 

actual&in pain (Fodor, 1981). For many, the question becomes more 

refined: how is £Ype-1dentkalsubjective experience of others' pain possible? 

The position taken in this thesis is that what is perceived, as it were, is 

more along the lines of a probability than a certainty. The importance of the 

accuracy question depends on the function of empathy and the processes 

leading to it. Here, and in the chapters that follow, I provisionally take the 

function of the processes leading to empathy to be heuristic, subserving 

learning about pain and the circumstances surrounding it, rather than learning 
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about the other's mental state per se ( although the latter may be a 

consequence of the former). From this perspective, the probability that the 

other person is in pain is sufficiently instructive, even if the observer always 

subjectively experiences it as a certainty. The question becomes one of how 

these probabilities are detected and interpreted, and what factors weight the 

estimation of their certainty in the subjective experience. In my view, this is 

an empirical question, and mainly eludes post hoctheoretical analysis. A 

first step in the empirical direction is to establish the functional properties of 

the brain's responses to others' pain, which the studies in this thesis attempt to 

do. 

The sense-datum pro/Jlem 

But problems in characterizing the subjective aspects of perception can 

arise even in the first-person case, without any foreign experiencer on the 

scene. The "sense-datum problem of pain" stems from the problem of 

applying traditional ideas of sensation and representation ( derived mainly 

from the example of vision) to the very broad and very fuzzy domain of 

bodily sensation. Many theorists and philosophers from Descartes onwards 

have been bothered by the question of exactly what is perceived during pain 

(eg; Dretske, 2005; Fodor, 1981; Tye, 2005, Hardcastle, 1999). First of all, 

pain is private as few other categories of perception are. Everyone can 

directly see the coffee mug sitting on the table, but only I can directly feel the 

pain of the hot ceramic when I grasp it. Second, abnormal sense­

datum/representation relationships are very conspicuous and common in pain, 

such as chronic pain syndromes in which pain is felt in the absence of an 

7 
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actual peripheral cause, phantom pain which is felt in the absence of a body 

part, and analgesia in which a physical cause is present but pain is not 

experienced. 

If a sensation is nothing more than a representation of a sense-datum, then 

pain is almost disqualified from being a sensation at all. Pain's wealth of 

exceptions from the classical sense-datum/representation rule poses obstacles 

for any theory aiming for a direct, realist account of pain perception (Aydede, 

2005). One salient reason is because seemingly non-physical- or at least 

non-physically-caused- factors often appear to intervene between the sense­

datum and its perception (eg in chronic pain, allodynia, or hyperalgesia), and 

even with acute pain the relationship can be non-veridical, as with referred 

pain (eg, is it a heart attack, or indigestion?). Pain sensation can be viewed 

both as an object (ega pinprick to the finger) and as a subjective experience 

(egthe unpleasant feeling resulting from the pinprick). Indeed, Armstrong 

(1962) categorized pains as "intransitive" bodily sensations for which it is 

often not possible to assign an objective sensory cause external to our own 

subjective experience. Some theorists have addressed this "sense-datum" 

problem with a framework of "indirect realism," in which the thing that is 

perce/vedis not a sense-datum, but a phenomenal state instigotedby a sense­

datum- yet the presence of a stimulus does not necessarily lead to such 

perception (Aydede, 2005). 

For the purposes of this thesis, the important aspect of this debate is that 

"pain" extends beyond the sense-datum/representation relationship as 

traditionally conceived. This decoupling of pain from direct sense­

datum/representation relationships means that in principle, sources of pain-

8 
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related information are not limited to the activity of nerve fibers at the 

periphery. For philosophers, the question may never be settled. Scientists 

studying pain, however, have taken a more pragmatic approach. The 

International Association for the Study of Pain (IASP) officially unanchored 

the pain from the stimulus in 1986, operationally defining pain as " ... an 

unpleasant sensory and emotional experience associated with actual or 

potential tissue damage, described in terms of such damage ... Pain is always 

subjective ... Activity induced in the nociceptor and nociceptive pathways is 

not pain, which is always a psychological state, even though we may well 

appreciate that pain most often has a proximate physical cause" (International 

Association for the Study of Pain Subcommittee on Taxonomy, 1986). 

The introduction of the word "potential" into the relationship with tissue 

damage in this definition is crucial for the idea of empathy presented in this 

thesis. It reflects the important trend in current scientific models of pain to 

consider pain not simply as a sensation but as an essentially psychological 

and affective phenomenon. Further, it de-emphasizes the phenomenological 

mystery of pain affect to ask what the function of its encompassing affective 

quality might be. 

For example, the pioneering neuroscientist Charles Scott Sherrington 

characterized pain as a heuristic category of perception, referring to its role in 

learning about tissue damage through specialized channels of perception 

(Sherrington, 1948). Later, Melzack and Wall's (1968) gate control theory 

was the first scientific model of pain that specifically included modulatory 

mechanisms between the nerve endings in peripheral tissue and central pain 

processing in the brain, via excitatory and inhibitory mechanisms in the 

9 
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dorsal horn of the spinal cord. Melzack and Wall's neurophysiological model 

of intervening modulatory processes paved the way for further hypotheses 

which aimed to account for the dissociations between the sensory 

discrimination of pain- more likely to be tied to the stimulus and more 

amenable to a traditional representationalist framework- and the 

motivational-affective aspects involved in pain's less straightforward, 

contentful subjective dimension (Melzack & Casey, 1968; Wall, 1999). Pain 

now is not just a sort of sensory push to which the organism replies with a 

behavioral pull. Its characterization has become that of a labile, modulatory 

coalition of mechanisms in which subjective affective experience plays an 

indispensable role in relating harmful events to behavior. 

Il. Pain processing pathways in the brain: motivation and affect 

In this spirit, the neurophysiological encoding of pain is considered to be 

divisible into two major, dissociable dimensions (Rainville, Duncan., Price, 

Carrier, & Bushnell, 1997; Rainville, Carrier, Hofbauer, Bushnell, & Duncan, 

1999; Rainville, 2002; Planer, Freund, Schnitzler, 1999; Craig, Reiman, 

Evans, & Bushnell, 1996; Coghill, Sang, Maisog, & Iadarola, 1999; 

Ploghaus, Tracey, Gati, Clare, Menon, Matthews., & Rawlins, 1999; 

Sawamoto, Honda, Okada, Hankawa, Kanda, Fukuyama, & Shibasai, 2000; 

Price, 2000; Derbyshire, Whalley, Stenger, & Oakley, 2004). The sensory­

discriminative dimension supports the spatial localization and intensity 

encoding of painful stimuli. The motivational-affective dimension is involved 

in coding the unpleasantness and motivational relevance of nociceptive 

information (Hofbauer, Rainville, Duncan, & Bushnell, 2001). Other 
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dimensions have been identified, such as the negative hedonic (Sewards & 

Sewards, 2002) and the cognitive-evaluative (Ingvar, 1999), but it is the 

sensory-discriminative and motivational-affective dimensions that have 

emerged as major axes in neuroimaging studies of pain processing. 

This section outlines some of the important models and empirical findings 

about central pain processing with respect to these two dimensions. It is not 

intended to be an exhaustive review, but to cover those points that are most 

relevant to the remainder of this chapter and the ensuing experimental 

chapters. It emphasizes the motivational-affective dimension and role of a 

brain region designated as the anterior cingulate cortex (ACC) in its coding. 

Pain motivates beht1J1ior 

Mammals have evolved learning mechanisms that go beyond reactive 

affective responses- mechanisms which play essential roles in evaluating 

and learning complex contingencies as well as in selecting, changing, and 

controlling relevant response elements. "Motivation" is a general concept 

used by behavioral neuroscientists in hypotheses about the many ways in 

which organisms change their behavior. (It should be noted that the concept 

of motivation has a rich history in social psychology too. The concept of 

motivation used here is the neuroscientist's.) Essentially in the service of 

bioregulation, motivation in the behaving organism often manifests in 

learning processes that contribute to the ways in which behavior becomes 

modified with respect to rewarding or aversive objects or situations (Berridge 

& Robinson, 2003; Berridge, 2004). 

11 
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Clark (2005) delineated an array of possible ways in which the 

motivational-affective component of pain interacts with or influences 

behavior (from Clark, 2005, p 185): 

❖ desire. to avoid the pain, to reduce it, or have it stop 

❖ drive. the urgency to do something about it; the degree to which the 

motivations aroused by pain override all others 

❖ interest. the degree to which pain grabs and holds attention, and 

prevents one from attending to other projects or plans; the degree to which 

one can be distracted from the pain 

❖ prqerence. · the extent to which presence of pain changes preferences 

among alternative sets of affairs 

❖ 1i1cenl1ve: the degree to which reduction of pain provides a reward for 

other behaviors 

❖ re1iy0rcer.· the degree to which pain decreases the probability of some 

behaviors (aversive conditioning and avoidance learning) 

The neural pathways subserving these elements in the central nervous 

system are complex and multi-tiered (especially when they include 

associative processes that modulate pain responses in the absence of actual 

nociceptive input, such as in memory, anticipation, or learning). In the 

presence of a painful stimulus, nociception begins at the spinal level. Dorsal 

root ganglion cells receive signals from free-ended nerves at the periphery 

which respond to chemical cues from damaged cells (Toates, 2001). Of these 

specialized peripheral afferents, the most relevant are thinly myelinated A& 

fibers (comparatively fast), and unmyelinated C fibers (slow) (Julius & 

Basbaum, 2001). There is evidence that cells in laminae I-II and IV-VI of the 

12 
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dorsal horn of the spinal cord perform basic computations as to the nature and 

location of pain on the basis of signals from these peripheral fibers (Price, 

Barrell, & Rainville, 2002). 

From the spinal cord, the pathways to subcortical and cortical regions 

separate into sensory-discriminative and motivational-affective routes at a 

relatively early stage (Sewards & Sewards, 2002). On the whole, sensory­

discriminative processing has been associated with fibers ascending through 

lateral nuclei of the thalamus, while motivational-affective processing is 

associated primarily with medial thalamic pathways (Sewards & Sewards 

2002, 2003; Vogt & Sikes, 2000, Craig 2003a). With the exception of a few 

key human neuroimaging studies (Rainville et al, 1997, 1999; Craig et al 

1996; Price et al, 2000, Kulkarni, Bentley, Elliott, et al, 2005), evidence for 

the functional distinction between motivational-affective and sensory­

discriminative dimensions of pain processing has come from mammals such 

as rats and monkeys (eg; Johansen, Fields, & Manning, 2001). 

In the sensory-discriminative encoding of pain, the majority of ascending 

inputs from the lateral pain system project to somatosensory cortices (Peyron, 

Garcia-Larrea, Gregoire, et al, 2000; Ploner et al, 1999; Bushnell, Duncan, 

Hofbauer, Ha, Chen, & Carrier, 1999; Treede et a/1999). Regardless of the 

exact nature of their respective contributions to spatial localization and 

sensory encoding of pain (Timmermann, Ploner, Haucke, Schmitz, Baltissen, 

& Schnitzler, 2001), nociception in both SI and Sil is distinct from tactile 

discrimination (Ploner, Schmitz, Freund, & Schnitzler, 2000). Many 

neuroimaging studies show spatial summation for painful stimuli in SI with 

respect to the amount of the body surface stimulated (Peyron et al, 2000a). In 

13 
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monkeys and other mammals, sensory-discriminative neurons tend to have 

small receptive fields and steep stimulus-response functions (Davis, Taylor, 

Crawley, Wood, Mikulis, 1997; Peyron eta/2000a; Kanda, M., Nagamine, 

T., Ikeda, el al, 2000). 

Motivational aspects of pain, on the other hand, are those that ultimately 

pertain to desires, urges, or impulses to avoid or terminate a painful 

experience. These are reflected in voluntary or involuntary behaviors such as 

freezing, escape (also "wild flight"), and avoidance (Sewards & Sewards, 

2002). This definition can include reflexive or conditioned responses but also 

includes cortical mechanisms involved in learning about the context and 

nature of painful stimuli. A chief function of motivational pain pathways is to 

provide inputs to premotor and motor structures involved in the planning and 

execution of movement (Devinsky, Morrell, & Vogt, 1995, Sewards & 

Sewards, 2002; Vogt, Berger, & Derbyshire, 2003). 

The hedonic side o/ motivation 

A further distinction is often made between motivational-affective and 

negative-hedonic processing. Both can be subjectively associated with 

feelings of unpleasantness. In contrast to motivational-affective processing 

associated with skeletomotor output, negative hedonic outputs can possibly 

be utilized by other systems as well (for example, autonomic and 

neuroendocrine systems). Nociceptive processing performed by cells in 

dorsal horn laminae I and II are considered to belong under the "negative­

hedonic" heading before becoming destined as motivational-affective 

afferents in laminae VII and VIII (Sewards & Sewards 2002). Further, 

14 
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Sewards and Sewards posit that the negative hedonic aspect is represented 

independenl{Y in /a/era/pathways. 

Since motivational urges can also be experienced as unpleasantness or 

discomfort, especially when the motivated behaviors fail to relieve the pain, 

this account implies some blending on the subjective level between 

unpleasantness from motivational-affective and hedonic sources. The 

possibility that different neural and functional pathways can produce 

sensations which are difficult to distinguish subjectively may be an important 

consideration in analyzing the neural correlates of "unpleasantness" apart 

from sensory coding, for instance in studying empathy in terms of a 

wholesale separation between sensory-discriminative and motivational­

affective dimensions. Indeed, the inextricability of the relationship between 

stimulus intensity and unpleasantness is part of Fields' (1999) criticism of the 

dimensional dichotomy. He suggests the alternative term "algosity" for the 

unpleasantness associated with pain intensity, other sensory phenomena such 

as itch, and unpleasant sensations not easily describable in terms of actual or 

potential tissue damage (eg"electrical" or "crawling"; Fields, 1999). 

The motor side if motivation and the role ef ACC 

The nature of the ACC's contribution to motivational-affective processing 

in pain is well-illustrated by the case of a patient with selective damage to the 

right postcentral gyrus and parietal operculum, which include somatosensory 

areas for the skin of the hands (Pl oner el a~, 1999). When stimulated with a 

laser, the patient was unable to localize a painful stimulus on the left 

(contralateral) hand. However, he appeared to have intact motivational 
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processing, identifying the painful sensation as "something he wanted to 

avoid" despite not being able to discriminate its sensory characteristics 

(Planer el a/, 1999). Damage to the ACC, a cortical target for medial fiber 

projections, can alter pain perception without impairing localization, yet 

intracortical microstimulation does not produce feelings of pain (Davis, 

Hutchison, Lozano, & Dostrovsky, 1994; Hutchison, Davis, Lozano, Tasker, 

& Dostrovsky,1999). This implies that the ACC's role in nociception is not 

simply in detecting painful stimuli. Stimulation of anterior cingulate cortex 

in humans, on the other hand, does produce reports of unspecific motivation 

or urges, and feelings of "wanting or planning to do something" (Bancaud & 

Talairach, 1992). 

The human ACC is a region of the cingulate gyrus and sulcus that extends 

anterior from about the anterior commissure (AC) plane and curves around 

the genu of the corpus callosum. It includes Brodmann's areas 25, 24, 32, 

and 33 (see Fig. 1 ). It is cytologically distinct from posterior cingulate cortex 

(PCC) portions that extend posterior to the posterior commissure (PC) plane 

and curve around the splenium of the corpus callosum (Vogt el a/ 1995; 

Vogt & Sikes, 2000). Within the ACC itself numerous cytologically distinct 

regions also exist (Vogt, Wiley, & Jensen, 1995; Vogt el a/ 2003). These are 

partly reflected in broad functional differences between supracallosal and 

subcallosal regions, with the latter more often implicated in emotional tasks 

and the former in cognitive tasks (Bush, Luu, & Posner, 2000). This is 

supported by differences in connectivity. Subcallosal regions have numerous 

inputs and reciprocal connections with limbic structures (such as the 

amygdala; Morecraft & van Hoesen, 1997). Supracallosal regions, on the 
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other hand, lack such a strong limbic influence and their caudal areas in 

particular are predominantly connected with prefrontal and medial and lateral 

premotor areas, as well as parietal cortex (Matelli, Luppino, & Rizzolatti, 

1991; G. Rizzolatti & Luppino, 2001; Rizzolatti, Fogassi, & Gallese, 2002). 

This region of cortex is often referred to as dorsal ACC (dACC). 

The nomenclature of human cingulate areas is variable, and studies 

reporting ACC activations frequently refer to widely different subregions. 

Moreover, the designation ofBrodmann's areas are not often in agreement 

with recent findings in connectivity and cytoarchitecture (Vogt el al, 1995). 

Talairach and Tournoux's anatomical atlas also has weaknesses in the 

designation of areas with respect to anatomical landmarks (Vogt el al, 1995; 

Vogt el al, 2003), and in accurately representing the cortical volume of this 

region (Rushworth, Walton, Kennerley, & Bannerman, 2004). A relatively 

recent division of the cingulate into anterior and middle cingulate cortex 

(ACC and MCC) has been proposed by Vogt on the basis of connectivity, 

cytoarchitecture, and neuroendocrine differences (Vogt el al, 2003). This 

distinction is adopted here because it is relevant to issues of pain as well as 

motor processing. 

The MCC includes cortex situated between the AC and PC planes, inferior 

to SMA and pre-SMA. Vogt has distinguished these as subregions 24a', 24b', 

24c', 24d, and 32' (see Fig. 1). MCC is heavily implicated in pain processing 

in humans. Although activations occur here during painful stimulation, tasks 

involving negative emotions activate this area only infrequently (Vogt el al, 

2003), indicating that its functional role in pain processing does not simply 

involve the representation of generally negative affective coding. MCC also 
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contains regions with premotor properties. These are referred to as the CMAs 

in monkeys and the cingulate motor zones (CMZs) or rostral and caudal 

cingulate zones (RCZ and CCZ) in humans (Paus, Petrides, Evans, & Meyer, 

1993; Oum & Strick 1996; Picard & Strick, 2001; Vogt eta/, 1995; Isomura 

&Takada, 2004; Koski & Paus, 2000). 

In monkeys, four mesial premotor areas have been identified, two in the 

SMA and pre-SMA and two in the cingulate (Matelli el a/ 1991; Deiber, 

Honda, Ibanez, Sadato, & Hallett, I 999; Tanji, 1996). Cingulate motor areas 

have been identified in rostral and caudal parts of the gyrus and suclus, with 

the former associated with complex tasks and the latter with relatively simple 

tasks. In the human the CMZs are associated with quick hand responses and 

fast, self-triggered movements (Deiber, et a/ 1999). Projections from MCC 

reach supplementary motor, premotor, primary motor cortices, and the spinal 

cord, influencing the selection of skeletomotor responses to painful stimuli 

(Devinsky eta/ 1995; Matelli eta/ 1991; Vogt eta/, 1995). 

If this motivated feeling of wanting to move corresponds subjectively to 

what we would label an urge, the MCC is well-situated to perform such 

functions- namely to relate reward outcomes to motor responses. 

Intriguingly, converging evidence from human and nonhuman primate 

literature suggests that these areas of the MCC/dACC are indeed involved in 

numerous tasks involving the linkage of relevant contextual information with 

action (Badre & Wagner, 2004; Bush el a/ 2000; Deiber el a/ 1999; Kerns, 

Cohen, MacDonald, Cho, Stenger, & Carter, 2004; Bush, Vogt, Holmes, 

Dale, Greve, Jenike, & Rosen, 2002). This includes the learning and 
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32 

Figure l. Areas within human cingulate cortex and neighboring medial cortex. The vertical 
dotted line denotes the plane of the anterior commissure (AC); the small oblique dotted line 
indicates the boundary of Brodmann areas 32, 24a/c, and 24c with 32', 24a/c', and 24c'. The 
rostral and caudal cingulate motor zones (rCMZ and cCMZ) are ci rcled with dotted lines. 
Figure based on Vogt el al (2003), Bush et al (2000), Rushworth et al (2004), and Paus 
(2002). 

performance of new behavior (Raichle, 1998; J ueptner, Stephan, Frith, 

Brooks, Frackowiak, & Passingham, 1997), and the detection of errors and 

monitoring of response conflict in ongoing behavior (Botvinick, Nystrom, 

Fissell , Carter, & Cohen, 1999; Menon, Adleman, White, G lover, & Reiss, 

200 I ; van Veen, Holroyd, Cohen, Stenger, & Cameron, 2004). For example, 

cingulate areas show activations when it is necessary to suppress a prepotent 

or overlearned motor response (Carter, Macdonald, Botvinick, Ross, Stenger, 

Noll , & Cohen, 2000), or when freely choosing among a lternative actions 

(Walton, Devlin, & Rushworth, 2003). Cons istent with this, they are also 

involved in tasks which invo lve making voluntary decisions based on 
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fluctuating reward frequencies (Kennerley, Walton, Behrens, Buckley, & 

Rushworth, 2006; Williams, Bush, Rauch, Cosgrove & Eskandar, 2004; Bush 

el al, 2002; O'Doherty, Critchley, Deichmann, & Dolan, 2003; Gehring & 

Willoughby, 2002). Pain-related neurons have been found among the same 

populations as reward-related neurons (Koyama, Kato, Tanaka, & M ikami, 

2001) and those that anticipate painful stimuli (Koyama, T., Tanaka, Y.Z., & 

Mikami, A., 1998; Porro, Cettolo, Francescato, & Baraldi, 2003). The role of 

MCC and related dACC regions in pain and reward-based action selection is 

consistent with a view of ACC function in evaluating stimuli with respect to 

potential consequences. 

However, it is important to note that motivational urges in themselves 

may not intrinsically specify a particular effector. Cortical motivational­

affective regions like the dACC do not contain a clearly delineated 

topography of the body as sensory-discriminative regions do (Vogt el al, 

1995; Vogt, el al, 2003; Barch, Braver, Akbudak, Conturo, Ollinger, & 

Snyder, 2001). The cingulate and nearby supplementary motor regions in 

human and nonhuman primates have been associated with a rough 

somatotopic organization, with motor fields corresponding to manual, 

forelimb, facial, and vocal responses (Isomura & Takada, 2004). 

Outside of these midcingulate motor areas, though, any "mapping" may be 

conceived more in terms of motivational salience, and in any case is not 

especially spatially acute (Mesulam, 1999). This squares well with the 

uncomfortable but ill-localized subjective experience of vicarious pain, wh ich 

could be considered of a variety vividly termed "all-overishness" by William 

James: "If our friend goes near to the edge of a precipice, we get the well-
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known feeling of 'all-overishness', and we shrink back, although we 

positively htowhim to be safe, and have no distinct imagination of his fall" 

(James, 1892/1985). Because this type of motivational salience is not tied to 

strictly sensory nociceptive stimulation but is open to multiple sources of 

mediation, it is this dimension of pain processing- carrying its 

uncomfortable, squeamish, urgish feel- that leaves open the possibility that 

pain information can be derived from exlrqoersona/sources as well as from 

direct pain experience. The evidence from studies of cingulate cortex 

indicates that these sources include heuristic ones such as the temporal 

relationships surrounding painful events, objects and situations that may 

predict painful outcomes. Critically, they may also include the behavior of 

other people. 

The fanclional mechant:Sm problem 

This leads to the "functional mechanism" problem: if information about 

others' pain and their probable painful mental state is available to an observer, 

how is this accomplished? Current theories of empathy (and closely-related 

issues in theory-of-mind or "mentalizing") share trends with theories 

contemporary with Titchener's coinage of the English word "empathy" in 

1909 (Titchener, 1909; see A note on terminology below). One trend is that 

empathy is conceived as a route to knowledge about the other person's 

subjective mental contents, desires, intentions, or motives. Another trend 

concerns the nature of the mechanism, psychological or neural, by which this 

is accomplished. Namely, witnessing others' behavior is proposed to cause 

"resonance" of similar systems or behavioral dispositions in the observer 

21 



Chtlj,Jter /: .Introduction 

(Rizzolatti, Fadiga, Fogassi, & Gallese, 1999; Gallese 2001, 2003), or 

"mappings" of perceptual input about others onto self-related representations 

(Meltzoff, 2002; Preston & de Waal). 

At the late nineteenth and the beginning of the twentieth century, theorists 

such as Lipps (1903) and Titchener (1909, 1921) were pursuing 

epistemological concerns about the nature of perception. One major thread in 

their thought could be formulated as the question: how do we derive the 

content of perception from the act of sensation? Titchener (1909) and Lipps 

(1903) each considered the idea that the object of perception is understood by 

means of kinesthetic imagery. For Titchener, kinesthetic imagery could serve 

as a vehicle for propositional thought about, and understanding of, the object 

via the motoric attitude evoked by the object. Even for abstract dispositional 

attributes such as "gravity and modesty and pride and courtesy and 

stateliness," Titchener wrote, "I feel or act them in the mind's muscles" 

(Titchener, 1909). This kinesthetic "resonance" with the object had 

epistemological value, and when the object was another person, kinesthetic 

imagery could similarly set up a perception-knowledge relationship in the 

mind of the senser/perceiver, including any ensuing feelings or aesthetic 

experience. 

For Lipps, the idea of empathy was linked to a similar idea of "inner 

imitation" (innere Hochohnung, Lipps, 1903), which was also 

kinesthetically-based. A major difference between Lipps' and Titchener's 

ideas is that for Lipps, empathy and inner imitation were means to import 

feelings to objects of perception (including other people), and for Titchener, 

kinesthetic imagery was more a means to deni,,e propositional meanings and 
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feelings from objects. One of the underlying assumptions of each, akin to 

Stein's analysis, is that we have privileged epistemological access to our own 

mental states. In these early kinesthetic theories empathy hovered between 

being an exp/onadum in its own right and an expla11a11s in theories of 

perception. However, they have in common a conception of empathy as a 

route to knowledge though motor-related reactions in the observer, which 

also bear some relation to feeling or emotion. 

These themes are echoed in modern theories about how object perception 

relates to interpersonal representation and empathy. Nowadays the question 

takes a slightly different form: how do we derive se?Crelated subjective 

representations from 11011se?Crelated visual information? One of the most 

important recent advances in this regard is the discovery of mirror neurons in 

monkey premotor and parietal cortices (di Pellegrino, Fadiga, Fogassi, 

Gallese ,& Rizzolatti, 1992; Gallese, Fadiga, Fogassi, & Rizzolatti, 1996; 

Rizzolatti, Fadiga, Gallese, & Fogassi, 1996; Rizzolatti & Craighero, 2004). 

Mirror neurons are a type of visuomotor cell that fires both during the 

generation of a goal-directed action and also during the observation of a 

similar action made by someone else. Evidence for homologous functions in 

premotor cortex has also been found in humans (Fadiga, Fogassi, Pavesi, & 

Rizzolatti, 1995; Iacoboni, Woods,Brass, Bekkering, Mazziotta, & Rizzolatti, 

1999; Nishitani & Hari, 2000; Hari, Forss, A vikainen, Kirveskari, Salenius, 

& Rizzolatti, 1998; Grezes, Costes, & Decety, 1999; Grezes, Armony, Rowe, 

& Passingham, 2003; Buccino, Vogt, Ritz!, Fink, Zilles, Freund, Rizzolatti, 

2004). 
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Mirror neurons appear to provide a compelling answer to the "functional 

mechanism" problem by directly transforming visual observation of others' 

goal-directed actions into a motor-specific vocabulary of potential actions in 

the observer's brain (Rizzolatti and Luppino, 2001; Rizzolatti, Fogassi, and 

Gallese 2002; Kakei, Hoffman, and Strick, 2003). Again, the older notion 

that motor resonance leads to an epistemological step- be it action 

recognition, action understanding, or mental state attribution- also holds in 

the interpretation of mirror neuron activity. Here, coding observed action in 

output-related terms makes mental state information available via motor 

response preparation processes involved in identifying goals and the 

consquences of action, and thence potentially to intentions, desires, and 

beliefs (see egGallese, Keysers, & Rizzolatti, 2004; Blakemore & Frith, 

2005; but see also Jacob & Jeannerod, 2005, for an alternative view). 

If visual information about the goal-directed actions of others can engage 

action-preparation pathways in the brains of passive observers, it suggests 

that we may perceive even the actions and sensations of other people though 

a "filter" of our own bodily representations. These results suggest a basic (Ype 

of mechanism for the social brain to take third-person visual information 

about others and transform it into first-person, bodily terms. For example, 

Adolphs (2000) found that patients with damage to right somatosensory 

cortices were selectively impaired in the recognition of emotional 

expressions. Because the right somatosensory cortices are also implicated in 

the generation of emotional expressions in healthy adults (Adolphs, 2000, 

2002), Adolphs reasoned that both the generation and the recognition of 

emotional expressions draw upon some of the same perceptual and 
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somatosensory resources. Many researchers have come to regard this type of 

mechanism as a crucial predicate for empathy (e.g. Gallese 2001, 2003; 

Keysers, Wicker, Gazzola, Anton, Fogassi, & Gallese, 2004; Decety & 

Jackson, 2004). Indeed, the postulated role of mirror neurons in empathy has 

been interpreted as being relatively direct (egCarr, lacoboni, Dubeau, 

Mazziotta, Lenzi, 2003; Leslie, Johnston-Frey, and Grafton, 2004, Panksepp, 

2005). 

A _pre/imina,y nole on lerminology 

Definitions of empathy commonly rely on folk concepts or borrow from 

social psychological theories that trace their historical origins to movements 

such as gestalt psychology, sensationalism, or introspectionism (Wispe, 1987, 

1991 ). The result is a comparatively elusive and fragmented concept, with 

almost as many definitions as there are researchers. This is partly reflected in 

the lack of agreement on the difference between "empathy" and "sympathy." 

The word "empathy" has come into psychology and the vernacular 

relatively recently (Titchener, 1909) as a translation into English (via Greek 

roots) of Lipps' German coinage £i'1filhlung, or "feeling in to" (Lipps,1903). 

It has since found wide usage in personality and social psychology (Wispe, 

1987). Yet recognition of the phenomenon as a serious subject for natural 

philosophy goes back to writers like Adam Smith and David Hume (Smith, 

1759; Hume, 1779), who use the older word "sympathy" where today we 

might be more likely to use the more recent coinage "empathy." 

Theories of empathy that predate the word "empathy" use the word 

"sympathy" to express the phenomenon of firsthand-like understanding of 
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others' feelings, desires, or interests, as in the writings of Smith and Hume. 

Some contemporary authors wish to distinguish between empathy and 

sympathy (Gruen & Mendelsohn 1986; Wispe 1991; Decety & Chaminade 

2002; Preston & de Waal 2003). There is not much evident agreement among 

these authors. Frequently, distinctions center around the question of which of 

the two is automatic and involuntary and which is conscious and controlled 

(Levenson, 1992; Hodges & Wegner, 1997). The core concern, however, is 

usually the same: the shift from a third-person to a first-person perspective. 

For the purposes of this literature review, "empathy" and "sympathy" are 

considered interchangeable when different authors employ different usage in 

neuroimaging studies. Because it is a more recent, deliberate coinage and 

widely-used, the word "empathy" is adopted when necessary throughout this 

thesis. Generally, however, I prefer to suspend the broad, vernacular word 

"empathy", except for its occasional use as a covering term. Instead, I refer to 

the visual modulation of body-related, egocentric neural processing by others' 

situations or expressions as "vicarious responding." Vicarious responding is a 

descriptive term intended to refer to the functional level of neural coding, 

rather than the psychological or phenomenological levels. It is important to 

note that although vicarious responding may facilitate subjective feeling 

states, it is no/taken as sufficient to instigate full-blown emotions or overt 

actions. Neither is it exclusive to the pain domain but, as a type of 

mechanism, can also occur in systems associated with particular domains, 

such as motor action (as in the case of mirror neurons), body sensation, and 

affect. 

In the case of pain empathy in particular, the term "pain observation" is 
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used here to denote circumstances in which an observer witnesses apparent 

injury to another person. It is used in a similar sense to "action observation" 

which refers to situations in which an observer witnesses the actions of 

another person. A further distinction is made between pain empathy and pain 

recognition. Pain empathy is regarded here as a compassionate affective . 

state which the observer experiences on behalf of the sufferer, and which may 

result in prosocial actions. The studies in this thesis are not intended to 

address this subjective feeling of empathy, nor to locate its neural correlates 

per se. Rather, they aim to explore mechanisms subserving the recognition 

of others' pain as aversive, independently of whether this may give rise to 

full-blown subjective feelings of compassion. Thus pat'n recognition is 

simply the outcome of a basic appraisal of the pain-related nature of the 

sufferer's situation. Although pain recognition may be necessary for 

empathy, it is not sufficient for it, and may occur independently of empathy 

in everyday contexts. 

m. Neuroimaging studies of empathy 

This section discusses neuroimaging experiments that aim to elucidate the 

neural substrates involved in pain-related vicarious responding or other 

aspects of empathy. Here, the emphasis is placed on neuroimaging because 

this technique addresses the localization of function within the brain. This 

selective review excludes other recent studies of empathy which are relevant 

but utilize other techniques, such as lesion mapping (Shamay-Tsoory, Tomer, 

Berger, & Aharon-Peretz, 2003; Shamay-Tsoory, Tomer, Goldsher, Berger, 

& Aharon-Peretz, 2004; Shamay-Tsoory, Tomer, Berger, Goldsher, & 
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Aharon-Peretz, 2005), motor-evoked potentials (MEPs) with transcranial 

magnetic stimulation (TMS; Avenanti, Bueti, Galati, & Aglioti 2005; 

Avenanti, Paluello, Bufalari, & Aglioti, in press), fear conditioning (Olsson 

& Phelps, 2004), and the study of clinical populations (Shamay-Tsoory, 

Lester, Chisin, Israel, Bar-Shalom, Peretz, Tomer, Tsitrinbaum, & Aharon­

Peretz, 2002; Blair, 2005). Also excluded from this review are published 

neuroimaging studies that have bearing on pain-related vicarious responding, 

but which constitute chapters in this thesis (Morrison, Lloyd, di Pellegrino, 

and Roberts, 2004; Lloyd, Morrison, & Roberts, 2006), and neuroimaging 

approaches to empathy not involving the processing or communicative 

expression surrounding sensory stimuli (Carr el a/2003, Farrow, Zheng, 

Wilkinson, Spence, Deakin, Tarrier, Griffiths, & Woodruff, 2001; Vollm, 

Taylor, Richardson, Corocoran, Stirling, McKie, Deakin, & Elliott, in press; 

Decety & Chaminade, 2002; Ruby & Decety, 2004; see also Decety & 

Jackson, 2004). These studies will not be reviewed specifically, but some 

will be taken up in the course of the following chapters and general 

discussion. 

The studies reviewed here put forward the view that an immediate, 

subjective interpretation of another individual's particular sensory or affective 

state is accompanied by the activation of regions directly involved in the 

production of that sensation or emotion. Neuroimaging research in this spirit 

is influenced by the theoretical strains regarding action perception and 

"mentalizing" mentioned in the foregoing section. Viewed together, the 

results indicate a consistent involvement of ACC and anterior insula in pain 
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observation. They also imply that factors such as effector-specificity and 

viewpoint are, if in evidence at all, secondary to affect-related processing. 

LJirect companson between pain experience antlpa1i1 observation 

So far, there are only three published studies which directly compare 

neural activity associated with feeling a painful stimulus to that associated 

with pain observation (Morrison et at 2004; see chapter 11; Singer, Seymour, 

O'Doherty, Kaube, Dolan, & Frith, 2004; Singer, Seymour, O'Doherty, 

Kaube, Dolan, & Frith, 2006). One of them warrants special examination 

here, because it stands as the closest counterpart to the second chapter in this 

thesis, and is regarded as an influential study. In this experiment by Singer et 

at sixteen female subjects viewed their own hand alongside that of their 

romantic partner as electrode shocks were delivered to one or the other at 

either high or low levels of stimulation (Singer et al, 2004). The women in 

the scanner could view their own hand beside their partner's via a mirror 

mounted within the magnet bore. The couples participating in the experiment 

had been dating for approximately two years. 

Anticipation cues of colored arrows were projected on a screen behind the 

hands. The arrow's position over subject or partner's hand indicated to the 

subject whether the shock would occur to herself or to her partner, and its 

color indicated whether the stimulation would be low (not painful, 0.25+-

0.02 mA) or high (painful, 1.53 +- 0.2 mA). In each trial, the pain was 

preceded by the anticipation cue (arrows), and the application of pain via the 

electrodes was j ittered at a 3-4-second interval afterwards and lasted for 2 

seconds. A dot matching the anticipation cue's color remained on the screen 
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for the duration of the stimulation. In 40/80 of the 9.5-second trials, no 

stimulation occurred but participants fixated on a cross, and no task was 

required in any of the trials. 

The experimenters performed a conjunction analysis to locate areas in 

which activation was present for both felt and seen pain. Activity in the 

rostral anterior cingulate cortex (ACC) and the anterior insula was shared 

between the self and other conditions when the shock was painful. Activity in 

the ACC also correlated with scores on two empathy questionnaires designed 

to quantify the degree of empathy with which a subject might typically 

respond to others' distress. These were Davis' Interpersonal Reactivity Index 

(IRI; Davis, 1996) and Mehabrian's Balanced Emotional Empathy Scale 

(BEES; Mehabrian & Epstein, 1972). For example, the BEES questionnaire 

asks subjects to agree or disagree with statements such as: "I cannot relate to 

the crying and sniffling at weddings," and "It pains me to see young people in 

wheelchairs." 

The authors emphasize the importance of the result that self-other pain 

overlaps were seen in the ACC and insula, but not in somatosensory areas. 

These overlapping regions are associated with the motivational-affective 

components of pain mentioned in the foregoing section (Rainville, 1999; 

Kulkarni el ai 2005). This result is similar to that of Morrison et ai (2004; 

chapter II). Both the overlapping areas and the somatosensory cortices 

receive information about pain through relatively distinct pathways that can 

be viewed as mapping onto the motivational-affective and sensory­

discriminative dimensions of pain processing, respectively (Kulkarni et al, 

2005). The somatosensory cortex receives projections from fibers that carry 

30 



Chapter/: /ntroduction 

information from nociceptors about the spatial localization, intensity, and 

other sensory-discriminative components of the stimulus, ascending through 

lateral thalamic nuclei. As previously mentioned, motivational-affective 

processing is associated primarily with medial thalamic pathways, with 

terminations in cortical areas including the ACC and insula (Sewards & 

Sewards, 2002, 2003; Vogt & Sikes, 2000). (For more detail see the 

following section on pain processing.) Singer et a/also emphasize the 

anterior insula's postulated role in higher-level representations of body­

related afferent inputs (Craig 2003b; Damasio, 1999; Critchley, Wiens, 

Rotshtein, Ohman,,& Dolan, 2004). 

The absence of somatosensory activation in this study implies that when 

we see someone else in pain, our response is of an affective nature, rather 

than being more along the lines of a sensory readout of where and how the 

other person is undergoing injury. This interpretation employs the logic 

described in the "functional mechanism" section in that it posits a 

transformation or mapping of third-person information onto first-person 

processing in a certain domain. In this case, the relevant domain is the 

affective component of pain. Others' pain may instigate vivid affective 

representations from which feelings and beliefs about the other person's pain 

state can be derived (because here, as Adams puts it, "the 'belief box' is in the 

'feel closet'" ; Adams, 2001 ). This interpretation also takes phenomenal 

affective experience about pain as epistemically "given", much in the same 

vein as theories of empathy and perspective-taking beginning with Lipps and 

Stein. The contention in Singer et o/(2004) and Morrison et o/(2004; 

chapter II) is that since sensory-discriminative areas do not show a statistical 
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conjunction between felt and seen pain, they have minimal or no involvement 

in this other-to-self mapping. However, so far no other research has 

explicitly addressed whether such absence of evidence is really evidence of 

absence. 

An advantage of using electrode stimulation is that it selectively 

stimulates the Ao fibers that carry nociceptive information to the brain, 

without stimulating touch-related mechanoreceptive fibers. In this sense the 

subtraction between pain and no-pain is relatively clean. However, a 

disadvantage is that nothing obvious happens when one is watching an 

electrode stimulate someone else, so Singer el a/relied on arbitrary symbolic 

cues to indicate that stimulation was occurring and at what level it was 

occurring. The shared activation for pain here could therefore reflect any 

number of other, more general processes that come into play during aversive 

events predicted by visual signals. For example, the common activity could 

reflect mainly differences in anticipation or attention over the course of the 

whole trial. Even if the activation was as pain-specific as the interpretation 

implies, it is also possible that any objects in the visual field spatially 

proximal to the hand elicit pain-related responses when they are targets of 

potential pain stimulation (eg Armel & Ramachandran, 2003). Ruling this 

out would require a control condition featuring a noncorporeal object being 

"stimulated" in a position near the subject's hand. 

Another recent neuroimaging study investigated pain empathy in the 

context of social exchange (Singer et al, 2006). Social cooperation may 

facilitate empathy, which in turn may contribute to smooth interpersonal 

interactions and mutually advantageous outcomes (Singer el ai 2005, Singer 
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& Fehr, 2006). Outside the scanner, subjects participated in a prisoner's 

dilemma game with actors whom they were told were fellow participants. 

The prisoner's dilemma is a turn-taking game in which money is exchanged 

between two players. After one player's move, the second player has the 

choice to cooperate (return a portion of the money) or defect (keep the 

money). The game works best (net gains are higher) if each player settles on 

a cooperative strategy. Some of the confederate actors played fair as 

cooperators, and others took more than their share of money in a defector 

role. 

In the scanner, subjects subsequently underwent painful electrode pain, 

and watched as the fair and unfair actors underwent painful microelectrode 

stimulation too. The setup was similar to that of Singer el a/2004 with the 

hands of all three visible to the subject. Again, the results showed activity in 

ACC and anterior insula. They also found an effect of gender, with stronger 

ACC activations in women than in men. One gender difference was a signal 

change in the nucleus accumbens in men but not women when witnessing 

defectors receive painful stimulation. When a subjective assessment score of 

the "desire for revenge" was regressed with nucleus accumbens activity, the 

desire for revenge correlated with increased activation in men but not 

women. In light of this area's involvement in reward, the researchers 

interpret its activation for unfair players' pain as reflecting a vengeful 

pleasure, perhaps related to a desire to see defectors punished. This study 

shares features with the previous Singer el a/study. Not only was the design 

similar (in particular the use of electrode and symbolic cues) but so was the 
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aim to link hemodynamic responses with subjective compassion (or revenge) 

feelings and with factors on the social level. 

.Pain obserJ?olion wtlhoul experienceclpain 

There are two other recent neuroimaging studies which investigate pain 

observation, but without the inclusion of a felt-pain condition. These studies 

also implicate the ACC in pain observation. Like the Singer el a/study, the 

hypotheses of Jackson el a/(Jackson, Meltzoff, & Decety, 2005; Jackson, 

Brunet, Meltzoff, & Decety, 2006) involve a theoretical perspective similar to 

the one described in the section on the "functional mechanism" section, in 

which visual information is transformed or mapped onto self-related 

representations. Jackson el a/(2005) tested whether we assess others' pain in 

terms of the representation of particular body parts, namely hands and feet. In 

this case the translational mechanism was explicitly postulated to reside in 

areas involved in somatosensory mapping, unlike the Singer (2004) or 

Morrison el o/(2004; chapter II) studies. In this respect it was inspired by an 

imaging study on action observation which showed effector-specific 

mappings of observed body parts onto corresponding areas on the brain's 

somatosensory map in SI and SIi during action observation (Buccino, 

Binkofski, Fink, Fadiga, Fogassi, & Gallese, 2001). 

While in the scanner, subjects viewed still photographs depicting painful 

everyday mishaps such as getting one's foot caught in the car door or cutting 

one's finger while slicing vegetables (Jackson, 2005). The painful events in 

the set of 64 photographs were balanced between mechanical, thermal, and 

pressure pain. The targets of the painful events also varied in gender and age 
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(8-56 years). Responses to these painful visual stimuli were compared to 

nonpainful control photographs showing the hands and feet in same settings 

without the painful component. After each trial, the participants' task was to 

rate each picture on a visual analogue scale (VAS) by moving a cursor to a 

position on a line indicating their rating from "no pain" to "worst possible 

pain." 

The contrast of the pain conditions compared to the neutral conditions 

revealed activation in bilateral anterior cortex (8-10 mm from midline), 

bilateral anterior insula, right supplementary motor area (SMA) bilateral 

posterior parietal cortex, bilateral thalamus, and bilateral cerebellum. The 

authors also used the coordinates reported by Singer el alto define regions­

of-interest in the ACC and insula. Activation in the ACC was also correlated 

with the degree of painfulness as rated by the subjects, but not Davis' 

Interpersonal Reactivity Index. Nor was there any effect of body part 

observed (hand or foot). 

Using a similar set of stimuli, Jackson el a/manipulated viewpoint in a 

second study (Jackson et al 2006). In one condition subjects were instructed 

to view the photographs from their own perspective as if it were their limb. In 

another condition they were instructed to see the events in the same 

photographs as happening to another individual, and in a third to imagine the 

depicted arm as a manikin's limb. In each trial they rated the pain for all 

conditions by moving a cursor on a visual analogue scale (VAS), as in the 

previous experiment. A second experiment in the same study repeated the 

same manipulation using a different, mixed (event-related block) design 

which involved different counterbalancing and introduced a jitter in trial 
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duration. Behavioral results showed that subjects rated the stimuli as more 

painful in the "self' perspective. Painful vs neutral stimuli produced 

s ignificant s ignal changes in areas consistent with previous results, in 

particular ACC, anterior insula, and posterior parietal cortex. "Self' vs 

"other" perspectives revealed activations mainly in ACC, insula, and parietal 

operculum/SII. 

½'carious res,oo11di11g /11 other domains.· touch and tltsgust 

The other-to-self element of vicarious responding has also been explored 

in sensory and motivational domains other than pain. Two recent 

neuroimaging studies investigate the neural correlates of touch "empathy" 

Table 1. Recent neuroscientific studies of empathy. 

MeU1od Proposed neural mechanism Cortical area(s) implicated 

Morrison el a/ (2004) * fMRI Motivational-affective Anterior cingulate 
vicarious response (mirror cortex (BA 24) 
analogy) 

Singer el a/ (2004, 2006) * fMRI Second-order interoceptive Anterior cingulate cortex, 
representation anterior insula 

Jackson el a/(2005, 2006) * fMRI 
Shared representation Anterior cingulate 
(self-other) network cortex, anterior insula 

Avenanti el a/(2005, 2006) * MEP Sensorimotor processing NIA 

Decety and Chan1inade (2003) fMRI Shared representation Right inferior parietal, 
(self-other) network superior frontal 

Carr el al (2003) fMRI Mirror system relay Inferior frontal gyrus. 
to limbic system anterior insula 

* Studies involving U1e observation of painful stimuli 

(Keysers el al, 2004a; Blakemore, Bristow, Bird, Frith, & Ward, 2005), and 

one relates disgust-related processing to the observation of others' apparently 
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disgusted reactions to bad odors (Wicker, Keysers, Plailly, Royet, Gallese, & 

Rizzolatti, 2003). These are discussed here because their cardinal design 

feature is to compare observation and experience within the same paradigm, 

like the pain studies comparing felt and seen pain. 

In a series of experiments, Keysers et o/(2004a) explored responses in SI 

and SIi to the sensation of touch to the leg, and to video clips depicting touch 

to other people and to inanimate objects. Experimenters brushed the legs 

(left and right) of participants in various directions (up or down) with a 

washing glove. In the visual conditions, participants viewed the legs of other 

people being similarly stimulated with a metal rod, a wooden rod, or a brush. 

Visual control clips showed similar settings and motions but the objects did 

not contact the legs of the observed person. Visual and tactile stimuli were 

presented in separate runs. 

A second experiment manipulated the target and stimulus object in one 

run, manually replacing the rods with airplane wings and the legs with an 

island in the videos. This was shown as if from an aerial perspective, but 

preserving the spatial arrangement and motions of the objects in the frame. 

In another run the legs were replaced by paper towels and office binders. A 

third experiment manipulated viewpoint in the original videos, showing the 

other perspective (feet pointing towards the observer) as well as a self 

perspective (feet pointing away, as if the observer were looking down on his 

or her own legs). No task was required. 

Results showed that responses in Sil overlapped between the touch 

experience conditions and the touch observation conditions. Other 

interesting outcomes from this series of experiments are that touch, and not 
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merely movement, is necessary for such responses to occur in Sil, and that 

viewpoint does not modulate responses. Further, where touch is present, 

visual activity in SIi is not limited to human body parts but also extends to 

inanimate objects. On the other hand, SI was not modulated by viewing the 

videos. 

In an fMRI case study Blakemore et a/(2005) compared responses to felt 

and seen touch in a synaesthetic individual to those of a group of normal, 

non-synaesthetic controls. The synaesthetic individual, C, experiences seen 

touch in terms of tactile stimulation on her own body, a variety of synasthesia 

which Blakemore has termed "mirrored touch synasthesia." (C spent most of 

her life believing that this was the usual state of affairs.) For C and the 

normal group of subjects, the experimenters used felt pieces mounted on a 

rod to stimulate participants' right or left cheek or neck in the scanner. In 

additional sessions, participants also viewed videos of people being touched 

on the face or the neck. Control videos featured objects (lamp, fan, and 

loudspeaker) being similarly touched. 

Seeing touch to humans elicited activations in the SI head area, SIi, and 

motor and premotor areas. STS responses were also seen when touch to 

humans was compared to touch to objects. This result differs from Keysers et 

al:S in that SI was activated to human touch observation, and responses in SIi 

and other areas differed between human and object touch observation. 

Nevertheless, a similar set of areas was activated in C: SI and SIi, STS, left 

premotor cortex (a larger activation than in controls), and in addition, 

bilateral insula. The authors conclude that responses to observed touch are 

somatotopically organized with respect to head and neck, and that C's mirror 
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touch synaethesia may be an exaggerated manifestation of processes that 

exist to a lesser degree in normal, nonsynaesthetic individuals. Specifically, 

activation in somatosensory cortices during touch observation may represent 

subthreshold processing which in C's case becomes suprathreshold. 

In a similar vein, Wicker el a/s (2003) fMRI investigation of disgust 

showed vicarious responding in the anterior insula, with overlapping 

activation when subjects smelled offensive odors while in the scanner and 

observed demonstrators' apparently disgusted reactions to the smells. In 

keeping with its role in visceral interoception (Craig el at 2003, Augustine 

1996), the insula is associated with subjective sensations of nausea and 

disgust (Calder, Lawrence, & Young, 200 I). Phillips el al(l 997) tested 

insular lesion patients with Ekman photographs depicting emotional 

expressions, including disgust. The patients showed a selective deficit in 

recognizing emotional facial expression. Calder and colleagues (Calder, 

Keane, Manes, Antoun, & Young, 2000) corroborated this result in healthy 

subjects using fMRI. In this study, the insula was active when subjects 

viewed faces expressing disgust. One patient with bilateral insular lesions 

presented a "disgust blindness" that pertained not only to the recognition of 

disgusted facial expressions, which in one case he spontaneously ventured to 

label "hungry and thirsty", but extended even to displays ofretching and 

regurgitating food- the food was "delicious", he hazarded (Adolphs, Tranel, 

& Damasio, 2003). These findings have also been supported in healthy 

subjects using fMRI (Phillips, Young, Scott, el at 1998). 
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Facial expressions ancl_pain 

Communicative facial expressions exist for pain, though they appear to be 

less reliably perceived than other emotional facial expressions (Prkachin, 

1994; Williams, 2003). Contracting the orbital muscles and drawing the 

eyebrows together becomes more pronounced the more intense the pain 

(Prkachin, Berzins, & Mercer, 1994). The inaccuracy or conservatism of 

judgment for pain facial displays increases with longer exposure times 

(Prkachin et al, 2004). In fact, faked pain displays take longer to play out 

and are less coordinated than real ones (Hill & Craig, 2002). This is 

consistent with a model of vicarious responding at the psychological level, in 

which information-laden cognitive factors interact with quick- perhaps 

automatic-vicarious responses in empathic judgments (Eisenberg, 1991). 

The ability to detect pain from faces also becomes more refined as the child 

gets older (Deyo, Prkachin, & Mercer, 2003). 

There is fMRI evidence that the dorsal ACC is also engaged when 

individuals view video clips featuring the painful facial expressions of 

chronic pain patients (Botvinick, Jha, Bylsma, Fabian, Solomon, & Prkachin, 

2005). Botvinick el a/used coordinates reported by Singer el a/(2004) to 

define a region-of-interest in the ACC. Within this region, significant signal 

changes were observed for viewing pain faces compared to neutral controls. 

This result was further explored by Saarela and colleagues (Saarela, 

Hlushchuk, Williams, Schurmann, Kalso, & Hari, in press). They 

manipulated the intensity of the pain expressed in the chronic pain patients' 

faces by showing the same individuals' expressions while experiencing their 

usual chronic pain state and when pain was actively provoked when the 
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experimenter moved or stretched the patients' affected body parts. Subjects 

viewing these photographs in the scanner rated the intensity of pain. A 

contrast between viewing provoked vs chronic pain expressions revealed 

activity in the ACC, SMA, and bilateral anterior insula, among others. 

Further, the ACC and anterior insula activity correlated with the perceived 

pain intensity in the patients' expressions. 

Figure 1. A cutaway view of the brain showing areas in which vicarious responses have been 
observed in the medial cingulate cortex (for pain) and the anterior insula (for olfactory 
disgust and pain). These two areas are important in relating bodily information to potential 
behavioral responses. (Rendered MRI image shows x = - I and z = 4 in Talairach space.) 

IV. Overview of experimental chapters 

The studies in this thesis investigate the cingulate's functional contribution 

to neural processing during pain observation, particularly with respect to 
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processing in the ACC and midcingulate. Chapters II, III, IV, and VI are 

neuroimaging studies, and chapter V is a behavioral study. Each chapter 

seeks to elucidate the role of the cingulate in pain observation, including its 

relevant processing dimensions, the anatomical localization of visual pain­

related responses, stimulus features upon which these depend, and the 

relationship of pain observation to functions of the cingulate dealing with 

selecting, preparing, and executing motor responses. 

Chapter II presents an fMRI study demonstrating the basic result that felt 

and seen pain give rise to common activations in the dACC/midcingulate. 

This area is associated with the motivational- affective rather than the 

sensory-discriminative dimension of pain processing. In contrast, 

somatosensory cortex does not show selective responses to seen pain, 

implying that visual information about others' potential pain does not 

modulate processing in sensory-discriminative, somatotopic areas. Chapter II 

raises the possibility that the ACC may be the locus of an "affective mirror 

response" which enables an immediate subjective understanding of others' 

pain. 

Chapter III explores the nature of this conjunction further. It is possible 

that the conjoint activation seen in the ACC in chapter II is the outcome of 

neighboring but distinct activations for felt and seen pain respectively, of 

which bordering voxels survive the conjunction threshold due to anatomical 

variation and/or factors in data preprocessing, rather than true functional­

anatomical overlap. Chapter III therefore examines responses to felt and seen 

pain, and their overlap, in single subjects on unsmoothed data. The results 

suggest that the BOLD signal overlap may originate from boundaries 
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between adjacent but distinct areas, rather than a single neural population 

coding equally for felt and seen pain. This has implications for the 

interpretation of BOLD data in addressing "mirrorlike" activations in general, 

whether in action-related or pain-related areas. 

Chapters II and III deal with responses to others' pain observed in a 

perspective which situates the "victim's" hand in the space extrapersono/to 

the observer. Chapter IV extends the exploration of aversive responses to 

observed pain into the domain of parietal networks coding pain-related visual 

information in_per¢ersono/space. When a rubber hand in peripersonal space 

is "painfully" stimulated, the visual response involves the ACC and 

motivational-affective areas also implicated in the previous studies. In 

addition, posterior parietal areas also show selectivity for pain- but only 

when the artificial limb is in an anatomically plausible position. This 

response may reflect a homology with monkey posterior parietal areas which 

use visual information to produce nocifensive movements. This would imply 

that parietal cortex plays a role in a visual network selectively processing 

threats to the body in the service of preparing appropriate behavioral 

responses. 

But how might processing in such a network influence behavior? Chapter 

V addresses the relationship between pain observation and motor responses 

in a behavioral experiment. This experiment demonstrates that observing 

another person's painful stimulation has a specific influence on the o/Jservers 

overt motor responses. It used reaction times in a go/nogo task as a measure 

of readiness to press or release a button. Following presentation of a video 

showing a hand being pricked by a needle, participants were faster to 
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withdraw their finger from the button, but slower to press the button. These 

findings indicate that merely seeing another person undergo pain facilitates 

motor responses appropriate to that person's situation. More generally, they 

also suggest that behavioral responses to observed pain are, like their 

counterparts in experienced pain, modulated in a complex manner suited to 

the current situation. 

Whereas chapter V demonstrated that task-relevant pain observation 

influences motor responses after a variable delay, Chapter VI shows that 

task-relevant pain observation speeds immediate responses as well, when no 

delay is involved. This manifests as a reaction time interaction between 

observed noxiousness (painful, nonpainful stimulation) and type of contact 

(hit or miss), with fastest reponses to noxious hits. Further, the interaction 

occurs regardless of whether the others' hand is viewed in an egocentric or 

allocentric position. The neural correlates of this behavioral effect reveal that 

cingulate areas (likely corresponding to CMZs), but not lateral premotor 

areas, are sensitive to the combination of noxiousness, hits, and the 

requirement to execute an overt hand response. These results further 

reinforce the relationship between pain observation and motor processing in 

medial premotor areas. 
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CHAPTER 111
: 

VICARIOUS RESPONSES TO 

OTHERS' PAIN IN ANTERIOR 

CINGULATE CORTEX 

"When once compassion is stirred within me by 
another's pain, then his weal and woe go straight to my 

heart, exactly in the same way, if not always to the 
same degree, as otherwise I feel only my own. 

Consequently the difference between myself and him is 
no longer an absolute one." 

- Arthur Schopenhauer, On the Basis of Morality, 
1841 

(translated by Arthur Brodick Bullock) 

1 A version of this chapter has been published as Morrison, I., Lloyd, D., di Pellegrino, 
G., and Roberts, N. (2004). Vicarious responses to pain in anterior cingulate cortex: is 
empathy a multisensory issue? Journal of Cognitive, Affective, and Behavioral 
Neuroscience 4(2), 270-8. 
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Abstract 

Using functional magnetic resonance imaging (fMRI), we show that both 

feeling a moderately painful pinprick stimulus to the fingertips and 

witnessing another person's hand undergo similar stimulation were 

associated with common activity in a pain-related area in the right dorsal 

anterior cingulate cortex (ACC). Common activity in response to noxious 

tactile and visual stimulation was restricted to right inferior Brodmann's 

area (BA) 24b. These results suggest a shared neural substrate for felt and 

seen pain for aversive ecological events happening to strangers, and in the 

absence of overt symbolic cues. In contrast to ACC 24b, primary 

somatosensory cortex (SI) showed significant activations in response to 

both noxious and innocuous tactile, but not visual, stimuli. The different 

response patterns in the two areas are consistent with the ACC's role in 

coding the motivational-affective dimension of pain, which is associated 

with the preparation of behavioral responses to aversive events. 
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Introduction 

The sensation one gets upon watching another person get hurt has 

probably happened to all of us: it is something that makes us recoil, 

cringe, wince, say "ouch!" or experience feelings otherwise associated 

with pain, even if we are sitting snugly in an armchair at a safe remove 

from any harm. Although familiar to most people, this variety of 

experience is not easily described in empirical terms, and is usually called 

"empathy" or "sympathy" in everyday language. Here we refer to the 

sensations that arise with regard to the perceived physical pain of others as 

"vicarious pain." Vicarious pain may be a crucial predicate for more 

sophisticated forms of empathy, such as helping and offering comfort, and 

perhaps even for such complex cognitive processes as moral reasoning. In 

reacting to another person's predicament as if you were in that position 

yourself, processes are taking place in your brain that may facilitate an 

immediate grasp of that person's emotional state. 

However, thinkers pondering the nature of empathy have noticed a 

tangled problem at its core, which has been referred to as the "paradox of 

sympathy" (Wispe, 1991 ). The paradox is this: if all that is available to 

us is third-person information about someone else's situation or emotional 

state, how can that produce what we readily identify as a similar first­

person subjective state within ourselves? Put in other terms, this 

"paradox" can be broken down into two related questions. The first is a 

question of mechanism, that is, how does the brain accomplish this? The 

second is a motivational question, having to do with the behavioral 

relevance to an observer of another person's distress: we may understand 
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what is happening, but what makes us care about it? 

Recently, neuroscience has begun to reveal mechanisms that could 

throw light upon the first of these questions, and thus provide insight into 

the second. Several neuroimaging studies have supported the view that an 

immediate, subjective interpretation of another individual's particular 

emotional state is accompanied by the activation of regions directly 

involved in the production of that emotion (Carr et al, 2003; Decety & 

Chaminade, 2003; Phillips et al, 1997; Wicker et al, 2003). This 

perspective is bolstered by an expanding body of research indicating that 

the observation of others' actions engages circuits involved in the 

preparation and planning of self-generated motor actions ( di Pellegrino et 

al, 1992; Hari et al, 1998; Iacoboni et al, 1999; Rizzolatti et al, 1996; 

Rizzolatti, 1999). The existence of such action perception mechanisms 

has provided the foundation for a recent model of empathy which 

integrates emotional, behavioral, and cognitive aspects of interpersonal 

phenomena (Preston & de Waal, 2002). 

A similar unifying basis has so far been little investigated with respect 

to the mechanisms of pain processing. A notable exception is a recent 

fMRI study showing that affective pain-related areas such as the dorsal 

ACC and anterior insula can be activated by a visual signal indicating that 

a loved one will receive a painful electric shock (Singer et al, 2004). In 

this study, female subjects viewed their own hand alongside that of their 

established romantic partner as electrode shocks were delivered to one or 

the other at either high or low levels of stimulation. Visual cues projected 

on a screen indicated to the subject whether the shock would occur to 
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herself or to her partner, as well as whether the stimulation would be low 

(not painful) or high (painful). This study demonstrated that affect-related 

regions of a pain network can be engaged in situations in which there is an 

imminent and ongoing threat of pain both to oneself and to a loved one. 

More specific indications come from earlier single-unit data of pain­

related processing in human neurological patients (Hutchison et al, 1999). 

This study investigated pain-related responses in the ACC in eleven 

individuals undergoing cingulotomy surgery for the treatment of 

obsessive-compulsive disorder or severe depression. Using 

microelectrodes, Hutchison et al (1999) recorded from ACC as several 

types of painful stimulus were applied to the patients' hands (painful heat, 

painful cold, and mechanical "pinpricks" from a sharp probe). They found 

stimulus-specific pain responses in area 24b of dorsal ACC (24b' of Vogt 

et al, 1995), including units that discharged preferentially to the pinprick 

stimulus. One of these units responded to the pinprick whether it was 

administered to the patient's own hand or to that of the experimenter. This 

particular cell appears to have been sensitive not only to pain-related input 

originating from the hand, but also to visual input carrying information 

about another person's hand. 

Evidence surrounding vicarious pain mechanisms from neurological 

case studies is quite scant, but one unusual case that may have bearing on 

the pathological representation of others' pain was reported anecdotally in 

a letter (Bradshaw & Mattingley, 2001). A deceased patient's widow 

described to the authors an unusual symptom of her husband's allodynia (a 

condition in which non-noxious touch is painful). When she herself 
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would experience a sudden minor injury such as knocking her hand 

against a table, he would become very agitated, claiming that it hurt him to 

witness such accidents. Unfortunately, no CT scans exist of the extent of 

the damage in the man's brain or the areas affected. It is possible only to 

speculate about what might have caused this man's symptoms, but it is 

conceivable that the damage altering the representation of his own 

sensations had a corresponding impact upon his representation of others' 

sensations as well. However, a combined PET and fMRI investigation of 

another allodynia patient, in whom symptoms persisted despite a bifocal 

infarct in both primary somatosensory cortex (SI) and right ACC, suggests 

that any possible cortical substrates of allodynia are complex and not 

isolable to a single circumscribed region in the ACC or elsewhere (Peyron 

et al, 2000a). 

Taken together, the available neuroimaging and neurophysiological 

evidence raises the possibility that merely observing another person in a 

painful situation can give rise to a pain-related response in the ACC. In 

the present study we used fMRI to test the hypothesis that painful 

stimulation increases hemodynamic responses in ACC 24b of normal 

individuals, not only during the firsthand experience of an ecologically­

relevant mechanical stimulus ("pinprick"), but also during the observation 

of another individual undergoing similar stimulation. Such a common 

neural substrate for felt and vicarious pain would address the question of 

mechanism posed by the "paradox of sympathy" mentioned above. 

Other studies have shown a dissociation between sensory­

discriminative and motivational-affective dimensions of pain processing. 
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In the sensory-discriminative dimension, SI encodes sensory components 

of a painful stimulus, such as the bodily location and intensity of the 

stimulus; in the motivational-affective dimension the ACC contributes to 

evaluation, subjective discomfort, and response preparation in the context 

of painful or aversive stimuli (Craig et al, 2003a; Devinsky et al, 1995; 

Melzack, 1999; Rainville, Carrier, Hofbauer, Bushnell, & Duncan, 1999; 

Sewards and Sewards, 2002). To determine whether a similar dissociation 

held in our own study, hemodynamic responses to noxious and innocuous 

tactile and visual stimuli were compared in right ACC 24b, and in a ROI 

on the postcentral gyrus corresponding to primary somatosensory cortex 

area 3b/1 contralateral to the stimulated hand. Differences in response 

patterns to sensory aspects (e.g., tactile) and motivational aspects (e.g. 

noxiousness) between SI and ACC would reinforce the distinctive roles 

for these areas in sensory-discriminative and motivational-affective 

dimensions of pain processing, respectively. 

Methods 

Participants and experimental design 

Functional MRI (1.5T; 24slices; 5mm thickness; TR=3s) was used to 

compare the responses of fourteen healthy subjects (9 female, 5 male, 

mean age 23; 9 right-handed, 5 left-handed) as they experienced 

unpleasant pricks to the fingertips, and as they viewed video clips of 

others being similarly pricked. Data were also collected for control 

conditions involving innocuous touch presented in both the tactile and 

visual modalities. The stimulus for the "experienced pain" condition was 
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a mildly painful prick to the middle finger of the left hand using a non­

ferromagnetic sharp probe (~1Hz/15sec). During scanning, the hand was 

placed palm-up in a relaxed position, out of the subject's sight. The tactile 

control stimulus was a cotton bud (Q-tip) similarly pressed onto the 

fingertip. 

For the "observed pain" condition, a video featuring a model's left hand 

being pricked on the finger with a hypodermic needle was displayed. The 

video featured the needle coming into contact with the hand and excluded 

the model's face. The visual control video was identical except for the 

substitution of a cotton bud for the needle. Placement of the sharp probe 

in a plasticine-filled syringe increased the visual resemblance between it 

and the hypodermic needle in the video. Subjects were familiarized with 

the sharp probe prior to scanning, but during scanning they could neither 

see their hands nor the stimulus being applied. The videos were projected 

onto a screen at the subjects' feet as they looked into a mirror. 

All visual stimuli were presented on a laptop using Presentation® 

software (Version 0.70, www.neurobs.com). The observed pain and 

visual control stimuli were presented in a trial identical in design to the 

tactile run. Observed and experienced pain experimental runs were 

conducted separately. Each run consisted of 5 blocks of 15-second 

presentations of both the painful and neutral stimuli interspersed with 15 

seconds of baseline rest, g iving a total scan time of approximately 5 

minutes. For every condition there was a total of 5 stimulus presentations. 

After scanning, subjects were asked to rate the unpleasantness of both the 

experienced and the observed stimuli, respectively, on a scale of 1-5 
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ranging from "not at all unpleasant" to "extremely unpleasant." 

Analysis 

Analysis was carried out using FEAT (fMRI Expert Analysis Tool) 

version 5.00, part of the FMRIB software library (FSL- Oxford Centre 

for Functional Magnetic Resonance Imaging of the Brain; 

www.fmrib.ox.ac.uk/fsl). The following prestatistics processing was 

applied: motion correction using MCFLIRT (Jenkinson, 2002); non-brain 

removal using BET (Smith, 2002); spatial smoothing using a Gaussian 

kernel ofFWHM 5mm; mean-based intensity normalization of all 

volumes by the same factor; highpass temporal filtering (Gaussian­

weighted LSF straightline fitting, with sigma= 30.0s). Time-series 

statistical analysis was carried out using FILM (FMRIB's Improved Linear 

Model) with local autocorrelation correction (Woolrich, 2001). Z 

(Gaussianized T/F) statistic images were thresholded using clusters 

determined by Z > 1.8 and a (corrected) cluster significance threshold of P 

= 0.05 (Forman, 1995; Friston, 1994; Worsley, 1992). Registration to 

high resolution and/or standard images was carried out using FLIRT 

(FMRIB's Linear Image Registration Tool; Jenkinson 2001 , 2002). 

Results 

Whole brain contrasts 

Feeling the sharp probe elicited significant activations in cortical areas 

consistently implicated in imaging investigations of pain (Table 1; Peyron 

et al, 2000). Peak clusters in group-averaged data fell in left insula, 

contralateral primary and secondary somatosensory cortices, and left 
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(ipsilateral) cerebellum. Significant peaks in these areas and the right 

(contralateral) medial thalamus remained after subtraction of the tactile 

control eliminated signal resulting from stimulation of non-nociceptive 

tactile receptors. The main effect of pain observation revealed activity in 

anterofrontal and medial frontal regions including the cingulate gyrus, 

whereas the neutral visual stimulus failed to produce activations above the 

threshold level. A conjunction analysis showing common areas of 

significant activation between the main effects of pain experience and 

observation compared to a resting baseline revealed a significant cluster in 

right inferior ACC area 24b (x = 6mm, y = 0mm, z = 32mm) common to 

the two conditions, reflecting shared activity correlated with both feeling 

and seeing the noxious stimulus (Fig. 1 ). 

Table I. Foci of pain-related activation during experience and observation 

Brain regions 

Main effect of experienced pain 
(Pain > rest) 

Right inferior parietal lobule 

Left insula 
Right parietal postcentral gyrus 
Left cerebellum 

Pain compared to neutral stimulus 
(Pain> neutral) 

Right parietal postcentral gyrus 

ACC/SMA 

Left parietal postcentral gyrus 

Right frontal precentral gyrus 

Right medial thalamus 

Main effect of observed pain 
(Pain > rest) 

RightACC 
Right medial frontal gyrus 
Left ACC 

Left superior frontal gyrus 
Conjunction analysis 
[(pain experience-rest)+ 
(pain observation -rest)] 

RightACC 

All values P < .05 corrected. 
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Coordinates of peak activation (mm) 

70, -24, 26 
-46, -6, 0 

62, -16, 38 
-18, -56, -30 

62, -16,22 

0, -8, 58 

-58, -24, 14 

32, -20, 58 

16, -14, 2 

2, 16, 42 
6, 52, 2 
-8, -2, 32 
-12, 34, 50 

6, 0, 32 

Max Z scores 

5.18 

5.05 
4.80 
5.18 

5. 13 

5.12 
4.77 

4.81 

4.80 

4.72 
4.40 

4.09 
3.94 

4.40 
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Figure l. Activation in the ACC in response to sharp probe simulation delivered in the 
tactile and visual modalities. (a) Sagittal slice showing the common activation between 
the main effects of fee li ng the sharp probe versus seeing it applied to someone else (x = 
6, y = 0, z = 32). Group functional data is superimposed upon a T I-weighted normalized 
anatomical image for fourteen subjects. Dashed line indicates the region-of- interest 
defined by the single-unit recording site reported in Hutchison et al ( 1999). AC = 
anterior commissure, PC = posterior commissure. (b) Signal modulation in a region- of­
interest in ACC 24b defined by the coordinate range reported in Hutchison et al ( 1999) (x 
= 3- 5 mm, y = 2-4111111, z = 32). Mean percent signal change was significantly greater in 
the pain conditions than the control conditions (see Results). 
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Region-of interest (ROI) analyses 

Anterior cingulate area 24b. The anatomical definition of the ROI was 

based on Talairach coordinates reported in Hutchison et al's (I 999) 

previous single-unit study, which also encompasses the site of overlap 

between the experience and observation conditions in our study (x = 3-

5mm, y = 3-13mm, z = 26-36mm) (Fig. la). This region corresponds to 

right dorsal BA 24, area 246' of Vogt et al (1995). Within this region, the 

average percent signal change was significantly greater (p < .001) for the 

pain conditions than for the control conditions, irrespective of whether the 

stimulus was felt or seen (Fig I b ). 

Primary somatosensory 3bll. A ROI in right (contralateral) primary 

somatosensory cortex (SI) was defined by the coordinates of the most 

significant cluster in the main effect for the innocuous tactile stimulus (x = 

64, y = -16, z = 28) (not shown in Table I). This activation fell on a region 

of postcentral gyrus most likely corresponding to hand area 36/1. This 

showed significant activations to both noxious and innocuous tactile 

stimuli but not visual stimuli (p < .001) (Fig. 2). The difference between 

the tactile activations in SI was not significant (p = .60). 

Comparison of ACC and SI RO!s. The SI ROI showed a significantly 

greater response to the innocuous tactile stimulus than ACC (p < .001 ). In 

contrast, the noxious visual stimulus elicited a greater response in ACC 

than SI (p < .001 ). Mean percent signal changes for the innocuous visual 

stimulus were at or below baseline for both ACC and SI (Fig. 2). The 

response to the sharp probe in SI was significantly greater than the tactile 
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pain-related response in ACC (p < .00 I), although both activations were 

s ignificant in the higher-level group analysis (P = .05 corrected). 
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Figure 2. Differential responses in somatosensory and anterior cingulate cortices to 
noxious and innocuous tactile and visual stimuli. (a) Preferential modulation within 
c luster in right primary somatosensory hand area (x,y,z = 64,-16,28) to tactile noxious 
and innocuous stimuli. (b) Preferential modulation within cluster of right anterior 
c ingulate cortex (x.y,z = 3,4,32) to noxious tactile and visual stimul i. Clusters are sample 
c lusters representing activation within regions-of-interest. SI image: ( innocuous tactile) ­
(rest); ACC image: (noxious tactile - rest) + (noxious visual - rest). 

Unpleasantness ratings 

Ratings were collected from 13 of the 14 subjects after scanning. The 

subjects consistently rated the observed unpleasantness ("how unpleasant 

did it look?") higher than the experienced unpleasantness ("how 

unpleasant did it fee l?") of the visual and tactile conditions, respectively. 

On a scale of 1-5 ranging from "not at all unpleasant" to "extremely 
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unpleasant," the mean score for feeling the sharp probe was 2.15; for 

seeing the pinprick video it was 3 .15. This difference was not significant 

(p = .10). 

Discussion 

These findings corroborate single-unit evidence (Hutchison et al, 1999) 

and point to a unique role for right ACC 24b in vicarious pain. Our results 

are also consistent with other studies demonstrating the participation of 

dorsal ACC in either experienced and observed pain, or both (Singer et al, 

2004; Jackson et al, 2004), and with neuroimaging results implicating the 

ACC in the appraisal of one's own and others' distress (Eisenberger, 

Lieberman, & Williams, 2003; Peyron et al, 2000b; Singer et al, 2004). 

Further, a comparison of mean percent signal changes in right ACC and SI 

ROis showed significant differences between responses to the innocuous 

tactile and noxious visual stimuli. ACC modulation was associated with 

noxious aspects of the stimuli regardless of whether they were presented 

in the tactile or visual modality, whereas SI responses corresponded to 

tactile but not visual elements of the stimuli, regardless of noxiousness. 

A common neural substrate for felt and seen pain 

The main result of this study was a focal overlap of activity in a pain­

related area of ACC, right area 24b (24b' of Vogt et al, 1995), suggesting 

a common neural substrate for felt and seen pain. Such shared activity 

provides a potential mechanism for the rapid subjective appraisal, in pain­

related terms, of tissue-damaging events happening to others. It may also 

serve as a springboard for further neuroscientific study of the phenomenon 
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of vicarious pain, as well as of more sophisticated processes or outcomes 

of empathy which may rely on such a mechanism. These results affirm 

previous neurophysiological and neuroimaging observations that 

nociceptive processing in the ACC, and area 24 in particular, can utilize 

visual information in its encoding of pain (Hutchison et al, 1999; Jackson 

et al, 2004; Singer et al, 2004). 

The subjects' own hands were not visible to them and they were 

instructed to close their eyes during the "felt pain" condition. This allowed 

a dissociation between nociceptive/tactile and visual perception of the 

painful stimuli and an analysis of the differential contributions of each 

modality. This dissociation makes it possible to confirm that ACC 24b is 

capable of integrating pain-related information independently of visual 

information about one's own hand in the firsthand experience of pain, 

rather than being a predominantly visually-guided area. 

The experiment differs from a recent neuroimaging study of empathy 

(Singer et al, 2004) in several crucial respects. Most notably, the subjects 

were given no overt or arbitrary cue indicating the painful stimulation of 

the other person, but observed the needle coming directly into contact with 

the fingertip, distending the skin. Also, the models whose hands featured 

in the videos were unknown to the subjects, implying that vicarious pain 

effects do not depend on a longstanding relationship with the other person. 

A sharp, needlelike probe rather than an electrode was used as a painful 

stimulus. Although electrode stimulation more effectively elicits 

activation of nociceptive pathways, the needle stimulus was used here 

partly to recreate as best as possible the conditions of Hutchison et al's 
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(1999) study, and partly to preserve ecological validity in the stimulus 

videos. 

It is conceivable that a function of visually-cued responses in area 

24b is to apprehend potential threats whether it is oneself or someone else 

who stands to be hurt. Areas of the ACC that represent pain affect are also 

active in anticipation of painful stimuli (Hsieh et al, 1999; Koyama et al, 

1998; Porro et al, 2003), including stimulus-specific anticipatory 

discharge of neurons in area 24b (Hutchison et al, 1999). The relationship 

between anticipation and empathy in visually-cued pain representations in 

the ACC may thus be a very close one, both functionally and subjectively. 

As such, it may even be fruitful to regard the representation of others' pain 

as a special case of anticipation. 

Previous studies have shown the dorsal ACC to be implicated in 

attention and arousal (Downar, Crawley, Mikulis, & Davis, 2002), 

especially when related to response preparation (Milham, Banich, Claus, 

& Cohen, 2003). However, peak activations in studies of attention and 

emotional arousal tend to fall more anteriorly and superiorly than the 

focus in this study, for example in BA 32 or more rostral portions of BA 

24/25 (Keightley, Winocur, Graham, Mayberg, Hevenor, & Grady, 2003; 

Yamasaki, LaBar, & McCarthy, 2002), which are larger in spatial extent 

and do not respond to painful stimulation (Davis, Taylor, Crawley, Wood, 

& Mikulis, 1997). In our study, common activation in ACC was restricted 

to 24b and did not extend into these areas. 

Vicarious pain as a motivational-affective representation 
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We interpreted the profile of modulation in ACC 24b as indicative of a 

motivational, rather than a sensory, role in vicarious pain. Various studies 

have implicated the ACC in motivation (Bush et al, 2002; Devinsky et al, 

1995; Hadland et al, 2003a), emotion and social behavior (Bush et al, 

2000; Eisenberger et al, 2003; Hadland, Rushworth, Gaffan, & 

Passingham, 2003) and response selection (Hadland et al, 2003a; Paus et 

al, 1993; Rushworth et al, 2003; Walton et al, 2003). Motivational 

aspects of pain are those that pertain to desires, urges, or impulses to avoid 

or terminate a painful experience (Craig et al, 2003; Sewards & Sewards, 

2002). 

Motivational-affective processing is associated primarily with 

nociceptive pathways ascending from the dorsal horn of the spinal cord 

through medial thalamic nuclei, which send projections to the ACC 

(Devinsky et al, 1995; Craig et al, 2003; Peyron et al, 2000; Vogt & 

Sikes, 2000). In the ACC, nociceptive neurons are interspersed among 

cells that code for the aversive value of the stimulus (Koyama, Kato, 

Tanaka, & Mikami, 2001 ; Porro et al, 2003). Projections from anterior 

cingulate area 24b reach supplementary motor, premotor, cingulate motor, 

and primary motor cortices, influencing the selection of skeletomotor 

responses to painful stimuli (Devinsky et al, 1995; Matelli et al, 1991; 

Vogt et al, 1995). Nociceptive fields in the ACC are thus taken to 

represent a motivational aspect of somatic pain, contributing to the 

mobilization and execution of volitional movements of aversion 

(Schnitzler & Planer, 2000; Sewards & Sewards, 2002). The results of the 

present study support this view, especially in light of the premotor 
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activations alongside ACC when pain experience was compared to the 

neutral tactile stimulus. 

The motivational-affective dimension of pain processing is to a large 

extent functionally distinct from the sensory-discriminative dimension, 

which concerns somatotopic localization, intensity coding, discrimination 

of the type of painful sensation (eg burning, aching, stinging), and 

temporal characteristics such as its onset and offset (Hofbauer, Rainville, 

Duncan, & Bushnell, 2001; Ploner & Schnitzler, 1999; Ploner, Freund, & 

Schnitzler, 1999; Rainville, Duncan, Price, Carrier, & Bushnell 1997; 

Rainville et al,1999; Rainville, 2002). The sensory-discriminative 

dimension is associated with nociceptive pathways ascending through the 

lateral thalamic nuclei and projecting to somatosensory cortices, including 

hand areas 3b and 1 (Kenshalo, Iwata, Sholas, & Thomas, 2000; 

Schnitzler, Seitz, & Freund, 2000; Timmermann et al, 2001). 

A relevant case study (Ploner et al, 1999) reports a patient with 

selective damage to the right postcentral gyrus and parietal operculum, the 

hand area of SI and secondary somatosensory cortex (Sil). When 

stimulated with a laser on the skin of the hands and feet, the patient was 

unable to localize a painful stimulus on the left hand but appeared to have 

intact motivational processing. He identified the painful sensation as 

"something he wanted to avoid" although he could not discriminate its 

sensory characteristics (Ploner et al, 1999). Conversely, stimulation of 

anterior cingulate cortex in humans produces reports of unspecific 

motivation or urges, and feelings of "wanting or planning to do 

something" (Bancaud & Talairach, 1993). Damage to the ACC, a cortical 
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target for medial fiber projections, can alter pain perception without 

impairing localization, yet microstimulation does not produce feelings of 

pain (Davis, Hutchison, Lozano, & Dostrovsky, 1994; Hutchison et al, 

1999). 

To investigate any similar dimensional dissociation in our data, we 

compared mean percent signal changes in right ACC 24b with those in a 

region of the postcentral gyrus corresponding to primary somatosensory 

hand area 3b/1. Areas 3b and 1 are directly adjacent (Gelnar, Krauss, 

Szeverenyi, & Apkarian, 1998; Powell & Mountcastle 1959), and both are 

associated with the discrimination of passive tactile stimulation on the 

skin surface (Burton, MacLeod, Videen, & Raichle, 1997; Kaas and 

Collins 2001; McGlone, Kelly, Trulsson, Francis, Westling, & Bowtell, 

2002), as well as cutaneous representation of digits of the contralateral 

hand (Blankenburg, Ruben, Meyer, Schwiemann, & Villringer, 2003; 

Francis, Kelly, Bowtell, Dunseath, Folger, & McGlone, 1999; Gelnar et 

al, 1998; Ringler, Greiner, Kohlloeffel, Handwerker, & Forster, 2003). 

The SI ROI was defined on the basis of its significant response to the 

innocuous tactile stimulus under the assumption that activation here 

reflects a localized sensory response to stimulation of the contralateral 

hand. 

SI showed higher responses to both noxious and innocuous tactile but 

not to visual stimuli when compared to a resting baseline. ACC showed a 

pattern ofresponse that was higher to noxious stimuli regardless of 

sensory modality, but not to innocuous tactile or visual stimuli (Fig. 2). 

These differences suggest that the vicarious pain effect observed in right 
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ACC 24b was more closely associated with the motivational than the 

sensory properties of the stimulus. They are also in accordance with 

other pain empathy studies in which a somatosensory contribution to 

vicarious pain was lacking (Jackson et al, 2004; Singer et al, 2004). 

"Visuo-nociceptive" selectivity in the ACC: analogy with premotor mirror 
neurons 

This study demonstrates that the mere observation of a sharp object 

approaching a hand, making contact with it and distending the skin, is 

sufficient to engage a specific pain-related area in ACC. The dorsal ACC 

receives indirect projections from superior temporal areas associated with 

higher-level, semantic visual processing (Vogt & Pandya, 1987), a region 

also important in associative and multisensory processing of information 

from different sensory modalities (Calvert, Campbell, & Brammer,. 2001; 

Calvert, Hansen, Iversen,. & Brammer, 2002; Hikosaka et al, 1997). 

Pain-related areas in ACC have extensive output connections to 

premotor and motor areas, as noted above. In this respect, ACC 24b has 

several formal similarities to the properties of mirror neurons discovered 

in areas of macaque premotor and parietal cortex ( di Pellegrino et al, 

1992; Rizzolatti et al, 1996), prompting an analogy between the functional 

organization of action recognition and that of the motivational-affective 

encoding of aversive third-person events. 

Neural populations in macaque premotor F5 and parietal PF transform 

visual shape- and space-related object information into a motor-specific 

vocabulary of potential actions (Rizzolatti & Luppino, 2001 ). These 

transformations are based on object features or other relevant cues, or, in 

the case of mirror neurons, upon the observation of others. Whereas in 
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these fronto-parietal circuits perception-action transformations are 

processed in kinesthetic-pragmatic terms, medial frontal circuits including 

anterior cingulate area 24b may code analogous transformations in terms 

of affective and motivational significance. Whether neurons in ACC 24b 

can be considered "affective mirror neurons" remains to be seen, but the 

results of this study illustrate the strong possibility that a "mirror neuron 

principle" is not limited to kinesthetic action-perception circuits (Gallese, 

2001, 2003), but may be at work in affective-motivational circuits as well. 

Summary and conclusions 

A fundamental question about empathy concerns the neural correlates 

of our ability to understand the emotional states of others in immediate 

terms. To address this issue, fMRI was used to measure brain activation 

in normal subjects while they either underwent moderately painful 

pinpricks to the fingertips or viewed a video of another person 

experiencing a similar stimulus. Both being pricked and observing 

another person being pricked was associated with focal activation of right 

inferior ACC 24b (24b' of Vogt et al, 1995). Differences in the coding of 

noxious and tactile properties between ACC and SI support a dissociation 

between the motivational-affective and sensory-discriminative dimensions 

of pain processing. 

The organizational feature that enables the processing of visual 

information about painful events that befall others, even when they pose 

no immediate threat to the observer, admits an analogy with mirror 

neurons in premotor cortex. Taken together, these results encroach on the 
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age-old "paradox of sympathy" by providing a mechanism connecting 

observed painful events to an egocentric emotional and motivational 

network. Perhaps, although we cannot directly detect another person's 

tissue damage, we can still feel the suffering it causes. 
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CHAPTER III 1: 

ORGANIZATION OF FELT AND 

SEEN PAIN RESPONSES IN 

CINGULATE CORTEX 

•••••• 

1 
This chapter is a draft of a manuscript currently in preparation: Morrison I., and Downing, 

P.E., Organization of felt and seen pain responses in cingulate cortex. 
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Abstract 

Previous neuroimaging studies comparing pain observation with directly­

experienced pain have shown conjoint activations in the cingulate cortex 

between felt and seen pain. However, this apparently shared neural substrate 

may actually reflect neighboring but distinct activations for felt and seen pain 

respectively, the co-localization of which is made more likely due to data 

processing factors such as averaging and spatial smoothing rather than the 

functional-anatomical overlap of a common substrate. This study explores 

responses to felt and seen pain, and their spatial overlap, on unsmoothed data 

from single subjects. All eleven subjects showed distinct felt and seen pain 

areas in the cingulate. But despite significant group-level activation for the 

statistical conjunction of felt and seen pain effects, not every individual showed 

a felt-seen pain conjunction. Among those that did, there was much variability 

in its location along the gyrus. However, the felt-seen pain conjunction always 

fell in a spatially intermediate location between the felt and seen pain 

activations. These results suggest that the BOLD signal overlap may originate 

from the blurring of boundaries between adjacent but distinct areas, rather than 

from a single neural population coding equally for felt and seen pain. This has 

implications for the interpretation of BOLD data in addressing "mirrorlike" 

activations in general, whether in action-related or pain-related areas. 
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Introduction 

Several neuroimaging studies have shown activation of medial prefrontal 

areas in response to pain observation, including the anterior cingulate (ACC), 

supplementary motor area (SMA) and presupplementary motor area (pre-SMA) 

(Morrison et al 2004, Singer et al 2004, 2006; Jackson et al 2005; Lamm et al, 

in press). Of these, only two studies have directly compared activations of 

experienced pain to observed pain using conjunction analysis (Morrison et al, 

2004; Singer et al, 2004). These conjunction-based studies have shown 

overlapping activations in the ACC. This suggests that the ACC can code both 

the tactile and visual aspects of a noxious stimulus, a functional property which 

may underlie our ability to recognize the aversive nature of others' painful 

situations. 

This intriguing property could be due to the activity of neurons within a 

population which respond equivalently to both felt and seen pain. Evidence for 

individual neurons in the ACC exhibiting this coding feature comes from single­

unit findings in a preoperative human patient (Hutchison et al, 1999). In this 

patient, a cell selective for mechanical painful stimulation also fired when the 

patient saw someone else being pricked by the sharp probe with which the 

experimenter tested for pain-related responses. The importance of this 

observation is that it suggests that some neurons in the ACC are capable of 

responding not only to physical noxious signals originating in the periphery, but 

also play a role in representing more psychical aspects of pain, based on visual 

information about others' injury. On the basis of fMRI data, however, it is 
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unclear whether conjunctions between felt and seen pain could reflect such an 

equivalent activation of underlying neuronal populations. 

A major reason for this is the limitation in spatial resolution common to all 

imaging data: voxels are orders of magnitude larger than single cells. However, 

even within these limitations, there are also other reasons to examine the 

conjunction-based overlap further. The three main concerns motivating the 

present study are each to some degree related to the preparation of data for 

analysis. They stem from: 1) the loss of anatomical precision created by spatial 

smoothing and signal averaging across subjects; 2) the possibility that a felt­

seen pain conjunction reflects bordering territory between functionally distinct 

adjacent areas; and 3) what constitutes a valid assessment of the equivalence of 

activation in a single region across two contrast pairs. 

In particular, the two conjunction studies mentioned above (Morrison et al, 

2004; Singer et al, 2004) were carried out on spatially-smoothed, group 

averaged data, using random effects analysis. This may have resulted in a 

greater degree of overlap and obscured informative sources of individual 

variation. Second, it is not clear whether the area of conjunction reflects a 

functional component common to both feeling and seeing pain (ie, whether the 

area is doing the same job in two modalities). An alternative explanation that 

remains to be tested is that the conjoint activation here reflects neighboring but 

relatively distinct activations for felt and seen pain respectively, of which 

bordering voxels survive the conjunction threshold as a result of signal 

averaging within a normalized brain space and/or spatial smoothing. The third 

concern is that conjunction analysis as implemented in many current analysis 

software packages is susceptible to a high false positive rate and, due to 
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assumptions about the null hypothesis when thresholding higher-order t-maps, 

may not warrant the inference of a logical AND (Nichols, Brett, Andersson, 

Wager, & Poline, 2005). 

Group effects enable generalization to the population, but they can also 

obscure finer-grained spatial and functional aspects of BOLD responses. 

Analysis of selectivity below the group level is therefore important because it 

can have bearing on hypotheses about processing within a given area of cortex 

(Haxby, Gobbini, Furey, Ishai, Schouten, & Pietrini, 2001; Grill-Spector, 

Knauf, & Kanwisher, 2004). For example, although the fusiform gyrus 

responds almost equally to face and body stimuli in whole-brain group analysis, 

individually-defined regions-of-interest in this area revealed that the peaks were 

different for each of the two categories (Peelen & Downing, 2004). This 

suggests that dissociable foci of selectivity exist within the same population of 

neurons that show equivalent responses to faces and bodies on a whole-brain, 

group level. This issue strikes at the heart of reasoning about how shared 

activations between felt and seen pain support recognition of, and 

compassionate emotional responses to, others' pain. 

Equivalent responses within the same region when pain is seen as when it is 

felt are thought to mediate a translation of third-person visual information about 

pain to first-person terms. This is a basic principle of the "common coding" 

hypothesis (Prinz, 1990; 1997), upon which the interpretation of much 

neuroimaging data on interpersonal cognition relies, either directly or indirectly. 

Introduced in the context of perception-action systems, the common coding 

concept represents an elegant computational means by which processing from 

different domains- for example vision and motor preparation- can be 

71 



Chapter III: Organization of felt and seen pain responses in A CC 

collapsed into a single "language." Under the common coding hypothesis, 

information from the two domains becomes unified by virtue of the same 

mechanism operating in both domains, thus precluding the need for a separate 

"translator" substrate. When the common coding concept informs hypotheses in 

neuroimaging, it is often implicitly assumed that shared activations in two 

domains imply that an identical population of neurons is responding 

equivalently in each; for example, in action observation and action generation. 

The common coding interpretation for pain empathy is supported by the 

abovementioned single unit observations from human ACC, which suggest that 

common coding for felt and seen pain may indeed exist on the level of the 

response characteristics of individual neurons (Hutchison et al, 1999). The 

inference of a common coding mechanism from tMRI conjunction results is 

much less direct. Primarily, the spatial resolution is so coarse that it is not 

possible to test whether the same neural population is equally activated in each 

of the two domains. The spectrum of spatial resolution that exists between 

single cells and clusters of voxels leaves a lot of room for spurious inference 

about whether the same neural population is performing the same function in 

both domains. Similarly, shared territory between two non-colocalized 

networks begs the question of what is shared functionally: it is not yet clear in 

the case of pain observation on what level encoding occurs (for example how 

abstract the representation of others' pain is in the ACC compared to directly­

experienced pain), and what constitutes the common functional denominator in 

the two networks that gives rise to the shared response. 

To what extent do cingulate areas responding both to felt and seen pain share 

an identical neural substrate? To address this question, we investigated the 
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possibilty that the conjunction-based overlap between felt and seen pain might 

reflect adjacent but distinct activations, which may border but not coincide with 

one another. We examined the features of this overlap by analysing individually 

defined regions-of-interest in cingulate cortex. Specifically, we identified 

separate felt and seen pain areas for individual subjects on spatially unsmoothed 

data, and defined regions of common activation on the basis of both conjunction 

analysis and spatial overlap for felt and seen pain. Selectivity for images of 

noxious objects was also tested to ensure that pain-related visual responses in 

the cingulate were not driven solely by the sight of potentially harmful objects 

outside the context of potential pain to others. 

Materials and Methods 

Subjects 

Twelve healthy adult volunteers were recruited from the University of Wales, 

Bangor community (5 female, mean age 31 , 1 left-handed). Participants satisfied 

all requirements in volunteer screening and gave informed consent approved by 

the School of Psychology at the University of Wales, Bangor and the North­

West Wales Health Trust. Participation was compensated at £20 per session. Of 

the twelve, one participated only in the visual runs but not the felt-pain runs and 

so was included only in the visual run analysis for 'objects' (see below). 

Design and Procedure 

Stimuli. 

As in a previous fMRI experiment (Morrison et al, 2004), the stimulus for the 

"experienced pain" condition was a mildly painful prick to the middle finger of 

the left hand using a sharp wooden probe (~ 1Hz/ 15sec). During scanning, the 
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hand was placed palm-up in a relaxed position, out of the subject's sight. The 

tactile control stimulus was a cotton bud (Q-tip) similarly pressed onto the 

fingertip. Both the sharp probe and the cotton bud were positioned in a 

hypodermic syringe in place of the lancet. Figure 1 shows examples of the 

stimuli. 

For the "observed pain" condition, a video featuring a model's left hand being 

pricked on the finger with a hypodermic needle was displayed. The video 

featured the needle coming into contact with the hand and excluded the model's 

face. The visual control video was identical except for the substitution of a 

cotton bud for the needle. As before, participants were familiarized with the 

sharp probe prior to scanning, but during scanning they could neither see their 

hands nor the stimulus being applied. The videos were viewed in a mirror 

mounted on the head coil, projected onto a screen at the rear of the magnet bore. 

All visual stimuli were presented on a laptop using Presentation® software 

(Version 0.70, www.neurobs.com). The design was a block design, as in a 

previous experiment (Morrison et al, 2004), but differed from that experiment in 

two important ways. First, tactile and visual blocks were presented within the 

same runs. Second, a task was introduced to maintain subjects' attention to the 

stimuli: pressing a button when a target finger (the middle finger) was 

stimulated in either the tactile or visual modality. 

Each run was 5 minutes, 25 seconds long and consisted of four blocks having 

21 15-second trials per scan. In each block each of the four conditions was 

presented once, for a total of four presentations per run. Blocks I , 6, 11, 16, and 

21 were a fixation-only baseline condition. Blocks consisted of 10 15-sec 

stimulus presentations, in pseuso-random order with the target finger stimulated 
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Figure l. Example visual stimuli used in the seen pain tri als (a, needle video, b, cotton bud 
video) and the object trials (c, noxio us objects, d, innocuous objects). 

at least once per block. Blocks were counterbalanced within runs using a Latin 

square. There were two versions of the counterbalancing design (runs I and 3, 

version l ; runs 2 and 4, version 2 for each participant). Tactile stimuli were 

delivered manually by the experimenter to the index, middle, ring, and little 

finger of the participants' left hand. The type and timing of tactile stimulation 

was cued for the experimenter via headphones by aud itory prompts delivered by 

the stimulus presentation program. With their right hand, participants made 

button responses when they saw or felt the target finger (middle finger) being 

stimulated, which occurred 1-3 times out of the 15 stimulus presentations per 

block. 
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Selectivity for noxious objects 

Six of the participants were also scanned during an additional run presenting 

still photographs of noxious and innocuous objects (Hemera PhotoObjects®). 

Five of these participants were also scanned during the pain runs in the same 

session; the sixth participated only in the objects run. The dangerous and 

nondangerous object sets were counterbalanced for visual similarity (Fig. 1). 

This was designed to test for effects of noxious-object discrimination, in order 

to demonstrate that pain-observation effects in ROIS showing selective 

responses to the sight of painful object-hand interactions were not due solely to 

a more general sensitivity to the sight of potentially harmful objects. 

The design of the object runs was identical to that of the pain runs. Each 

approximately 5-minute run consisted of four blocks having 16 15-sec 

experimental trials and five 14-sec baseline rest intervals. In each block each of 

the two conditions (noxious or innocuous) was presented twice, for a total of 

eight presentations per run. Trials consisted of l O 15-sec stimulus presentations. 

Blocks were symmetrically counterbalanced within each run (eg 

1212,2121,1212,2121). Participants were instructed to view the stimuli but no 

responses were required. Before the scan, subjects rated the objects as being 

dangerous or nondangerous (ie "Would the object require care in handling or 

not?"). 

Data Acquisition 

A 1.5-T Philips magnetic resonance imaging (MRI) scanner with a SENSE 

parallel head coil was used. For functional imaging, a singleshot echo-planar 

imaging (EPI) sequence was used (T2 *-weighted, gradient echo sequence, 

76 



Chapter Ill: Organization of felt and seen pain responses in ACC 

repetition time (TR)= 3000, echo time (TE) = 50 ms, flip angle = 90°, field-of­

view = 92 x 92 mm). The scanned area included 30 axial slices, 5 mm thick, 

with no gap, at 64 x 64- voxel in-plane resolution, which covered the whole 

cerebral cortex and the cerebellum. Reaction times were collected with a 

scanner-safe button box (Current Designs, Philadelphia, PA). 

Data Analysis 

Pre-processing and statistical analysis of MRI data was performed using 

Brain Voyager 4.9 (Brain Innovation, Maastricht, The Netherlands). Three 

dummy volumes were acquired before each scan in order to reduce possible 

effects of Tl saturation. Functional data were motion-corrected, low-frequency 

drifts were removed with a temporal high-pass filter (0.006 Hz). Spatial 

smoothing was not applied. Functional data were manually co-registered with 

3D anatomical Tl scans (1 x 1 x 1.3 mm resolution, resampled to 3 x 3 x 3 mm 

voxels). The 3D anatomical scans were transformed into Talairach space 

(Talairach and Tournoux, 1988). The parameters for this transformation were 

then applied to the co-registered functional data. 

Group analysis. For each participant, general linear models were created for 

each of the four runs. One predictor (convolved with a standard model of the 

HRF) modelled each of the four conditions (felt pain, seen pain, felt qtip, and 

seen qtip), which were submitted to a whole-brain, group average analysis. 

Using random effects analysis, separate t-maps were created for the contrasts 

(felt pain - felt cotton bud) and (seen pain - seen cotton bud), thresholded at a 

liberal level of P < 0.05 (t = 2.22), uncorrected for multiple comparisons, in 

order to avoid type II error when searching for activations among regions 

specified a priori. The central analysis for this study was a random-effects 
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conjunction analysis performed on the separate t-maps created for the contrasts 

(felt pain - felt cotton bud) and (seen pain - seen cotton bud). This creates an 

intersection map of both contrast pairs thresholded at significance, mapping 

areas in which felt and seen pain showed significantly greater increases for felt 

pain and seen pain compared to the innocuous controls. This method is 

conservative in that it excludes any voxel in which either of the paired contrasts 

(felt pain - felt cotton bud) and (seen pain - seen cotton bud) shows no 

significant effect. 

Individual analyses. Similar to the group analysis, for each individual fixed­

effect analysis was used to create separate t-maps for the contrasts (felt pain -

felt cotton bud) and (seen pain - seen cotton bud), thresholded at P < 0.01 (t = 

2.5), uncorrected. Fixed-effects conjunction maps were also created at this 

threshold to locate any felt pain-seen pain overlap in the dACC, where present 

(see Results). 

On both the group and individual level, regions-of-interest (ROis) were 

defined as the set of contiguous voxels significantly activated (at P < 0.05 

uncorr., random effects, for group; P < 0.01 uncorr., fixed effects, for 

individuals; again, liberal thresholds were used to avoid type II error) within 10 

mm3 of the most significantly activated voxel. For individuals, the ACC felt 

pain, seen pain, and conjunction ROis were defined within a limited part of the 

cingulate cortex including the anterior part of the gyrus and sulcus extending in 

they direction from the AC plane, to cortex dorsal to the genu of the corpus 

callosum, Taliarach coordinates O < x < 10, 0 < y < 32, 20 < z < 45. Only 

clusters > 20 mm3 are reported for these analyses. To reinforce the conjunction 

analysis, a spatial intersection analysis was also performed on the ROis defined 
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by each paired contrast, i.e. [(felt pain - felt qtip) and (seen pain - seen qtip)], for 

both the group and for individuals where a dACC conjunction area was present. 

This intersection ROI was then defined by all voxels in the spatial overlap 

between two independently-defined ROis, and so represents an AND operation. 

Pattern analysis was performed on these overlap RO Is by testing the 

correlation between the parameter estimates (beta values) between the (felt pain 

- felt cotton bud) and (seen pain - seen cotton bud) contrasts for each voxel. For 

each ROI in each subject individually, we measured the voxel-by-voxel pattern 

of selectivity to felt pain vs the felt cotton bud control, and seen pain versus the 

seen cotton bud control, respectively. This was accomplished by extracting at 

value for each given contrast at each voxel in the ROI. The t value provides a 

useful index of selectivity, because it represents the magnitude of the difference 

between two conditions, relative to the within-condition variance. We then 

correlated, for each ROI, the pattern of selectivity for one contrast with the 

pattern for another. These correlations were extracted for each subject 

individually, and the resulting mean correlation was tested statistically against 

zero. 

Noxious objects. For the subgroup taking part in the objects runs (n = 6), 

ROls were defined for areas in which responses to noxious objects was 

significantly higher than those to innocuous objects. These were derived from 

fixed-effects activation maps for the contrast (noxious objects - innocuous 

objects) thresholded at P < 0.002 (t = 3.28), uncorrected. Within the 

conjunction ROI defined by the whole group analysis (n = 11), parameter 

estimates were also examined for responses to noxious objects for these 6 

subjects. 
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Results 

Behavioral task. Errors for detecting the target finger did not exceed 2%. For 

the object runs, noxious objects were rated as more dangerous than noxious 

objects (errors< 1 %). 

Group analysis. For the group, random effects analysis produced two t-maps 

revealing activations for felt (felt pain - felt cotton bud), seen pain (seen pain -

seen cotton bud), and their conjunction respectively (all maps thresholded at p < 

0.05 uncorrected). These are summarized in Table 1. 

Felt pain. On a group level, the felt pain activation in the cingulate had two 

foci, one rostral focus extending into the sulcus bilaterally (xyz = 5, 27, 24 and -

4, 24, 30), and one more caudal focus in midcingulate cortex (xyz = -2, 7, 34). 

Activations were also seen in bilateral anterior insula, right (contralateral) mid­

insula, right (contralateral) putamen, and left (ipsilateral) cerebellum. Although 

subjects were instructed to close their eyes during tactile stimulation, this was 

not monitored, and visual-related activity in occipital cortex for the (felt pain -

felt cotton bud) contrast is attributable to subjects having their eyes open in 

these conditions, resulting in common activation with the visual conditions. 

Seen pain. The cingulate seen pain activation for the average of all subjects 

was seen anterior to the rostral felt pain focus, extending onto the crown of the 

gyrus bordering pre-SMA (xyz = -2, 23, 34). Regions of the superior frontal 

gyrus near the SMA and inferior frontal gyrus near BA44/45 were also activated 

by seeing pain (xyz = -13, 15, 55 and 48,29,3). Activations were also seen 

postcentrally in the left hemisphere, probably falling within secondary 

somatosensory cortex (xyz = -57, -13, 23 and -52, -24, 34). 
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Felt-seen conjunction. Consistent with previous studies, the whole-brain 

conjunction analysis revealed several activations in medial prefrontal cortex 

(dACC, MCC, and bilateral pre-SMA) and bilateral opercoinsular cortex 

(anterior insula/inferior frontal gyrus). On the group level, and at this threshold, 

the only cingulate conjunction activation that corresponded to an overlap 

between felt and seen pain activations identifiable on the separate fe lt and seen 

t-maps was in the left dACC (xyz = -2, 24, 31 ). 

Figure 2. Activation map showing the relative locations of felt pain (orange), seen pain (blue), 
and their overlap (magenta) on a partly-inflated medial brain surface for the average of 11 
subjects (thresholded at P < 0.05 uncorrected, random effects). Inset shows the same activations 
for the subset of six subjects that showed the felt-seen conjunction on an individual level 
(thresholded at P < 0.000 1 uncorrected, fixed effects). 

For the 18 1 shared voxels in the spatial overlap between fe lt and seen pain in 

this area, an analysis of the pattern of activation in the felt and seen pain 

conditions tested whether the same voxe ls highly activated during felt pain were 

a lso relatively more activated during seen pa in in these 1 I subjects. The pattern 

analysis revealed a significant positive correlation between the activation pattern 

for fe lt pain and that for seen pain in this overlap reg ion, (r = 0.20, p = 0.004, 
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two-tailed). Figure 2 shows the relationship of the rostral cingulate felt pain, 

seen pain, and conjunction activations for all 11 subjects in sagittal views. 

Individual analyses. For each individual, fixed effects analyses were performed 

to identify felt and seen pain activations in the anterior cingulate (all maps 

thresholded at p < 0.01 uncorrected, to avoid Type II error). While all 11 

individuals showed distinct felt and seen pain activations along the anterior 

Table 1. Felt pain, seen pain, and conjunction areas for all e leven subjects (ACC = anterior 
cingulate cortex, SFG = superior frontal gyrus; IFG - inferior frontal gyrus; SMA = 
supplementary motor area). 

Region Peak coordinates Maximum Hemisphere Extent 
(Talairach x,y,z) t-score (voxels) 

Felt pain 

Midcingulate -2, 7, 34 6.23 L 1847 
Dorsal ACC 5,27,24 5.45 R 345 
Dorsal ACC -4, 24, 30 3.74 L 377 
Anterior insula -33, 12, 7 4.7 L 36 1 
Anterior insula 39, 15, -4 4.14 R 708 
Mid-insula 44, -5, 8 3.68 R 325 
Putamen 16, -1 5, IO 5.67 R 143 
Cerebellum -2, -52, -16 3.82 L 725 
Visual cortex -3 1, -77, I 5.66 L 3694 

Seen pain 

Rostral ACC -2, 23, 34 4.35 L 201 

SFG -1 3, 15, 55 4.92 L 632 

IFG 48,29, 3 6.22 R 852 

Inferior postcentral gyrus -57,-13,23 4.17 L 465 

Postcentral gyrus -52, -24, 34 5.2 L 712 

Conjunction 

Dorsal ACC -2, 24, 31 3.43 L 118 
Superior midcingulate/SMA 2, -3, 46 4.55 R 87 
Inferior midcingulate 2, -IO, 3 1 3.77 R 5 1 

Pre-SMA/SFG 18, 21, 55 3.92 R 69 

Pre-SMA -4, 28, 54 3.59 L 56 

Anterior insula/IFG 39, 20, -I 3.64 R 7 1 

Anterior insula/IFG -32, 23, 7 4.09 L 93 
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cingulate sulcus/gyrus, a felt -seen conjunction was observed in 6 of thel 1 

individuals. This group of 6 was designated the "overlap" subgroup and 

submitted to fixed-effect group-average analyses for felt and seen pain and their 

conjunction, thresholded at p < .0001 for felt and seen paint-maps and p < .001 

for the conjunction. These activations are summarized in Table 2. The group 

average activation for the overlap group (n=6) is depicted in Fig 2, and the 

relationships of activation foci in individuals is depicted in Fig 3. 

Table 2. Conjunction areas for the six subjects showing the conjunction individually (ACC = 

anterior cingulate cortex, SFG = superior frontal gyrus). 

Region Peak coordinates Maximum Hemisphere Extent 
(Talairach x,y,z) I-score (voxels) 

Felt pain 

Dorsal ACC -2, 7, 34 6.23 L 1847 
Anterior insula 5,27,24 5.45 R 345 
Anterior insula -4, 24, 30 3.74 L 377 
Cerebellum -33, 12, 7 4.7 L 361 

Seen pain 

Dorsal ACC -2, 23, 34 4.35 L 201 
Anterior insula -13, 15, 55 4.92 L 632 
SFG 48, 29, 3 6.22 R 852 

Conjunction 

Dorsal ACC -2, 24, 31 3.43 L 118 
inferior postcentral gyrus 2, -3, 46 4.55 R 87 
Visual cortex 2, -1 0, 31 3.77 R 51 

Felt pain. For individuals, peak activations for felt pain in the ACC varied in 

their location along the gyrus/sulcus, ranging from x = 0-3, y = 4-31, and z = 22-

40. In the group average of the 6 individuals in the "overlap" group the 

cingulate felt-pain peak fell at xyz = 0, 12, 35, with further activations in 
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bilateral anterior insula (xyz = 38, 20, 6 and -40, 15, 0) and left cerebellum 

ips ilateral to the stimulated hand (xyz = -3 , -68, -9). 

D Felt pain ■ Seen pain ■ Felt-seen overlap 

Figure 3. Activation maps showing the relative locations along the anterior cingualte gyrus of 
fe lt pain (orange), seen pain (blue), and their overlap (magenta) on a partly-inflated medial brain 
surface for each of the six subjects that showed the felt-seen conjunction on an individual level. 
Peak activations for the overlap region-of-interest along the cingulate gyrus varied from x = 0-9, 
y = 6-32, and z = 23-41. All activations shown fell within 2 mm of the medial surface. All 
surface maps show the left hem isphere except for the lower right two, which show mirror­
fl ipped views of the right hemisphere (LH = left hemisphere, RH = right hemisphere). 

Seen pain. For individuals, peak activations for felt pain in the ACC ranged 

from x = 0-6, y = 7-36, and z = 19-46. In the group average of the 6 individuals 

in the "overlap" group the cingulate seen-pain peak fell at xyz = 0, 23, 29, with 

further activations in the left superior frontal gyrus bordering pre-SMA (xyz = -

11, 16, 57) and right inferior frontal gyrus/anterior insula (xyz = 46, 15, 3). 
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Conjunction. Within the "overlap" group of 6 individuals, peak activations 

for the conjunction of felt and seen pain in the ACC ranged from x = 0-9, y = 6-

32, and z = 23-41. In the group average of the 6 individuals in the "overlap" 

group the cingulate conjunction peak fell at xyz = 0, 22, 29. In this group, the 

conjunction reflects an overlap between felt and seen pain as part of a larger 

pattern showing a superior-to-inferior alternation of felt and seen pain 

activations beginning in pre-SMA on the dorsal superior frontal gyms and 

continuing medially to the cingulate gyms (see blue and orange colored 

activations in Fig 2, inset). The size and distance of the overlap varied among 

the "overlap" subgroup of 6 subjects (mean size 83 voxels, mean felt-seen peak 

difference 4.1mm). Despite this intersubject variability, overlaps and 

conjunctions were always situated at the border between felt and seen pain 

activations (as opposed to, for example, one activation being nested within the 

extent of the other). Other activations fell in the left inferior postcentral gyms 

corresponding to SIi (xyz = -58, -14, 523), and in visual cortex (xyz = -3, -77, -

4). 

To determine whether the same voxels within the conjunction showed 

similar patterns to felt and seen pain, the t-values for each voxel within this 

region-of-interest were correlated for felt pain and seen pain for each individual 

in a pattern analysis. Three of the six subjects showed significant correlations, 

but of these two were negative (r = -0.29, p = 0.01; and r = -0.27, p = 0.00006) 

and one was positive (r = 0.54, p < 0.00001). This inconclusive result could 

reflect a number of underlying factors (eg, partial volume effects resulting from 

white matter voxels within the ROis). 
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Selectivity for noxious objects. In a fixed effects analysis (thesholded at p < 

0.002 for 6 subjects), viewing noxious objects compared to innocuous objects 

revealed activations in bilateral posterior middle temporal gyrus (xyz = 47, -60, 

0 and -43, -60, 3), consistent with selectivity in this region for the sight of tools. 

In the cingulate, there was an activation focus in subgenual ACC (xyz = -3, 24, 

0), and in dACC (xyz = -11, 32, 25). The dACC activation, however, did not 

overlap with any of the dACC regions-of-interest defined for seen pain or felt­

seen pain conjunctions in the group as a whole. In the felt-seen pain 

conjunction defined by the group (n = 11), noxious objects were not 

discriminated from innocuous objects, t (1 ,5) = 0.064, p = 0.95, and responses 

to noxious objects were significantly lower than those to felt pain, t (1 ,5) = 5.98, 

p 0.002, and to seen pain, t (1,5) = 3.27, p = 0.02. These activations are 

depicted in Fig 3. 

Discussion 

These results replicate those of previous studies but also provide evidence 

that ACC responses to felt and seen pain are selectively organized at a finer 

spatial grain. Within a group of subjects showing a felt-seen pain conjunction at 

a whole-brain, group-average level, individually-defined regions of interest 

showed distinct activation peaks for felt and seen pain respectively. Although 

all subjects contributed to the average conjunction effect in a random effects 

analysis, and all showed distinct felt and seen pain areas in the cingulate, not all 

showed conjunctions individually. Rather than being strictly colocalized, felt 

and seen pain activations were bordering but distinct on both the group and 

individual level. Conjunctions always coincided with spatial overlaps, falling 
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intermediately between the felt and seen pain regions. On the group level, this is 

consistent with the results of Singer et al (2004), whose felt and seen pain 

activations were also distinct but overlapping. 

The present findings indicate that for the some individuals, the felt-seen pain 

overlap occurs even without spatial smoothing. The fact that the felt and seen 

pain peaks were so distinct and variable, however, suggests that smoothing and 

averaging contribute considerably to the location and extent of the overlap 

observed at the group level. These findings speak against a strong interpretation 

that the felt-seen pain overlap reflects the activity of an identical population of 

neurons. Rather, the overlap may be due to the proximity in some individuals of 

vascular territory belonging to two adjacent areas showing distinct and selective 

responses to felt and seen pain, or the activity of two intertwined neural 

populations. 

Common coding 

The approach used here has bearing on the "common coding" interpretation 

of in much fMRI data in social cognitive neuroscience. Over the last decade, 

one of the central pillars of the cognitive-neuroscientific perspective on primate 

social cognition has been the proposal that we understand others' actions, 

emotions, sensations, and mental content via the same neural mechanisms 

contributing to similar first-person subjective states (see eg Gallese et al, 2004). 

This idea has proved crucial in hypothesizing about fundamental problems at the 

bedrock of social cognition: what makes a phenomenologically isolated 

individual brain able to share so intimately in the experiences of others? How 
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Noxious objects in conjunction area 

Felt pain Seen pain Felt cotton Seen cotton Noxious Innocuous 
bud bud objects objects 

[tJ [tJ @ 
Figure 3. Activations fo r seeing noxious compared to innocuous objects (n = 6). Noxious 
objects elicited responses in subgenual ACC (-3, 24, 0), dACC (-11 , 32, 25), and bilateral 
middle temporal gyrus (47, -60, 0 and -43, -60, 3). Map thesho lded at P < 0.002 uncorrected, 
fi xed effects. The focus for the felt-seen pain defined by the conjunction for a ll 11 subjects (-2, 
24, 31) is depicted in blue, and the graph shows hemodynamic responses in that area in different 
conditions for the s ix subjects taking part in the object runs. 

do we predict others' behavior on the basis of their actions? How do we so 

effortlessly perform complex inferences about the mental states of others? 

Much evidence for common coding has accumu lated over the past decade, 

especially from s ingle-unit recordings in nonhuman primates. The study of 

similar mechanisms in multisensory processing has also been fru itful (eg, 

Calvert, 2000; Bremmer, Sch lack, Shah, Zafiris, Kubischik, Hoffmann, Zilles, 
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& Fink, 2001; Lloyd et al, 2003). The now-classic example of a common 

coding mechanism is the mirror neuron, which responds both to observed and 

self-generated goal-directed actions in the monkey (Rizzolatti et al, 1996; 

Gallese et al, 1996; Gallese et al, 2004). The discovery of mirror neurons has 

granted important insight into these questions by identifying an empirically 

tractable type of neural mechanism for translating sensory representations about 

others into immediate, first-person terms. This has bolstered the theory that 

shared representations between self and other rely on shared neural substrates 

between first-person processing and third-person observation. 

Applying the common coding hypothesis to BOLD response properties often 

implicitly involves three assumptions: that common activation involves an 

identical neural population ("substrate identity assumption"), that the responses 

are thus relatively spatially co-localized in extent ("colocalization assumption"), 

and that the strength of the response is equivalent in each domain compared to 

controls ("equivalence assumption"). In this study, we found that responses to 

felt and seen pain in the ACC challenges the first assumption ( of "substrate 

identity"), and the second, related assumption (of "colocalization"). The 

responses here may still be encoding third- and first-person information in 

comparable terms, but what may be more important than strict substrate-identity 

is that the neural populations involved are commensurate in terms of their 

response properties (Hommel & Prinz, 2001). This may be sufficient to encode 

information from two domains into a common "language", for example in terms 

of semantic content, spatial reference frame, etc. The common coding 

hypothesis as set out by Prinz (1990, 1997) and Hommel & Prinz (2001) 

stipulates commensurate neural codes but does not necessarily imply substrate 
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identity; conversely, closely-related and spatially proximal responses with 

distinct peaks do not rule out common coding. 

This caveat may especially apply in prefrontal areas such as the ACC, which 

are intimately involved in learning and flexible response selection, and thus alter 

their activation profiles sensitively in the face of changing circumstances (Iwata, 

Kamo, Ogawa, Tsuboi, Noma, Mitsuhashi, Taira, Koshikawa, & Kitagawa, 

2005; Shima & Tanji, 1998; Bush et al, 2002; Williams, Bush, Rauch, Cosgrove 

& Eskandar, 2004;. Kennerley et al, 2006). In the single-unit observations 

indicating common coding between felt and seen pain in human ACC, the 

response to seen pain altered over the course of recording (Hutchison et al, 

1999). As the patient watched the experimenter repeatedly prick someone else 

with the sharp probe, the pinprick-selective cell acquired an anticipatory 

response, firing earlier and earlier before the sharp probe struck the skin. This 

suggests a degree of dynamicity in the ACC's coding of seen pain, and may also 

reflect changing relationships among connected cells in the local network. It is 

therefore possible that common BOLD activations here reflect fluid, perhaps 

spatially-shifting nodes of similar responses within an area of cortex, rather than 

an invariant, classically bimodal response. 

Conjunction: statistical considerations 

Even if the spatial "colocalization" and "substrate identity" assumptions don't 

strictly hold for the present findings, does the overlapping activation in the ACC 

support the third implicit assumption above- namely, does it respond 

equivalently to felt and seen pain in a statistical sense? Conjunction analysis is 

often employed as a test to search for regions equivalently selective in different 
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domains or under different conditions. It is used to isolate areas in which voxels 

respond above threshold across each of two (or more) contrast pairs. For 

example, Morrison et al (2004) mapped the common activation in the ACC 

between feeling a pinprick compared to feeling a neutral touch of a cotton bud, 

and seeing a pinprick compared to seeing a cotton bud. Similarly, Singer et al 

(2004) showed common activations in the ACC and anterior insula when 

subjects experienced electrode pain compared to nonpainful stimulation, and 

when they viewed visual cues indicating that a loved one (whose hand was 

visible to the subject) was receiving painful compared to nonpainful electrode 

stimulation. 

In each of these studies, the experimenters inferred that the same area 

activating in each of the two conditions strongly indicates that the effect of the 

pain variable was present in both the felt AND the seen conditions. However, 

the statistical procedures for excluding voxels that do not show equivalent 

activations in a conjunction analysis have a crucial impact on the kind of 

inference that is valid in accepting the statistical hypothesis. In turn, this affects 

interpretation of the activations' functional meaning. This raises a twofold issue 

for the use of conjunction analysis for the goal of inferring a common, 

equivalent effect of felt and seen pain in the ACC. The first aspect is statistical, 

and concerns what inferences the conjunction analysis allows about the 

observed activations. The second concerns the interpretation of the effects 

based on this statistical analysis. 

The software analysis programs used by both Singer (SPM99) and Morrison 

(FSL) in their 2004 studies relied on the minimum statistic. That is, each of two 

contrast pairs was assumed to be independent, and the minimum t-value across 
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the contrast pairs was used to threshold the activation map for the conjunction. 

However, Nichols et al (2005) have highlighted features of the null hypothesis 

involved in this method which restrict both the statistical and functional 

inferences it warrants. Both of the conjunction-based pain empathy studies 

tested the "global" null hypothesis that the least significant (minimum) t-value 

was drawn from a random distribution. This null hypothesis states that there is 

no effect in felt pain AND no effect in seen pain. Thus all voxels are rejected 

which show no significant effect in either pair (ie both null), while those 

showing any activation above the minimum threshold in either pair (ie one or 

both) are included in the conjunction map. 

The problem with this method as a test of common coding between felt and 

seen pain is that rejecting the global null hypothesis does not allow the inference 

that the effect of the pain variable is present in both the felt AND the seen 

conditions. This is because the false positive rate for the conjunction of two t 

values makes it too liberal, including activations indicating an effect of felt pain, 

OR seen pain, OR both. What the studies aimed to show, though, was that in 

certain regions there was an effect of both felt AND seen pain exclusively. 

The present study implements a different, more conservative method for 

thresholding a conjunction map. In contrast to SPM99 and FSL, Brain Voyager 

(BV) uses what Nichols et al call the "conjunction null." (NB: no explicit, 

published verification of this statement exists, but is gathered from the 

description of the BV conjunction analysis tool in the on line help guide 

(http ://brain voyager .com/BV2000/On I ineHel p/Brain Voyager W ebHelp/Con j unct 

ion_analysis.htm), from postings on the BV online forum 

(http://www.brainvoyager.com), and from personal communication with T. 
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Nichols, with permission.) Rather than thresholding at the minimum statistic 

across contrast pairs, this method first requires that each contrast pair shows an 

effect at a given threshold. An intersection map of significant activations of the 

two contrasts is then created showing only those voxels that survive the 

threshold in both analyses. It is tested against the null hypothesis that there is no 

effect in felt OR seen pain contrasts. Though conservative ( or 

"overconservative", Friston, Penny, & Glaser, 2005), this is a statistically more 

valid route to the desired inference that the ACC responds to both felt AND seen 

pain. 

Singer et al's (2004) conjunction activation survived a more conservative 

masking procedure, but Morrison et al (2004) did not apply a similar additional 

test. Others have used masking procedures instead of conjunction analyses 

(Lamm et al, in press). In the present study, as a complementary method to 

isolate voxels shared between felt and seen pain activations, we also defined 

regions of interest based on the spatial overlap of the felt and seen pain regions 

of interest in the ACC for each subject showing the effect. While the 

conjunction analysis was a statistically-based AND operation for common 

functional activations, this intersection overlap analysis was a spatially-based 

AND operation for isolating the voxels included in both felt and seen pain 

activations, independently defined . The conjunction and the spatial overlap 

regions coincided, falling intermediately between the felt and seen pain 

activations. This was the case for both the group average and for the individual 

subjects that showed the conjunction. 

93 



Chapter Ill: Organization of felt and seen pain responses in ACC 

Conjunction: interpretation considerations 

Even with a statistically valid, conservative conjunction test for common 

coding, reinforced by spatial overlap on both the group and individual levels, 

interpretive issues remain. The conjunction is only as good as its constituent 

contrast pairs, and it is still possible that quantitatively-equivalent activations in 

the ACC are due to qualitatively-different processes in each modality. The 

contrast pairs could differ in multiple ways, owing to aspects of the task, the 

cognitive processes engaged (such as attention), the nature of the stimulus (such 

as its salience), and not least by the fact that information from two different 

sensory modalities (vision and nociception) were involved. 

On the other hand, shared components could represent the anticipation of 

pain (not possible to model separately from subsequent stimulus-related signal 

changes in either study), top-down coping strategies, associative processing, 

attentional allocation, stimulus evaluation, motivational modulations (including 

the skeletomotor impulse to avoid the stimulus), or affective modulations 

(including endocrine and sympathetic changes). Discovering what the shared 

components are would be relevant to the common coding hypothesis, because it 

would indicate what the content of the common representations may be, and 

thus suggest what we experience on another person's behalf when we see them 

in pain. Considering the general response profile of the region in pain-related, 

attentional, and cognitive tasks, it seems most likely to us that the conjunction 

reflects shared activations in pain anticipation or related processes linking pain 

information to behavioral response, either overtly or covertly. The dorsal ACC 

region here is consistently activated in tasks requiring response selection and 
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evaluation of the relevance of stimuli in complex or context-dependent tasks 

(Rushworth et al, 2004; Shima & Tanji, 1998; Bush et al, 2002; Williams et al, 

2004; Kennerley et al, 2006). 

Yet even if a common functional denominator is present between the two 

contrast pairs, it is not clear that the subtraction of felt and seen pain from their 

"neutral" controls in each contrast pair is a clean one, free from hidden 

interactions. It is also problematic for the interpretation if any of the differences 

in each interact with the common component (Caplan & Moo, 2003). The 

observed effects may be qualitatively or functionally equivalent, but they may 

also hide one or more interacting effects. Singer et al ruled out interactions in 

which the average response to felt or seen pain was higher than the other in their 

2004 study, but Morrison et al did not. Generally, one may still rightfully ask of 

this data: conjunction of what? 

It is still unclear, then, whether the shared vascular response in the ACC 

reflects the recruitment of a population of "bimodal" or "mirrorlike" neurons 

sharing a function, or simply a degree of vascular "slop" because felt and seen 

pain areas are close together in some subjects or reflect discrete but intertwined 

cell populations. Analysis of the pattern of activation in the overlapping voxels 

in individuals failed to shed light on this question. Three of the six "overlap" 

subjects showed a significant correlation here between felt and seen pain, but of 

these only one was positive. Further experimentation is needed to rule out 

whether this equivocal result is due to a lack of functional correspondence in 

those voxels, or to other factors such as the presence of white matter voxels in 

these areas. On the group level, however, the correlation between felt and seen 

95 



Chapter 111: Organization of felt and seen pain responses in ACC 

pain responses in the overlapping voxels for those six individuals was 

significant and positive. 

It is possible that the seen pain response in the ACC was driven mainly by 

the sight of a potentially dangerous object (the needle itself), rather than the 

interaction between others' hands and the dangerous object. This was not the 

case, however. Viewing noxious vs innocuous objects activated subgenual and 

dorsal ACC regions, but not those involved in viewing others' pain in the videos. 

Summary and conclusions 

These results replicate those of previous studies and reveal several compelling 

features of vicarious pain responses in the cingulate cortex. First, within a 

group which showed an overlap between felt and seen pain on average (as tested 

with both conjunction and intersection analyses), not all subjects showed it 

individually. Second, among the individuals showing an overlap, the spatial 

extent of the overlapping region and the distance between peak activations of 

felt and seen pain varied, although it was always located intermediately between 

the felt and seen pain activations. Third, there was no conclusive correlation 

between felt and seen pain activation values within the overlapping voxels in 

individuals, although they correlated positively in the group average. Taken 

together, these results qualify the proposition that areas in the cingulate cortex 

respond in the same manner to felt and seen pain at the voxel level. Instead, this 

data suggests that there are selective and organized responses to harmful stimuli 

in self and others within regions of the ACC, and that these respective areas an 

be, but are not necessarily, co-localized at a finer grain. 
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Far from undermining the conclusion that the dorsal ACC is associated with 

both experience and observation of pain, the results reinforce the idea that this 

region utilizes first-person pain information originating from the periphery as 

well as visually-based information about others' pain. However, it does not 

provide clear answers as to what functional process is shared. Based on the 

general functional properties of the area and the behavior of single cells, we 

believe this process is likely to be a context-dependent function related to the 

flexible modulation of behavioral responses, such as anticipation or covert 

response selection. Further, this may arise from activations among versatile, 

interrelated, heterogeneous cell populations. This proposal is supported by our 

present finding that within the ACC there are selective and organized responses 

to harmful stimuli in self (tactile) and others (visual), and that considerable 

individual variability exists. The possibility that this area responds generally to 

the sight of noxious implements outside the context of potential harm to body 

parts can be ruled out. However, the possibility that the conjunction reflects 

adjacent but distinct activations has not been entirely excluded. Further 

investigation is therefore needed before we can assert that the common BOLD 

activations between felt and seen pain always reflect the activity of the same 

population of neurons. 
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CHAPTER IV1
: 

VISUAL PROCESSING OF 

AVERSIVE OBJECTS IN 

PERIPERSONALSPACE 

" ... Candace, howling oh-my-God-oh-my-God, holds up her hand, which is 
gushing blood from a deep gash that extends from her thumbnail almost to her 

palm. The blood is everywhere-down her arm, in the elaborate grooves 
she's been carving in the back of her chair ... Looking at all the blood, Tick 

feels her own left arm begin to throb the way it always does in anticipation of 
hypodermic needles at the doctor's office, and at horror movies when 

somebody gets slashed." 

- Richard Russo, Empire Falls 

1 
A version of this chapter has been published as Lloyd, D., Morrison, I., and Roberts, N. 

(2006). Role for human posterior parietal cortex in visual processing of aversive objects in 
peripersonal space. Journal of Neurophysiology 95, 205-14. 
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Abstract 

The posterior parietal cortex of both human a~d non-human primates is 

known to play a crucial role in the early integration of visual information with 

somatosensory, proprioceptive and vestibular signals. However, it is not 

known whether in humans this region is further capable of discriminating if a 

stimulus poses a threat to the body. In this fMRI study we tested the 

hypothesis that the posterior parietal cortex of humans is capable of 

modulating its response to the visual processing of noxious threat 

representation in the absence of tactile input. During fMRI, participants 

watched whilst we 'stimulated' a visible rubber hand, placed over their real 

hand with either a sharp (painful) or a blunt (non-painful) probe. We found 

that superior and inferior parietal regions (BAS/7 and BA40) increased their 

activity in response to observing a painful vs. non-painful stimulus. However, 

this effect was only evident when the rubber hand was in a spatially congruent 

(vs. incongruent) position with respect to the participants' own hand. In 

addition, areas involved in motivational-affective coding such as mid­

cingulate (BA24) and anterior insula also showed such relevance-dependent 

modulation, whereas premotor areas known to receive multisensory 

information about limb position did not. We suggest these results reveal a 

human anatomical-functional homologue to monkey inferior parietal areas 

that respond to aversive stimuli by producing nocifensive muscle and limb 

movements. 
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Introduction 

The brain is organized to support the complex spatial and sensorimotor 

representations required for interactions with objects in the world, such as 

navigation and fine manipulation. However, for objects which pose a direct 

threat to the body, visuo-spatial and sensorimotor mechanisms may 'flag' 

potentially noxious stimuli relatively early in the visual processing stream, for 

example, within structures of the posterior parietal cortex. Such threats are 

directly relevant to the body and are likely to be most imminent when they 

occur within the space surrounding a particular body part. In the current study 

we investigated whether visual processing of noxious threat-related objects in 

peripersonal space would activate posterior parietal cortex more than the 

visual response to a non-threatening object in the same space. 

There is evidence that visuo-tactile receptive fields in monkey inferior 

parietal and intraparietal cortex are sensitive to both tactile and visual 

information about noxious stimuli (Dong, Chudler, Sugiyama, Roberts, & 

Hayashi, 1994). Cells in this region have also been associated with 

nocifensive movements of aversion (Cooke & Graziano, 2003). Apart from 

these findings, networks classically implicated in the evaluation of the 

behavioural relevance of aversive stimuli have not included posterior parietal 

cortex. Rather, in the context of pain processing, medial frontal and limbic 

regions (such as the anterior cingulate and anterior insula cortices) are 

associated with the evaluation of the motivational and behavioural relevance 

of the stimulus on the basis of visual or nociceptive information (Botvinick et 
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al, 2005; Jackson et al, 2005; Morrison, et al, 2004; Singer et al, 2004) 

although these studies have largely been concerned with the processing of 

empathy for pain. 

In many situations the organism must track potential threats in terms of 

their spatial proximity to particular body parts, and in such circumstances it 

would be advantageous for underlying visuo-motor representations to be 

dynamically sensitive to events in the space surrounding that body part. The 

aim of the current study was to investigate the visual processing of aversive 

objects in peripersonal space, specifically that surrounding the hand. One 

possible way of pursuing this would be to stimulate participants' hand with an 

aversive (i.e., noxious) stimulus. However, because limb representation 

involves the multisensory integration of visual, tactile, and proprioceptive 

cues, this would include the contribution of nociceptive tactile input. An 

alternative way of isolating the visual component of noxious threat would be 

to present visual stimuli close to a realistic and aligned artificial limb in 

peripersonal space which could then be ' stimulated' in the absence of actual 

tactile input. This manipulation has been shown in several studies to result in 

shifts of the felt location of the limb/and biases in proprioception and or 

reaching (Armel & Ramachandran, 2003; Ehrsson, Spence, & Passingham, 

2004; Fame, Pavani, Meneghello, & Ladavas, 2000; Graziano, 1999; Holmes, 

Snijders, & Spence, 2005; Pavani, Spence, & Driver, 2000; Tastevin, 1937; 

Tsakiris & Haggard, 2005; Walton & Spence, 2004). 

Artificial hands have also recently been used to investigate the neural 
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correlates of subjective limb ownership (Ehrsson et al, 2004). Previous 

behavioural research has shown that when both an artificial hand and the 

person's own hand (which is hidden either beneath or at the side of the 

person's own hand) are stroked repeatedly and synchronously by the 

experimenter, some participants can have the experience that the touch they 

feel on their own hand is located where they see the rubber hand being 

touched. This sensation is often accompanied by a sense of ownership of the 

rubber hand (Botvinick & Cohen, 1998). Using functional magnetic 

resonance imaging (tMRI) Ehrsson and colleagues provided evidence that the 

subjective experience of ownership of the rubber hand correlates significantly 

with premotor cortex activation. In a separate analysis this activation was 

observed as an interaction between the synchronicity of the stroking and the 

anatomical plausibility of the hand's orientation. The impression of 

ownership of the rubber hand can be substantially reduced or even eliminated 

by placing the rubber hand in an anatomically implausible position with 

respect to the participant's real hand, asynchronously touching the real and 

rubber hand and/or allowing vision of the real hand (see Maravita, Spence, & 

Driver, 2003 for a review). 

There is also a multitude of evidence from both animal 

electrophysiological recordings and human brain imaging studies to suggest 

that activity in the premotor and posterior parietal cortex (particularly the 

ventral-intraparietal area; VIP) represents both the seen and felt position of 

the hand (for a recent review see (Graziano, Gross, Taylor, & Moore, 2004). 
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Multisensory cells within these regions fire both when the hand is touched or 

when a visual stimulus is presented near the hand (Rizzolatti, Scandolara, 

Matelli, & Gentilucci, 1981) and when a fake hand is seen in place of the real 

hand (Ehrsson et al, 2004; Graziano, 1999). In the monkey area VIP has 

direct reciprocal connections with part of the ventral premotor cortex (F4 in 

PMv), the human homologue of which is the inferior frontal gyrus (BA44) 

(Rizzolatti, Luppino, & Matelli, 1998), forming a circuit known as the VIP-F4 

circuit (Luppino, Murata, Govoni, & Matelli, 1999). Further evidence exists 

of a similar circuit in fronto-parietal regions of the human brain responsive to 

the multisensory representation of limb position (Lloyd, Shore, Spence, & 

Calvert, 2003). 

A study by Armel & Ramachandran (2003) indicates that not only can an 

artificial hand be incorporated into the subject's own body representation, but 

that autonomic nervous system activity can occur according to the perceived 

threat of an object in contact with the artificial hand. They measured skin 

conductance responses (SCRs) whilst subjects experienced simultaneous and 

synchronous tactile stimulation of their own and a rubber hand. They found 

that if the rubber hand was suddenly and unexpectedly 'injured' following 

this simultaneous tactile stimulation, subjects displayed a strong SCR even 

though they were aware that their real hand was never in danger. 

To discover whether a potentially noxious visual stimulus, perceived 

within peripersonal hand space would influence haemodynamic responses in 

the brain, especially within regions implicated in multisensory limb 
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representation, we biased the integration of participants' visual, tactile, and 

position senses by manipulating the position of the rubber hand over the 

participants' own hand. Noxious (sharp) or innocuous (blunt) stimulation of 

the rubber hand was preceded by simultaneous stroking of the real and rubber 

hand to facilitate participants' perception of the rubber hand as within body­

part centred space (although visual capture of limb proprioception can also 

occur in the absence of synchronous stroking; see Fame et al, 2000; Holmes 

et al, 2005; Pavani et al, 2000; Rorden, Heutink, Greenfield, & Robertson, 

1999; Walton et al, 2004). Specifically, areas previously shown to play a role 

in coding the space surrounding the hand- such as posterior parietal and 

premotor cortex- are predicted to distinguish a sharp probe vs. a blunt probe 

striking the rubber hand. 

Importantly, we expect any such discrimination to depend on the 

anatomical plausibility of the false limb's real position influencing the 

apparent position of the invisible real limb position, responding more when 

the rubber hand is oriented compatibly with the person's own hand (and thus 

proprioceptively aligned). A secondary hypothesis is that activity in anterior 

cingulate and anterior insula, which respond to pain-related visual 

information and are involved in the motivational-affective aspect of pain 

processing, will likewise increase for the sharp vs. the blunt probe. If these 

predictions are borne out, the results will provide the first neuroimaging 

evidence that regions supporting visuo-spatial representations of peripersonal 

space are capable of discriminating threatening stimuli near the hand. 
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Methods 

Participants 

Twenty-eight participants (9 males, 19 females) aged between 22 - 50 years 

(with a mean age of 29 years) gave fully informed written consent of their 

willingness to participate in this study, which had local ethics committee 

approval. Fourteen participants took part in Experiment 1 (rubber hand in a 

spatially congruent position with respect to the participant's own hand) and a 

further fourteen na'ive participants took part in Experiment 2 (rubber hand in a 

spatially incongruent position with respect to the participant's own hand). All 

participants were strongly right-handed as assessed by the Edinburgh 

Handedness Inventory (Oldfield, 1971), and in good health with no past 

history of psychiatric or neurological disease. Participants had normal or 

corrected-to-normal (with contact lenses) visual acuity and normal tactile 

sensation. 

Apparatus and materials 

A realistic-looking rubber (right) hand was placed on top of the participant' s 

own right hand (see Figure I). A piece of semi-circular plastic piping was 

placed in between the rubber hand and the participant's own hand to ensure 

that touching the rubber hand did not inadvertently tactually stimulate the 

person's real hand, and was covered with a cloth to enable continuity of the 

perception of the fake hand and arm extending and occupying the position of 

the participant's real hand and arm. A cotton bud (or Q-tip) and a syringe with 
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a cocktail stick (also called a ' toothpick') in place of the steel lancet were 

used as the innocuous tactile and painful tactile probes respectively. The 

cocktail stick caused a moderately painful pin-prick sensation when applied to 

the skin (as established on all participants prior to scanning) but does not 

contain metal and so can be used within the MRI environment. We were able 

to emulate the experience of a real syringe being applied to the skin by 

placing it in the plastic holder of a real syringe. 

Design and procedure 

Prior to scanning, all participants were exposed to the effect of the rubber 

hand by placing their own hand underneath the plastic tubing with the rubber 

hand on top (in the congruent position) and a blanket covering their arm to 

maintain the perception of the rubber hand as an extension of their own arm. 

We then began simultaneous stroking of the rubber hand and the participant's 

own hand until they reported such statements to suggest that they could feel 

as if the rubber hand was their own hand or that they could feel 'touch' on the 

rubber hand. This typically occurred after several seconds. We then stopped 

the procedure and showed the participants the cotton bud/Q-tip and modified 

syringe (with the cocktail stick in place instead of the steel lancet) and 

encouraged them to feel the tactile qualities of these two objects. All 

participants acknowledged the Q-tip as innocuous and the cocktail stick as 

moderately painful. 
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Stimuli were presented within a modified blocked design. At the start of 

each block, participants experienced 30 seconds of rest followed by 15 

seconds of simultaneous stroking of the rubber (right) hand and their own 

right hand, in a temporally synchronised and spatially compatible way. 

Specifically, both the rubber hand and the participant' s real hand were stroked 

by the experimenter (using their index finger) in a unidirectional way on the 

middle finger of the right hand starting at the fingernail and ending at the 

proximal interphalangeal joint (mid-way down the finger) at an approximate 

rate of lHz. In studies where only visual cues of the fake/rubber hand were 

available (i.e., no simultaneous touch occurred), participants failed to 

incorporate the fake hand into the body image (Fame et al, 2000; Pavani et al, 

2000). We reasoned that an investigation of the visuo-nociceptive response to 

threatening objects in peripersonal space would benefit from including this 

simultaneous touch condition. However, we do not have any formal 

subjective measures (i.e., via questionnaires) of whether participants 

experienced the 'rubber hand illusion' per seas this was not the focus of the 

current study. This manipulation also ensured that, in the absence of an 

explicit task, participants were aware of the rubber hand throughout the 7-

minute scan. After this time, either the cotton bud or the syringe was 

administered to the rubber hand for 15 seconds (the order of which was 

randomised between subjects), which the participants could see touching the 

rubber hand but not approaching the rubber hand given the confines of the 
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scanner. Three blocks of each condition (i.e., noxious touch and innocuous 

touch) were presented. 

All stimuli were delivered at a steady rate of lHz (practised outside of the 

scanner), the duration of the stimulation was timed by a clock on the wall of 

the scanner, visible to the experimenter but not to the participant inside the 

scanner. During the pre-scan set-up and during the experiment participants 

were instructed to look only at the rubber hand (which they saw indirectly 

through a mirror positioned in the head coil of the scanner). Although we did 

not formally track their eye-movements during the scan, we are confident 

participants were looking at the stimuli throughout this novel and stimulating 

experiment through post-scan interviews as to their subjective impression of 

the effect of having the rubber hand touched with the different stimuli. Their 

own (right) hand was hidden from view underneath the rubber hand 

throughout the experiment and participants were unable to see the 

experimenter touching their hand as the narrow bore of the magnet restricts 

the field of view of the participant such that he/she can see the rubber hand 

(placed over his/her own right hand) and the hands of the experimenter 

touching the rubber hand but not the body of the experimenter which is 

hidden from view at the side of the magnet. 

1n Experiment 1, the rubber hand was in an anatomically plausible 

(congruent) position with respect to the participant's real arm (Figure 1). In 

Experiment 2, the position of the rubber hand was rotated 180 degrees such 

that it faced towards the participant in what was deemed by all to be an 
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anatomically implausible (incongruent) position. This was the optimum 

position for the rubber hand given the narrow confines of the scanner. Data 

from Experiment 2 were collected in a different scanning session from that of 

Experiment 1 and in a different set of participants to eliminate any familiarity 

or priming effects. 

Scanning procedure 

MR data were acquired using a 1.5 T Signa LX/Nvi neuro-optimised system 

(General Electric, Milwaukee, WI). FMRI was performed with a blood 

oxygenation level-dependent (BOLD) sensitive T2• -weighted multislice 

gradient echo EPI sequence (TE= 40 ms, TR = 3 s, flip angle = 90°, FOY = 

190 mm, 64 x 64 matrix, inplane resolution 3 mm). 135 volumes were 

collected in a single EPI run. Twenty-four contiguous 5-mm thick axial slices 

were prescribed parallel to the AC-PC line and covered the whole brain. For 

the purpose of anatomical referencing and visualisation of brain activation, a 

high-resolution Ti-weighted 3D inversion recovery prepared gradient echo 

(IRp-GRASS) sequence was acquired (TE =5.4 ms, TR= 12.3 ms, TI = 450 

ms, 1.6-mm slice thickness, FOY = 200 mm, 256 x 192 matrix), with 124 

axial slices covering the whole brain (in-plane resolution 1 mm). 
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Figure 1.. Photograph of the experimental set-up. Inside the scanner, the 
rubber hand (representing a right hand) was placed above the participant's real 
right hand in either an anatomically plausible (experiment I) or implausible 
( experiment 2) position. A piece of semi-circular plastic tubing was placed 
between the participant's real hand and the rubber hand to prevent secondary 
contact of the participants hand during stimulation of the rubber hand. 

Data analysis was carried out using FEATS software (FMRI Expert 

Analysis Tool, Oxford Centre for Functional Magnetic Resonance Imaging 

Analysis of the Brain - FMRIB - University of Oxford), part of the FMRIB 

software library (FSL 3.2; www.fmrib.ox.ac.uk/fsl (Smith et al., 2004). The 

following pre-statistics processing was applied; Motion correction using 

MCFLIRT (Jenkinson & Smith, 2001); spatial smoothing using a Gaussian 

kernel of FWHM 5mm; mean-based intensity normalisation of all volumes by 

the same factor; non-linear highpass temporal filtering (Gaussian-weighted 

LSF straight line fitting, with cr = 60s). Statistical analysis was carried out 

using FILM (FMRIB's Improved Linear Model) with local autocorrelation 
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correction of the data (non-linear spatial smoothing and prewhitening (Smith 

& Brady, 1997; Woolrich, Ripley, Brady, & Smith, 2001). 

For each individual subject, we fitted a linear regression model (general 

linear model - GLM) to the data (first level analysis). Four covariates were 

analysed separately corresponding to the four experimental conditions: two 

covariates of interest; viewing the painful stimulus touching the rubber hand 

('View Pain' - VP) and viewing the innocuous stimulus touching the rubber 

hand ('View Neutral' - VN) and two covariates of no interest; simultaneous 

touching of the rubber hand and real hand prior to viewing the painful 

stimulus ('Pain Rub' - PR) and simultaneous touching of the rubber hand and 

real hand prior to viewing the innocuous stimulus ('Neutral Rub' - NR). In 

addition, linear contrasts were also defined within the GLM framework to 

identify areas in which the activity relating to the painful stimulus touching 

the rubber hand was greater than the activity to the innocuous stimulus 

touching the rubber hand [i.e., (VP-VN)], both when the hand was in the 

congruent position [i.e., Congruent (VP-VN)] and incongruent position [i.e., 

Incongruent (VPVN)]. 

Similarly, contrasts were defined to measure activity in voxels where 

activity to the innocuous stimulus was greater than the painful stimulus [i.e., 

(VN-VP)], both when the arm was in a spatially congruent and incongruent 

position. The results from this analysis were contrast estimates for each 

condition for each of the 28 subjects (contrast images). To accommodate 

inter-subject variability, the contrast images from all subjects were entered 
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into a mixed effects group analysis (a second level analysis also known as 

random effects) carried out using FEATS software (Beckmann, Jenkinson, & 

Smith, 2003; Woolrich, Behrens, Beckmann, Jenkinson, & Smith, 2004). Z 

(Gaussianised T/F) statistic images were thresholded using clusters 

determined by Gaussian Random Field Theory Resel-based Correction, which 

gives the probability of a cluster, given its spatial extent and z threshold, 

under the null hypothesis and is therefore less conservative than the Bonferoni 

correction (see Friston, Worsley, Frackowiak, Mazziotta, & Evans, 1992; 

Worsley, Evans, Marrett, & Neelin, 1992). Statistic images were thresholded 

using clusters determined by Z = 2.3 , P < 0.05 (corrected for multiple 

comparisons across the whole brain) and transformed into the stereotaxic 

space of the Montreal Neurological Institute (MNI) using FLIRT (FMRIB' s 

Linear Image Registration Tool; (Jenkinson et al., 2001 ). 

Results 

Analysis of main effects 

Viewing a painful tactile probe touching the rubber hand (representing a right 

hand) with the hand placed in an anatomically plausible (congruent) position 

(vs. rest) revealed significant activation across a number of parietal and 

prefrontal regions as predicted. Activation contralateral to the position of the 

stimulated rubber hand (i.e., covering the person' s own right hand) was seen 

in inferior parietal cortex (BA40), premotor cortex (BA6) and inferior frontal 

gyrus (BA44) as well as extrastriate cortex (BA 18) and right superior and 
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middle temporal gyri. Bilateral activation was seen across middle and 

superior frontal gyri (BA6/8) and anterior cingulate cortex (see Table I , 

Figure 2). Similar sites of activity were observed when viewing a painful 

tactile stimulus touching the rubber hand with the hand in a spatially 

incongruent position with respect to participants' own hands (vs. rest; see 

Table I, Figure 3). 

Contralateral activity was again observed in premotor and middle frontal 

gyrus (BA6/46), medial intraparietal sulcus and superior parietal lobe (BA 7), 

extrastriate cortex (BA 18/19) and anterior insula and posterior cingulate 

cortex (BA3 I). lpsilateral activation was seen within parietal operculum 

(BA40) and precentral sulcus with bilateral activation occurring within 

superior temporal and inferior frontal gyri (BA45/46) and anterior cingulate 

cortex. 

Viewing an innocuous tactile probe touching the rubber hand with the 

hand placed in an anatomically plausible (congruent) position (vs. rest) 

revealed contralateral activation of premotor cortex (BA6), superior parietal 

and temporal lobes and extrastriate visual cortex. Ipsilateral activation was 

seen in inferior and middle frontal gyrus (BA44), and bilateral activation in 

inferior parietal lobe (BA40; see Table 2, Figure 4). With the rubber hand in a 

spatially incongruent position with respect to participants' own right hand (vs. 

rest) significant activation was seen in the contralateral hemisphere in inferior 
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Figure 2. Activation map illustrating a significantly greater response to viewing I the painful 
tactile probe applied to the rubber hand when the hand was in I an anatomically plausible 
position (with respect to the participants ' real hand) I vs. rest (no stimulation). Maps were 
cluster-based thresholded at z < 2.3, P <0.05 (corrected for multiple comparisons) and are 
shown in axial sections I across the whole brain starting at the level of the brain stem (moving 
from left I to right across the page in 4-mm slices) in radiological convention (right side I of 
the brain on the left side of the picture). A = premotor cortex; B = superior parietal lobe; C = 
temporal-occipital cortex; D = inferior parietal lobe; E =cerebellum;F = anterior cingulate 
cortex. 

Figure 3. Activation map illustrating a significantly greater response to viewing the pain ful 
tactile probe applied to the rubber hand when the hand was in an anatomical ly implausible 
position (with respect to the participants' real hand) vs. rest (no stimulation). Maps were 
cluster-based thresholded at= < 2.3, P < 0.05 (corrected for multiple comparisons) and are 
shown in axial sections across the whole brain starting at the level of the brain stem (moving 
from left to right across the page in 4-mm slices) in radiological convention (right side of the 
brain on the left side of the picture). 

114 



Chapter IV: Aversive objects in peripersonal space 

Table 1. Activation in response to a painful tactile stimulus touching the rubber hand 
(representing a right hand) when the hand is in a spatially congruent and incongruent position 
with respect to the participant's own right hand (activations determined by clusters greater 
than z < 2.3, P < 0.05). MN! coordinate and peak z score of the maximum activating voxel in 
each cluster are shown. 

MN1 C'oarclinnte~ Maximum 
Ru.l!,ion (X,)",Z lll/11) z soo.ro R/L 

O:i:nzruenl Arm l'osilioa 
l'ramotor corwx (BA6) -54 2 34 5.70 L 
lnforior parietal. lobe (BA40) - 56 -28 26 5.48 L 
E.xlrastriate cortax (BA 18) - 44 -&) -2 5.44 L 
Mkklle lmnporal gyrus 56 -56 0 5.40 R 
Mid:lle frontu.l gyrus (RA618) 50 10 44 4.40 R 
Superior [ronwl _gynu (BA6) 2 12 60 4.1 8 R 
Mid:lle. fronlnl gyru.s (BA9) 58 18 32 4.11 R 
Inferior fronllll gyn1s (BA44) 44 18 24 3.99 R 
Superior temporal gyrus 48 24 -22 3 .Kl R 
Medial fro111lll gyrus {BA6) -4 0 58 3.45 L 
Anterior cin,£ulal.C cortex (llA32) 0 24 38 3.41 

lncoagrul!Dl Arm Position 
B.xtrn.<Lriala c(11tw: (BA 11!) - 42 -74 -6 6.54 L 
M:ooial in trnparietal su lcus -38 -48 52 5.?4 L 
1'11riatal opwcu.lum (13A40) 60 -xi 22 5.93 R 
Superior puri~lal ro.rt~x (BA7) - 22 - ('{) 62 5.82 L 
l'ramotor corlilX (BAtl) -50 0 30 5.28 L 
Micl:lle frontill gyros (BA6) - 26 -8 56 5.07 L 
Superior Lempoml gi,·rus -40 - 8 -6 4.00 L 

40 -2 - 14 4.85 R 
l'reccnLral sulcus 34 -2 50 4.86 R 
Inforior frontal gyms (BA45146) 48 28 l2 4.57 R 

- 40 32 4 4.28 L 
Anlwior cingula1£ oortex. (llA24) 2 -4 34 4.38 R 
Posllll'.inr cin,gulam _gyru.\ (DA'.ll) - 14 -32 34 4.17 L 
Anlwior insula -36 22 8 3.55 L 
Midlle froatul gyrus (BA46) -34 42 16 3.12 L 

frontal gyrus (BA44/45) and inferior and superior parietal lobes, extrastriate 

visual cortex (BA 18), temporal lobes including the hippocampus and 

parahippocampal gyrus whilst premotor cortex activated bilaterally extending 

into the precentral sulcus, sylvian fissure and inferior frontal gyrus (BA47; 

see Table 2, Figure 5). Ipsilateral activation was seen within middle frontal 

gyrus (BA6/9/10/11 ). 
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Table 2. Activation in response to an innocuous tactile stimulus touching the rubber hand 
(representing a right hand) when the hand is in a spatially congruent and incongruent position 
with respect to the participants own right hand (activations determined by clusters greater 
than z < 2.3, P < 0.05). MNI coordinate and peak z score of the maximum activating voxel in 
each cluster are shown with the laterality of response. 

MNI 0,--0!tlinu1is Maximum 
Region ,rs.z 11UN) , Sooro R/L 

Omgn1en1 Arm fusi1io11 
Ellr:ulritllll conex (RAIS) -46 - 76 -2 5.91 L 
Inferior pariclal lobe (ll.A40) - 5(5 -30 24 5.07 L 

(IS - 22 26 3.71 R 
Supcrior p11ric111l l~ba (JlA 7) - 32 - 56 54 5.02 L 
Prunmll'r COrlllX (BA6) - 50 2 36 4.87 L 
Mid:llo frontal gyrus (llA618/9) 4& 8 50 4.66 R 
Su pcrior Jcmporol n-rus - 54 8 2 4.17 L 
l nfurior fronllll IIYIUS (llA44) 58 16 32 3.93 R 

lncon~monl Ann PoKilion 
E.xtraslrinlc cortux (RA 18) - 42 -76 - 2 6.26 L 
lnfccior parietal lobo (RA40) - 6:J -26 28 5.74 L 
Superior porlo1nl .lobo (UA 7) - 28 -54 50 5.71 L 
l'rumolor carteA (llA6) - 54 2 34 5.13 L 

42 - 6 42 ).78 R 
l'rocmtrol rnlcu. -so 0 40 4.90 L 

40 0 42 3.96 R 
Sylvian lissuro -54 4 4 4.70 L 

40 - 4 - 8 3.67 R 
Mid;Jle frontal gynu (llA6) 36 - 4 48 4.33 R 
Inferior fronlal gyrus (8A44/4.5) -44 40 2 4.22 L 
Su pcrior le mpoml i,_yn11 - 40 - 12 -8 4.~ I. 
Mid;JI~ frontal gyrus (UA9/Hl.ll I) 32 (54 -s 3.94 R 
Hir:i:x>c.1mpu.s - 16 - 22 - JO 3.89 L. 
lnfcrior fro.nlnl ll)T U5 ( llA47) 26 32 - 18 3.!!J R 

-44 42 -4 3.41 I. 
Inferior tc mpoml JlYIUI - 34 -s - 28 3.67 L 
l'ambippocnm(Xll ~yrus - 24 -32 - JO 3.<51 L 

Contrast of main effects 

A contrast of the main effects revealed those regions which activated 

significantly more in response to a painful tactile probe touching the rubber 

hand vs. an innocuous tactile probe (and vice versa) either with the rubber 

hand in a spatially compatible (Experiment I) or incompatible (Experiment 2) 

position with respect to participants' own right hands. Viewing a painful vs. 

innocuous tactile stimulus touching the rubber hand with the hand in a 

spatially congruent position [i.e., Congruent (VP - VN)] revealed significant 

contralateral activation of superior and inferior parietal cortices, superior 
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Figure 4. Activation map illustrating a significantly greater response to viewing the 
innocuous tactile probe applied to the rubber hand when the hand was in an anatomically 
plausible posi tion (with respect to the participants' real hand) versus rest (no stimulation). 
Maps were cluster-based thresholded at z ,2.3, P < 0.05 (corrected for multiple comparisons) 
and are shown in axial sections across the whole brain starting at the level of the brain stem 
(moving from left to right across the page in 4 mm slices) in radiological convention (right 
side of the brain on the left side of the picture). A= Premotor cortex; B = Superior parietal 
lobe; C = Temporal-occipital cortex; D = Inferior parietal lobe; E= Cerebellum. 

Figure 5. Activation map illustrating a significantly greater response to viewing the 
innocuous tactile probe applied to the rubber hand when the hand was in an anatomically 
implausible position (with respect to the participants' real hand) versus rest (no stimulation). 
Maps were cluster-based thresholded at z < 2.3, P < 0.05 (corrected for multip le comparisons) 
and are shown (Figure 5 caption continued) in axial sections across the whole brain starting 
at the level of the brain stem (moving from left to right across the page in 4 mm slices) in 
rad iological convention (right side of the brain on the left side of the picture). A = Premotor 
cortex; B = Superior parietal lobe; C = Temporal-occipital cortex; D = Inferior parietal lobe; 
E = Cerebellum. 
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temporal gyrus and sulcus and fusiform gyrus (BA 19). Bilateral activation 

was observed in the VI lobe of the cerebellum,anterior cingulate cortex 

(BA24) and medial and superior frontal gyri (BA6) (Table 3; Figure 6). With 

the rubber hand in a spatially incongruent position with respect to 

participants ' own hands [i.e., [ncongruent (VP - VN)] significantly greater 

activation was seen in response to the painful tacti le stimulus vs. the 

innocuous stimulus ipsilaterally in right putamen, superior temporal gyrus and 

anterior insula (Table 3). 

At the cluster-based threshold tested (Z = 2.3, P < 0.05) no regions 

demonstrated significantly more activation to the innocuous tactile stimulus 

vs. the painful stimulus applied to the rubber hand in either a spatially 

congruent or incongruent position. 

Figure 6. Activation map illustrating a significantly greater response to viewing the painful 
tactile probe applied to the rubber hand when the hand was in an anatomically plausible 
position (with respect to the participants' real hand) versus the innocuous tactile probe. Maps 
were cluster-based thresholded at Z <2.3, P < 0.05 (corrected for mul tiple comparisons) and 
are shown in axial sections across the whole brain starting at the level of the brain stem 
(movi ng from left to right across the page in 4 mm slices) in radio logical convention right 
side of the brain on the left side of the picture). 
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Discussion 

The major outcome of the current study was that regions of the 

contralateral posterior parietal cortex (surrounding the intraparietal sulcus) 

discriminated between painful and non-painful stimulation of a rubber hand in 

participants' peripersonal hand space. Preferential activation in response to 

viewing the sharp (painful) stimulus compared to the blunt (non-painful) 

stimulus contacting the fingers of the rubber hand (in the absence of actual 

tactile input to the real hand and with the rubber hand in an anatomically 

plausible position) was seen in superior parietal (BA5/7) and inferior parietal 

(BA40) cortices. Other areas showing similar BOLD signal modulation 

included mid-cingulate and superior-medial frontal lobe, the cerebellum, and 

the fusiform and superior temporal gyri. On the basis of these results, we 

propose that the response of the posterior parietal cortex points to its role in 

the visuo-spatial encoding of noxious threats, operating alongside other 

motivational, proprioceptive, and movement-related areas in representing 

motivationally-significant aversive events. 

The posterior parietal cortex and noxious threat representation 

A primary function of posterior parietal cortex is the integration of 

visuospatial and somatosensory information to shape an appropriate motor 

response (for a recent account see Grefkes & Fink, 2005). In the monkey, the 

inferior and superior posterior parietal areas chiefly receive visual inputs from 

striate cortex, but are also the first regions along the dorsal visual stream to 

119 



Chapter IV: Aversive objects in peripersonal space 

integrate these retinally-derived signals with other sensory signals (such as 

somatosensory and proprioceptive afferents) to form a higher-order 

representation of visual space (Driver & Mattingley, 1998). Rizzolatti 

(Rizzolatti & Matelli, 2003) has proposed a separation of the dorsal stream 

parietal areas into two distinct 'sub-streams', ventral and dorsal. In particular, 

the ventral part of the dorsal stream is comprised of inferior parietal regions 

(PF and PG) and supports visual representations of space for the purposes of 

organizing action. These regions have also been associated with action 

intention (Andersen & Buneo, 2002) and are extensively connected with 

frontal premotor areas (Rizzolatti, Fogassi, & Gallese, 2002; Rizzolatti et al., 

2003; Shipp, Blanton, & Zeki, 1998). 

The inferior parietal area observed in our study is in the region of the 

human homologue of monkey areas PF and PG, which play just such a role in 

the organization of action with respect to objects in space. Although posterior 

parietal processing is mainly insulated from semantic information about 

objects from the ventral visual stream, studies of human neglect patients have 

indicated that inferior parietal cortex is itself involved in implicit visual 

awareness of objects in the context of movement planning (Marshall & 

Halligan, 1988; Rizzolatti & Berti, 1990). We therefore suggest a role for the 

inferior parietal area in the motivational response to threatening stimuli 

visually encoded in peripersonal space. 

Besides its role in integrating visual responses to objects in peripersonal 
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space, in humans, posterior parietal damage can alter pain sensation, 

sometimes resulting in hypoalgesia and asymbolia for pain (Berthier, 

Starkstein, & Leiguarda, 1988; Greenspan & Winfield, 1992). 

Microstimulation in an epilepsy patient has been observed to evoke a painful 

somatosensory aura (Salanova, Andermann, Rasmussen, Olivier, & Quesney, 

1995). So far, however, very little is known about the role of the human 

posterior parietal cortex in processing visual information about pain yet there 

is evidence that visuo-tactile receptive fields in monkey inferior parietal and 

intraparietal cortex are sensitive to both tactile and visual information about 

noxious stimuli (Dong et al., 1994). In these areas, the visual receptive field is 

bound to the space surrounding the tactile receptive field, e.g. the hand or 

face. In the macaque, one study showed that a proportion of cells in inferior 

parietal area PF fired both when skin on the face was stimulated with noxious 

heat, and when the monkey viewed a threatening stimulus coming towards or 

hovering near that part of the skin (Dong, Hayashi, Roberts, Fusco, & 

Chudler, 1996). Furthermore, the responses of these cells closely matched the 

behavioural response curves for a tolerance-escape task the monkeys 

performed. Similarly, cells in nearby ventral intraparietal area (VIP) have also 

shown specifically nocifensive properties. Microstimulation here has 

produced eye, lip, and arm movements comparable to those elicited by an 

aversive airpuff into the eyes (Cooke et al., 2003). 

A possible visuo-spatial network for motivational relevance 
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Here we postulate a possible network for the visuo-spatial encoding of 

aversive stimuli. The overarching feature of this network is the encoding of 

visuospatial information in body-part-centred terms, for the ultimate purpose 

of organizing effective action away from the aversive stimulus. The main 

functional components of this network are: 1) body-part-centred encoding of 

the space surrounding the hand (in our study, the interpretation of 'rubber 

hand space' as peripersonal hand space) 2) discriminating the motivational 

relevance of objects in that space (here, whether the probe was noxious or 

innocuous); and 3) elaborating the motivational-affective sensorimotor 

representation of the stimulus in terms of appropriate motor responses. 

The object in hand space becomes incorporated into the body schema in 

the sense that the space surrounding the rubber hand is interpreted as that 

surrounding the real hand. Under normal circumstances, proprioceptive and 

tactile input from one's real hand would be in register with the visual 

information about hand position. In this study, we highlighted the visual, not 

the tactile, component of the representation of hand space by using a rubber 

hand that occluded the real hand from view. Because vision often dominates 

touch in cases of multisensory spatial conflict it is very likely that objects 

within this surrogate hand space were interpreted by posterior parietal visual 

areas as being near the real, proprioceptively-sensed hand and thus processed 

in hand-centred terms. Studies in monkeys and humans have shown this 

peripersonal space around the hand to be dynamic, extending a virtual body 

envelope around not only the hand but also non-body objects within it, such 
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as tools (Maravita, Husain, Clarke, & Driver, 2001; Maravita, Spence, 

Kennett, & Driver, 2002; for an alternative view see Holmes, Calvert, & 

Spence, 2004), artificial limbs (Botvinick et al., 1998; Graziano, Cooke, & 

Taylor, 2000; Pavani et al., 2000), and even the adjacent tabletop (Armel et 

al., 2003). 

An element of this body-schema incorporation depends merely on there 

being an object within peripersonal hand space. The main effects (Tables 1 

and 2) revealed a contralateral parietal opercular cluster (BA40) and an 

ipsi lateral superior parietal area (BA 7) which did not differentiate between a 

hand that was oriented in an anatomically plausible way and one that was 

rotated 180 degrees. However, other pain-preferring posterior parietal areas 

were sensitive to the orientation of the hand. This is consistent with monkey 

studies in which individual neurons' responses to a plausible artificial limb 

decreased when the anatomical plausibility was violated or when the object 

did not resemble a hand (Graziano, 1999; Graziano et al., 2000). The parietal 

opercular area also showed a significant response to viewing the non-painful 

tactile stimulus, but both posterior parietal areas showed significantly higher 

responses to the painful as compared to the non-painful stimulus (Table 3). 

Another such posture-sensitive activation was seen in the cerebellum, 

which is, amongst other things, heavily implicated in position sense as well as 

in nociception (for a recent review see (Saab & Willis, 2003). Major afferents 

to the cerebellum come from inferior parietal cortex and cingulate gyrus. It 

also receives visual projections from two ventral-stream areas that 

123 



Chapter IV: Aversive objects in peripersonal space 

differentiated between painful and nonpainful stimuli: extrastriate area 19, 

and the suprasylvian fissure (Saab et al., 2003). 

According to Blakemore and colleagues (Blakemore, Frith, & Wolpert, 

2001), the cerebellum uses a forward model to compare the predicted 

consequences of an action to the actual result of an action and updates the 

prediction accordingly. In order to do this they suggest that activity in the 

cerebellum depends on the sensory-specific consequences of movement and 

signalling the sensory discrepancy between predicted and actual sensory 

feedback. For example, the cerebellum may be involved in signalling the 

discrepancy of seeing a painful probe touch the rubber hand, which the 

participant has incorporated into his/her own body representation, but not 

feeling any painful tactile sensation resulting from the probe touching the 

skin. 

Relationship with classical motivational-affective networks 

Beyond its initial visuo-spatial representation, the relevance of the object 

in hand space is evaluated in motivational terms. Our results suggest that 

posterior parietal regions are capable of discriminating between painful and 

non-painful stimuli. Other areas conventionally associated with the 

motivational and affective evaluation of aversive stimuli were also 

preferentially active to the painful stimulus. It is interesting that two of these, 

the putamen and right anterior insula, preferred the implausible orientation. 

The putamen and anterior insula have often been reported in neuroimaging 
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studies of pain (Binge!, Glascher, Wei lier, & Buchel, 2004; Bowsher, Brooks, 

& Enevoldson, 2004; Brooks, Nurrnikko, Bimson, Singh, & Roberts, 2002; 

Brooks, Zambreanu, Godinez, Craig, & Tracey, 2005) and the insula may 

have a unique role in empathy for pain (Decety & Jackson, 2004; Morrison et 

al, 2004; Singer et al, 2004). If the representation of aversive events in the 

anterior insula and putamen is not strictly bound to visuo-spatial and visuo­

tactile coherence, it may not be 'tricked' by seeing the rubber hand receiving 

noxious stimulation in this context. 

Alongside the posterior parietal areas, the anterior cingulate activations 

revealed by the contrast between painful and non-painful stimuli (Figure 6) 

are of particular interest. The anterior cingulate cortex focus seen in this study 

is well-positioned to correspond to cingulate motor zones (CMZs) as 

determined by human functional and cytoarchitectonic studies (Vogt, Berger, 

& Derbyshire, 2003; Vogt & Sikes, 2000). The CMZs receive dense 

projections from inferior parietal lobe in monkeys and humans (lsomura & 

Takada, 2004; Matelli, Luppino, & Rizzolatti, 1991 ; Strick, Oum, & Picard, 

1998). The nociceptive function of these mid-cingulate areas is well 

established (Sewards & Sewards, 2002; Vogt et al, 2000). The focus seen in 

this study was in a posterior mid-cingulate region that is thought to play a role 

in short-latency sensorimotor orienting to painful stimuli, perhaps utilizing 

spatial information from its parietal inputs (Vogt et al, 2003). In the monkey, 

CMAs send fibres to premotor and primary motor cortices, as well as having 

direct projections to dorsal horn motorneurons in the spinal cord (Isomura et 
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al, 2004; Matelli et al, 1991; Paus, 2002). The motor areas show moderate 

somatotopic organization for trunk and distal and proximal limbs, and 

representations of cutaneous as well as skeletal muscles have been observed 

here in the macaque (Akazawa et al, 2000). 

CMZs in posterior mid-cingulate are considerably more interconnected 

with rostral mid-cingulate regions, which also fall within the cluster 

significantly activated for the painful stimulus. Whereas CMZs have 

predominantly premotor properties, these nearby mid-cingulate areas are also 

associated with the motivational-affective dimension of pain processing 

(Price, 2000; Rainville, Duncan, Price, Carrier, & Bushnell, 1997; Sewards et 

al, 2002) and response selection (Hoshi, Sawamura, & Tanji, 2005; Isomura 

et al, 2004). In that context their role is tied to the ability to link events with 

outcomes, allowing the prediction and avoidance of noxious stimuli. Both 

CMZs and adjacent rostral mid-cingulate are characterized by dense fast 

excitatory (NMDA) and inhibitory (AMP A) receptor types (Bozkurt et al, 

2005). It is therefore possible that the activity observed in the BOLD signal 

change in this region is due to the facilitation of an appropriate response to a 

threat in hand space, but by the same token it may reflect inhibition related to 

sensorimotor response potentiation. 

In summary, we propose that posterior parietal areas play a role in 

immediate, reactive nocifensive responses. These responses are tied to 

specific effectors and are coded in an egocentric spatial reference frame. Via 

direct cortical connections they provide initial information to cingulate motor 
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and frontal premotor areas about the relevance of the stimulus. The mid­

cingulate in particular may be involved in elaborating the representation of 

stimulus valence and is involved in more flexible motor response selection, 

learning, and regulation. Both mid-cingulate and prefrontal regions use 

contextual information and past experience to produce appropriate responses 

(Hadland, Rushworth, Gaffan, & Passingham, 2003; MacDonald, III, Cohen, 

Stenger, & Carter, 2000; Matsumoto, Suzuki, & Tanaka, 2003). The 

representation of pain in these areas is more flexible in the sense that they 

support a 'generative' (Haggard, 2001) representation of the noxious stimulus; 

that is, they incorporate factors such as current task constraints, motivational 

values, and past experience to produce behavioural outcomes that are not 

predictable from the nature of the stimulus alone. This representation is 

predictive, labile, and probably less immediately dependent on specific 

effectors or spatial information (Mesulam, 1999). 

The role of premolar cortex 

Contrary to our initial hypothesis premotor cortex did not significantly 

change its response to viewing a painful tactile stimulus touching the rubber 

hand despite the fact that this region was activated consistently in all 

conditions (see Tables 1 and 2 of main effects). Posterior parietal and frontal 

premotor areas of the primate brain share dense inter-projections forming 

well-studied functional circuits for the planning and control of action (e.g. 

Rizzolatti & Luppino, 2001 ). Despite several methodological differences, 
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there is good correspondence between the sites of premotor cortex activation 

in the current study and those found by Ehrsson et al., (Ehrsson et al, 2004). 

Ehrsson and colleagues used fMRI to explore the neural correlates of the 

rubber hand illusion with respect to the subjective sensation of limb 

ownership. The illusion was associated with activation along the left inferior 

precentral sulcus (BA44/6), the posterior bank of which corresponds to 

ventral premotor area 6 and the anterior bank to the posterior part of area 44. 

When the rubber hand was both plausibly oriented and synchronously 

stroked, the response in premotor cortex was superadditive, and correlated 

positively with subjective ratings about the strength of the illusion. 

This region is well suited to the multisensory representation of one's own 

body as it is anatomically connected to visual and somatosensory areas in the 

posterior parietal cortex and to frontal motor areas (Rizzolatti et al, 1998). 

Cells in the parietal and premotor cortex have been shown to represent both 

the seen and felt position of the hand in both humans and non-human 

primates, discharging when the hand is touched or when a visual stimulus is 

presented near the hand (Lloyd et al,2003) (for a recent review see (Graziano 

et al, 2004). However, despite its sensitivity to multisensory proprioceptive 

and tactile input, we did not see any evidence for a differential response to 

painful and non-painful tactile probes touching the rubber hand using fMRI. 

However, the population response of cells in this region may have been too 

small to detect with fMRI and it would be premature to say that the premotor 
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cortex does not directly encode the biological relevance of stimuli touching or 

approaching the hand. 

Conclusions 

This study provides the first neuroimaging evidence of a role for human 

posterior parietal cortex in the visuo-spatial coding of the motivational 

relevance of events in hand space. We observed a significant increase in 

activation in this region in response to viewing painful (vs. innocuous) 

stimulation of the rubber hand (when in an anatomically plausible position) in 

the absence of tactile stimulation of the real hand. This is consistent with 

primate research which has shown similar preferential spatial encoding of 

noxious stimuli in posterior parietal areas, suggesting that homologous 

regions in the human brain may share similar functions in this regard. In our 

study, however, premotor areas associated with the subjective feeling of limb 

ownership did not discriminate between painful and non-painful stimuli. 

These results provide compelling hints of an integrative network supporting 

visuo-spatial and sensorimotor aspects of aversive events in the primate brain, 

which future research can explore. 
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CHAPTER V1
: 

RESPONSE-SPECIFIC EFFECTS 

OF PAIN OBSERVATION ON 

MOTOR BEHAVIOR 

"Now someone tells me that he knows what pain is only from his own 
case!" 

- Ludwig Wittgenstein, Philosophical Investigations, section 293 
(2nd Ed., Blackwell, 1958) 

1 A version of this chapter is currently in press at Cognition as Morrison, I., Poliakoff, E., 
Gordon, L., and Downing, P.E., Response-specific effects of pain observation on motor 
behavior. 
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Abstract 

How does seeing a painful event happening to someone else 

influence the observer's own motor system? To address this question, we 

measured simple reaction times following videos showing noxious or 

innocuous implements contacting corporeal or noncorporeal objects. Key 

releases in a go/nogo task were speeded, and key presses slowed, after 

subjects saw a video of a needle pricking a fingertip. No such effect was 

seen when the observed hand was replaced by a sponge, nor when the 

needle was replaced by a cotton bud. These findings demonstrate that pain 

observation modulates the motor system by speeding withdrawal 

movements and slowing approach movements of the finger. This 

illustrates a basic mechanism by which visual information about pain is 

used to facilitate appropriate behavioral responses. 
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Introduction 

We wince when a doctor's needle breaks the skin, and even the mere 

prospect of a needle thrust into one's flesh is enough to make many people 

cringe. Evidence from clinical and experimental research indicates that 

experiencing pain indeed influences the motor system, at levels ranging 

from reflex action in the spinal cord to modulation in pain-related areas of 

neocortex. Motor responses to pain are thought to serve a protective 

function, whether it is to withdraw from an immediately offensive noxious 

stimulus or to restrict the movement of an injured body part (Farina, 

Tinazzi, Le Pera., & Valeriani, 2003; Le Pera, Graven-Nielsen, Valeriani, 

Oliviero, Di Lazzaro, Tonali, & Arendt-Nielsen, 2001; Millan, 2002). 

But what happens to our motor system when we see a doctor 

brandishing a needle at someone else? It is possible that pain observation, 

like pain itself, modulates motor behavior. These effects may even 

specifically enable appropriate movements, for example the readiness to 

withdraw the hand or to avoid touching an object. Such an influence of 

pain observation on motor responses would suggest that our representation 

of others' pain is at least partly motoric. It would also support a 

perspective in which vicarious pain responses carry "selfish" heuristic 

advantages: motor representations accompanying pain observation could 

affect the observer's responses to potentially harmful situations (A venanti, 

et al, 2005; Morrison, in press). 

Despite accumulating evidence that experienced painful stimuli 

influence cortical motor systems, the nature of a similar influence during 

pain observation is currently unclear. Some research shows that pain 
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observation inhibits hand muscles via the cortical motor system (A venanti 

et al, 2005). This is proposed to reflect diminished cortical-level 

excitatory interference in favor of spinal reflexes (Valeriani et al, 2001 ), 

possibly by massively "switching off' motoneuron pools in the affected 

limb in order to reduce the range of potential motor responses (Leis, 

Stokic, Fuhr, Kofler, Kronenberg, Wissel, Glocker, Seifert, & Stetkarova, 

2000). Another proposition is that motor readiness is facilitated by pain 

observation. Some evidence supporting this perspective comes from 

research showing that experiencing pain can reduce withdrawal reflex 

latencies via mechanisms of descending facilitation (Calejesan, Kim, & 

Zhuo, 2000), originating in cortical areas such as the anterior cingulate 

cortex which also utilize pain-related visual cues in a context-dependent 

manner (e.g. Tang, Ko, Ding, Qiu, Calejesan, & Zhuo, 2005). A third 

possibility is that pain observation gives rise to complex patterns of 

facilitation and inhibition that vary according to the situation. Indeed, thus 

far research across species and methods has failed to demonstrate an 

invariant relationship between noxious stimulation and facilitation or 

inhibition of nociceptive or skeletomotor responses (Millan, 2002). 

One approach to clarifying this in the case of pain observation is to 

measure the effect of pain observation on reaction times. No study to date 

has required participants to make overt movements following pain 

observation. In this experiment, we used a go/nogo reaction-time 

paradigm to explore how visual pain-related information contributes to the 

execution of motor responses at the behavioral level (Fig. 1). Reaction 

times were recorded after an interval (ISi) of 100 or 500 ms, following 1-
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second video clips depicting needles pricking fingertips. Control clips 

depicted fingertips being touched by innocuous cotton buds, or sponges 

being touched with either needles or cotton buds. Button presses 

(approach movements) were compared to button releases (withdrawal 

movements; Wentura, Rothermund, & Bak, 2000). We predicted that pain 

observation would not only influence reaction times, but would do so in a 

context-specific manner. That is, reaction times should decrease for 

withdrawal movements relative to approach movements, in response to 

viewing noxious compared to innocuous stimuli. This would support the 

hypothesis that pain observation influences the motor system in a 

response-specific manner. 

a 

• 
■ 

b 

Figure 1. Stimuli and trials. a) Clockwise from top left: example still frames from hand 
and needle video; hand and cotton bud; sponge and cotton bud; sponge and needle. b) 
Sequence of events in trial: 1000 ms video clip depicting one of four target-implement 
combinations, I 00 or 500 ms IS!, signal indicating go or nogo response, and participant's 
response by either pressing or releasing a button. 
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Methods 

Participants 

Twenty-four right-handed female undergraduate volunteers (mean age 19) 

from the University of Manchester (N=l 7) and University of Wales 

Bangor (N=7), with normal or corrected-to-normal vision, participated in 

this study. Female students were recruited in order to reduce well­

established gender variability that exists among pain, empathy, and fear 

measures. One subject's data were excluded due to exceeding a limit of 

20% errors. 

Materials 

There were 20 different hand movie clips, 10 of which depicted 

hypodermic needles pricking the fingertips and 10 in which the lancet was 

replaced by a cotton bud (see Fig. 1 ). The perspective on the hand, the 

implement's angle of approach, and the finger stimulated (index, middle, 

ring, pinky) were varied. In each clip the participants' view of the hand 

was allocentric, i.e. as if it were another person's hand, at angles from +90° 

to -90° relative to the viewer's position. The 20 sponge clips (10 needle, 

IO cotton bud) similarly varied the angle at which the sponge was seen. 

The moment of contact between the implement and the target came at 

approximately 600 ms into each I-second clip. Stimuli were presented 

using Presentation 9.10® software on a 43-cm PC screen at a viewing 

distance of 61 cm. 
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Design 

The experiment was a 2x2x2x2 factorial within-subjects design. The four 

factors were: a) target (hand or sponge), b) implement (noxious or 

innocuous), c) interstimulus interval (100 or 500 ms), and d) response type 

(press or release). 

Procedure 

During each trial, subjects saw a I -second video depicting either a hand 

or a sponge, which was shown being either punctured by a needle or 

touched by a cotton bud (see Fig. 1). After each video, participants 

fixated centrally for either 1 00ms or 500ms awaiting a go or nogo signal 

(a blue square for go, an orange square for nogo). Participants were 

instructed to alternate between press and release responses from go trial to 

go trial (eg, if they had pressed the button in the previous go trial they left 

it pressed down and then released it to respond in the next go trial). 

The percentage of go trials was 80% (320/400 trials). There were eight 

blocks, each consisting of 50 trials. The conditions were presented in 

pseudorandom order within blocks and counterbalanced across blocks to 

ensure equal representation of each stimulus type among go and nogo 

trials. 

Prior to testing, each participant also completed Balanced Emotional 

Empathy Score questionnaire (BEES; Mehrabian & Epstein, 1972). An 

example question is: "I get a strong urge to help when I see someone in 

distress." 
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Results 

Mean errors did not exceed 3% in any of the eight conditions. The mean 

correct response times were submitted to a 2x2x2x2 repeated measures 

ANOV A with four within-subject factors: target, implement, ISI, and 

response type. There was a significant four-way interaction among these 

factors, F (1 ,23) = 6.3, p = .02 (Fig. 2). 

100mshand f' 
600 ~---- ------==--

500 ms hand f' 
100 ~-- ------ --==--

1560 - - ~~-------- 650 - -----------

! 000 1----,t~·=·=· =· =· ·=·=·=· =· ·=·=·r+ __ ..... press .[ 500 1---------- ---
lr I 

T T • ♦ · release Ii: 
~o ,__ ________ __ _ 

400 ~---- ------- ,oo ~-- --- ---- - -
needle cotton bud needle cotton bud 

' I • 

100 ms sponge • 600 ms sponge • 

600 ,--- ---------- ,oo ,------------ -

550 1-----if----- --+- --

! 
500 

1---~ t ·=· =· =· ·=·=·=· =· =· ·:::,·,,.·1._ __ ---press 
1- • ♦·release 
a: 

550 t---- --- ----- -

''° ,__ __________ _ 
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,oo ...._ __________ _ 
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cotton bud needle cotton bud 

' I • 

Figure 2. Mean reaction times across ISi ( 100 or 500 ms), target (hand or sponge), 
implement (needle or cotton bud), and response (press or release). A significant main 
effect ofresponse driven by generally faster presses was present in all conditions, except 
when needles punctured a fingertip at 500 ms (upper right panel). Here, responses 
following pain observation resulted in an interaction between implement and response for 
hands, F(l ,23) = 7.84,p = .O J. In the 500 ms hand conditions only, releases were faster 
for needles and slower for cotton buds, with presses showing the opposite pattern (see 
Results). 
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To investigate this interaction further, three-way ANOV As were 

performed for the 100 and 500 ms ISI conditions separately. These 

analyses revealed a significant three-way interaction in the 500 ms 

conditions (F (1 ,23) = 5.14, p = 0.033), but not in the 100 ms conditions 

(F (1 ,23) = 1.46, p = 0.23), in which there was only a significant main 

effect ofresponse type (press or release), F (1 ,23) = 12.19, p = .002. Two 

separate two-way ANOV As were then carried out for each target type 

(hand or sponge) at 500 ms ISI (see Fig. 2). In both analyses, there was a 

significant main effect of response type (press or release), all Fs (1,23) > 

10.15, all ps < 0.004, with press responses overall faster than release 

responses. However, the only significant two-way interaction between 

implement and response was found in the hand condition at 500 ms ISI, 

F(l,23) = 7.84, p = 0.01. There was no corresponding significant two-way 

interaction in the sponge condition, F (l ,23) = 1.101, p = 0.305. The 

interaction between implement and response for hands at 500 ms reflects 

the fact that the RT advantage for presses over releases found in all other 

conditions was absent when a needle was seen contacting a hand at 500 

ms ISi, t(23) = -0.156, p = 0.87. This effect was driven by a significant 

speeding ofreleases (t (23) = -2.26, p = 0.034, mean effect 31.5 ms) and a 

significant slowing of presses (t (23) = 2.52, p = 0.019, mean effect 27.7 

ms), for needles relative to cotton buds. 

To test for an effect of viewed finger compatibility in the critical 500 

ms needle and hand conditions, response times for trials in which the 

stimulated finger in the video was the same as, or different from, the 

response finger (index) were submitted to a three-way ANOV A with 
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finger, implement, and response as factors. The viewed finger did not 

interact with the response and implement factors, F(l,23) = 0.093, p = 

0.763, suggesting the effect of observing a needle piercing a finger is not 

specific to actions made with the same finger. 

A reaction time measure of participants' readiness to press the button in 

the critical 500 ms needle and hand conditions was calculated as the 

difference between presses and releases. This measure showed a 

significant positive correlation with scores on the BEES empathy 

questionnaire (Mehrabian & Epstein, 1972), r = 0.43, p = 0.03, two-tailed. 

This correlation was not seen in the other conditions (all ps > 0.05). 

Discussion 

This experiment demonstrates a specific influence of pain observation 

on overt motor responses. After viewing a video in which a needle pricked 

a finger, participants' withdrawal movements were speeded and approach 

movements were slowed. However, this interaction between implement 

and response was only seen when the target of the needle was a hand, and 

not a non-body object (sponge). It was also seen only after a 500 ms 

interstimulus delay, but not after a shorter delay of 100 ms. In all other 

conditions, the press response was faster than the release response (Fig. 2). 

These results suggest that visual social information about potential injury 

influences situation-appropriate behavioral responses. 

The outcome of this study raises several intriguing questions about the 

nature of pain observation's influence on the motor system, and its 

implications for social cognition. First, are such responses immediate and 

automatic, or are they more likely to be context-dependent and mediated 
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by other cognitive factors? Second, are there generalizations that can be 

made about whether pain observation facilitates or inhibits the motor 

system? Finally, could there be a relationship between the motor effects 

seen here and empathy? 

The sensitivity of reaction time patterns to the presence of a body part 

and to whether the required movement brought the finger towards or away 

from the visual stimulus suggests some degree of context-dependence in 

the processing of the response. This is consistent with an ecological 

interpretation in which the sight of a sharp implement interacting with a 

hand could present the observer with information about the potentially 

harmful outcome of touching the noxious object. This may involve 

facilitation of motor responses that would be appropriate for avoiding or 

withdrawing from the object. In this sense, observation of others' injury 

may bear a similarity to action affordances, in which the visual features of 

a perceived object (for example, a mug with its handle turned towards the 

subject) facilitate specific, compatible motor acts (for example, grasping 

the handle; Tucker & Ellis, 1998; Phillips & Ward, 2002). By the same 

token, pain observation may elicit "aversive affordances", visuomotor 

mappings that could play an important role in the guidance of behavior 

(see also De Houwer, Crombez, Baeyens, & Hermans, 2001). 

The lack of an interaction in the 100 ms ISi conditions raises the 

question of whether any such affordance-like visuomotor mappings would 

occur as an immediate, direct route for action during pain observation, or 

whether other time- or task-dependent factors can influence the response. 

The present experiment cannot address this directly, because the video 
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clips were task-irrelevant and reaction times were measured only with 

respect to the go signal. It is possible, though, that any initial response 

may be suppressed, attenuated, or even elaborated by top-down processes 

that depend on task factors and the length of the interval by which the 

video clip is followed by the go signal. Comparable timecourse effects 

have been observed for action affordances (see Phillips & Ward, 2002). 

Yet regardless of the temporal development of the underlying 

processing, would pain observation always be expected to facilitate 

movement? Recent TMS studies have shown that pain observation 

selectively inhibits the relevant muscles of the hand (Avenanti et al, 2005, 

Avenanti et al, in press). After watching a needle inserted deep into either 

a hand's first dorsal interosseus muscle (between index finger and thumb) 

or abductor digiti minimi muscle (on the side of the hand adjacent to the 

little finger), significant motor evoked potential (MEP) amplitude 

decreases were specific not only for the body part observed but for the 

particular muscle observed, compared to a non-body object (tomato) or an 

innocuous cotton bud control. In both direction and magnitude, the 

decrease in MEP amplitude during pain observation resembles the 

response to directly-experienced painful stimuli (Farina et al, 2003; Le 

Pera et al, 2001). This widely-observed MEP decrease has been 

interpreted as indicative of motor cortex inhibition of the distal muscles, 

possibly reflecting a freezing response. 

Whereas studies using MEP measures with TMS show motor cortex 

inhibition during pain and pain observation, our behavioral study shows 

that approach-type button presses and withdrawal-type button releases are 
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differentially affected rather than being uniformly inhibited. This 

underscores the potential importance of context and task requirements on 

such responses. Unlike the TMS study discussed above and those in 

which pain is directly experienced on the hand, the experiment described 

here explicitly required motor responses and the stimuli were viewed in 

the context of producing a finger movement. In these circumstances 

inhibitory and facilitory influences of pain observation may be tailored to 

particular responses. 

This is consistent with findings showing that complex interactions 

between arm and hand muscles can be instigated by cortical motor 

systems during pain itself (Urban, Solinski, Best, Rolke, Hopf, & 

Dieterich, 2004), and that distal motor responses to pain are under 

constant influence of descending mechanisms of facilitation and inhibition 

(Millan, 2002). Such considerations notwithstanding, both the behavioral 

and TMS results can be interpreted in terms of a broad 

defensive/protective role of motor responses to real or potential pain. For 

example, in the presence of actual or potential pain in distal effectors such 

as the hand, an interruption of prehension would be adaptive (Farina et al, 

2003). 

The response-specific effect of pain observation on overt movements 

helps to delineate further related hypotheses about aspects of the 

processing underlying the perception-response link. In particular, this 

finding now paves the way for exploring levels of goal, effector, and fine 

somatotopic specificity. For example, at what level is the perception­

response link encoded? The overt movement may be influenced more by 
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the "goal" of avoiding the visual stimulus location regardless of effector 

used (eg foot or hand) or finger position (eg moving the finger away vs 

towards it). Alternatively, it may be the case that pain observation is 

effector-specific, or consistently "freezes" only the extensor muscles, even 

in circumstances where flexion would be more appropriate to avoid the 

stimulus. 

Taken together, the differentiation between press and release responses 

shown in the present study, alongside the muscle specificity in that of 

Avenanti et al, implies that the influence of pain observation on motor 

processing is more complex than an unmediated, muscle-general retraction 

reflex. For overt responses, though, the degree of refinement of any 

somatotopic mapping awaits further investigation. Press and release 

responses in this study were made with the index finger, while the videos 

featured stimulation to a variety of fingers. However, we found no 

interaction between the finger viewed (index or other) and the factors of 

implement (needle or cotton bud) and response (press or release). An 

experimental design explicitly designed to address the behavioral impact 

of observing specific effectors or fingers being painfully stimulated (for 

example, in an interference paradigm) may effectively capture any 

somatotopic effects in pain observation. 

The response-specific effects of pain observation could reflect the 

motoric output of a process evaluating the motivational significance of the 

stimulus. These results are not sufficient to establish any relationships of 

antecedence between affective-evaluative and motor processes. Yet they 

do indicate that such affective-motor processing may not be limited to 
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circumstances in which the observer could be harmed directly. Visual 

information about potential harm to others may also be sufficient to 

modulate appropriate motor responses on the part of the observer. 

This could be interpreted as a basic mechanism contributing to an 

ability to empathize. Recent neuroimaging research has suggested that 

some of the same brain areas underlying motivational-affective 

components of pain processing are also active during pain observation 

(Morrison et al, 2004; Singer, et al, 2004; Jackson, et al, 2005; Lloyd et 

al, 2006; Chapter IV). These include medial areas associated with motor 

response preparation, notably dorsal anterior and midcingulate cortices 

and adjacent supplementary and pre-supplementary motor areas. It is 

possible that empathy relies in an important way on mechanisms that 

couple affective visual information with appropriate behavioral output, 

either covertly or overtly. Indeed, the positive correlation between 

reaction times (press-release differences for needles and hands at 500 ms) 

and scores on the BEES empathy questionnaire supports this possibility. 

However, we wish to make a distinction between pain empathy and 

pain recognition. We regard pain empathy as a compassionate affective 

state which the observer experiences on behalf of the sufferer, and which 

may result in prosocial actions. The results of the present study do not 

address this subjective feeling of empathy. Rather, we believe that the 

influence of pain observation on motor responses seen here reflects pain 

recognition, a basic appraisal of the pain-related nature of the sufferer's 

situation. Although pain recognition may be necessary for empathy, it is 

not sufficient for it, and may occur independently of empathy in day-to-

144 



Chapter V: Response-specific effects of pain observation on behavior 

day contexts. Nevertheless, pain recognition may involve affective 

evaluation and motor response modulation, as our results suggest (see also 

Gallese, 2003, and Preston & de Waal, 2002, for related neuroscientific 

and ethological perspectives on empathy). 

In conclusion, this experiment demonstrates for the first time that pain 

observation influences behavior in a response-specific manner. By using 

reaction times as a measure of readiness to press or release a button, this 

study adds to evidence that pain observation, like pain itself, affects motor 

processing. So although the doctor's needle sinks into someone else's arm, 

not yours, modulation of your motor system by pain-relevant visual 

information could contribute to the way you evaluate the risk of potential 

harm in that situation- perhaps influencing your own behavioral response 

to the object. 
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CHAPTER VI1
: 

SEEING OTHERS' PAIN 

MODULATES MOTOR 

PROCESSING IN CINGULATE 

CORTEX 

" ... may pain and pleasure, success and failure, shift as they will­
It's only action that can make a man." 

- Goethe, Faust, Part I, chapter iv (Faust's Study- "The Contract") 
translated by Randall Jarrell 

1 This chapter is a draft of a manuscript currently in preparation: Morrison I., Peel en, 
M.V., and Downing, P.E., The sight of others' pain modulates motor processing in human 
cingulate cortex. 
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Abstract 

Neuroimaging evidence has shown that dorsal anterior cingulate and 

midcingulate areas respond to both felt and seen pain. These regions are 

involved in preparing context-appropriate motor responses to painful 

situations, but it is unclear whether the same holds for observed pain. 

Participants in this fMRI study viewed short animations depicting contact 

between a noxious implement (eg sharp knives, hammers) or an innocuous 

implement (eg butter knives, wooden spoons) and a hand. Participants 

were required to execute or suppress button-press responses depending on 

whether the implements hit or missed the other person's hand. The 

combination of the implement's noxiousness and whether it contacted the 

hand strongly affected reaction times, with the fastest responses to 

noxious-hit trials. BOLD signal changes mirrored this behavioral 

interaction with increased activation during noxious-hit trials in 

midcingulate, dorsal anterior, and dorsal posterior cingulate regions. The 

potentially harmful content of noxious-hit animations influenced 

hemodynamic responses in these regions despite its task-irrelevance and 

the fact that participants did not themselves stand to experience pain 

during the experiment. Crucially, the activations also depended on 

whether the subject made an overt motor response to the event, linking 

these cingulate regions' role in pain observation to their role in motor 

processing. 
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Introduction 

When we see someone cut their finger, bump their knee against a coffee 

table, or get their hand caught in a closing door, we often flinch as if we 

ourselves were reacting to the pain. Shared neural processes between 

feeling and seeing pain may underlie our ability to empathize with others' 

distress. Cognitive neuroscience has recently begun to explore empirical 

and theoretical aspects of this possibility (Preston & de Waal, 2002; 

Gallese, 2003; Decety & Jackson, 2004, Avenanti et al, 2005, 2006; Blair, 

2005; Lawrence, 2006; Singer & de Vignemont, in press; Lamm, Batson, 

& Decety, in press). In particular, neuroimaging investigations have 

shown that pain-related motivational-affective regions, notably the 

anterior and mid-cingulate cortex (ACC and MCC) and anterior insula, are 

activated by pain observation (Morrison et al, 2004; Singer et al, 2004; 

Jackson et al, 2005 2006; Botvinick et al, 2005; Saarela et al, in press, 

Lamm et al, in press). This research suggests that areas coding the 

unpleasant aspects of pain might also contribute to a "secondhand" 

understanding of others' pain. 

However, the precise functional role of these areas during pain 

observation remains unclear. The implicated areas include medial frontal 

regions such as the MCC and supplementary and pre-supplementary motor 

areas (SMA and pre-SMA), which are of especial interest not only 

because they are involved in the processing of acute pain ( eg, Peyron 

2000), but also because of their established roles in premotor processing 

and the selection and organization of movements (Matelli et al, 1991 ; 

Rushworth et al, 2004; Russo et al, 1998; Morecraft & van Hoesen, 1997). 
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Since skeletomotor movement representation is a crucial component of the 

motivational-affective representation of pain itself (Seward & Seward 

2002; Vogt et al, 2003; Ruehle, Handwerker, Lennerz, Ringler, & Forster, 

2006), it may also be central to pain observation. An intriguing possibility 

is that these medial areas may contribute to the recognition of others' 

distress partly through engaging appropriate movements of aversion 

during pain observation (Morrison et al 2004; Morrison, in press, 

Morrison et al, in press; Amodio & Frith, 2006). 

The premotor properties of midcingulate areas, then, may be quite 

crucial in this regard for several reasons. First, the neural mechanisms 

underlying pain recognition may be functionally similar to those 

supporting action recognition in lateral premotor areas, with observation 

eliciting "mirror" responses in regions of the brain closely co-localized 

and functionally-allied with those involved in first-person action 

representation (Rizzolatti et al, 1996; Hutchison et al, 1999; Gallese et al, 

2004). It has been proposed that pain recognition and empathy similarly 

rely on such other-to-self translations in the emotional or motivational­

affective dimension of pain processing (Gallese, 2003; Morrison et al, 

2004; Singer et al, 2004). Second, in everyday life, we are able to 

recognize others' injuries as being of a painful nature, even if our 

emotional reaction is minimal or nonexistent. This implies that 

mechanisms exist which support recognition of others' pain without 

necessarily instigating a full-blown compassionate response. Such 

mechanisms may predict the probable aversive consequences to the 
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observed event in a manner comparable to mirror-system involvement in 

predicting action outcomes. 

Midcingulate areas therefore provide the focus of this fMRI study not 

only because they are involved in the motivational-affective dimension of 

pain and pain observation, but also because they have been characterized 

as medial premotor areas on the basis of functional and anatomical criteria 

in human and nonhuman primates (Matelli eta/, 1991; Koski & Paus, 

2000). This region contains the cingulate motor zones (Paus et al, 1993; 

Picard & Strick, 1996) which have reciprocal connections with one 

another as well as with other premotor areas. It also has direct and indirect 

outputs to primary motor areas and to the spinal cord (Morecraft & van 

Hoesen, 1997). The midcingulate responds to noxious stimulation of the 

skin and muscle (Akazawa et al, 2000). It has also been associated with 

skeletomuscular movements of aversion, with intracortical 

microstimulation producing distal and proximal limb movements (Isomura 

& Takada, 2004). 

That pain observation systematically influences motor processing is 

suggested by evidence from motor-evoked potential (MEP) and behavioral 

studies. The stimuli used in these studies involved noxious implements 

hitting another person's hand, so the motor-specific responses seen in them 

are also associated with the convergence of noxiousness and contact. 

A venanti et al demonstrated effector-specific, muscle-specific (Avenanti 

et al, 2005) and intensity-dependent (Avenanti et al, in press) MEP 

amplitude decreases in cortical motor excitablity, resembling the effects of 

directly-experienced pain on MEP measures (Farina et al, 2003; Le Pera et 
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al, 2001 ). Similarly, behavioral data show a specific influence of pain 

observation on overt motor responses (Morrison et al, in press; chapter V). 

Following task-irrelevant videos in which a needle pierced a finger, 

participants' withdrawal-type key-release movements were speeded and 

approach-type key-press movements were slowed, after an interval in a 

go-nogo task. Taken together, this evidence indicates that visual 

information about another person's potential injury influences one's own 

situation-appropriate overt behavioral responses in a movement-specific 

manner, and motor cortex excitablity in a somatotopically-organized 

manner. 

In this fMRI study, we examine the relationship between pain 

observation and movement-related processing in cingulate areas. No 

study to date has attempted to explore the movement-related properties of 

these motivational-affective areas during pain observation. To do this, we 

scanned people as they observed pain during a task requiring them to 

execute or suppress overt motor responses. Participants viewed short 2-

frame sequences in which a potentially harmful object (like a knife or 

hammer) comes into contact with, or nearly misses, a hand. Visually­

similar innocuous objects were presented as control events (Fig. 1). In 

order to test any modulatory effect of pain observation on motor response 

selection, in separate blocks subjects responded with a button press either 

to object-hand contact events (hits) or to miss events (misses), with the 

noxiousness of the object always remaining a task-irrelevant factor. 

We hypothesized that in order to encode a visual event as painful, the 

brain must track a combination of key factors: the noxiousness of the 
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object and the contact it makes with the body part. We predicted that 

cingulate areas that are modulated by both these factors in combination are 

also modulated when motor responses are overtly executed. Because 

midcingulate and related medial areas are associated with both pain­

related and premotor properties, the three factors of motor response, 

contact, and noxiousness were expected to interact only in these medial 

areas. Further, we expected a behavioral interaction between the factors 

noxiousness and contact, based on pilot data (Morrison & Peelen, 

unpublished data). Finally, we predicted that cingulate activity would 

correlate with reaction time measures of this interaction, demonstrating a 

link between pain observation and the processing underlying production of 

hand movements in the midcingulate. 

Materials and methods 

Participants. Sixteen right-handed healthy adult volunteers were recruited 

from the University of Wales, Bangor community (8 female, 8 male, mean 

age 27). Participants satisfied all requirements in volunteer screening and 

gave informed consent approved by the School of Psychology at the 

University of Wales, Bangor and the North-West Wales Health Trust. 

Participation was compensated at £20 per session. 

Stimuli and procedure. The experimental design was a 2x2x2 factorial. 

The three factors were: a) response (button-press or non-button-press), b) 

contact (hit or miss), and c) noxiousness (noxious vs innocuous). During 

each trial, subjects saw a 1500ms two-frame sequence of still photographs 

depicting a hand palm-down on a table top. The first frame of each 
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sequence showed a noxious or innocuous implement poised in the same 

position in the upper-right corner of the frame. The final frame showed 

the implement either contacting or falling slightly short of the hand's 

middle finger. 

Participants were instructed to respond by pressing a key with their 

right middle finger at the onset of the second frame, when the nature o(the 

contact was discerned. Response times were thus time-locked to the start 

of the second frame. For half the blocks participants responded only to 

hits, regardless of implement. In the other half, they responded only to 

misses. Instructions at the start of each block indicated to the participants 

whether they should respond to hits or misses during that block. 

Participants were familiarized with the task through a five-minute training 

session before scanning. 

Stimuli and trial structure are depicted in Fig. 1. Three different 

noxious implements were used (hammer, hatpin, paring knife) alongside 

visually-matched innocuous controls (wooden spoon, blunt end of hatpin, 

butter knife). The factors of contact and noxiousness were 

counterbalanced, and the type of implement was randomized, within four 

8-m inute runs. Each run consisted of four 100-second task blocks 

containing 24 trials (96 total) and six trials per condition. The task blocks 

alternated between the "respond to hits" and the "respond to misses" 

instructions by block (counterbalanced across subjects). Five 16-second 

fixation blocks were interleaved between task blocks. Each 4-second trial 

began with 500 ms fixation, followed by the 1500-ms 2-frame sequence, 

and ended with 2000ms fixation. 
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Data acquisition. A 1.5-T Philips magnetic resonance imaging (MRI) 

scanner with a SENSE head coil was used. For functional imaging, a 

singleshot echo-planar imaging (EPI) sequence was used (T2 *-weighted, 

gradient echo sequence, repetition time (TR) = 3000, echo time (TE) = 50 

ms, flip angle= 90°). The scanned area included 30 axial slices, 5 mm 

thick, with no gap, at 64 x 64- voxel in-plane resolution, which covered 

the whole cerebral cortex and the cerebellum. Field-of-view was 192 x 

192 mm. Reaction times were collected with a scanner-safe fiber-optic 

response pad system (fDRP, Current Designs). 

A 

!::: 
J: 

(fJ 
(fJ 

:i 

B 

l 
NOXIOUS INNOCUOUS 

C 
TRIAL STRUCTURE 

(4 seconds) 

Figure 1. Stimuli and trial structure. (A) depicts the noxious and innocuous sharp 
knife/butter knife, hatpin point/hatpin head, and hammer/spoon stimuli. (8) shows the 
photographs used in the second frame in the 2x2 design between the factors noxiousness 
(noxious/innocuous) and contact (hit/miss). (C) shows the sequence of events in a 4-
second trial: 500ms fixation, followed by the 1500-ms 2-frame sequence (button presses 
occurred at the onset of the second frame), and a further 2000ms fixation. 
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Data analysis. Pre-processing and statistical analysis of MRI data was 

performed using Brain Voyager 4.9 (Brain Innovation, Maastricht, The 

Netherlands). Three dummy volumes were acquired before each scan in 

order to reduce possible effects of Tl saturation. Functional data were 

motion-corrected, low-frequency drifts were removed with a temporal 

high-pass filter (0.006 Hz). Spatial smoothing was applied with a 6mm 

full width at half maximum filter. Functional data (3 x 3 x 5 mm voxels) 

were manually coregistered with three-dimensional (3D) anatomical Tl 

scans (1.3 x 1.3 x 1.3-mm resolution). The 3D anatomical scans were 

transformed into Talairach space (Talairach and Tournoux 1988) and the 

parameters for this transformation were subsequently applied to the 

coregistered functional data. 

For each participant, general linear models were created for each of the 

two runs. One predictor ( convolved with a standard model of the HRF) 

modelled each of the eight conditions (button-press noxious hit, button­

press innocuous hit, button-press noxious miss, button-press innocuous 

miss, non-button-press noxious hit, non-button-press innocuous hit, non­

button-press noxious miss, non-button-press innocuous miss). Each 

predictor modelled a I-second interval beginning with the onset of the 

second frame (the moment of hitting or missing) in each trial. Active 

trials were excluded for which the behavioral response was incorrect, 

exceeded an interval of 1000 ms, or occurred 150 ms or less after the onset 

of the second frame. These predictors were submitted to a whole-brain, 

group average analysis. Random effect contrasts were performed at an 
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uncorrected threshold of p < 0.0005 (t= 4.415) and a cluster size threshold 

of> 50 mm3
• 

Contrasts. To discover areas in which BOLD signal changes were 

modulated by the combination of the factors response (button-press or 

non-button-press), noxiousness (noxious or innocuous), and contact (hit or 

miss), we performed a whole-brain search for a three-way interaction 

between these factors. We therefore used the contrast (noxious hit -

innocuous hit) - (noxious miss - innocuous miss) for the button-press trials 

vs (noxious hit - innocuous hit) - (noxious miss - innocuous miss) for the 

non-button-press trials, to define regions-of-interest (ROis). 

To reveal which premotor and motor areas were involved in trials in 

which participants made a button-press, the main effect of button-pressing 

was tested by comparing all button-press conditions to all non-button­

press conditions. To identify midcingulate regions which responded to 

noxious hits generally, we also applied a contrast reflecting the simple 

effect of all noxious hit trials regardless of whether an overt movement 

was made: [(noxious hits - innocuous hits) for button press trials] and 

[(noxious hits - innocuous hits) for non-button-press trials]. 

Results 

Behavioral results. 

Mean errors did not exceed 2%. The mean correct response times 

were submitted to a 2x2 repeated measures ANOV A with two within­

subject factors: implement (noxious or innocuous) and contact (hit or 

miss). There was a significant interaction between the noxiousness of the 
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implement (noxiousness) and whether it hit or missed the observed hand 

(contact), F (1,15) = 22.09, p = 0.0002. The behavioral reaction times 

were sensitive to the combination of noxiousness and contact, with fastest 

responses to noxious hits compared to innocuous hits and noxious misses, 

t (1 ,15) = -3.69,p = 0.002;, t (1,15) = -6.21, p = 0.00001, respectively. A 

significant main effect of contact was also seen, F(l , 15) = 22.02, p = 

0.0002. 

fMRI results 

Three-way interaction. As predicted, under conditions in which overt 

motor response selection was required, cingulate regions alone responded 

to the combination of noxiousness (noxious/innocuous) and contact 

(hit/miss) in combination with the motor response factor (button­

press/non-button-press). The three activation foci revealed by the whole­

brain three-way interaction contrast were in dorsal ACC (dACC; xyz = 

0,26,31, max t value 6.29), MCC (xyz = 3, -12, 38, max t value 5.74), and 

dorsal posterior cingulate cortex (PCC; xyz = 0,-25,35, max t value 5.25). 

No other regions were activated in the whole brain. 

The dACC activation fell within the region encompassed by 

activations in previous pain observation neuroimaging studies (Morrison 

et al, 2004; Singer et al, 2004, 2006; Jackson et al, 2005, 2006; Lloyd et 

al, 2006; Lamm et al, in press), in BA32 bordering pre-SMA and the 

middle frontal gyrus. The MCC activation fell on the cingulate gyrus in 

the region of Vogt et al's area 24b (Vogt et al, 1995, 2003) and extended 

into the sulcus bordering SMA, likely corresponding to the caudal 

cingulate motor zone (cCMZ) of Oum & Strick (2001), homologue to the 
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dorsal/ventral cingulate motor area in the monkey (Matelli et al, 1991; 

Paus et al, 1993, 2002; Matsumoto et al 2004; Henderson, Bandier, 

Gandevia, & Macefield, 2006). The PCC activation fell on the cingulate 

gyrus inferior to the boundary between SMA and MI in the region of 

Vogt's area 23d (Vogt et al, 2006). 

By definition, the 3-way interaction between reponse (button-press or 

non-button-press), noxiousness (noxious or innocuous), and contact (hit or 

miss) was significant within these ROis, as they were identified by the 

three-way interaction contrast in the whole brain. To determine further the 

degree of significance of the BOLD interaction pattern within these RO Is, 

BOLD parameter estimates (beta values) from the fMRI data for correct 

trials were analyzed using 2x2x2 repeated-measures ANOV As for the 

factors response (button-press or non-button-press), noxiousness (noxious 

or innocuous), and contact (hit or miss). The interaction of these three 

factors was significant at the p < 0.05 level in each ROI, dACC: F(l,15) = 

29.09,p = 0.00007; MCC: F(l,15) = 24.92, p = 0.00I; and PCC: F (1,15) 

= 21.02, p = 0.003 (Fig. 2). 

Correlation with reaction times. In order to correlate BOLD 

parameter estimates with reaction times, an interaction effect value was 

used to capture the differences among noxious and innocuous hits and 

misses in button-press trials for both fMRI and behavioral data: (noxious -

innocuous hits) - (noxious - innocuous misses). This difference of 

differences produces a single value encapsulating the interaction effect. 

The MCC activation was the only ROI to show a significant correlation 

with reaction time measures of the behavioral noxiousness-contact 
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interaction effect (r = - .48, p = 0.03 , one-tailed; Fig. 2). A one-tailed test 

was used because a negative correlation was specifica lly predicted in 

which faster reaction t imes show an inverse relationship with increased 

BOLD responses, on the basis of evidence that ACC neurons increase 

firi ng during pain-re lated escape movements (Iwata, Kamo, Ogawa, et al, 

2005). 
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Figure 2. Cingulate regions-of-interest activated in sixteen subjects by the three-way 
interaction contrast between response (button-press/non-button-press), noxiousness 
(noxious/innocuous), and contact (hit/miss), at P < 0.0005 uncorrected. The upper left 
panel shows the reaction time interaction between noxiousness and contact, F( I, 15) = 
22.09, p = 0.0002. The lower left. panel shows the BOLD responses mirroring the 
behavioral interaction pattern in button-press trials, with higher hemodynamic responses 
corresponding to faster reaction times, in the MCC activation (white circle in the sagittal 
view in the upper right panel). The lower right panel shows a correlation (r = -48, p = 

0.03, one-tailed), between the interaction effect values of BOLD responses in MCC and 
reaction times, based on the behavioral interaction pattern and calculated as (noxious­
innocuous hits) - (noxious - innocuous misses). dACC = dorsal anterior cingulate cortex, 
MCC = midcingulate cortex, PCC = posterior cingulate cortex. 
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BOLD patterns in non-button-press trials. Since the 3-way interaction 

contrast used to define the cingulate ROis explicitly stipulated a pattern 

for non-button-press conditions inverse to that of the button-press 

conditions, we expected to find that pattern in these ROis when an overt 

movement was not required. But we were further interested in the degree 

of these differences for non-button-press trials. Thus to investigate the 

degree of significance for the 3-way interaction in each ROI, we 

performed two 2-way ANOV As separately for the interaction of 

noxiousness (noxious or innocuous) and contact (hit or miss) separately 

for button-press trials and non-button-press trials. 

2-way ANOV A, dACC. In the dACC, this interaction was significant 

for button-press-trials, F(l ,15) = 7.53,p = 0.01. It was also significant for 

the non-button-press trials, F(l, 15) = 10.26, p = 0.005. This noxiousness­

contact interaction 'in the button-press trials was driven by higher BOLD 

responses to innocuous misses compared to noxious misses as stipulated 

by the behaviorally-based 3-way interaction contrast, t (15) = -2.31 , p = 

0.03. In non-button-press trials, it was driven by higher responses to 

noxious misses than innocuous misses, t (15) = 3.67, p = 0.002, alongside 

trends for higher responses for noxious misses than noxious hits, t (15) = -

2.34, p = 0.033, and innocuous hits than innocuous misses, t (15) = -2.31, 

p = 0.035. These trends reached borderline significance at the corrected 

alpha level of p = 0.03, and indicate that the dACC distinguishes hits and 

misses with the highest responses to noxious misses during hit-instruction 

blocks and to innocuous misses during miss-instruction blocks (there was 

no significant difference between these responses, t (15) = -.185, p = .85). 
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2-way ANOV A, MCC. In the MCC, the 2-way ANOV A between 

noxiousness and contact showed a significant interaction for button-press 

trials, F(l, 15) = 6.11, p = 0.02. The interaction was also significant for 

non-button-press trials, F(l,15) = 15.71,p = 0.001, alongside a main effect 

of noxiousness, t (15) = 5.79,p = 0.029. Differences among these 

conditions in button-press trials were not significant apart from a trend for 

greater noxious than innocuous hits as stipulated by the behavioral 3-way 

interaction contrast, t (15) = 2.25, p = 0.039, and for greater noxious hits 

than misses, t (15) = 1.93,p = 0.07 (all other ps > 0.1). The interaction in 

the non-button-press trials was driven by higher BOLD responses to 

noxious misses than noxious hits, t (15) = -3.36, p = 0.004 (as stipulated 

by the 3-way interaction contrast), and higher responses to noxious than 

innocuous misses, t (15) = 4.47, p = 0.0004. The response profile in the 

non-button-press trials in MCC shows a preference for noxious miss 

stimuli during hit-instruction blocks. 

2-way ANOVA, PCC. The PCC showed a significant noxiousness­

contact interaction for button-press trials, F (I, 15) = 13, p = 0.002, but not 

non-button-press trials, F(l, 15) = 3.05, p = 0.1. For button-press trials, the 

interaction was driven by higher responses to noxious hits than innocuous 

hits, t (15) = 2.65, p = 0.018, or noxious misses, t (15) = 2.51,p = 0.023. 

The difference between noxious and innocuous misses was borderline, t 

(15) = -2.3 , p = 0.036, with noxious misses being higher. This indicates 

that when button-presses were required, the PCC showed a preference for 

noxiousness, with the highest activation to noxious hits. The lack of a 
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noxiousness-contact interaction in non-button-press trials implies that this 

area is more closely linked to active motor responses. 

Fig. 3 shows the different activation profiles in these three ROis for 

noxious hits and misses during button-press and non-button-press trials. 

Note that many of the activations graphed in Fig. 3 lie below the fixation 

baseline; however, this experiment was designed to compare signal 

changes relative to control conditions rather than absolute changes from a 

resting baseline. Reductions from baseline are commonly reported in the 

ACC, possibly due to high "default mode" levels of activity here during 

rest (Gusnard et al, 2001). 

Main effect of button-press trials. Contrasting all button-press conditions 

to all non-button-press conditions revealed activation in contralateral 

primary motor cortex (-39, -28, 51 , max t value 10.02), as well as SMA (-

1, 14, 57, max t value 5.23; 0, -15, 46, max t value 4.65), MCC (-2, -5, 44, 

max t value 4.99), posterior insula (-46, -21, 17, max t value 5.66; -37, -

14, 14, max t value 5.56), putamen (-9, -18, 9, max t value 5.78), 

hypothalamus (-10, -3, -6, max t value 6.41), and ipsilateral cerebellum 

(28, -42, -23, max t value 8.84). No activations were present in lateral 

prefrontal cortex (Fig. 4). 

Simple effect of noxious hits. A rostral midcingulate region selective for 

noxious hits regardless of whether a response was made was identified by 

another whole-brain contrast between noxious vs innocuous hits over 

button-press and non-button-press trials (0, 7, 35, max t value 4.18, p < 

0.005; Fig. 4). The main effect of noxiousness was significant here, 

F(l, 15) = 13.19, p = 0.002. This region of midcingulate cortex is 
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Figure 3. Hemodynamic responses to all conditions across the three cingulate regions­
of-interest. T he upper two graphs show parameter estimates (beta values) for trials in 
which the implement hit the hand, the lower two for when it missed; the left two graphs 
are for conditions in which the implement was noxious, the right two for when it was 
innocuous. In each graph, the left bar cluster shows BOLD responses for those trials in 
which the participants pressed the button, and the right bar cluster for those in which no 
button-press was required. The fixation baseline is plotted as zero in these graphs, but 
note that this experiment was designed to compare signal changes relative to control 
conditions rather than absolute changes from a resting baseline. Reductions from 
baseline are commonly reported in the ACC, possibly due to high "default mode" levels 
of activity here during rest (Gusnard et al, 200 I). dACC = dorsal anterior cingulate 
cortex, MCC = midcingulate cortex, PCC = posterior cingulate cortex. 

implicated in much previous pain observation neuroimaging research 

(Morrison et al, 2004; Singer et al, 2004, 2006; Jackson et al, 2005, 

2006; Lamm et al, in press). The MCC ROI defined by the 3-way 

interaction contrast did not overlap with this area, indicating that the peak 

activation in an area generally responsive to noxious hits in the 

midcingulate is not identical with that of the midcingulate area more 

closely linked with the production of an overt response. 
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Discussion 

The behavioral interaction between noxiousness (noxious or 

innocuous) and contact (hit or miss) reinforces previous behavioral results 

indicating that pain observation influences motor responses (Morrison et 

al, in press), as well as MEP findings that it affects motor cortex 

excitability (Avenanti et al, 2005, in press). Hemodynamic activity in the 

midcingulate and dorsal anterior and posterior cingulate cortices- but in 

no other premotor areas- mirrored these reaction time relationships in a 

three-way interaction between response (button-press or non-button­

press), noxiousness (noxious or innocuous) and contact (hit or miss). 

Further, the noxiousness of the implements influenced both behavioral and 

hemodynamic responses despite being irrelevant to the task. These results 

indicate that these cingulate areas track the combination of noxiousness 

and contact between harmful implements and others' body parts, and link 

this functional sensitivity to response selection processes. This is 

consistent with the cingulate's premotor properties (Vogt et al, 1995; Vogt 

& Sikes, 2000) and its role in response selection on the basis of 

motivationally-relevant information (Rushworth et al, 2004; Shima & 

Tanji 1998; Bush et al, 2002; Williams et al, 2004; Kennerley et al, 2006). 

Pain observation and reward-guided response selection 

Previous neuroimaging studies have demonstrated a common neural 

substrate in the cingulate cortex for feeling and seeing pain, whether 

ecological or symbolically-cued (Morrison et al, 2004; Singer et al, 2004, 

2006) and during observation of ecological painful stimuli (Jackson et al 
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2005, 2006). The cingulate also responds when seeing painful expressions 

of others (Botvinick et al, 2005; Saarela et al, in press) and shows 

overlapping activation between seeing painful expressions and hearing 

aversive tones (Lamm, Batson, and Decety, in press). These results 

suggest that pain and pain observation engage similar functional processes 

in the cingulate. 

Figure 4. BOLD activation maps for sixteen subjects showing medial premotor and 
primary motor foci for the main effect of button-pressing on sagitttal, coronal, and axial 
sl ices (a-c: slices shown are xyz = -2, -28, 5 1 ); and a midcingulate focus for the simple 
effect of noxious hits regardless of whether a button-press was made (d-f: slices shown 
are xyz = -1 , 7, 35), thresholded at P < 0.0005 and P < 0.005 uncorrected, respectively. 
Structural slices are shown in rad iological convention with the right-hand side of the 
image corresponding to the left hemisphere (contralateral to the hand pressing the 
button). 

However, so far there has been no neuroimaging evidence providing a 

more refined picture of what those shared functiona l processes might be. 

The available evidence suggests that they are likely to be related to the 

motivationa l-affective dimension of pain processing, supporting the 

representation of pain's aversiveness (Morrison et al, 2004; Singer et al, 
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2004). The present findings elucidate the motor-related nature of this 

function by demonstrating that different cingulate subregions modulate 

their responses depending on whether an overt movement is made, rather 

than operating as a reflexive, automatic affective mechanism responding 

in a uniform manner to others' pain. This also implies that seeing others' 

pain engages covert processing in medial premotor-related areas, and that 

this processing is modulated according to the situation. This proposition 

is in keeping with the cingulate's postulated context-sensitive, motor­

related function in pain processing (Vogt et al, 2005; Sewards & 

Sewards, 2002). 

Even outside the domain of pain-related processing, the cingulate's 

wider role in context-sensitive response selection has led it to be described 

as an "interface" between motor control, motivational drive, and cognition 

(Paus, 2002). An emerging hypothesis of cingulate function postulates 

that the dACC and MCC are chiefly involved in the reward-guided 

selection of actions (Rushworth et al, 2004, Shidara & Richmond, 2002). 

For example, cells in the rostral and caudal cingulate motor areas of 

monkeys showed changes in firing when a reduction in the amount of 

juice reward delivered to the monkeys led to the selection of an alternative 

response and the initiation of a new movement (Shima & Tanji, 1998). 

This is in keeping with neuroimaging studies implicating homologous 

regions in human ACC (Bush et al, 2002) and in human single-unit 

recording studies in which the magnitude of dACC cell responses to 

instructions to change movement types depended on monetary reward 

value (Williams et al, 2004). Similarly, following selective dACC lesions, 
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monkeys are impaired on reward-guided and foraging tasks that require 

decision-making based on cost-benefit assessments (Kennerley et al, 

2006, see also Rushworth et al, 2003). Rats too have difficulty adapting 

their behavior in choosing among varying cost-benefit alternatives after 

cingulate lesions, which ablate pre-lesion tendencies to assess larger 

rewards as worth the additional effort necessary to obtain them (Walton, 

Bannerman, Alterescu, & Rushworth, 2003; see also Akkal, Bioulac, 

Audin, & Burbaud, 2002). In particular, these areas are thought to process 

reinforcer associations specifically related to outcomes of self-generated 

actions, as opposed to those associated with perceptual discrimination of a 

particular stimulus (Hadland et al, 2003a, Turken & Swick, 1999). 

There is little doubt that the experience of pain can be a powerful 

source of motivational information by which behavior is guided. 

However, it is an open question whether the observation of others' pain 

can also convey motivationally-relevant information in the absence of 

direct experience. The present findings suggest that it can: the implement's 

noxiousness affected both behavioral and hemodynamic responses despite 

being task-irrelevant. The sight of another person's hand as vulnerable to 

damage from sharp knives, heavy hammers, and poky pins may thus be 

inherently aversive, engaging regions in the cingulate cortex involved in 

the selection and execution of hand movements. 

To press or not to press 

The cingulate has also been consistently engaged during tasks that 

involve monitoring the processing of incoming information for potential 
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conflict between competing responses (Botvinick et al, 2004). This 

conflict typically takes the form of overcoming overlearned or prepotent 

actions in classical cognitive tasks such as Stroop interference (Carter et al 

2000), go/nogo (Rubia et al, 2001, Menon et al, 2001, Braver et al, 2001, 

Garavan et al, 2003), flanker (Casey et al, 2000), oddball (Ullsperger et al 

200 l ), and verb generation (Barch et al 2000) tasks. It also manifests 

when the task requires choosing actions voluntarily or choosing among 

underdetermined alternatives (Botvinick et al, 1999; Walton et al, 2003). 

Conflict monitoring and similar functions can be considered varieties of 

outcome evaluation, embedded in the more general function of 

coordinating response selection and execution depending on the 

motivational value of the action's consequences (Botvinick et al, 2004). 

Because our paradigm involved the viewing of others' hands as the 

target of potentially harmful stimulation during a cognitive task, the 

results of the present study place the cingulate's role in pain observation 

into the broader perspective of its more general functional properties. 

These dispositions of the dACC and MCC in particular may have partially 

contributed to the pattern of results seen in this study. Namely, noxious 

misses may have introduced a degree of conflict between 

ecological/learned prepotent motor reactions to the noxiousness of the 

implement, and the task-related requirements to execute or suppress a 

button-press depending on the instructions in a given block (ie, in non­

button-press trials). Alternatively, the conflict could take the form of 

uncertainty about whether the implement would strike, with some 

conditions and not others requiring additional processing before making or 
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withholding a motor response (for example, for misses generally, and 

noxious misses in particular). 

For button-press trials this may have given rise to the reaction time cost 

for noxious misses compared to innocuous misses. The need to suppress 

prepotent movement tendencies in the face of uncertainty or a mismatch 

with an anticipated outcome would slow reaction times to noxious misses, 

resulting in the comparatively faster reaction times for innocuous misses 

seen in the behavioral interaction pattern, as well as the comparatively 

higher hemodynamic responses. A degree of conflict may also give rise to 

higher hemodynamic responses especially in non-button-press trials, in 

which the implement itself (seen in the first frame) betokens harm, but the 

nature of the contact (seen later, in the second frame) implies no actual hit 

risk while looming a bit too close to the person's hand to eliminate entirely 

the implication of a potential hit risk. 

Our hypothesis about the BOLD responses in the cingulate centered 

primarily on the effects of noxious hits during button-press trials and the 

neural correlates of the behavioral interaction pattern, because these are 

the responses that could be tied most directly to behavior in this paradigm. 

We had no specific predictions about the behavior of the cingulate RO Is 

during non-button-press tasks beyond showing a complementary 

activation pattern to that in trials in which overt movements were made. 

The fact that these areas did show complementary patterns in non-button­

press trials- that is, for misses in hit-instruction blocks and hits in miss­

instruction blocks- indicates that there is covert modulation of these 

areas during pain observation even in the absence of an overt response. 
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Covert processing can conceivably take several forms. The form of 

noxiousness-selectivity seen in the ROis revealed by the present paradigm 

hinges on the hypothesis that pain observation prompts motoric reactions 

and thus heightens the need for motor control. The response profiles of 

these areas may resemble ACC responses to noxious stimuli in the 

macaque monkey which increase firing during pain-related escape 

movements, but decrease firing to the same stimulation during 

illumination and temperature change-detection tasks which call for 

suppression of any immediate motor responses to the pain (Iwata, Kamo, 

Ogawa, et al, 2005). Similarly, whereas the generally higher responses to 

noxious hits in button-press trials may reflect facilatory processing 

manifesting in faster reaction times, their lower responses to noxious hits 

in miss-instruction blocks and noxious misses in miss-instruction blocks 

may exhibit the same tendency as the neurons in monkey ACC in 

suppressing motor responses. 

Since there is no behavioral data to assist in the interpretation of the 

non-button-press activations, further experimentation is needed to 

disentangle the possible component processes covertly involved in pain 

observation's effects on overt response production. These functions may 

involve processes of motor facilitation and inhibition which have clear 

behavioral outcomes but indistinguishable or ambiguous BOLD 

counterparts. Although it is clear that the factors of noxiousness and 

contact modulate the selection and execution of motor responses when 

another person's hand is seen in interaction with a potentially harmful 

object, it is not possible to distinguish between facilitation and inhibition 
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on the basis of BOLD data. It is extremely plausible that motor-related 

response modulation in the ACC/MCC involves both (eg, Krams, 

Rushworth, Deiber, Frackowiak, & Passingham, 1998). 

Functional relationships among cingulate areas 

Pain observation may enhance a readiness to move to the extent that 

noxious hit conditions gain a reaction time advantage when participants 

are vigilant for hits. That means that seeing someone else's injury could 

poise the medial premotor areas on a knife-edge, so to speak, between the 

execution and suppression of a motor response. In this regard the present 

findings have bearing on how the different subregions of dACC, MCC, 

and PCC contribute to the neural processing of others' pain. 

The MCC ROI emerges as the area most directly related to the 

behavioral interaction pattern and to reaction times. This activation fell in 

a caudal area likely to be the hand area of the caudal cingulate motor zone 

(cCMZ; Niki & Wantabe, 1976; Paus et al, 1993; Picard & Strick, 1996; 

Oum & Strick, 1998; Paus, 2002). It is associated with the production of 

quick hand responses, especially in simple tasks (Deiber et al, 1999), and 

has a relatively low threshold compared to other cingulate motor areas 

(Deiber et al, 1999, Picard & Strick, 1996), consistent with its generally 

higher BOLD responses across conditions in this study. Aside from its 

strong association with manual motor output (Paus et al, 1993, 2002), it 

has also been associated with pain (Koyama et al, 1998, Henderson et al, 

2006) and pain avoidance (Koyama et al, 2001) in human and nonhuman 

primates, and contains proprioceptive and cutaneous receptive fields in the 
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monkey (Cadoret & Smith, 1995). This is in keeping with its 

characteristics in the present study: it was closely related to motor output 

in its activation pattern and correlation with reaction times, but showed a 

main effect of noxiousness even in non-button-press conditions- and, 

critically, it was sensitive to the combination of noxiousness and hits 

(especially during hit-instruction blocks). 

If the MCC ROI is modulated by the need to make or withhold a 

movement, it may do so on the basis of signals from interconnected areas 

that respond in a more uniform manner to noxious hits regardless of 

whether the button is pressed. The activation for the simple effect of 

noxious hits in a nearby region of midcingulate could be such an area. 

This activation focus showed BOLD increases to noxious hits across 

button-press and non-button press trials. Interestingly, this area does not 

overlap with the putative cCMZ hand area in the MCC ROI, but falls more 

closely within an area of MCC consistently activated in the growing body 

of neuroimaging research on pain observation and pain empathy 

(Botvinick et al, 2005; Jackson et al, 2005, 2006; Lamm et al, in press; 

Morrison et al, 2004; Singer et al 2004, 2006;). 

The dACC focus, on the other hand, shows a more complex activation 

profile consistent with its versatility among cue-, preparation-, and 

response-related discharges in the monkey. This area contains 

functionally heterogeneous populations of cells which respond in different 

proportion to different phases of pain- and reward-guided movement 

preparation in several paradigms (Shima & Tanji, 1998; Isomura & 

Takada, 2004; Hoshi et al, 2005; Kennerley et al, 2006). If comparable 
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heterogeneity exists in human dACC, it may have given rise to the often­

counterintuitive pattern of activation here, especially during trials that 

could not be related to reaction times. 

The exact nature of this region's involvement in relating pain 

observation to motor processing is unclear, but whereas the MCC is more 

directly related to the behavioral interaction pattern and to reaction times, 

the dACC may be performing background operations resulting in the 

production of correct responses while "ignoring" salient but task-irrelevant 

noxious features of the stimuli. Its activity may even reflect components 

of an emerging intention for action (Hoshi et al, 2005). A patient with a 

rostral ACC lesion (covering the dACC activation seen in this study) was 

impaired on the Stroop task, whereas a patient with a more caudal lesion 

( covering the cCMZ) showed normal Stroop interference effects despite 

being slower than normal controls (Swick & Jovanovic, 2002). This 

indicates that these ACC/MCC subregions work together to integrate 

stimulus content and current task demands to produce appropriate and 

timely responses. 

Such functional relationships between dACC and MCC may also come 

into play during pain observation. As in the present study, the dACC 

peak for the conjunction of "self' and "other" pain in Singer et al (2004) 

co-occurred with a more caudal and superior MCC peak. In another 

study, the conjunction between feeling and seeing a pinprick stimulus also 

produced a dACC-MCC pair (Morrison & Downing, in prep; chapter III). 

These areas are directly implicated in reward-guided action selection in 

the monkey (Shima & Tanji, 1998). When monkeys performed voluntary 
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switches of movement type (manipulating a lever) on the basis of 

reductions in the juice reward, rostral ACC recording sites were found to 

contain mixed populations of neurons both selective and nonselective for 

movement types. In contrast, caudal populations were more associated 

with the movement preparation and initiation phases. Within these areas 

themselves, there is also evidence that pain-related and finger-opposition­

related responses produce distinct activations (Kwan, Crawley, Mikulis, & 

Davis, 2000), though the finger movements were not in response to 

painful stimulation. 

Little is known about the anatomical connectivity in this region of 

human cortex (but see Johansen-Berg, Behrens, Robson, Drobnjak, 

Rushworth, Brady, Smith, Higham, & Matthews, 2005). Connectivity and 

functional profiles here are complex in human and nonhuman primates 

(Tanji, 1996; Wang, Shima, Sawamura, & Tanji, 2001) and gyral and 

sulcal patterns vary considerably among human individuals (Vogt et al, 

1995, 2003; Paus et al, 1996). Despite this, connectivity patterns may 

partially account for co-activation patterns among these regions. In the 

monkey, caudal cingulate motor areas (CMAs) on the dorsal and ventral 

banks within the sulcus project massively to other medial and lateral 

premotor areas as well as primary motor cortex, thalamus, and spinal cord 

(Matelli et al, 1991; Vogt et al, 1995). SMA and the dorsal caudal CMA 

each receive input from primary somatosensory cortex and share similar 

signal, set, and movement response properties (Russo, Backus, Ye, & 

Crutcher, 2002; lsomura & Takada, 2004). In humans, the co-activation 

between caudal ACC (eg MCC) and medial frontal gyrus (eg pre-
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SMA/dACC) tends to increase when the task involves a manual response 

(Koski & Paus, 2000). 

Considering what is known of the connectivity of this region with 

parietal cortex and dorsal PCC in humans, it is possible that response­

relevant visual information about others' pain follows a ventromedial 

visual pathway via dorsal projections through parietal cortex. Posterior 

parietal cortex has visuomotor properties (Anderson & Buneo, 2002; 

Fogassi & Luppino, 2005), is associated with nocifensive movements to 

aversive stimuli (Dong et al, 1994; Cooke et al, 2003; Cooke & Graziano, 

2004), and has also been reported in pain observation in human 

neuroimaging studies (Jackson et al 2005, 2006; Lloyd et al, 2006; Lamm 

et al, in press), as well as in hypnotically induced pain (Derbyshire et al, 

2004). Alongside midcingulate cortex, it also responds to noxious events 

in peripersonal hand space in humans (Lloyd et al 2006). The dPCC (23d) 

activation is especially interesting in this light, as this area receives inputs 

from dorsal-stream parietal areas (Vogt et al, 2006), and is also involved 

in orienting to and organizing motor responses to pain (Vogt et al 2005, 

2006). Overall, this dorsomedial cingulate network may constitute a 

pathway integrating visual object information from the dorsal stream for 

the purposes of selecting or suppressing an overt response during pain 

observation. 

Conclusions 

Hemodynamic responses in the cingulate during pain observation track 

the combination of noxiousness and contact and are linked to motor 
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response selection. This suggests that, like our responses to pain itself, our 

reactions to others' pain are not wholly reflexive. The cingulate may rank 

stimulus features and prioritize responses on the basis of both motivational 

and contextual relevance. Consistent with the cingulate's role in reward­

or pain-guided response selection, the noxiousness of implements in 

interaction with others' hands influences processing in a manner that 

affects reaction times. And consistent with the cingulate's wider role in 

flexibly relating the current situation to potential behavioral responses, 

motor responses during pain observation may be selected and executed or 

suppressed according to the constraints of the prevailing circumstances. 
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CHAPTER VII 1: 

DISCUSSION 

"It is needless to push our researches so far as to ask, why we have humanity or 
fellow-feeling with others. It is sufficient, that this is experienced to be a 

principle in human nature. We must stop somewhere in our examination of 
causes; and there are, in every science, some general principles, beyond which 

we cannot hope to find any principle more general. No man is absolutely 
indifferent to the happiness and misery of others. The first has a tendency to 
give pleasure; the second pain. This every one may find in himself. It is not 

probable, that these principles can be resolved into principles more simple and 
universal..." 

- David Hume, Enquiry Concerning the Principles of Morals, 219-200 
(footnote). 

1 
Portions of this chapter are adapted from a book chapter in press: Morrison, I., Motivational­

affective processing and the neural foundations of empathy. In T. Farrow and P. Woodruff, 
Eds., Empathy in Mental Illness and Health. Cambridge: Cambridge University Press. 
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I. Summary: the ACC and pain observation 

The findings presented in the foregoing chapters point to a role for the dorsal 

anterior cingulate (dACC) and midcingulate cortex (MCC) in both experienced 

pain and pain observation (chapters I, II, and VI). These events are presented in 

a spatial reference frame external to the observer's peripersonal space. When 

potenially painful events occur in peripersonal space, the cingulate also 

modulates its response, alongside posterior parietal areas which may contribute 

to the preparation of nocifensive movements (chapter IV). Moreover, pain 

observation was shown to have specific influences on motor processing 

(chapters V and VI). The relationship to behavioral responses was also 

associated with cingulate activation (chapter VI). 

Anatomical localization and A CC function 

These findings add to our emerging picture of which areas of the brain 

respond to visual information about pain in others and relate it to behavioral 

outcomes. A meta-analysis of the cingulate activations revealed in these and 

other "pain empathy" neuroimaging studies suggests a segregation of midline 

cingulate activations(+/- 1 cm from midline) into two main clusters (Fig. 1). 

One cluster centers in the dACC and pre-SMA, and the other more caudally in 

MCC inferior to SMA and MI. This may imply that distinct but interconnected 

cingulate areas contribute to vicarious pain processing and the preparation of 

potential motor responses. The dACC areas may play more of a cognitive role, 

integrating perceptual information with contextual factors. The MCC 

activations, on the other hand, may be more directly related to motor output and 

the tracking of specific motivationally-relevant action outcomes. The boundary 
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between them may correspond to the cytoarchetectonic and connectivity 

division between MCC and more rostral areas of the dACC (Vogt 1995, 2003). 

This apparent segregation requires further investigation in future studies. 

It is not immediately clear what the activations in the dACC (black dots on 

Fig. 1) may have in common. Insofar as it is possible to assign shared elements 

to these activations, it may be the case that they each have to do with some 

aspect of changing context, whether this involves switching between input 

modalities (ie touch and vision), incongruities among these modalities, shifting 

task constraints, or the interpretation of abstract symbolic cues. Where evidence 

is available, they also show a high degree of individual and gender variation. 

Activations (2) and (3) come from chapters III and VI respectively. 

Activation (2) is the site of the overlap between distinct felt and seen pain areas 

for needle-pricks, and shows individual variation in its location from a 

caudalmost focus of y =6 to a rostralmost focus of y = 32. Activation (3) is a 

rostral ACC activation that showed a task-related sensitivity to noxious hits 

(chapter VI), and it is the only dACC activation in this meta-analysis that is 

directly related to response selection. It also showed a trend for greater 

activation for noxious misses than hits when button-presses to hits were 

required, perhaps reflecting the incongruity or expectancy violation of a 

dangerous object not making contact with the hand in the context of hits. 

Similarly, activation (1) might result from a comparable incongruence or 

expectancy violation, when the sight of an anatomically-plausibly-positioned 

limb being painfully stimulated in peripersonal space does not give rise to a 

concomitant painful sensation from the actual hand (chapter IV). 
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A C 0 l !: F 

◊ Vocal D Manual o Ocu lornotor 

Figure I. Meta-analysis of pain observation activations within 10 mm ofmidline bilaterally. 
Black dots = dACC activations; red dots = MCC activations. Dotted line indicates recording site 
of Hutchison et al ( 1999). Activations are superimposed on map of activations associated with 
response conflict and error monitoring for vocal, manual, and oculomotor responses (Botvinick 
et al, 2004). Numbered activations are explained in the text and in Table I. 

Activation ( 4) is a peak for the conjunction of fe lt and seen pain when seen 

pain consisted of a colored arrow cue indicating that the other person's hand 

wou ld undergo painfu l electrode stimulation (Singer et al, 2004). This may 

require an abstract level of processing per se, as well as in linking the meaning 

of the symbolic cue to the equivalent pain sensation in oneself. It should be 

noted that activations (5) and (6) are not independent of activations (4) and (8), 
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Table 1. Activations implicated in pain observation across existing neuroimaging studies. 
Numbers refer to activation labels in Fig. I. 

Study 

dACC 
I. Lloyd et al, 2006 

( chapter IV) 

2. Chapter III 

3. Chapter VI 

4. Singer et al, 2004 

5. Jackson et al, 2005 

6. Jackson et al, 2005 

7. Singer et al, 2006 

MCC 

8. Singer et al, 2004 

9. Singer et al, 2004 

10. Jackson et al, 2006 

1 I. Morrison et al, 2004 
( chapter II) 

12. Lloyd et al, 2006 
( chapter IV) 

13. Chapter III 

14. Chapter VI 

15. Chapter VI 

16. Chapter III 

17. Chapter VI 

Contrast 

Seen needle prick to rubber hand (plausible position) 

Conjunction: felt and seen needle prick 

Interaction: seeing noxious implement hits during overt 
button-presses 

Conjunction: felt and symbolically-cued electrode pain 

Seeing still photographs of ecological pain 

Seeing still photographs of ecological pain 

Conjunction: felt and symbolically-cued electrode pain 
to fair players 

Conjunction: felt and symbolically-cued electrode pain 

Interaction: electrode pain in self and others 

Seeing ecological pain in self perspective 

Conjunction: felt and seen needle prick 

Seen needle prick to rubber hand 
(implausible position) 

Conjunction: felt and seen needle prick 

Interaction: seeing noxious implements during overt 
button-presses 

Noxious hits with and without button-presses 

Main effect: felt and seen needle prick 

Conjunction: noxious hits during button-presses and 
without button-presses 

Coordinates 

0, 24,38* 

-2, 24, 31 

0, 26, 31 

0,24, 33 

6, 26, 40 

-10, 18, 44 

9, 18,27* 

6,26, 40 

6,6,42 

0,0,36 

6, 0,32* 

2, -4, 34* 

2, -10, 31 

3,-12,38 

-3, 7, 35 

-3, 5, 37 

0, 2, 37 

* = MNI coordinates 

because Jackson et al (2004) defined their cingulate RO Is as 10-mm spheres 

based on the latter coordinates (reported in Singer et al, 2004). These 

activations were for still photographs of ecological pain-related stimuli 

(mechanical and thermal: slicing, crushing, burning, etc) of hands and feet while 

subjects assessed and rated the painfulness. Activation (7) was only found in 
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women, in a conjunction between feeling electrode pain and witnessing 

symbolically-cued pain to fair and unfair players in a game (Singer et al, 2006). 

Activations in the MCC (red dots in Fig. 1) generally occurred when there 

was a more direct relationship to overt motor responses in the presence of a task, 

a closer match between felt and seen pain stimuli, or to "self''-related processing 

of visual pain-related stimuli. Like activation (4), activation (8) is a peak for the 

conjunction of felt and seen pain when seen pain consisted of a colored arrow 

cue indicating that the other's hand would undergo painful electrode stimulation 

(Singer et al, 2004). Unlike activation ( 4), this activation was relatively far 

from the midline at x = -9 contralateral to the stimulated hand, bordering the 

SMNpre-SMA. It may reflect a need to repress movement of the simulated 

hand, a motor-based representation that may also have been engaged by the 

sight of another's hand being similarly stimulated. Activation (9) fell within the 

left hemisphere (Singer et al, 2004). Although it showed a visual sensitivity to 

the pain cue, its response in "other" conditions dropped off while remaining high 

in the "self'' pain conditions (this is discussed more in the following section). 

Consistent with this putative role in self-relevant processing, another midline 

MCC activation (10) resulted from an instruction to imagine the seen limb as 

one's own in still photographs (Jackson et al 2005). 

Activations ( I 0), ( 11 ), (12), (15), (16), and ( 17) all fell within or near the 

region from which Hutchison et al (1999) recorded when they observed human 

single cells responsive to both felt and seen pain (dotted line on Fig. 1). 

Activation (I 1) was the site of a conjunction between felt and seen needle-prick 

pain (Morrison et al, 2004; chapter II). In this study there was a close visual 

match between the felt and seen pain stimuli, a hypodermic syringe with a 
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wooden probe in place of the lancet. Although the subjects did not see the probe 

when they were undergoing direct painful stimulation, they had been 

familiarized with it before entering the scanner. Activation (12) was seen in 

chapter IV (Lloyd et al, 2006) when an implausibly-oriented rubber hand was 

struck with a sharp probe in a hypodermic syringe. This can be contrasted with 

dACC activation (1) which responded to "painful" stimulation of the limb in a 

plausible orientation. Although the artificial limb was situated within 

peripersonal hand space for (12), its anatomically implausible orientation at a 

180° rotation to the subject's real hand may have provided cues reducing the 

expectation of a tactile signal from the real hand. The rubber hand's status may 

thus have been equivalent to that of another person's hand despite being in 

peripersonal space, making this activation consistent with those in the MCC 

showing sensitivity to others' injury. 

Activations ( 15), ( 16), and (17) coincide quite closely although they come 

from different studies ( chapters III and VI). Activation (15) represents the 

BOLD response to noxious hits regardless of whether an overt button-press was 

made (chapter VI). Like (15), activation (16) fell -3 mm from the midline and 

reflects the main effect of felt and seen pain activations (chapter III). Activation 

(17) is the conjunction of seen noxious hits with and without a button-press 

response (chapter VI). Activation (14) was sensitive to the combination of 

noxiousness and contact when an overt button-press was required, mirrored 

behavioral interaction patterns, and correlated with reaction times ( chapter VI). 

The relative locations of these MCC activations within the same brain space for 

the overlap and hit/miss studies are depicted in Fig 2. 
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Figure 2. Comparison of pain observation activation loci in chapters Ill , and VI. All 
activations are superimposed on the same anatomical image, at x = -3 for the images on the left­
hand side of the figure (from chapter Ill ) and at x = -I for those on the right (from chapter VI). 

As noted in the previous chapter, there may also be functiona l re lationships 

between dACC and MCC during pain observation. The dACC conjunction peak 

in Singer et al (2004) co-occurred with the more caudal and superior MCC peak 

(activations 4 and 8). The conjunction between fee ling and seeing an ecological 

pain stimulus a lso produced a dACC-MCC pair (2 and 13; chapter lll) . 

Likewise, two peaks were seen for the response, nox iousness, and contact 

interaction in chapter VI (activations 3 and 14). Activations (I) and ( 12) may 

also have had a functional relationship, perhaps depending on whether the 

184 



Chapter VII: Discussion 

rubber hand was unambiguously non-self (12) or self-like but "numb" within 

peripersonal space (1). 

When viewed as belonging to a distinct cluster, the dACC activations in 

particular require interpretation in terms of this region's engagement in tasks 

involving conflict and error detection (eg, Menon et al, 2001). The activations 

in Fig. 1 are plotted upon a meta-analysis of neuroimaging activations for 

studies involving response conflict and/or error monitoring for vocal, manual, 

and oculomotor responses (Botvinick et al, 2004). It has been postulated that a 

primary function of this region of the ACC is to monitor the processing of 

incoming information for potential conflict between competing responses. As 

noted in chapter VI, this conflict typically takes the form of overcoming 

overlearned or prepotent actions in classical cognitive tasks such as Stroop 

interference (Carter et al 2000), go/nogo (Rubia et al 2001, Menon et al 2001, 

Braver et al 2001, Gara van et al 2003), flanker (Casey et al, 2000), oddball 

(Ullsperger et al 2001), and verb generation (Barch et al 2000) tasks. It also 

manifests when the task requires choosing actions voluntarily or choosing 

among underdetermined alternatives, or involving error commisssion (Botvinick 

1999, Walton et al, 2003). 

However, as the body of relevant research grows for human and nonhuman 

primates, and the characterization of the ACC's functional neuroanatomy 

becomes more refined, there is a correspondingly growing need to reassess the 

anatomical localization of conflict and error-related functions in the cingulate. 

Such a reassessment may lead to a reassessment of its functional 

characterization too, as more data become available. For example, human lesion 

data has yielded equivocal results with some patients but not others showing 
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impairment on traditional cognitive tasks such as Stroop (Swick & Jovanovic, 

2002; Baird, Dewar, Critchley, Gilbert, Dolan, & Cipolotti, 2006). Rushworth 

et al (2004) have pointed out that many of the activation foci assigned to ACC 

for conflict monitoring and error detection actually center on the caudal superior 

frontal gyrus (pre-SMA). These may, however, share functional/cortical 

territory with response-conflict-associated regions of ACC proper. These 

activations fall roughly within the coordinates y = 18-21 and z < 35 in medial 

cortex (Rushworth et al, 2004; Botvinick et al, 2004). They tend to lie about 24 

mm (+/- 7 mm) anterior to the AC plane (Picard & Strick, 2001). Most 

response-conflict-related activations, though, also tend to be more dorsal than 

ACC proper, at z = 45 or higher (Rushworth et al, 2004). 

This area of the medial prefrontal cortex has also been associated with the 

voluntary control of action. Nachev et al (2002) demonstrated that conflict 

monitoring and voluntary action selection activate anterior and posterior 

portions of pre-SMA, respectively. This implies that whatever this area's role in 

response conflict is, it does not simply boil down to its role in making voluntary 

responses that override prepotent, overlearned, or otherwise standard responses. 

Further, activity in dACC was found not to depend on error feedback or 

response conflict when subjects switched response sets on the basis of feedback 

after making an action (Walton et al, 2004). Similarly, following selective 

dACC lesions, monkeys are impaired on reward-guided and foraging tasks that 

require decision-making based on cost-benefit assessments, without having an 

effect on error correction (Kennerley et al, 2006, see also Rushworth et al 

2003). Rats too have difficulty adapting their behavior in choosing among 

varying cost-benefit alternatives after cingulate lesions, which ablate pre-lesion 
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tendencies to assess larger rewards as worth the additional effort necessary to 

obtain them (Walton, Bannerman, Alterescu, & Rushworth, 2003; see also 

Akkal, Bioulac, Audin, & Burbaud, 2002). 

On an anatomical level, little is known about connectivity in this region of 

human cortex (but see Johansen-Berg et al, 2005). Connectivity and functional 

profiles are complex in human and nonhuman primates (Tanji, 1996) and gyral 

and sulcal patterns vary considerably among human individuals (Vogt et al, 

1995, 2003; Paus et al, 1996). Despite this, connectivity patterns may partially 

account for co-activation patterns among these regions, as noted in chapter VI. 

Precentral gyrus peaks (eg in SMA) co-occur with caudal ACC peaks, but this 

relationship shows no influence of response rates or the presence of manual 

responses (Koski & Paus, 2000). The co-activation between caudal ACC (eg 

MCC) and medial frontal gyrus (eg pre-SMA), however, increases when the 

task involves a manual response (Koski & Paus, 2000). The evaluative 

functions of dACC/pre-SMA and the response-related functions of MCC/SMA 

may unite views of the medial prefrontal cortex which emphasize conflict 

monitoring (evaluation) and those that emphasize selection for action (selecting 

a motor response). Yet it is often difficult to disentangle responses in motor­

response related cingulate areas from task factors, because the determination of 

output-specific activity in noninvasive neuroimaging techniques necessarily 

involves a task of some sort (eg in localizing the CMZs; Paus et al, 1993). 

But is it possible to reconcile these possible accounts to assign a general 

function to the medial prefrontal cortex, which includes the dACC, MCC, pre­

SMA, and SMA? Chapter VI discussed another, emerging hypothesis of 

cingulate function which postulates that the dACC and MCC are chiefly 
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involved in the reward-guided selection of actions (Rushworth et al, 2004, 

Shidara & Richmond, 2002). Cells in the rostral and caudal cingulate motor 

areas of monkeys showed changes in firing when reduced rewards led to the 

selection of an alternative response and the initiation of a new movement 

(Shima and Tanji, 1998). This is in keeping with neuroimaging studies which 

implicate homologous regions in human ACC (Bush et al, 2002) and in human 

single-unit recording studies in which the magnitude of dACC cell responses to 

instructions to change movement types depended on monetary reward value 

(Williams et al, 2004). 

In particular, these areas are thought to process action (not 

perceptual/stimulus) reinforcer associations (Hadland et al, 2003a). Rather than 

standing as an alternative to conflict-monitoring and error-detection accounts of 

the ACC, then, these functions may be embedded in the more general function 

of reward-guided outcome evaluation. Conflict monitoring may be a subordinate 

variety of outcome evaluation, in which interconnected cingulate subregions 

coordinate the selection and execution of responses depending on their cost­

benefit or motivational value. This perspective also accommodates the 

cingulate's role in pain processing and its sensitivity to action-reward 

contingencies (Botvinick et al, 2004; see also Ridderinkhof, van den 

Wildenberg, Segalowitz, & Carter, 2004). By extension, it also accommodates 

its role in pain observation, where the roles of dACC and MCC are strongly 

linked to the learning, selection, and execution of appropriate behavioral 

responses. In this view even familiar or previously-learned associations are 

constantly recontextualized in order to allow flexible adaptation of behavior in a 

changing world, and the cingulate is pivotal in this ongoing process. 
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Considering what is known of the connectivity of this region with parietal 

cortex and dorsal PCC in humans, response-relevant visual information about 

others' pain may follow a dorsomedial visual pathway via dorsal projections 

through parietal cortex, as noted in chapter VI. Posterior parietal cortex has 

visuomotor properties (Rizzolatti, Fogassi, & Gallese, 1997; Calton, Dickinson, 

& Snyder, 2002) and has been reported in pain observation (Jackson et al 2005, 

2006; Singer et al, 2004; see Table 2). Alongside midcingulate cortex, it also 

responds to noxious events in peripersonal hand space in humans, as observed in 

chapter IV (Lloyd et al, 2006). The dPCC (23d) activation seen in chapter VI is 

especially interesting in this light, as it receives inputs from dorsal-stream 

parietal areas (Vogt et al, 2006), and is also involved in orienting to and 

organizing motor responses to pain (Vogt et al, 2005, 2006). Overall, this 

dorsomedial cingulate network may constitute a pathway integrating visual 

object information from the dorsal stream for the purposes of selecting or 

suppressing an overt response during pain observation. 

Somatotopy 

The emphasis in this thesis on the motivational-affective and skeletomotor 

aspects of pain observation should not imply that sensory aspects are 

unimportant, especially as regards the localization of observed pain in particular 

body parts of the observer. The experiments presented here were not designed 

to address how vicarious sensations become associated with particular effectors 

or at what level of accuracy this may occur. Indeed, in the perspective taken 

throughout these studies, a fine degree of somatotopic mapping may even be 

superfluous if a gross level of information about effector-object interactions is 
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sufficient to indicate the presence of a potential threat and to influence 

behavioral dispositions towards it. 

Table 2. Inferior and superior posterior parietal areas associated with pain observation. 

Study 

Lloyd et al, 2006 

Lloyd et al, 2006 

Jackson et al, 2005 

Jackson et al, 2006 

Singer et al, 2004 

Morrison et al 
( chapter VI) 

Contrast 

Painful vs neutral stimulus to rubber 
hand in plausible position 

Painful vs neutral stimulus to rubber 
hand in implausible position 

Seeing pain in others 

Seeing pain in others, average self and 
other perspective 

Seeing pain in others 

Noxious vs innocuous hits regardless of 
response 

Coordinates 

-56, -30, 24* 
68, -22, 26* 
-32, -56, 54* 

60, -20, 22* 
-22, -60, 62* 

-42, -44, 56 
40, -50, 56 

42, -45, 51 
-30, 51, 54 

-60,45,30 

-14, -52, 60 

* = MNI coordinates 

Yet if introspection is a suitable first guide, "pain empathy" does often seem 

to be associated with heightened awareness of particular body parts, such as 

hands. These feelings are usually more vague than vivid- and they may or 

may not always correspond to the observed body part receiving stimulation. 

The possible scope and variety of this experience has never been investigated. 

For example, for some people seeing pain may cause a throb in their right hand 

no matter where the other person is hurt, for some it may cause a prickly feeling 
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in their scalp; other people's toes may invariably curl, or tears spring into their 

eyes. 

There is little evidence at this stage to motivate sharp hypotheses, but there 

are at least three alternative possibilities for investigating how observed pain 

becomes related to particular body parts in the observer. The first is that this is 

supported by the somatosensory cortices, in a veridical manner in which a 

specific body part is accurately mapped onto the corresponding body part in the 

observer. The second is that the coarse somatotopy in the MCC is sufficient for 

"highlighting" specific body parts, but possibly along non-veridical, 

imperfectly-veridical, or idiosyncratic principles which do not preserve an exact 

body-to-body mapping. A third possibility is that somatosensory cortices work 

in concert with the medial prefrontal areas implicated in pain observation- for 

instance in light of the inputs to MCC from SI and area 5 in the monkey (Russo 

et al, 2002)- but that the nature of their role has not been successfully captured 

by the imaging design and methods of the existing studies. 

Further specific tests are required to tease apart the dependence of these 

regions' responses on time and other methodological factors. At this stage in 

neuroimaging empathy research it is important to bear in mind that features of 

the design and analysis, such as the sampling rate, planned contrasts, modelled 

interval, choice of threshold, and method for localizing regions-of-interest, may 

inadvertently hide meaningful signal change patterns in sensory-discriminative 

regions like the somatosensory cortices. For example, it was mentioned in the 

previous section that the results of a noxiousness (painful or nonpainful) and 

target (self or other) interaction search over the whole brain in Singer et al's 

study yielded areas in which pain-related activation was greater in the self 
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condition: left SI/MI, left SIi, and caudal ACC. The authors interpret this as 

ruling out areas in which the response to felt and seen pain was not equivalent or 

did not extend to viewing the partner's pain. 

However, this result is also informative when considering the long timescale 

of the modelled period (9.5 seconds). Hemodynamic responses to all events in 

the trial, including the anticipation cue and the felt or seen painful or nonpainful 

stimulation, were convolved together with a single standard hemodynamic 

response function. The resulting activation maps therefore reflect the response 

over the whole trial interval, starting with the anticipation cue and ending with 

the offset of stimulation. Interactions between noxiousness (painful or 

nonpainful) and target (self or other) in certain brain areas, then, could reflect 

the average of differential changes in felt or seen pain over the length of this 

entire interval. Similar arguments could apply to the somatosensory activations: 

the absence of these areas from a conjunction analysis and the presence of 

interactions within them do not altogether rule out roles in coding aspects of 

others' pain. 

The choice of baseline also affects profoundly the conclusions one may draw. 

A feature of both Keysers et al's (2004a) and Wicker et al's analyses is that the 

central comparison showing overlap was based on two contrast pairs with 

unmatched baselines. In Keysers et al, the tactile responses were compared to a 

fixation baseline, whereas the visual responses for touch were compared to the 

non-touching controls. In Wicker et al, the firsthand smell conditions were 

compared to a fixation baseline, while visual responses to disgusted facial 

expressions were compared to that for neutral expressions. This is potentially 

important because although both of the relevant activations were significant 
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with respect to their baselines in each study, it is difficult to compare the 

difference between two activations when one pair is a condition-resting baseline 

contrast and the other reflects the activation difference of two conditions that are 

each compared to a resting baseline. Although responses to observed and 

experienced touch/disgust may be significant compared to their respective 

baselines, they may also differ with respect to one another. 

For example, the visual touch contrast in Keysers et al subtracts out potential 

motion-related activity from the sight of others being touched. However, tactile 

somatosensory discrimination is also affected by visual imagery (Sathian & 

Zangaladze, 2001, 2002), which may have been present in the tactile conditions 

as subjects felt the stimulus pass up or down their legs. A confound like this 

would obfuscate the interpretation of the overlapping activation as reflecting 

exclusively touch-related activation in both conditions. Similar concerns may 

apply in the case of disgust, in which processes underlying responses to facial 

expressions may be different than those underlying olfactory responses to an 

immediately-present odor. The results of chapter II may be similarly limited. 

Because there was no response to the innocuous visual cue at the selected 

threshold, the contrast pairs in the conjunction analysis were each compared to 

baseline. This decision was made in order to have equivalent baselines, if not 

ideal functional subtractions. Nevertheless, it also meant that the contrast for 

experienced pain may not have excluded mechanoreceptive tactile activations, 

confounding pain perception with pressure perception. 

In summary, the clearest direction ahead is to relate pain-observation-related 

processing more closely to behavior. Although at present the results about 

somatosensory mapping are inconclusive, the studies in this thesis point to a 
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strong relationship of cingulate activation with motor responses. At present 

there is a greater weight of evidence for motor-related processing during pain 

observation than for a straightforward kind of somatosensory mapping. Indeed, 

the somatotopy seen in the monkey for cutaneous stimulation in the ACC 

receptive fields is not unambiguously distinct from, and is outnumbered by, the 

efferent skeletomotor responses produced by microstimulation here (Akazawa et 

al, 2000). If somatotopic mapping does indeed occur, it may not be in the 

service of pure sensory perception, nor for preservation of veridical mappings 

between other body parts and self body parts, but instead it may be in the service 

of preparing or producing motor responses. 

II. A motivational-affective (M-A) framework 

One of empathy's quintessential features is that it has a certain "from-the­

inside" feel that ranks it with other varieties of emotional experience. Vicarious 

responding in affect-related networks may therefore represent a basic condition 

for the characteristic affective buzz so often granted to the visual perception of 

others' emotional states (Carr et al, 2003; Gallese, 2001, 2003). In this section I 

propose that the motivational and affective nature of processing in these systems 

suggests a framework within which to examine the foundations of vicarious 

responding. It draws together aspects of affective response dispositions, 

motivational learning, and subjective experience. This motivational-affective 

(M-A) framework identifies relevant information-processing aspects of neural 

systems and provides explanatory resources within which to situate hypotheses 

about empathy. 
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A functional neuroscientific view of affect 

Increasingly, the neuroscience of emotion has begun to adopt a biology­

inspired perspective that views emotions as dispositions to act (Brothers, 1990; 

Panksepp, 1998). In this view, the function of emotion is ultimately to produce 

specific responses which prepare the organism to act appropriately towards 

certain objects or contexts (eg, to approach or avoid them). These responses can 

occur at various levels, whether physiological or overtly behavioral, so a given 

affective response usually comes as a "package" that can include autonomic and 

endocrine as well as muscular responses. One of the most salient features of this 

perspective is its functionalist spirit: such responses are adaptive, and are shaped 

by evolution, learning, or both. Emotions are no longer seen as pathological 

disruptions of rational thought, but as doing very sophisticated, useful things. 

Organisms come equipped with the wherewithal to orient to, remember, and 

even anticipate the complexities of the world through complicated (if now and 

then imperfect) suites of dispositional mechanisms. 

The learning, preparation, and production of flexible behavior are deeply 

bound up with the evaluation of objects and their contexts. These evaluations 

can be accompanied by positively- or negatively-hedonic subjective 

experiences. Some objects come with built-in hedonic value, like food and 

water. But hedonic value can also be learned and modified, influencing the 

kinds of behavior we make towards a hedonic object, as well as the effort we are 

willing to put into obtaining a pleasant stimulus or avoiding an unpleasant one. 

Bedonie value can also attach to objects that appear in the same context as 

hedonic objects, independently of a cognitive appreciation of the relevant cause­

and-effect relationships or the instrumental means to obtain or avoid them 
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(Berridge, 2004). For example in humans, socially-relevant and semantic cues 

have been shown to modify motivated behavior. Happy face primes increase 

the quantity of food and drink consumed, whereas angry faces curb it 

(Winkielman, Berridge, & Wilbarger, 2005); and positively valenced words 

potentiate approach movements, whereas negative ones potentiate withdrawal 

movements (Chen & Bargh, 1999). 

Chapters II and III suggest a crucial role for the dACC/MCC in felt and seen 

pain, and chapter VI suggests that these areas bear a relationship to the selection 

of overt motor responses in the presence of others' pain. This is important for 

elucidating the neuroanatomical details of the M-A framework, since as outlined 

earlier, these regions have also been implicated in motivation as well as reward­

based response selection (Devinsky et al, 1995; Hadland et al, 2003; Paus, 

2001; Rushworth et al, 2003; Williams et al, 2004; Bush et al 2002; Kennerly et 

al, 2006). 

On the more hedonic or affective side, the ACC has also been consistently 

linked to subjective qualities such as pleasantness or unpleasantness, feelings of 

effort accompanying concentration of attention or performance of a difficult 

task, and consciousness (Rainville et al, 1997, 1999; Posner & Rothbart, 1998; 

Walton et al, 2003). Indeed, in his model of consciousness Damasio (1994, 

1999) identifies the ACC as one of the key areas involved in the subjective 

awareness of bodily changes that occur with respect to an object. He proposes 

that a first-order representation of the body- the viscera, the skin, hormone 

levels, and so forth- is supported by certain brainstem structures alongside 

somatosensory cortices and insula. When the bodily situation changes in 

response to objects in the world (like your thudding heartbeat when a bear noses 
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around your tent) second-order "images" of the corresponding activity in these 

first-order maps are coded in areas such as ACC and orbitofrontal cortices. This 

dynamic re-mapping is thought to be accompanied by subjective awareness of 

emotional states and to contribute to flexible, goal-directed behavior via an 

influence on response dispositions and motivated decision-making. 

Along similar lines, Craig (2003a) proposes an interoceptive network 

concerning afferent information about the physiological condition of internal 

tissues. In humans, phylogenetically unique projections from 1) the thalamus to 

anterior insula, and 2) dorsal ACC to anterior insula, are postulated to form the 

basis of a higher-order subjective awareness of self. In Craig's model, the 

anterior insula's role extends to the realms of conscious emotional experience. 

An fMRI study of heartbeat detection implicating the right anterior insula and 

dorsal ACC prompted Critchley et al (2004) to conclude that these two areas 

work in concert, with the right anterior insula possibly more directly involved in 

body mapping and the ACC in mobilizing a behavioral response (Craig, 2004; 

Bechara & Naqvi, 2004). 

Although most of the discussion throughout this thesis has centered on the 

motivational-affective aspects of pain, the present motivational-affective 

perspective is not limited to pain. As mentioned in the introductory chapter, 

vicarious responses have also been observed for disgust, and damage to the 

insula has been associated with impairments in recognizing disgust-related 

expressions or behavior. Just as pain does, disgust involves many computations 

interacting in different ways and among different effector systems to produce 

particular responses (Rozin, Haidt & McCauley, 2000; Marzillier,.& Davey, 
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2004). The proposed motivational-affective framework for empathy, with its 

emphasis on flexible motor responses, can also apply to the case of disgust. 

Disgust is closely associated with mechanisms that expel distasteful or 

noxious substances from the body. When an offensive item is swallowed, 

brainstem areas coordinate complicated emetic reflexes such as retching and 

vomiting. Before matters reach such a pass, however, orofacial movements of 

aversion or expulsion can preempt the need for vomiting, because the offensive 

object is spat out before being swallowed. These movements are of a 

skeletomotor nature and are more susceptible to voluntary control than retching 

and vomiting. The anterior insula and basal ganglia are involved in disgust and 

nausea (Calder, Lawrence, & Young, 2001), and may play a role in learning 

about distasteful items for the purposes of altering behavior in future 

circumstances. Just as pain can be considered a heuristic category of perception, 

nausea- which precedes and accompanies emetic reflexes- can also be 

thought of as a subjective warning bell based on past experience. Direct 

stimulation of the anterior insula in human epilepsy patients has produced 

nausea (Penfield & Rasmussen, 1955), as well as unpleasant, urgent 

motivational-affective feelings in the throat and nose (Krolak-Salmon, Henaff, 

lsnard, Tallon-Baudry, Guenot, Vighetto, Bertrand, & Mauguiere, 2003). It is 

therefore possible that the insula, via its olfactory and gustatory involvement 

and connections with the motor-related basal ganglia (Augustine, 1996), 

contributes to the potentiation of orofacial aversive or expulsive movements. 
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The Potential Harm Hypothesis (PHH) 

One of the results presented in chapter III was that images of potentially 

dangerous or noxious objects on their own, outside a "pain observation" context, 

did not engage the same regions involved when noxious objects were seen 

making contact with a person's hand. Moreover, chapters V and VI showed that 

the sight of a needle and hand together produce a specific effect on the motor 

system. With respect to the M-A view outlined above, what insight can this give 

us on the possible function of vicarious responding, and by extension, the nature 

of empathy? Although empathy is usually thought of as related to selfless, 

altruistic behavior, its underlying processes may ultimately serve selfish ends. 

In other words, pain observation may be a means for deriving indirect 

information about potentially harmful objects or situations. This idea can be 

called the Potential Harm Hypothesis (PHH; I am indebted to Paul Loader at the 

University of Sussex for the coinage of the term during personal 

communication, used with permission). 

Observation of others' interactions with potentially harmful objects provides 

a means of learning about an object's aversive nature (Morrison, in press). This 

circumvention of trial-and-error learning by observational learning can reduce 

the time spent learning firsthand, as well as lowering the risk of potentially 

harmful interactions with dangerous features of the environment (Heyes, 1994). 

In the case of pain observation, the information value of a sharp implement 

interacting with a hand may even surpass that of the sight of a sharp implement 

alone in other contexts. The sight of a needle on its own can be perceived as 

potentially dangerous- but the sight of the needle in contact with the living 

tissue of a hand carries a much stronger message of potential harm. This is 
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important because it can facilitate learning about both the object (if unfamiliar) 

and of the context in which it occurs. The sight of a needle coming into contact 

with skin (Morrison et al, 2004), the intensity of the apparent injury (Avenanti 

et al, 2006), flinching, blood, or even an arbitrary cue associated with pain. 

(Singer et al, 2004), may all be examples of information-laden situational cues. 

In a fear conditioning paradigm (Olsson et al, 2004), subjects were 

conditioned to anticipate an electrode shock to the wrist following the 

presentation of a conditioned stimulus on a video screen. In this paradigm, 

subjects classically show increased skin conductance when presented with a 

masked conditioned stimulus, in this case angry faces (Ohman & Soares, 1998). 

Olsson et al presented some of the subjects with videos of other people 

undergoing the paradigm. On the basis of observing the other participants' facial 

reactions, the observers developed increased SCRs to the masked angry faces in 

the display, despite the fact that these appeared too quickly to be available to 

conscious awareness. These observational learning trials were compared to 

trials for the subjects in the classical Pavlovian conditioning condition, as well 

as in a third condition in which the signal-shock contingencies were verbally 

described to the subjects. Interestingly, unlike the "instructed" learning 

condition, which showed no effect of conditioning for the masked conditioned 

stimulus, the results of the observational learning condition did not differ from 

that of the Pavlovian learning condition. This provides further evidence for the 

sufficiency of others' situation-related cues in eliciting responses that would be 

appropriate were the observer in the place of the observed. 

So far there is no cohesive research program on M-A observational learning 

in primates as there is for other forms of observational learning, such as 
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imitation (see eg Meltzoff & Prinz, 2002). Preston & de Waal (2002) cover 

some germane research in primates and rodents in light of empathy. Controlled 

studies dealing specifically with observational learning and pain empathy in 

other animals are rare, but there is some evidence intimating that chimpanzees 

react aversively to others' pain (Parr, 2001; Itakura, 1994). Parr et al (2001) 

showed that when chimps watched videos of the vet visiting conspecifics to give 

them hypodermic injections, their finger temperature decreased, indicative of 

parasympathetic ("dampening down") nervous activation. There is also 

evidence that observation of conspecific behavior influences positive reward 

learning in capuchin monkeys, a New World primate much more distantly 

related to humans than chimpanzees (Brosnan & de Waal, 2004). The 

usefulness of observational learning about pain may be phylogenetically 

widespread- intriguingly, exposure to the sight of conspecifics reacting to fly 

bites (by jumping and burrowing) also reduces pain reflex latencies in deer mice 

(Kavaliers, Colwell, Choleris, & Ossenkopp,1999), and increases pain behavior 

of "observer" mice (Langford et al, 2006). 

Prosocial and communicative acts 

Where empathy is concerned, considering vicarious responding in a M-A 

framework may go some way towards explaining our ability to identify 

another's circumstances as aversive based on situational or expressive cues. It 

may also partially account for the "oomph" in empathy-why we are actually 

motivated to remove the source of discomfort, even though the body in question 

is not our own. When discomfort cannot be helped, or after a distressing event, 

primates often comfort each other with grooming gestures. In primates, 
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grooming is not just about hygiene. It has surpassed its basic cleaning function 

and taken on a new significance as a form of bonding and reinforcing alliances, 

sometimes even as a palliative measure after a fracas (Dunbar, 1996; de Waal & 

van Roosmalen, 1979). 

Part of the calming effect of being groomed may have to do with the 

concomitant production of endogenous opiates (Keverne, Martensz, & Tuite, 

1989; Dunbar, 1996). With respect to pain, it is interesting to note that opioids 

have analgesic properties and that the ACC contains a wealth of opioid receptors 

postulated to play a role in the modulation of the M-A dimension of pain (Vogt, 

et al, 1995). The benefits of comforting a hurt person by touching and stroking 

them may even apply at the level of the spinal cord. Gentle stimulation of 

large-diameter afferent fibers in the skin can inhibit nociceptive interneurons in 

the dorsal horn, which may explain why rubbing a wound alleviates pain 

(Melzack, 1999; Craig, 2003b)- regardless of who is doing the rubbing! 

If it is ultimately advantageous for systems sensitive to potential harm to 

react to false positives to avoid the risk of false negatives ( eg, LeDoux, 1996, 

Griffiths, 1997), then pain observation under the PHH may be a "runaway" form 

of anticipation that is not always necessarily truth-preserving. But if an overt 

response like a flinch, facial expression, or vocalization has even the slightest 

use as an information-bearing signal, it can take on new propensities in new 

contexts over the course of social and cultural evolution (Guildford & Dawkins, 

1993). For example, competition among members of the same social group can 

result in the exploitation of others' communicative signals- as well as others' 

responses to communicative signals (Byrne & Whiten, 1997). This can take the 

form of outright deception, but can also manifest in the strategic deployment or 
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exaggeration of a display (Griffiths, 2004). Or now and then, in human 

interactions, it can take the form of social lubrication, as when we put on a 

pitying expression to communicate that we understand the other person's 

distress even though we actually remain relatively unmoved by it (Bavelas, 

Black, Lemery, & Mullett, 1997; Poole & Craig, 1992). Disjunctions between 

the experiential and communicative roles of pain (and disgust) displays should 

be borne in mind in developing a cognitive neuroscience of empathy. 

Our dispositions and intentions regarding the people with whom we interact 

may also influence observational learning (see also Malle, 2004). This 

consideration is illustrated in a study in which subjects observed other subjects 

learning reward contingencies in a gambling card game (the Iowa Gambling 

Task; Bechara, Damasio, Tranel, & Damasio, 1997) involving monetary gains 

and losses (Turnbull, Worsey, and Bowman, under review). Counterintuitively, 

the observers' performance when they subsequently performed the task 

themselves was even worse than that of subjects playing the game for the first 

time. This was despite the fact that they were able to predict the players' 

subjective ratings of rewarding and unrewarding card decks, suggesting that 

they had nevertheless gleaned the reward contingencies of the game from 

having watched the player. The authors interpret this as a type of Schadenfreude 

stemming from spontaneous adversarial or competitive attitudes which may 

have interfered with later performance on the task-because observers' facial 

expressions tended to be positive when the outcomes of the player's decisions in 

the game were negative. However, the observers' subsequent performance 

matched or even surpassed that of experienced players in two other 

observational conditions: first, when the observer also gained or lost money 
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depending on the players' choices, and second, when casual verbal 

communication between subjects was allowed in the observation phase. 

In everyday life, observing others' interactions with potentially harmful 

objects is usually more like the condition in which the observer also stood to 

gain or lose: what can happen to the other person can (or does) happen to us. In 

the Turnbull et al study, the opportunity for verbal communication may also 

have been sufficient to facilitate a closer resemblance between the observers' 

and players' perspectives as to what the motivational goal of the game was (ie, 

for the player to gain money). These findings sit well alongside Singer et al's 

result that "empathic" responses decrease for unfair players, and under certain 

circumstances another person's bad outcome can even become positively­

valenced. These results caution a simple account of observational learning by 

suggesting that merely seeing is not enough. There must be a basic agreement in 

the observer's mind as to what constitutes a good or bad outcome, and this may 

also be sensitive to the social parameters of the situation. 

The context-sensitivity of cingulate areas presented in chapter VI reinforces 

the possibility that the element of social display may be an important determiner 

of an "empathic" response. Even if pain observation potentiates movement, it is 

not always appropriate to deploy overt movements, requiring that any such 

responses must be modulated by the contextual factors of the situation- and 

these can include social factors and "display rules" (Ekman, 1993), and even 

entire culturally-transmitted interpretive structures (Malle, 2004). Sometimes, 

especially in experimental settings, it is more appropriate to inhibit overt motor 

responses to observed pain, despite recognizing it as aversive. At other times, 
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perhaps more relevant to everyday social interactions, it is more acceptable to 

express the "cringe factor" inspired by the sight of others' pain. 

III. Pain and motor processing 

When one experiences an acute painful stimulus such as a pinprick, multiple 

variable components contribute to the sensorimotor response (Millan, 2002; 

Gebhart, 2004). These components involve the transmission and processing of 

the nociceptive signals and consequent modulation of nociceptive processing 

and muscle response. Such modulation can arise at the spinal level, for example 

from dorsal horn neurons, and at the supraspinal level, from subcortical and 

cortical regions. These mechanisms work together to regulate the painful 

sensation and to modify motor output, both of which ultimately function to 

shape appropriate behavioral responses to injury. This section explores ways in 

which mechanisms of descending modulation of motor systems during pain may 

be germane to pain observation. 

Descending facilitation of pain-related sensorimotor responses 

Although spinal reflexes can be very complex and even modularized 

(Sonnenburg, Andersen, & Arendt-Nielsen, 2000), they cannot provide relevant 

contextual information that may be important in present or future painful 

situations. For example, being unexpectedly pricked by a thorn while browsing 

for food calls for a different immediate response to the pain than receiving 

injuries in a territorial fight in which stamina is of the essence. Evidence is 

accumulating that such pain-related contextual information is provided by 

processing in areas of the brain that have direct or indirect influence on pain-
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regulation and motor responses. Depending on the circumstances, the influence 

of these areas can have either inhibitory or facilitory effects at the level of the 

muscle. 

In humans, there is growing evidence that cortical motor areas contribute to 

the processing of experimental pain. Positron emission tomography (PET) and 

fMRI studies consistently show activation of medial premotor areas such as 

ACC and SMA during pain (eg, Peyron et al, 2000). Primary motor cortex (MI) 

activation has also been reported, often in conjunction with SI (Peyron et al, 

2000, Casey et al, 1996). Magnetoencephalography (MEG) research has also 

shown modulation of Ml oscillatory activity during pain (Raij, Forss, Stancak, 

& Hari, 2004), revealing coherence of Ml waves with electromyographical 

(EMG) waves recorded from the stimulated hand (Stancak, Raij, Pohja, Forss, & 

Hari, 2005). Transcranial magnetic stimulation (TMS) studies which measure 

motor-evoked potentials (MEPs) or laser-evoked potentials (LEPs) in response 

to pain have also shown motor cortex involvement, mainly in inhibition of 

muscles adjacent to the affected area (Valeriani et al, 2001; Farina et al, 2001, 

Inghelleri, Cruccu, Argenta, Polidori, & Manfredi, 1997; Le Pera et al, 2001). 

Evidence for descending facilitation of withdrawal responses to pain comes 

mainly from rodent literature. These studies particularly implicate the ACC in 

descending facilitation of pain regulation and withdrawal responses. For 

example, exciting the ACC by direct microelectrode stimulation facilitates the 

tail flick response to a painful stimulus (Calejesan, Kim, & Zhuo, 2000). 

Lesions of the ACC also attenuate latencies for lifting a paw from a hotplate 

(Pastoriza, Morrow, & Casey, 1996) and impair fearful responses to 

environments previously associated with electrical shock (Johansen et al, 2001). 
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In primates, the caudo-medial portion of midcingulate cortex (Vogt et al, 2003, 

2005) contains cells that represent cutaneous muscles (Akazawa et al, 2000) and 

show both sensory and motor responses to limb stimulation (lsomura & Takada, 

2005). 

The cingulate's flexible and context-sensitive modulatory role 

To summarize the foregoing sections, a picture is emerging in which the 

dACC/MCC is involved in sensorimotor responses to pain. As outlined in 

previous chapters, this is supported by primate studies in which ACC neurons 

show flexible responses to pain-related contingencies. It also underscores the 

possibility that the ACC's function in pain processing may involve tracking 

contextual information about pain and relating it to situation-appropriate motor 

responses. Indeed, what is appropriate in a given situation may change 

depending on the context and task demands. ACC responses to noxious stimuli 

in the macaque monkey have shown increased activity during a pain-related 

escape task, but decreased activity to the same stimulation during illumination 

and temperature change-detection tasks which required suppression of any 

immediate motor responses to the pain (Iwata et al, 2005). This indicates that 

the same region of the brain can mediate facilitory or inhibitory control over 

motor responses during pain. The dACC activation profile seen in chapter VI 

also hints at a similar task-dependent pattern for pain observation, although it is 

difficult to interpret the nature of the processing underlying the BOLD signal 

changes here. 

In Chapter VI, the paradigm involved preparing and executing motor 

responses to stimuli differing in their degree of inherent motivational relevance. 
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The behavioral reaction times and associated hemodynamic responses within 

cingulate regions changed depending not only on whether the observed stimulus 

was noxious or innocuous, but also on whether the subject was required to 

button-press for hits or misses. Critically, the noxiousness of the stimulus was 

not relevant to the task, nor was it immediately motivationally-relevant to the 

participant, who did not stand to experience actual harm at any point in the 

experiment. However, the noxiousness of the stimulus nevertheless modulated 

responses in the cingulate cortex during motor processing, specifically in 

combination with hits. This noxious-hit combination is the most likely to cause 

pain to the observed person as well as to signal potential danger to the observer. 

This implies that the presence of potential harm to another individual influences 

motor response selection processes in the observer. 

An important issue for future research is the timecourse of vicarious 

responses to pain, not only in behavior, but also in the cingulate and elsewhere 

in the brain. The behavioral results in chapter VI showed that when button-press 

responses are made at the moment the implement contacts the other's hand, 

noxious hits reduce reaction times. In other studies, the behavioral or neural 

response is measured after intervals along the order of one second or more after 

the contact happens. In chapter V, responses occurred 500-900 ms after seeing 

the needle go into the hand (I 00-500 ms after the offset of the I-second video). 

By 900 ms participants had developed specific responses to the needle stimuli, 

slowing press (approach-type) movements and speeding release (withdrawal­

type) movements. 

In Avenanti et al (2005), the measure was taken even later. The TMS pulse 

occurred 1100-1800 seconds after seeing the needle go into the hand or foot. It 
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is possible that an initial pain-related response becomes inhibited under the task 

and/or timing conditions of the experiment, requiring time to recover. 

Alternatively, pain observation may elicit initial general urgent responses (for 

example, "move hand!") that only later resolve into specific, differentiated 

movements ("move right index finger away!") or even the suppression of 

movement ("don't move, you're in an experiment!"). Consistent with the 

character of the ACC, any initial response may be suppressed or attenuated by 

top-down processes that depend on task factors and the length of the interval 

between stimulus and measure. 

The longest interval so far in the literature is that in Singer et al (2004), who 

modelled together all events in trials lasting 9.5 seconds. This brings up the 

importance of timing with respect to the localization of areas in the brain. As 

mentioned earlier, a pain-related area in the caudal ACC showed an interaction 

between pain in self and other and had an initial visual response. It showed 

higher average responses to self-pain than to other-pain, but with a decrease in 

the seen pain response not beginning until 4 seconds into the 9.5-second trial. 

Th is could reflect a dropoff in an initial anticipatory or even vicarious response, 

decaying with increasing certainty about the nature of the stimulus and the 

expected behavioral outcome (eg whether it is necessary to brace for a shock or 

simply to watch). In everyday life, however, vicarious responses occur on a 

much shorter timescale. This result indicates that the "seen pain" response here 

is time-dependent, but in itself does not rule out a role for the caudal cingulate in 

processes coupling felt and seen pain- perhaps through an early evaluation of 

others' pain and preparation of the appropriate behavioral response. 
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Observed pain and motor processing 

Further insight into the general relationship between motor processing and 

pain observation is offered by two recent studies measuring hand MEPs to pain 

observation during TMS over Ml (see chapter V). These showed a decrease in 

MEP amplitude when subjects viewed a hypodermic needle apparently injected 

deep into the tissue of a hand (Avenanti et al 2005, 2006). In the first series of 

experiments (A venanti et al, 2005) the authors measured responses of two hand 

muscles to noxious or innocuous stimuli entering a) either of the two hand 

muscles (abductor digiti minimi, ADM and first dorsal interosseus, FDI); b) a 

foot; c) a tomato (a non-body part). Significant amplitude decreases were 

specific not only for the body part observed but also for the muscle observed, 

compared to the tomato or the innocuous cotton bud control. In both direction 

and magnitude, the decrease in MEP amplitude during pain observation 

resembles the decrease other studies have shown in response to experienced 

painful stimuli (Farina et al, 2001 ; Valeriani et al, 2001; Le Pera et al, 2001 ). 

The authors interpret the decrease as indicative of motor cortex inhibition of the 

distal muscles. 

These results, suggesting motor cortex inhibition during pain observation, 

may seem at odds with those of the studies in this thesis, especially in chapters 

V and VI which suggest selective facilitation of overt finger responses. The 

experiment in chapter V indicates that at the behavioral level, finger movements 

are facilitated in a response-specific manner after a delay. The experiment in 

chapter VI shows that reaction times are also faster when the subject responds 

immediately at the moment of contact. The MEP results, on the other hand, 

suggest muscle-specific cortical inhibition of muscle excitability. Is it possible 
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to make a general statement about whether pain observation facilitates or 

inhibits motor responses? 

There are several factors which make these results difficult to compare. 

First, although the modulation is likely to originate in cortex, it is not certain 

whether a decrease in MEP amplitude reflects cortical inhibition of the muscles. 

Second, in this and in other TMS studies in which pain is directly experienced 

on the hand, no overt behavioral response is required; indeed, movement of the 

stimulated hand must be suppressed. In contrast, the two behavioral 

experiments described in chapters V and VI explicitly required motor responses 

and the stimuli were viewed in the context of producing a finger movement. 

Many other important factors also differ among these pain observation 

experiments, as well as among other TMS pain experience studies which 

provide the source for comparison for interpreting the pain observation results. 

For example, the type of pain administered ( capsaicin injection, topical 

capsaicin cream, CO2 laser) and the timescale of the painful stimulation 

(immediate or sustained, within milliseconds or 20-40 minutes) varies among 

studies. Inhibitory or facilitory effects on muscle potential could vary 

accordingly, prolonged pain being more likely to involve secondary pain 

mechanisms associated with protective behavior and immobilization of the 

injured body part (Price, 2002). 

As mentioned in chapter V, these results can be interpreted in terms of a 

broad defensive/protective role of motor responses to real or potential pain. One 

interpretation is that, in the presence of pain in distal effectors such as the hand, 

a rapid interruption of prehension would be adaptive (Farina et al, 2001). For 

example, if one mistakenly grasped a hot object it would be advantageous to 
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cease closing one's hand around it as soon as possible; likewise, if previously­

learned contextual cues warn that an object may be hot, it would be best to 

proceed with caution and be prepared to drop it. Further, there is evidence that 

complex interactions among arm and hand muscles can be instigated by cortical 

motor systems during pain, with reduced MEPs in distal (hand) muscles 

alongside a slight facilitation of proximal (upper arm) muscles, which might 

enhance an arm retraction simultaneously with prehension interruption. 

The intensity of the apparently painful stimulus also may matter. An 

important inconsistency with the MEP results and those of neuroimaging studies 

(Morrison et al 2004; Singer et al 2004; Jackson et al 2005) is that the MEP 

amplitude decrease correlated with self-report measures of the sensory (eg 

intensity) components of the observed pain. The authors interpreted this as 

reflecting a sensorimotor, effector-specific mapping, implying that observed 

pain processing is not limited to motivational-affective systems, but that a 

sensory somatotopy exists. A venanti et al (2005, 2006) used a trick syringe 

with a retractable needle, so that it was possible to make it look as if the lancet 

were plunging very deep into the hand in the videos. The resulting "injuries" 

could be considered more intense than the pinprick videos used by Morrison et 

al (2004; chapter II). 

To test the hypothesis that greater apparent intensity may lead to greater 

modulation of sensorimotor cortices, A venanti et al (2006) created their own 

pinprick stimuli to compare to the more intense original versions. The so-called 

"flesh-and-bone"- injury version of the video produced MEP amplitude 

decreases as in the previous study, but the pinprick did not show significant 

decreases compared to the more intense version. But further experimentation is 
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needed to determine whether the underlying cortical processing codes intensity 

absolutely or relatively. That is, if the midcingulate contributes to the motor 

cortex response, then it is conceivable that it encodes trials within the same 

block comparatively with respect to one another, rather than in terms of some 

absolute scale of intensity. For example, one might expect to see amplitude 

decreases to pinpricks if these trials occurred in the context of ( eg, in the same 

blocks as) cotton bud touches, as in chapters II and III. 

However, at present the methodological differences do not obscure the major 

points of agreement between the TMS study and the present behavioral study 

(which to date represent the only studies investigating motor-pain observation 

relationships). Most importantly, each demonstrates an effect of pain on the 

motor system. Furthermore, each reveals stimulus-specificity, with the effects 

for hands and needles failing to generalize to non-body objects such as tomatoes 

and sponges. They also show specificity of response on the output side, either 

for response type (press vs release) or muscle (ADM vs FDI). 

IV. Common coding and the analogy with mirror neurons 

Common coding, action, and empathy 

This evidence covered in the foregoing section points to a relationship 

between visual perception and output-related processing in pain. As 

emphasized in the introductory chapter, many current models of empathy and 

interpersonal representation hinge on the notion that visual perception and 

output-related processing are supported in crucial ways by the same neural 

mechanisms. An important contemporary articulation of the underlying 

functional idea comes from Prinz' "common coding" hypothesis (Prinz, 1990, 
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1997). It proposes that the brain parsimoniously encodes certain perceptual 

representations (eg visual) and action-related representations in the same terms, 

rather than their being "informationally incapsulated" (Fodor, 1983) from one 

another in higher-level processing. In many cases this has been interpreted as 

implying that activition of the same neural substrate in two domains is a 

sufficient condition for common coding, an assumption that was called into 

question by the results of chapter Ill. 

In various senses, this idea has been incorporated by other models of 

empathy, especially those that have been inspired or informed by neuroscientific 

evidence. The four major models that have emerged in recent years are 

Gallese's "shared manifold hypothesis" (Gallese 2001, 2003); the Perception­

Action Model (Preston & de Waal, 2003); Meltzoff and Decety's application of 

the Active Intermodal Mapping model (Meltzoff 2002, Meltzoff & Decety 

2003), and Cole's model centering on the importance of facial expression to the 

development of empathy (Cole, 2001 ). These models often implicitly even take 

action to be at the core of perception itself (eg Noe, 2004). 

Gallese's "shared manifold hypothesis" (2001, 2003) explores the 

relationship between action understanding and empathy. This model is 

primarily influenced by the idea of common coding between perception and 

action systems (Prinz, 1990; see chapter III), and another current idea, forward 

modelling in action representation networks (Wolpert, Ghahramani, Flanagan, 

2001, Wolpert, Doya, & Kawato, 2003). Gallese concentrates on the primate 

frontal-parietal action representation network, using it as both an illustrative 

model for empathy networks, and also as a possible functional route to empathy­

related intersubjective phenomena. The model draws on a proposed network for 
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social action representation in the monkey in which higher-level visual 

descriptions of perceived actions are handled among direct and indirect 

connections between inferior parietal cortex (area PF), STS, and lateral 

premotor cortex (area F5) (see Keysers & Perrett, 2004). Within this network, 

mirror neurons have the role of representing observed goal-directed actions in 

egocentric terms. 

The shared manifold model also relies on the idea that the output of 

processing in motor networks is predictive of the action's consequences. This is 

postulated to occur via mechanisms which circumvent noise and transmission 

delays in sensorimotor systems by sending "copies" of predicted efferent 

sensorimotor feedback among interconnected areas (Wolpert et al, 2001; 2003, 

Grush, 2004). These efference copies can be the result of forward mapping, in 

which current states of the motor system are used to predict subsequent motor 

commands; or inverse mappings, in which predictions are made about what 

motor commands would be necessary to achieve a given goal state (see Grush, 

2004 for a thorough evaluation of such models). Gallese's model relies heavily 

upon the presence of the extensive interprojections of action representation areas 

(such as inferior frontal regions) and other regions of the brain in postulating 

such efference copies of predictive sensorimotor signals among parts of the 

proposed network. For Gallese it is the multidimensionality of the action 

representation network and its levels that give it the properties of a "manifold"; 

and it is the efference signals that deal in predictive representations of others' 

actions (eg from mirror neurons) that render the manifold interpersonal, or 

"shared." 
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The emphasis on action representation is also explicit in two other models, 

Preston and de Waal's Perception-Action Model (PAM) (Preston & de Waal, 

2003), and Meltzoffs Active Intermodal Mapping model (AIM) (Meltzoff 2002, 

Meltzoff & Decety 2003). PAM postulates that any mechanism that maps a 

perceptual input onto a behavioral response- actual or potential- can be seen 

as a candidate for a proximal mechanism of empathy. Through these 

mechanisms recognition and understanding of others' mental and emotional 

states can be built up. Again, the underlying idea is that others are understood 

via access to one's own mental and emotional states. 

This idea is also a central feature of Meltzoffs AIM model (Meltzoff, 2002; 

Meltzoff & Decety, 2003). In the AIM model, cognitive representations of 

other's mental states are products of inferences forged through repeated 

"mappings" of perceptual representations of others' movements and behavior 

onto representations of one's own movements, behavior, and mental states. This 

mapping procedure begins in infancy and continues throughout the course of 

normal development. Because it places others in an analogical relation to self, 

active intermodal mapping can give rise to empathy in principle. 

A different, though related, model of empathy has been put forward by Cole 

(2001). This model emphasizes the putative role of the facial muscles in the 

ability to decode emotion from facial expression. In this respect, it draws 

predominantly on the "facial feedback hypothesis," characterized by Ekman as 

"a very literal means by which we feel the sensations that the other feels" via 

proprioceptive feedback from facial muscles (Buck, 1980; Adelmann & Zajonc, 

1989). In the social domain, a possible source of such feedback could be from 

unconscious mimicry of others' expressions. EMG studies of facial muscle 
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facilitation to masked emotional facial stimuli have shown that happy faces tend 

to give rise to increased zygomatic (smiling) muscle activity; likewise, angry 

faces elicit increased corrugator (frowning) muscle activity (Dimberg, 

Thunberg, & Elmehed, 2000; Lundqvist & Dimberg, 1995). The degree of 

facilitation has also been shown to correlate positively with scores on an 

empathy inventory (Sonnby-Borgstrom, 2002). 

Cole himself has observed patients with Moebius syndrome, a congenital 

total paralysis of the facial muscles (Cole, 2001 ). On the basis of structured 

interviews, he has suggested that these patients may differ from normal 

individuals in the way they experience emotions- including empathy­

because they lack direct experience of the connection between felt emotions and 

facial expressions. Cole suggests that both expression production and feedback 

from others are crucial for recognizing and learning about emotion itself, at least 

as far as its expression and control during social interactions is concerned. 

On the other hand, the results of chapter III qualify the idea that pain 

observation involves the activation of the same neural substrate in felt and seen 

pain. Much of the neuroimaging research on the human mirror system and 

action perception- as well as empathy- relies on this "substrate identity" 

assumption (eg Calvo-Merino, Glaser, Grezes, Passingham, & Haggard, 2004; 

Buccino, Lui, Canessa, Patteri, & Lagravinese, 2004). However, the common 

coding hypothesis merely stipulates that the terms in which different 

representations are encoded be commensurate, for example with respect to 

spatial and temporal reference frames or semantic content (Hommel & Prinz, 

2001). Substrate identity may be an avenue to commensurate coding, and surely 

often a very economical one. But commensurate codes can also be implemented 
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by non-identical substrates, a possibility that is not excluded by the results of 

chapter III (nor examined in most human mirror system research!). In fact, it is 

an intriguing possibility that commensurate coding between felt and seen pain in 

the cingulate is subserved by distinct and proximal, or distinct and intertwined 

neural populations (or even dynamically distinct or identical, for instance 

depending on individual cell responses over a whole session, or adaptation to 

repeated stimulation). This prompts the question of whether vicarious 

responding in pain observation could represent a common coding mechanism 

codingfelt and seen pain in commensurate terms, analogous to the way mirror 

neurons code vision and action in commensurate terms. 

The analogy with mirror neurons 

Vicarious responding effects in motivational-affective networks would not 

have been so eagerly sought, nor their significance quite so readily grasped, if it 

had not been for the prior discovery of mirror neurons in action representation 

networks. As noted in the introductory chapter and elsewhere, mirror neurons 

provide the paradigmatic empirical example of how a common coding 

mechanism can collapse perceptual with motor information (Prinz, 1990; 

Rizzolatti et al, 1996, Gallese et al, 1996). Altogether, the evidence presented in 

this thesis indicates that brain regions involved in M-A aspects of pain 

processing also become active during pain observation. This suggests a basic 

mechanism for understanding others' pain. Intriguingly, it also resembles mirror 

responses in action representation pathways, pointing to parallels between action 

and pain observation. 
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But how deep does the analogy go? Have we now discovered affective 

mirror neurons? Motivational-affective and action representation networks 

handle different kinds of information, but there are numerous formal points of 

similarity which may nudge us closer to a functional understanding of 

organizational principles in the social brain. Though different, action­

representation (A-R) and motivational-affective (M-A) networks in the primate 

brain each play crucial roles in preparing and generating motor responses. The 

former supports spatial and metrical guidance for action on objects, and the 

latter uses motivational features to guide aversive behavior to harmful objects. 

To conclude this thesis, I propose in this section that "mirrorlike" responding to 

others' circumstances is but one among a wider set of functional properties 

shared by M-A and A-R systems. 

Similarities between M-A and action representation networks 

The ambition of a number of recent cognitive neuroscience studies is to 

identify neural correlates of fairly high-level aspects of empathy- among them 

self-other distinctions (Lawrence et al, 2006), perspective-taking (Jackson et al, 

2006, Lamm et al in press), prosocial responding (Singer et al, 2006), 

compassion (Farrow et al, 2001 ), and associated subjective experiences. Yet in 

my view, at the heart of pain empathy research lie more basic questions about 

pain observation. How is the brain able to recognize that something happening 

to another person is painful at all, independently of whether the observer 

empathizes with this person? Indeed, in everyday life we are able to recognize 

others' injuries as being of a painful nature even if our emotional reaction is 

minimal or nonexistent. Such questions parallel analogous problems faced by 
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action perception researchers: how do we recognize an intentional action at all, 

merely on the basis of visual information? 

The premotor and parietal action representation circuits discussed in the 

foregoing section provide the model case for vicarious responding. Although 

some theorists distinguish between "motor empathy" and "cognitive empathy" 

(Blair, 2005) as well as forms of contagion and mimicry often grouped with 

action perception phenomena (Goldie, 2000), other theorists propose relatively 

direct relationships between mirror neurons in action representation networks 

and the affective element associated with empathy (Carr et al, 2002; Panksepp, 

2005; Leslie et al, 2004). In contrast, the analysis presented here does not 

assign a direct or necessary role to action representation in the recognition and 

interpretation of others' affective states. But it does consider that mirror neurons 

are a rich source for analogy when it comes to understanding general principles 

of perception-response transformations in the social domain. In making the 

following comparisons, I consider only those areas in which microelectrode 

recordings in macaques or humans have demonstrated vicarious responding. 

These are monkey premotor area F5, monkey parietal area PF (7b), and human 

MCC/dACC. 

At least five major similarities between these M-A and frontal-parietal A-R 

regions can be drawn (Table 3). They are: I) transformational coding; 2) goal­

level coding; 3) movement preparation; 4) relationship to sensory integration 

processes and 5) cytological heterogeneity. Premotor F5, parietal PF, and 

MCC/dACC each subserve a translation of sensory information into response 

codes. The clearest illustrations of this are provided by neural populations in 

macaque premotor F5, which transform visual shape- and space-related object 
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information into a motor-specific vocabulary of potential actions (Rizzolatti & 

Luppino, 2001; Rizzolatti, Fogassi, & Gallese 2002; Kakei, Hoffman, & Strick, 

2003). These transformations are based on object features or other relevant cues, 

as in the case of "canonical" neurons (Rizzolatti & Craighero, 2004; Grezes et 

al, 2003). In the case of mirror neurons, the relevant transformations are based 

upon the observation of others' actions ( di Pellegrino et al, 1992; Rizzolatti et al 

1996). Mirror neurons have also been observed to discharge when the object of 

the action is out of sight (Umilta et al, 2001 ), as well as to sounds associated 

with certain actions, like tearing a paper or cracking open a peanut (Keysers et 

al, 2003). There is also compelling early evidence that a proportion of mirror 

neurons are sensitive to intransitive ingestive and communicative facial gestures 

(Ferrari et al, 2003; Buccino et al, 2004). 

However, the "motor vocabularies" in which F5 and ACC trade are relatively 

flexible with regard to specific effectors. The potential actions coded by F5 

neurons pertain to the hand, foot, and mouth (Godschalk, Mitz, van Duin, & van 

der Burg, 1995), but representation here exists at the level of the goal of action, 

not the particular effector (Castiello, 2005; Hommel et al, 2001 ; Metzinger & 

Gallese, 2003). There are neurons that fire when the monkey makes a tearing 

action, regardless of whether it is the hands or the mouth that is actually 

carrying out the tearing (Rizzolatti & Luppino, 2001 ). In a comparable manner, 

ACC neurons may operate at the level of "urge representation", a notion 

supported by human microstimulation reports (Bancaud & Talairach, 1993; 

Matsumoto, Suzuki &Tanaka, 2004). Goal-level representation also exists in 

inferior parietal cortex (Andersen & Buneo, 2002), which includes PF, when 

monkeys perform the same actions with different goals (Fogassi et al 2005; 
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Fogassi & Luppino, 2005). Evidence for goal-level representation in human 

parietal cortex is emerging as well (Hamilton & Grafton, 2006). 

Parietal area PF (7b) is associated with face and arm representation. In the 

monkey, the inferior and superior posterior parietal areas chiefly receive visual 

inputs from striate cortex, but are also the first regions along the dorsal visual 

stream to integrate these retinally-derived signals with other sensory signals 

(such as somatosensory and proprioceptive afferents) to form a higher-order 

representation of visual space (Driver & Mattingley, 1998). Like F5 and dorsal 

ACC, the cell types in PF are not functionally segregated (Rizzolatti & 

Craighero, 2004). More importantly, however, PF contains neurons that 

discharge when the monkey performs specific movements. Mirror neurons with 

both visual and motor properties have been discovered here too (Rizzolatti & 

Craighero, 2004; Rizzolatti, Fogassi, & Gallese 2002). 

Found among these mixed populations are also pain-related sensory neurons 

with visual properties (Dong et al, 1994). A proportion of these fired both when 

a part of the skin on the face was stimulated with noxious heat, and when the 

monkey viewed a threatening stimulus coming towards or hovering near that 

part of the skin. Moreover, the responses of these cells closely matched the 

behavioral response curves for the tolerance-escape task the monkeys 

performed. In nearby ventral intraparietal sulcus (VIP), part of the fronto­

parietal action circuit, microstimulation has produced eye, lip, and arm 

movements comparable to those elicited by an airpuff into the eyes (Cooke et al, 

2003). This indicates a role for the parietal cortex in the orchestration of 

aversive movements that require the integration of visuotactile information into 

an egocentric coordinate frame. The results of chapter IV suggest that a human 
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homologue may exist, involved in the encoding of noxious visual events within 

peripersonal hand space (Lloyd, et al, 2006). 

Each of these areas, then, plays a more or less direct role in relating 

integrated sensory information to potential motor responses. That they interact 

with each other too is evidenced by the numerous reciprocal projections from PF 

to some of the key regions in the preparation of actions and motivated 

movements. PF sends connections to premotor and supplementary motor 

cortices, to the cingulate cortex, and to the anterior insula (Dong et al, 1994 ). It 

is quite plausible that reciprocal communication between PF and these other 

quarters of M-A and A-R circuitry influences the preparation and initiation of 

motor responses. When the stimulus possesses noxious associations or a 

negative hedonic impact based on past interactions, M-A processing may 

mediate motor response via cingulate motor, supplementary motor, and 

premotor projections. Other complex aversive muscular responses (like the 

airpuff reaction) that do not necessarily involve flexible, motivated response 

learning, but do require visuo-tactile, spatio-temporal integration within 

peripersonal space, may be mediated primarily by sensorimotor circuits in 

parietal cortex (Graziano & Cooke, 2006) via projections to premotor and motor 

cortices. 

Premotor F5, parietal PF, and MCC/dACC are also cytologically 

heterogeneous areas (Vogt et al 1995, 2003; Picard, Strick, & Dum, 1998; 

Matelli et al l 991; Rizzolatti & Luppino, 2001 ). This means that they contain 

mixed cell populations, in which either the morphological or response properties 

(or both) of the cells differ, even though they are found in the same 

neighborhood of tissue. In the case of ACC, nociceptive and reward-sensitive 
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neurons have been found in area 24 (Koyama, Kato, Tanaka, & Mikami, 2001 ), 

as well as "spindle cells" and large clusters of pyramidal cells in layer V which 

are postulated to operate in a motor capacity (Nimchinsky, Vogt, Morrison, & 

Hof, 1995; Vogt et al 1995). 

Analogies always rest on comparisons. The more resemblances there are 

between two systems, the greater one's confidence that these reflect a more 

fundamental relationship of similarity. Functional similarities frequently 

indicate comparable organizational constraints (think of insect wings and bird 

wings). The hypothesis that vicariously responding neurons in M-A regions 

belong in the same category as mirror neurons depends on how deep these 

similarities go. The analysis presented here is intended merely as an initial step 

towards determining this through the shaping of further hypotheses. 

Table 3. Similarities between action-representation and motivational-affective areas observed 
to respond vicariously. 

Property MonkeypremotorFS Monkey parietal PF Human dorsal ACC 

Tr~storntattonal coding 
(perception/response) 

Vi,mal .nd ai.iditory Propriceptiveand visual/ Nociceptivt; 
object fewres in space/ motor code visual/ 

Movement preparatioa 

Rebttloashlp to 1euim.ry 
lntegratton 

egoC<entric mot-or code 

GrWlping, tearing, etc; 
intentions 

Actions ofheud 1111d 
mouth 

Inputlil from parietul 
multisenaory areas 

cytolop.cal. heurogeneity Hand-, mce.-, and ann­
{funaionaJ ormorpbological}visuaJ~ood motor­

selective cells 
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Chapter VII: Discussion 

Differences: "hot" vs. "cold" motor processing 

By definition, M-A and A-R networks selectively process information from 

different domains. M-A networks are more concerned with potentially 

rewarding or aversive states of affairs. A-R networks, on the other hand, deal 

with relating kinesthetic and proprioceptive information with features of objects 

in space. This distinction may not always seem so obvious. Considering that 

motor output is the end result of the examples discussed here, one might be 

tempted to consolidate the M-A and A-R into a single framework. Conversely, 

one might wish to keep feelings and actions entirely separate, especially since 

M-A processing is not limited to skeletomotor efference, but also influences 

behavioral disposition and visceral responses via autonomic and endocrine 

channels too. 

Yet computationally, M-A and A-R pathways are distinct but related axes for 

the encoding of perceptual information. They are neither wholly divergent nor 

wholly convergent. Indeed, partly because they both result in skeletomotor 

output, M-A and A-R systems are continuous and certainly interconnected 

(MacDonald, et al, 2000; Ridderinkhof, Ullsperger, Crone& Nieuwenhuis, 

2004). The important difference is that they are essentially concerned with 

pulling apart and putting together different kinds of information. M-A systems 

have to do with learning flexible responses regarding the properties of objects: 

will it bite? can I eat it? The A-R system, in contrast, is concerned with 

kinesthetic body representation and the more metrical properties of objects: 

where is it? can I grab it? 

Considering these functional differences, the two systems are likely to differ 

in more specific ways too. Spatial information, such as an object's coordinates 

225 



Chapter VII: Discussion 

within the visual field or a sensation's location on the body, may not be as 

important for M-A networks as they are for A-R networks. Although aversive 

responses do require context-dependent flexibility, they are not likely to 

necessitate such highly coordinated distal, digital manipulation as actions do. 

When encountering a threat to tissue, less precise movements often suffice to 

remove oneself from the offending object. As opposed to reaching-grasping 

actions, aversive or nocifensive actions often do not need to be more refined 

than the coordinated movement of the forelimb and/or hand away from the 

noxious object, or (as suggested by chapter V and MEP research) the cessation 

of hand prehension. 

Withdrawal actions in M-A networks and grasping actions in A-R networks 

are each special cases of movements that cluster toward one or the other end of 

a figurative "hot-cold" spectrum (Fig. 3; Table 4). Processing in lateral 

premotor areas is more associated with "cold" action representation. Generally, 

cold actions and intentions are directed towards object manipulation. This 

requires the integration of spatial properties of the object in the environment to 

coordinate accurate reaching and grasping movements, as well as the fine distal 

and digital control needed to manipulate them once grasped. Subjectively, cold 

actions may have a relatively dispassionate feel, such as reaching for a cup or a 

pen or adjusting the steering wheel to curves in the road. 

In contrast, the anticipation and execution of movements in response to 

potentially harmful (or motivationally desirable) objects or events are "hot"­

quick, valenced, and with that elusive subjective sense of urgency. Such 

movements and urges may be preferentially represented in medial premotor 

pathways including the cingulate, pre-SMA, and SMA. In the specific case of 
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pain as a "motivational" category, hot actions are most likely to be aversive or 

nocifensive movements. A withdrawal action is a typical hot action in the 

context of pain. 

In either case, movements are coded on the basis of the goal or probable 

consequences of the interaction with the object. The behavioral results of 

chapter V point to the idea that, just as objects may be thought of as having 

"affordances" with respect to cold reaching-grasping actions, they can similarly 

be thought of as having aversive affordances with respect to hot withdrawal 

actions. Where pain is concerned, hot action representation in medial premotor 

cortices may have at least two important aspects. First, it may represent certain 

surface features of withdrawal or grasping movements, especially their initiation 

or disengagement. That is, M-A processing in medial areas may be concerned 

with whether the object affords grasping or letting go, and representing the 

decision to initiate or terminate a hand movement. Some patients with lesions in 

this region have shown an inability to inhibit grasping when the hand's skin is 

touched, and others have been impaired in the voluntary releasing of objects 

already in the grasp (Rushworth & Denny-Brown, 1959; Rostomily, Berger, 

Ojemann, & Lettich, 1991 ). 

Second, it may also represent the goal of the movement in motivational 

terms. The more something hurts, the greater the desire to let go of it or 

withdraw from it. Although the emphasis here has been on aversive 

movements, it is important to reiterate that in principle hot actions are not 

limited to withdrawal actions. Motivational urges to take hold of an object (eg a 

food item, a good book) can be just as strong. Both grasping and withdrawing 

can thus be thought of as cases of hot movement depending on the motivational 
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features of the object or context. However, even when it is "hotly" initiated, 

grasping ultimately makes use of spatial and metric information and requires a 

degree of reach-grasp coordination. [n contrast, hot withdrawal actions for pain 

can be independently planned and executed by medial premotor cortex without 

recourse to lateral premotor systems. This occurs with reference to motivational 

object features (eg sharpness, heat, aversiveness, unpredictability, etc) rather 

than geometrical object features such as shape, size, or contour. Where the 

action itself is concerned withdrawal need not be coordinated to such a degree 

as reaching-grasping actions. Often even a proximally-effected "flail" does the 

trick. Flailing, wincing, flinching, twitching: undignified perhaps, but they may 

ultimately represent main tap-roots for our lack of indifference to the pain of 

others. 

Figure 3. Proposed pathways for the preparation and execution of "hot", motivationally-based 
movements and "cold", spatial/metrically-based movements. SMA = supplementary motor 
cortex, dACC = dorsal anterior cingulate cortex, MCC = midcingulate cortex, SPL = superior 
parietal lobe, dlPM = dorsolateral premotor cortex, vi PM = ventrolateral premotor cortex. 
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Table 4. Functional and anatomical differences between "hot" and "cold" motor representation 
pathways. 

"Cold" "Hot" 
Property motor representation motor representation 

Anatomical regions Fronto-parietal action Mediofrontal pathways 
representation networks 

Type of coding Metrical, spatial Reward, aversion 
information information 

Level of coding Action goals, intentions Motivational 
urges, impulses 

Domain "Graspabil ity" and Affective evaluation 
location of objects of objects 

Function Visual action guidance in Linking events with 
egocentric reference frame consequences in organism-

centered terms 

Conclusions 

The findings of the studies presented in this thesis indicate that both feeling 

pain directly and seeing others' apparent injury give rise to activations in the 

dACC and MCC, which are involved in coding the motivational-affective 

dimension of pain processing. The converging behavioral and neuroanatomical 

results presented here also reinforce the relationship between pain observation 

and motor processing in medial premotor areas. The implications of this 

research for our understanding of empathy are that the compassionate and 

prosocial reactions that we often experience when we see others in distress may 

be underpinned by neural systems involved in relating situations and contexts to 

aversive outcomes and associated motor responses. Responses in these neural 

systems are modulated by both low-level features, such as the spatial location 
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and orientation of others' body parts with respect to our own (eg, chapter IV), 

and by high-level factors such as the constraints of the current task (eg, Chapter 

VI). Taken together, these results loosen the three problems set out at the 

beginning- the problem of foreign experience, the sense-datum problem, and 

the functional mechanism problem- by pointing to mechanisms by which the 

brain interprets others' aversive situations as possessing intrinsic motivational 

relevance in first-person terms. 
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