16

Neural dominance, neural deference, and sensorimotor dynamics

Susan Hurley

1. Neural dominance versus neural deference.

Why is neural activity in a particular area expressed as experience of red rather than green, or as visual experience rather than auditory? Indeed, why does it have any conscious expression at all? These familiar questions indicate the explanatory gap between neural activity and ‘what it’s like’--qualities of conscious experience.  The comparative explanatory gaps, intermodal and intramodal, can be separated from the absolute explanatory gap and associated zombie issues--why does neural activity have any conscious expression at all?.  Here I focus on comparative gaps:  why is neural activity in a given area expressed as this type of experience rather than that type of experience? 

Light is shed on comparative gaps by the distinction between neural dominance and neural deference, which applies to various examples of neural plasticity and perceptual adaptation (cf. von Melcher et al 2000; Merzenich 2000; Pallas 2001).  I here illustrate and explain the distinction--thereby addressing the comparative explanatory gaps--in dynamic sensorimotor terms. 
What happens to qualities of experience when input from a given source is rerouted to nonstandard neural targets?   Suppose, schematically, that input A normally activates neural target area 1, associated with the A-feeling, and input B normally activates neural target area 2, associated with the B-feeling.  Suppose input A is somehow rerouted to project instead to neural area 2.  Such  rerouting could result from surgical intervention, abnormal neural projections, or external mechanisms, such as distorting goggles; it could cross between sensory modalities or stay within one.  (These modulations of rerouting are spelled out and examined in Hurley and Noë 2003a.) When input from A activates area 2, will the B-feeling or the A-feeling arise (see Figure 1)?
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Figure 1.

It can go either way.  In some cases of rerouting, activity in area 2 from source A is associated with the A-feeling: neural activity in the target area ‘defers’ to the nonstandard sources of input and takes on the qualitative expression typical of the new source. In cases of deference, neural activity in a given area changes not just its function but also its qualitative expression.  In other cases, activity in area 2 from source A retains the B-feeling: neural activity ‘dominates’ its non-standard source, and retains the qualitative expression it would have if it were activated normally, from its normal input source. Note that since the input source has changed, qualitative expression in cases of dominance will be illusory; the source of input will be experienced as something it is not. 

2. Examples of dominance: phantom limbs and colored-hearing synaesthesia.

Neural dominance is illustrated by phantom limb cases, where the normal qualitative expression of neural activity in a given area appears not to change, despite change in the input source. Normally, tactile inputs from face (source A) and arm (source B) map onto adjacent areas of somatosensory cortex, for face (neural target area 1) and for arm (neural target area 2). After amputation of part of an arm, tactile inputs from the face (source A) appear to invade deafferented cortex (target area 2) whose normal qualitative expression is a feeling of an arm being touched (the B-feeling). When this neural area is activated from its new source, the face, it retains its normal qualitative expression, the touch-to-arm feeling (the A-feeling). Touches to the face now activate both somatosensory cortex for face (area 1) and what would normally be somatosensory cortex for arm (area 2). So, when the experimenter blindfolds the amputee patient, strokes the patient’s face, and asks him what he feels, the patient responds that he feels his phantom arm as well as his face being stroked (Ramachandran and Blakeslee 1998, 28, 38; Ramachandran and Hirstein 1998). 

Another example of dominance is colored-hearing synaesthesia, in which a specific sound, usually the sound of a specific word or the initial letter of a word, induces experience of a specific color (for details see Hurley and Noë 2006). This appears to result from nonstandard neural projections, either additional to normal projections or which weren’t pruned in the normal way during development (Harrison and Baron-Cohen 1997b; Grossenbacher 1997; Maurer 1997; Ramachandran & Hubbard 2003, 51). Recent imaging work (Nunn et al 2002) has found clear activation in V4, an area of visual cortex believed to support experience of color (Hadjikhani et al 1998; cf. Zeki et al. 1998; Tootell and Hadjikhani 1998), when synaesthetes with colored-hearing listen to spoken words. Activation of this area under the same conditions is not found in normal subjects. This suggests that language inputs get routed in synaesthetes not just to their normal destinations but also to this area of visual cortex, where they elicit color experiences.  So again here, cortical activation dominates over the source of stimulation.

Alien Color Effect (ACE) is an intriguing form of colored-hearing synaesthesia discovered by Jeffrey Gray and co-workers (Gray et al 2002).  In ACE, color words induce experience of incongruent colors.  For example, when an ACE child correctly answers ‘red’ in response to being asked what color a bus is, she may experience synaesthetic green.  This results in distinctive interference effects in color-naming tasks:  subjects with higher levels of ACE are slower to name the normal colors of objects. 

Interestingly, when synaesthetes experience color, neural activity in V4 shows lateralization, which differs between non-ACE and ACE colored hearing (Figure 2; see Gray et al 2002; Gray et al, 2006).  When nonsynaesthetic subjects and ACE subjects perceive normal colors, both left and right V4 are (differentially) active, though left V4 more so than right V4. (‘Differentially’, in that V4 activity remains when activation produced by looking at black and white Mondrians is subtracted by brain imaging techniques from activation produced by looking at colored Mondrians. In comparisons of activity levels between groups or brain areas, we are thus looking at differences between differences.) Left V4 is active when ACE synaesthetics hear colored words.  By contrast, when non-ACE synaesthetes perceive normal colors, right V4 is more active than left V4; but when they hear colored words, left V4 is active.  (Language areas are of course also lateralized to the left.)  Moreover, there is additional hippocampal and supplementary motor area activation in ACE synaesthetes when they perceive synaesthetic colors. (See Gray et al, 2006;  Gray and McNaughton 2000 attribute to the hippocampal system a general role in conflict resolution, which might explain its additional activation where synaesthetically induced colors are incongruent with their inducers.  Gray et al 2006 also suggest that additional motor activation reflects the need for ACE subjects to inhibit a prepotent response, namely, utterance of the name of the synaesthetically induced color when asked to name the inducing color.)
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Figure 2.  

Consider an ACE example of neural dominance.  Suppose that A is stimulation of auditory channels generated by the spoken word “white” and B is a pattern of light entering the eye from a yellow visual stimulus. Input from A activates area 1, whose normal qualitative expression is experience of hearing the word “white”’. Input from B activates area 2, whose normal qualitative expression is experience of yellow. Area 2 is not disconnected from input B, but there are additional nonstandard neural projections: input from A also activates area 2 (left V4), perhaps via area 1, again eliciting area 2’s normal qualitative expression, experience of yellow. Area 2 thus retains its normal qualitative expression even when activated by an input from a different modality (see Figure 3). 
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Qualitative expression of area 2 unchanged for non-standard input source:  

Dominance for color.

Qualitative


experience of

experience of

expression:


word ‘white’
   
color yellow


Of cortical


1


2 

area:


Proximal input

source at retina:

A


B


Distal input


A’ 


B’

source:


word ‘white’

yellow object

Neural Dominance: activation of 2 by A feels like activation

of 2 by B normally would, i.e. the B-feeling. The normal qualitative

expression of 2 is unchanged.


Figure 3.

Work on neural correlates of consciousness may lead us to expect neural dominance, as in the interpretations of phantom limbs and synaesthesia just given.  However, it is important to note that neural deference also occurs.

3. Examples of deference:  Braille reading, TVSS, and color adaptation

Neural deference is illustrated when congenitally blind persons read Braille.  Brain imaging work on congenitally and early blind subjects reveals activation in visual cortex during tactile tasks, including Braille reading, whereas normal controls show deactivation (measured by PET scans) of visual cortex during tactile tasks (Sadato et al 1996, 1998; see also Buchel 1998, Buchel et al 1998; other imaging work has shown that visual cortex of blind subjects is activated by sound changes, when the task is to detect these changes (Kujala et al  2000). In Braille reading by these subjects, visual cortex (target area 2) receives tactile inputs (source A) that would normally project to somatosensory cortex (target area 1).   How do these blind persons experience such activation of visual cortex:  as visual or as tactile?  This question is directly addressed by work that uses transcranial magnetic stimulation (TMS) to produce transient interference with visual cortex activity during Braille reading. In early blind subjects, TMS applied to visual cortex produced both errors in Braille reading and reports of tactile illusions (“missing dots”, “extra dots”, and “dots don’t make sense”) (Cohen et al 1997a). Speech was unaffected by TMS, and blind subjects given a chance to correct their reports after TMS had ended did not do so, suggesting that errors were not due to interference with speech output. In normal subjects, by contrast, TMS to visual cortex had no effect on tactile tasks or sensations, whereas similar stimulation is known to disrupt the visual performance of normal subjects. In these blind subjects, visual cortex seems not only to perform a tactile perceptual function, but also to have tactile qualitative expression. Visual cortex defers qualitatively to its nonstandard tactile inputs. 

Deference is also found in congenitally blind subjects who have adapted to Tactile Visual Substitution Systems (TVSS; see work by Bach-y-Rita), in which stimulation is applied by mechanical or electronic ‘fingers’ on a pad placed over the skin or tongue, corresponding to input from a camera or computer screen.  Learning to use such a system produces activation of visual cortex in congenitally blind but not in sighted subjects.  When TMS was applied to visual cortex of TVSS trained subjects, it “induced clear tactile sensations” in the blind but not the sighted subjects (Kupers and Ptito 2004, though in this case there was no interference with task performance).  Again, visual cortex defers qualitatively to non-standard tactile inputs.    

A third example of deference is provided by the color adaptation Ivo Kohler reports as a consequence of wearing color-divided goggles.  Each lens of these goggles is blue to the left and yellow to the right (from the wearer’s perspective).  When the subject first puts on the goggles, a white object viewed through the yellow half of the lenses would look yellowish.  But over time the subject adapts and regains color constancy, so that a white object looks white as he tracks it, whether viewed through the yellow or the blue half-lenses.  Prior to adaptation, light from a yellow object B’ with a certain ratio of wavelengths generates input that activates neural target area 2 and the object looks yellow.  After adaptation, light from white object A’ passing through the yellow half-lenses has the same ratio of wavelengths and activates the same target area, but the object now looks white (see Figure 4).  Thus the qualitative expression of activity in that target area appears to defer, with adaptation, to the changed source of input.  
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Other examples of neural deference include the recruitment of auditory cortex to visual functions in rewired ferrets and perceptual adaptation to long-term wearing of left-right reversing goggles (see Hurley and Noë 2003a). 

On reflection, we should not be surprised that neural deference is found as well as neural dominance.  After all, neural activity at a given location in the brain can have quite different properties; the character of experience can correlate with neural properties other than location of neural activity. (For example, when visual input is surgically rerouted to neural targets in auditory areas of the brain of newborn ferrets, cells in those areas develop non-standard visual properties. As a result of this rerouting, 2-dimensional retinotopic maps (similar to those normally found in visual area V1) form in auditory cortex (Roe et al 1990, 1992). Some single cells in auditory cortex develop orientation and direction selectivity normally found in cells in visual cortex.  Groups of cells in auditory cortex form orientation modules and acquire some visual field properties (Roe et al 1990, 1992; Pallas and Sur 1993; Sur et al 1999; Sharma et al 2000).)  As a result, neural deference is compatible with the supervenience of qualities of experience on neural properties—just as the existence of explanatory gaps is!  Nevertheless, correlation is not explanation, and the distinction between deference and dominance cries out for explanation.    

The general puzzle raised by the distinction between neural dominance and neural deference is:  why does experience defer to non-standard inputs in some cases of rerouting but not others?  Deference may be mediated by induced changes in neural properties in a given area of the brain, but this does not explain why rerouting induces deference in some cases but not others.   If we can explain the difference between dominance and deference, we’ll have gone some way to address the comparative explanatory gaps and to understanding why activity in a given neural area is expressed in this type of experience rather than that.
Comparing the color-related illustrations of dominance and deference underscores the general puzzle:  why does experience defer to non-standard inputs in some cases of rerouting but not others?  What account could explain both why we find dominance in synaesthesia but deference in Kohler’s adapted goggle-wearer?  When input is rerouted in the ACE subject from the word ‘white’ to a neural target area whose normal qualitative expression is experience of yellow, that illusory qualitative expression, experience of yellow, persists and does not adapt away, despite the presence of interference effects with color naming (see Gray 2003 on why a functionalist should thus expect ACE to adapt away).  But when input is rerouted from a white object through the yellow lenses to a neural target area whose normal qualitative expression is experience of yellow, qualitative expression adapts to reflect the objective whiteness of the object perceived: the white object looks white to the adapted subject, not yellow.  Why does the illusory ACE experience not adapt, while the illusory goggle-induced color experience does adapt? 

4.  Explaining dominance vs. deference.

Consider first what does not explain qualities of experience.  As cases of deference underscore, qualities of experience are not explained simply by the occurrence of correlated neural activity in certain areas of the brain—though this point holds independently, given the widely remarked qualitative inscrutability of ‘neural correlates of consciousness’.  Correlation is not explanation.  For example, suppose we found that experience of white correlates with the firing of certain ‘constancy cells’, both before and after Kohler adaptation.  Nevertheless, these fire in the presence of different wavelength ratios before and after adaptation, input from a population of ‘wavelength cells’.  Taking the wavelength and constancy cell activations together, we still have deference rather than dominance.  What drives such deference still needs explanation; it is not explained simply by correlation, e.g., of experience of white with the firing of certain cells. 

Nor are qualities of experience explained simply in terms of peripheral input source.  In some cases of deference, such as the Braille reading example, the rerouting of inputs that yields deference is internal; in other cases, such as adaptation to goggles, the rerouting of inputs is external.   Deference induced by external rerouting involves no rerouting from peripheral inputs to neural target areas, so cannot be explained in terms of changed sources of peripheral inputs.  For example, the neural paths available to inputs from yellow light that enters the eye from the yellow lenses of the goggles are the same as the neural paths available to inputs from yellow light that enters the eye from yellow objects.  Nor would it be plausible to suggest that an external rerouting itself can explain deference.

Hurley and Noë (2003a) put forward a dynamic sensorimotor hypothesis as a general account of the difference between dominance and deference.  On this view, what rerouting does do, whether it is internal or external, is to change the characteristic dynamic sensorimotor patterns in which given neural areas participate as the agent interacts with her environment.  Rerouting effects a remapping from sources of input, whether peripheral or external, to neural target areas; it also induces higher-order changes, in the relations between mappings from various different sources of input to different neural areas and from those areas back out to effects on those sources of input, which are in turn fed back to various neural areas. The hypothesis is that the difference between dominance and deference is a resulting difference in dynamic sensorimotor integration. 

According to the dynamic sensorimotor view, different modalities, such as vision or audition or touch, are governed by different characteristic global patterns of dynamic interdependence between sensory stimulation and active movement (Noë and O’Regan (2002), O’Regan and Noë (2001a, b, c), Hurley and Noë (2003a); Hurley 1998a, especially chapter 9).  Dynamic structures characteristic of specific modalities or qualities underly surface sensorimotor patterns.  For example, to see something is to interact with it in a way governed by the underlying sensorimotor dynamic characteristic of vision, while to hear something is to interact with it in a different way, governed by the different underlying sensorimotor dynamic characteristic of audition (for details of distinctive sensorimotor patterns charcteristic of different modalities see O’Regan and Noë 2001a, c).  Your visual impressions are affected by eye movements and blinks in specific, lawlike ways, while eye movements and blinks are irrelevant to the character of your auditory impressions.  Again, as you approach an object, visual field flow expands, while as you withdraw visual field flow contracts. By contrast, as you approach the source of a sound slowly, the amplitude of the auditory stimulus increases, while as you withdraw the amplitude decreases; there are also Doppler effects.  Specific qualities within a modality are likewise governed by more specific underlying patterns of dynamic sensorimotor contingency.  Different colors have characteristically different sensorimotor profiles (see Noë 2004, chapter 4, and work in progress by Philipona et al).

Perceivers are familiar with these distinctively different underlying dynamic sensorimotor patterns.  Note that these are complex dynamic patterns, environmentally embedded as well as embodied; they are not captured by simple motions such as pointing or grasping (cf. Jacob & Jeannerod 2003, 172; see discussion in Hurley and Noë 2006 on the relations between dynamic sensorimotor views and the two visual system theory).  Such characteristic patterns govern and are exploited by agents’ skillful perceptual activities in their environments, their perceptual know-how.  Action enables perception as much as vice versa; neither is more naturally regarded as an effect of the other.  Moreover, the relevant dynamic sensorimotor patterns are neither strictly internal to the brain nor strictly external and behavioral; they pass back and forth promiscuously between brain, behavior and environment as the agent interacts in time with his environment.  They may remain internal to the brain, or extend to the bodily periphery or into the environment; dynamic internactionist externalism admits all of these possibilities.  No particular boundary should be assumed a priori to contain the sensorimotor dynamics that explain experience.

The dynamic sensorimotor account explains both deference and dominance in terms of characteristic dynamic sensorimotor patterns that can be distributed across brain, body, and environment.  The neural aspects of such characteristic patterns can be implemented in variable brain areas.  Such neural variability is illustrated across normal development, as a child’s brain passes from early exuberant synaptogenesis (at about 6 months, primary visual cortex is producing about 100,000 new synapses a second!) through a period of pruning extending over many years that results in greater localization of function, all while the child enjoys experiences and interactions of familiar kinds (see Huttenlocher 2002, 41, 47; Hurley, forthcoming).  Neural variability is also illustrated in cases of neural plasticity and adaptation.  When rerouting of inputs is imposed on an active agent, the dynamic sensorimotor patterns in which given neural areas participate can alter.  Patterns characteristic of a modality or of a specific quality within a modality can be newly established, or relocated to new neural pathways; a given area of cortex may find itself newly integrated into a certain dynamic sensorimotor pattern. Changes in the neural paths of such characteristic sensorimotor patterns after rerouting can disrupt agents’ perceptual know-how and with it the qualitative character of experience, but with practice such know-how can be reacquired. Deference reflects agents’ know-how in relation to underlying sensorimotor dynamics that are characteristic of specific modalities or qualities, but which use nonstandard neural paths that include areas of cortex that would normally participate in different sensorimotor patterns.  For example, practice by the congenitally blind with tactile visual substitution systems enables what would normally be visual cortex to participate in a dynamic sensorimotor pattern with characteristically tactile aspects, so that new skills and experiences become available to the subject (see Kupers and Ptito 2004).

Hurley and Noë (2003a) propose the difference between dominance and deference can be explained in terms of such skill-governing sensorimotor dynamics.  This account predicts deference where two general conditions are met:

(1) Relocated implementation of underlying sensorimotor dynamic:  Perceptual experiences of the A kind and the B kind normally arise out of distinct underyling patterns of sensorimotor dynamics; without rerouting, neural area 1 participates in the A pattern, and area 2 in the B pattern.  Rerouting relocates the A pattern so that area 2 participates in it, although no critical information or structure is been lost (see J.J. Gibson’s account of Kohler adaptation, in the Introduction to Kohler 1994).  In effect, the underlying A pattern is preserved, though aspects of its neural implementation are systematically transformed by the rerouting.  The critical dynamic sensorimotor pattern can be neurally implemented in different ways.

(2) Practical knowledge:  active acquisition of skill relying on reimplementation.  The agent is able actively to explore and reacquire practical skills, relying on the new implementation of the characteristic A pattern that now involves neural area 2.

These are not two entirely separate conditions, but in effect two ways of describing dynamic sensorimotor integration of the rerouted input, first at a subpersonal level and then at a personal level.  Neural plasticity can be viewed, on this account, as reflecting the capacity of neural activity to acquire functions flexibly, to some degree.  Evolution plus normal developmental interactions tend to generate certain standard or default sensorimotor dynamics for neural activity in a given area, but these can change when rerouting and subsequent practice reintegrate neural activity in that area into a new sensorimotor dynamic with a different function.  Dynamic sensorimotor reintegration of rerouted input predicts deference.

Accommodating dominance is especially important for interactionist forms of externalism that explain qualities of experience in terms that include patterns of embodied interaction with environments.  Dominance is associated with illusions.  It is tempting to think that such interactionist externalism cannot explain illusions; but this challenge can be disarmed.  It is generated by a false assumption:  that the relevant patterns of interaction must in all cases be located on one or the other side of some boundary between world and behavior, on the one hand, and neural processes on the other.  But such boundary assumptions, on this view, are symptoms of an insufficiently dynamic and active conception of what experience is and how it can be explained.

In particular, the dynamic sensorimotor approach predicts dominance when the subpersonal reimplementation condition above is not met because rerouted input from A does not result in the relocation of dynamic sensorimotor pattern A so that area 2 participates in it. Reimplementation could fail despite rerouting, for various reasons:

· Neural constraints. Perhaps the neural structures in the new target area are simply not up to the new task, chemically or computationally, so simply do not accommodate the underlying dynamic.  When visual inputs are rerouted to auditory cortex in newborn ferrets, changes are induced in auditory cells so that they come to have some properties of visual cells (Roe et al 1990, 1992; Pallas and Sur 1993; Sur et al 1999; Sharma et al 2000).  However, such changes may not always be possible; neural plasticity is not unlimited.

· Already engaged. Perhaps the new target area is already integrated into a different, competing dynamic sensorimotor pattern, involving different inputs—from area B, say--, which is still active and has not itself been relocated or discontinued in some way.

Dominance is also predicted from a personal-level perspective when the practical knowledge condition above is not met, because the agent is relatively passive and so fails to acquire skilful practical familiarity with the relocated pattern A.

· Passivity.  The agent may not be active in ways that would provide practical familiarity and skill with the reimplemented sensorimotor dynamics, such as intermodal and motor feedback patterns. 

When dynamic sensorimotor reintegration of the rerouted input fails in these ways, the rerouted input can be said to dangle. Dangle of rerouted input predicts dominance.  Again, failures of these conditions for reintegration and deference are different aspects of a lack of sensorimotor integration: inactivity by the agent may leave a new input dangling, until her activity ties it in to a relevant dynamic sensorimotor pattern through co-stimulation and feedback. 

This account predicts deference in the Braille and Kohler goggle cases, since the conditions for deference are met in these cases.   Concerning the Braille cases:  tactile input rerouted to visual cortex in the early and congenitally blind relocates characteristically tactile dynamic sensorimotor patterns so that visual cortex participates in them; since the agent is blind, patterns subserving visual experience do not compete.  Moreover, the Braille readers are active and have practical familiarity with these nonstandardly implemented but characteristically tactile patterns.   Concerning Kohler’s goggle-adaptation cases:  the higher-order dynamic sensorimotor pattern associated with a specific color constancy is reimplemented neurally without loss of information, in the way Gibson suggests.  The pattern doesn’t compete with existing patterns in its new implementation, since all specific patterns for color constancy have been reimplemented by the goggles, in complementary ways.  Moreover, Kohler’s subjects acquire practical familiarity with this reimplementation through activity while wearing the goggles over a long period.

By contrast, dominance is predicted in the phantom referral case, since the active skill condition for integration is not met: the rerouted input from face-stroking to the area of cortex that once signalled touch to arm is now dangling as a result of inactivity. Why? Because the experimenter, not the subject himself, does the face stroking while the subject is blindfolded and passive, so no feedback or co-stimulation is set up.  If instead the subject strokes his or her own face (input source A), while also watching in a mirror, our account predicts, correctly, that the stroking would come to be felt as stroking to the face only (the A feeling); tactile experience would then defer (Ramachandran & Hirstein 1998, 1615).  Such self-stroking would relocate the face-stroking pattern (the A pattern) to the disused arm area of cortex (area 2), and allow the subject to reacquire practical familiarity with it.  Moveover, no arm-stroking pattern (B pattern) would actively compete with the relocated face-stroking pattern (A pattern) to retain the participation of the disused arm area of cortex (area 2), since there is no longer an arm to participate with this area in producing such a pattern.

5.  Dominance in synaesthesia.

Explaining dominance in synaesthesia is a challenge for the dynamic sensorimotor account.  As Gray (2003) asks, why doesn’t synaesthetic color experience adapt away?  After all, synaesthetes don’t expect the same movement-related sensorimotor dependencies to hold for synaesthetic colors as for normally perceived colors, and they don’t confuse synaesthetic and normal colors.  Why should two different patterns of interaction continue to be associated with the same color qualities?  For example, in the example of ACE above, why should hearing ‘white’ continue to induce any synaesthetic color experience at all, let along an incongruent one?  

In fact, it isn’t hard for the dynamic sensorimotor approach to explain dominance in ACE synaesthesia, owing to the evidence cited above that V4 neural activity in ACE appears to be lateralized differently from that in non-ACE synaesthesia. (What explains the difference in lateralization is another issue!).  Recall that both ACE synaesthesia and normal color perception by ACE synaesethetes activate primarily left V4.  This means that dominance is predicted by the sensorimotor account on ‘already engaged’ grounds:  the non-standard projection is from heard color words to left V4, which is integrated into dynamic sensorimotor patterns in active use in normal color perception and have not been relocated or interrupted.   The activation produced by the non-standard projection from heard color words to left V4 thus merely ‘dangles’, producing incongruent synaesthetic color experiences and creating some interference effects with color naming in so doing. 

Gray (2003; Gray et al 2002) urges that dysfunctional interference effects with color naming associated with ACE would, on a functionalist view, produce pressure for ACE to adapt away.  Perhaps such adaptation has occurred in some cases; if so, it would be hard to detect.  But neural constraints may not always permit such a solution.  The reimplementation needed to avoid the characteristic incongruence of ACE simply may not be neurally available in certain cases.  Such implementational limitations are important to recognize; the dynamic sensorimotor explanation is not committed to the equipotentiality of neural tissue or the lack of specifically neural constraints on experience.

The ‘already engaged’ explanation of dominance doesn’t work so well, however, for non-ACE synaesthetes, in whom neural activity for synaesthetic color experience is lateralized to left V4 while that for normal color perception is lateralized to right V4 (see Figure 2; Gray et al 2006).  To the extent colored hearing and normal color perception do not share neural resources they way they do in ACE, the ‘already engaged’ basis for predicting dominance does not apply.  Another explanation of dominance is needed here.

This might be found by comparing synaesthesia with other examples of dominance, in sensations referred to phantom limbs following amputationb (see Ramachandran & Hubbard 2001, 981-982, comparing synaesthesia and phantom limbs.)  Recall that the area of cortex that is disused by its normal inputs after amputation appears to be colonized by inputs from other sources.  However, it can retain its original qualitative expression rather than deferring to the new source of input, such that stroking the face is felt as stroking the phantom limb. This example was explained in terms of failure of the conditions for deference, since the subject was blindfolded and passive as the experimenter stroked his face.

But phantoms also provide examples of neural deference.  For example, as predicted, when the subject strokes his own face the referred sensation does adapt away.  And not just specific referred sensations but whole phantom limbs have a tendency to adapt away over time.  Phantom limbs can be congenital as well as acquired as a result of losing a limb.  Almost everyone who loses a limb will acquire a phantom, but only about 17% of those born without limbs have phantoms (Ramachandran & Hirstein 1998; Gallagher et al 1998).  However, unlike phantoms acquired by losing a limb, congenital phantoms do not seem to adapt away.  Congenital phantoms appear to be cases of dominance.   

As indicated, deference for synaesthesia analogous to adaptation of phantom limb experience would be hard to detect.  Since synaesthesia is almost always congenital rather than acquired (rarely, tumors or drugs may induce it transiently), if it adapts away it presumably does so before it is detected. (It has been suggested that we are all synaesthetes in infancy, but that the projections that produce synaesthesia are normally pruned; Maurer 1997).  Perhaps synaesthesia should be regarded as a congenital color phantom, resulting from the activation of an area of cortex that is not being used for its normal functions, whether because of lateralization of normal color perception (in synaesthesia) or lack of a limb to provide normal inputs (in phantom limbs). In neither case does the congenital anomalous experience adapt away.  Can dominance in these cases be explained in similar ways?

To answer this question, we must first try to understand why congenital phantoms do not adapt away even though acquired phantoms often do show adaptation.  If we can understand this, it may help to explain dominance in synaesthesia.  What explains the difference between dominance in congenital phantoms and deference in acquired phantoms?     

Ramachandran addresses this issue.  He compares the adaptation of phantom limb experience induced by his mirror box with the lack of adaptation in congenital phantoms.  Ramachandran’s patient had an immobilized phantom hand, paralyzed in a painful clenched position for ten years since he had lost his limb (Lord Nelson had a similar phantom pain).  Ramachandran used a box in which mirrors had been positioned to create an illusion of the patient’s intact clenched hand in the felt clenched position of his phantom hand.  The patient was asked to try to unclench both his hands simultaneously.   When he opened his intact hand and saw it open in the mirrors, in the felt position of his phantom hand, he felt his phantom hand unclench as well.  Moreover, the movement in his phantom relieved the pain in his phantom. 

Ramachandran’s explanation of the change in experience induced by the mirror box is very similar to the explanation of deference in terms of sensorimotor reintegration (Hurley and Noë 2003a).  He suggests that when the brain sends out motor commands for movement, and copies of these commands, but gets no corresponding feedback of actual arm movement because the arm is missing, it learns that the arm does not move but is paralysed in a position that would be painful in a real arm.  The illusory feedback created by the mirror box allows it temporarily to unlearn paralysis by reference to normal expectations of sensory feedback from arm movement. (See Ramachandran and Blakeslee, 1998, 47ff; Ramachandran & Hirstein 1998; Ramachandran and Rogers-Ramachandran 1996; 2000; Ramachandran et al 1995.)  In effect, the illusory visual feedback of phantom movement created by the mirrors instantiates patterns of sensorimotor contingency familiar to the subject from before the loss of the limb.  Experience of the phantom changed accordingly, from paralysed and painful to neither.

However, this explanation faces a puzzle similar to that encountered in comparing color adaption to synaesthesia.  The question arose:  if experience of color adapts to Kohler’s goggles, why doesn’t synaesthetic color experience also adapt? Similarly, we may wonder, if experience of acquired phantoms adapts in the way Ramachandran explains, why does experience of phantom limb movements in congenital phantoms persist?  Why doesn’t experience of congenital phantoms adapt also?    

Ramachandran explains as follows the difference between adaptation in phantoms resulting from amputation (freezing, telescoping, or disappearance of the phantom) and lack of adaptation in congenital phantoms.  A normal adult has a lifetime of practical familiarity with the sensorimotor dynamics of arm movement.  These are missing after amputation; since neural ‘expectations’ of normal sensorimotor feedback are ‘disappointed’, experience of arm movement adapts to bring it into line with the absence of normal sensorimotor dynamics. As a result of such ‘learned paralysis’, the phantom may freeze, shrink, or even disappear over time.  In effect, this is to explain deference as a limiting case of reintegration:  a normal pattern of sensorimotor contingencies is not relocated and reimplemented, but missing altogether.  Practical familiarity with this absence is acquired and experience comes to reflect it, for example, in the freezing of a phantom.  

By contrast, Ramachandran continues, movement in a congenital phantom may persist indefinitely because the congenital absence of a limb to provide co-stimulation and feedback relationships between various modalities and motor activity means that there are no neural ‘expectations’ of normal sensorimotor feedback from such a limb to be ‘disappointed’.  So no adaptation is called for.  In effect, the phantom corresponds to part of an innate body image or schema that has never been integrated into a normal dynamic sensorimotor pattern--that has always dangled (Ramachandran and Blakeslee 1998, 57; Ramachandran & Hirstein 1998; 1624-1625; see also and compare Gallagher et al. 1998).  Neural dominance here reflects a biological default setting in somatosensory cortex for limb experience that cannot be overwritten by familiarity with absence of the normal sensorimotor dynamics of arm movement:  you cannot adaptively acquire familiarity with the lack of something that has never been present to begin with.  In effect, the practical knowledge condition for deference is not satisfied.

Can some synaesthetic colors be explained in a similar way, in terms of lack of a conflicting reference point for adaptation?  The parallel here to Ramachandran’s suggestion about congenital phantom limbs would again appeal to a biological default setting in V4, this time for color experience.  While the normal sensorimotor dynamics of color perception are absent for synaesthetic colors, they would not be ‘expected’, since synaesthesia is congenital.  Normal and synaesthetic colors have always had different sensorimotor dynamics in synaesthetes, so no adaptation is called for; this duality is experienced as normal, and there is no conflicting reference point.  Synaesthetic colors have always dangled, have never been integrated into the sensorimotor dynamics for normal colors, apart from minor interference effects.      

This ‘lack of conflicting reference point’ explanation of dominance may be part of the story, but isn’t fully satisfactory, for several reasons.  First, its appeal to a biological default setting, while certainly not ruled out by the dynamic sensormotor account, has an aspect of brute force.  Second, the two cases are somewhat different.  A person born without a limb has no familiarity with the normal sensorimotor dynamics of the missing limb as a reference point for adaptation, but a synaesthete is familiar with both the sensorimotor dynamics of normal colors and their absence for synaesthetic colors.  A closer analogy would be to a congenitally color-blind synaesthete (cf. the color-anomalous synaesthete SS; see Ramachandran & Hubbard 2003, 53.) Third, the duality of sensorimotor profiles for normal and synaesthetic colors provides no account of the quality that experience of synaesthetic red has in common with normal perception of red by synaesthetes.  

For these reasons a fresh look at the problem is needed.  Perhaps we should reconsider the characterization of what needs to be explained about congenital phantoms and synaesthesia as non-adaptation of anomalous congenital experience.  That characterization is what leads to the ‘no conflicting reference point’ account suggested by Ramachandran.  But perhaps there is early adaptation in many cases of congenital phantoms and synaesthesia, so that these are not all cases of dominance after all.   Perhaps congenital phantoms do normally adapt away and only the rare cases of nonadaptation come to light and make up the 17% figure.  Similarly, perhaps early synaesthesia does indeed adapt away in the vast majority of cases, and only the rare cases of nonadaptation remain to be recognized as cases of synaesthesia (see Maurer 1997).  We really have no reason to assume otherwise, since such adaptation would presumably occur early and be virtually invisible.  On this view, the problem becomes one of getting evidence about whether early synaesthesia often does adapt away before it comes to light. 

The dynamic sensorimotor approach thus suggests that adaptation of congenital anomalous experience may be more common than we tend to suppose, and prompts us to devise better ways to detect it.  If this prediction is correct, then what will need to be explained in not lack of adaptation in such congenital cases, but why a few residual congenital cases of phantom limbs and color phantoms persist, even though many other such cases adapt away.  Some of the residual cases may be handled by the neural constraint, already engaged, or no-conflicting-reference-point explanations sketched above.   Lack of adaptation in known cases of congenital phantom limbs and synaesthesia would still need to be explained, but how it can or should be explained will depend critically on how those cases can be contrasted, which we are not yet in a position to say.    

4.  Concluding remarks and context.

Neural plasticity and perceptual adaptation phenomena provide a rich set of materials with which to work in explaining why neural activity in certain areas is associated with this quality of experience rather than that  and thus attempting to bridge the comparative explanatory gaps.  These phenomena prompt interactive externalists to return to the brain, although without giving up their externalism.  The key to the dynamic sensorimotor strategy in explaining qualities of experience is its rejection of the inner/outer boundary that too often defines the options.  Rather, experience should be explained in terms of interactions that cross back and forth between embodied brain and environment with dynamic promiscuity.  
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� This chapter draws heavily on and elaborates Hurley and Noë 2003a, which introduced the distinction between dominance and deference and explained it in dynamic sensorimotor terms.  Thanks especially to Alva Noë; this chapter strongly reflects our ongoing collaboration.  Thanks also for helpful input to Dominic ffytche, Jeffrey Gray, Ron Kupers, and Erik Myin.





