
Neurophenomenological Constraints andPushing Back the Subjectivity BarrierExtended commentary on Steven E. Palmer's\Color, Consciousness and the Isomorphism Constraint"Technical Report UT-CS-99-419Bruce J. MacLennan�Computer Science DepartmentUniversity of Tennessee, Knoxvillemaclennan@cs.utk.eduApril 20, 1999AbstractIn the �rst part of this commentary I argue that a neurophenomenologicalanalysis of color reveals asymmetries that preclude undetectable color trans-formations (e.g. spectral inversions), without appealing to weak argumentsbased on basic color categories; that is, I suggest additional factors that mustbe included in \an empirically accurate model of color experience," and whichbreak the remaining symmetries. In the second part I discuss the \isomorphismconstraint" and the extent to which we may predict the subjective quality ofexperience from its neurological correlates. Protophenomena are discussed asa way of capturing in a relational structure all of qualitative experience exceptfor the bare fact of subjectivity.�This report is an extended version of a commentary to appear in Behavioral and Brain Sciences.It may be used for any non-pro�t purpose provided that the source is credited.1
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RFigure 1: Color Sphere. Capital letters represent phenomenal colors (L/D =light/dark, Y/B = yellow/blue, R/G = red/green).1 Via negativaMany of the issues addressed in Palmer (in press) can be investigated by a neurophe-nomenological approach, which seeks systematic parallels between the structure ofexperience, as revealed by phenomenological analysis, and the structure of the ner-vous system, as investigated by neuroscience (MacLennan 1995, 1996a). The use ofphenomenological techniques is especially important if we are to avoid theoreticallypreconditioned oversimpli�cations of the phenomena.Consider �rst a light/dark (white/black) inversion. The color sphere (Fig. 1)suggests that this is possible, but a phenomenological analysis argues against it, forthe light and the dark have di�erent phenomenological structures. As Francis Baconsaid, \All colours will agree in the dark"; that is, all hues merge at the bottom of thecolor sphere. The sphere similarly shows the hues merging at the top, but this seemsto be more an artifact of the theory than a phenomenological reality. At best it is arare experience, such as one might have staring at the sun or into a very bright light.But this reveals another asymmetry of the light/dark axis, for very bright lights areaccompanied by pain, but darkness is not. This experience of pain is an integral partof the phenomenology of vision.I have little to add to the article's treatment of the yellow/blue inversion, exceptto observe that the \yellow anomaly" (the fact that yellow is inherently lighter than2
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Figure 2: Normal Response Curves of Double Opponent Cells. Capital letters repre-sent phenomenal colors corresponding to peaks in the response curves. Letters witha subscript u represent the three spectral \unique" (unmixed) hues.
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the other colors) is predicted and explained by the fact that the response of theyellow channel (�S +M + L) has the largest overlap with the light (white) channel(+S +M + L) of all the color channels (Fig. 2).1 (Here neuroscience complementsphenomenology.)Thus, since ancient times (e.g. Aristotle, De sensu 442a), phenomenological anal-yses of color have recognized the similarity between yellow/blue and light/dark, oftenmaking them the extremes of a color-series arranged linearly between light and dark.Furthermore, the �rst two colors in the Berlin and Kay hierarchy are conventionallytermed \white" and \black," but are more accurately described as warm-light vs.cool-dark, that is, very much like yellow/blue (Kay & McDaniel 1978).The red/green inversion is more di�cult, and so Palmer (in press) makes a prob-lematic appeal to basic color categories; I think there is a better approach, however.By a careful phenomenological analysis of colors Goethe (1840) was able to identifyan important di�erence between our experiences of red and green. Yellow and blueas extremes can be combined to yield green as a mean ({697), which is experiencedas similar to both yellow and blue (even though unique-green contains no yellow orblue). Red is not intermediate in this way. Instead, by a process of augmentation(Steigerung) of intensity, blue and yellow both approach a very pure red or Purpur({{699{703), a color \like �ne carmine on white porcelain" ({792). Blue passesthrough violet to Purpur, and yellow passes through orange ({704). Since Purpur isnot experienced as a simple mixture or union, Goethe classi�es it as the third primarycolor (after yellow and blue). Green, however, is classi�ed as the �rst secondary color,because it is seen as a mixture of the primaries blue and yellow.Goethe's analysis is supported by the Berlin and Kay studies, which make red thethird color after \black" and \white," and green the fourth. The phenomenologicalanalysis is con�rmed by neuroscience, since the green channel (�S +M � L) has asigni�cant overlap with both yellow (�S +M + L) and blue (+S �M � L), but red(+S �M + L) overlaps only yellow signi�cantly (thus it is similar to yellow but notto blue). (This may be due in part to the comparatively small number of S cones.)In summary, the possibility of a spectral inversion arises from a naive identi�cationof color experience with the linear spectrum. However, progressively more carefulphenomenological analyses of color (beginning with Goethe and Hering) have revealedricher structures and imposed additional constraints on possible inversions. I expectthis progress to continue. For example, so far as I am aware there is still no adequateexplanation of Benham's disk, the illusion in which colors emerge from a rotatingblack and white disk. However, a neurophenomenological explanation of this is likelyto reveal additional asymmetries in experienced color space. It seems to me that theinverted spectrum is doomed if not already dead.1The De Valois & De Valois (1993) model is a little di�erent from that used in this commentary.Although they have �S �M +L for the yellow channel, it still has the largest overlap with the lightchannel, due to the large proportion of L cones; they use the ratios L :M : S = 10 : 5 : 1.4



2 Via a�rmativaIn the second part of my commentary I would like to move from the impossibilitiesof color inversions to the possibilities of explaining color experience. Thus, we seekto explain the phenomenology of color in terms of the neurophysiology (and alsoneuroethology!) of normal vision, but one of the tests of such a theory will be ourability to predict experiences associated with abnormal color vision. However, wemust consider �rst what we may expect from such an explanation, and what we maynot.We would, of course, like to be able to imagine the color experiences of people andother animals with color vision signi�cantly di�erent from our own. However, thereare good reasons for doubting our ability to do this. In sensory areas of the brain,imaginal layers (with inputs from higher regions) appear to alternate with perceptuallayers (with external inputs) and to have parallel structures. Therefore, if the struc-ture of our possible experiences is determined by corresponding neural structure, thenour ability to imagine vividly will be likewise limited. That is, neurological structurede�nes the topological structure of our experiences, both perceived and imagined.Therefore it seems unlikely that we can vividly imagine perceptual experiencesradically di�erent from our own, a conclusion which seems to be con�rmed by ev-eryday experience. What we can hope for are qualitative and quantitative verbaldescriptions of the topological structure of alien perceptual systems; we can seek vi-sualizations where they are possible, but we must be prepared to abandon them aswe explore perceptual systems progressively more di�erent from our own.Based on the preceding discussion, we can hypothesize that whatever color channelhas the greatest overlap with the light channel (+S +M + L) will be experiencedas yellow, or to put it the other way, phenomenal yellow is the experience of thechromic channel with the greatest overlap with light. Indeed, yellow and blue can beconsidered the chromic correspondents of light and dark (\white" and \black").In normal color vision, the unimodal channel (�S+M+L / +S�M�L) generatesyellow and its opposite, while the bimodal channel (�S +M � L / +S �M + L)generates green and its opposite. The unimodal channel generates experiences ofyellow because the two adjacent response curves (M and L) combine with a greateroverlap than the two nonadjacent ones (S, L) in the bimodal channel; therefore theunimodal channel has the greater overlap with the light-dark channel.Green and red are the unique hues that are less like light/dark than yellow/blue;this is due to the lesser overlap of the response curves. The phenomenological struc-ture of green is given by its similarity to both blue and yellow, whereas its oppositered is similar to yellow, but not to blue. The green channel (�S +M � L) has asubstantial overlap with both yellow and blue, whereas red (+S � M + L) has asubstantial overlap with yellow but a much smaller one with blue. Therefore, we mayhypothesize that green is the experience resulting from the channel with the greatestoverlap with both of the extremes, whereas red results from an overlap with yellow5



but not blue.In an abnormal system that had +S +M �L and �S �M +L for the unimodalchannel, experience of yellows would correspond to spectral blue-green light (+S +M � L), the region of largest overlap with the light channel (+S + M + L), andspectral orange-reds (�S � M + L) would be experienced as blues. Phenomenalgreens (�S + M � L) would still correspond approximately with spectral greens,since they have to be similar to both phenomenal yellow and blue, but the opposingphenomenal reds (+S � M + L) would correspond, I think, with spectral violets(and nonspectral purples). Such anomalies could be detected by a subject trained inthe phenomenological description of his or her color experience; for example spectralgreen light would not be experienced as similar to both yellow and blue.A more problematic abnormality replaces the bimodal channel with a unimodalchannel, so that there are two unimodal channels: �S+M+L (and its opposite) and+S +M � L (and its opposite). The problem is that in the worst case there couldbe complete symmetry between these channels, so they have equal overlaps with thelight channels and equal claim to generate the yellow experience (though for di�erentwavelengths). Topologically each of these channels would appear like yellow in itsrelation to its opposing blue and in the relation of the yellow-blue pair to light-dark.However there would be an additional similarity between each blue and the yellow ofthe other pair. Here we may have an example of a visual system too alien to permitvisualization of the experience, but the topology is clear. In any case the anomalywould be easily detectable, because there would be only two spectral unique hues, asopposed to the three spectral unique hues of normal color vision. (See MacLennan1999 for more details.)In Section 2.3 of Palmer (in press) it is noted that the isomorphism criterion arisesin mathematics as well as in behavioral science. Indeed, it arises in any objectivescience, as traditionally construed. In the end, they are all expressed in terms ofexternal relations among primitive objects. Thus physics says nothing about whatelectric charge is; it limits itself to describing the relations between charged particlesand electromagnetic �elds.However, it may be argued (Chalmers 1995, 1996; MacLennan 1995, 1996a) thatthe traditional approach is inadequate for solving the \hard problem," that is, for fullyintegrating consciousness into the scienti�c worldview. This is because an adequateaccount of subjectivity must deal with certain relations between objects (speci�callythose between subjects and the objects of their consciousness) from a di�erent per-spective, from the \inside" of the subjects out to their objects. Such relations cannotbe entirely external to the objects. Therefore, we must expand our domain to admitthat some objects, at least, have two sides (the outside and the inside, so to speak),one of which is accessible only when the observer is the object. Thus we are led tosome form of dual-access monism.My own approach to these problems is by way of a theoretical entity, the protophe-nomenon (MacLennan 1995, 1996a, 1999). Protophenomena are elementary units of6



experience, postulated to correspond to certain brain activity sites (perhaps the so-mata of neurons). (It must be emphasized that protophenomena are very small; thenumber constituting an individual's consciousness state would be on the order of thenumber of neurons in the cortex, say thirty billion.) Each protophenomenon has asubjective intensity, which we may call the fundamental quale. The intensities ofprotophenomena depend on the intensities of other protophenomena (and on extrin-sic independent variables) in mathematically de�nable ways that correspond to theelectrochemical connections between neurons (MacLennan 1996b). Protophenomenaacquire their qualitative character from these mutual dependencies, which de�ne thestructure of possible experiences.At the end of Palmer's Section 2.2 we read that \the nature of color experiencescannot be uniquely �xed by objective behavioral means, but their structural interre-lations can be." However I am more optimistic. As we come to better understand theneurophenomenology of color we will be able to reduce more of its phenomenologicalstructure to the relations between protophenomena and their neurological parallels.In the end, all that should remain unreduced is the bare (\colorless") fact of subjec-tivity, represented by protophenomenal intensity.Furthermore, since protophenomenal intensity is a very simple property, it is pos-sible, at least in principle, to approach many questions concerning experience empir-ically by means of phenomenologically trained subjects. For example, by controllingthe activity at activity sites and having subjects report protophenomenal intensity wemay determine whether absolute or relative neural activity corresponds to intensity,which will go toward answering questions such as whether one person is experiencinga \whiter white" than another (cf. Palmer in press, Section 2.3).In conclusion, neurophenomenology reveals color experience to have a rich struc-ture that precludes color transformations such as suggested by Locke. Further, byshowing the parallels between neural structure and phenomenological structure, itallows us to predict the phenomenology of color systems di�erent from our own. Ifthis structuralist approach is correct, then all that is behind the \subjectivity barrier"is the bare fact of subjectivity, represented by protophenomenal intensities; the richquality of experience will be explicable in terms of protophenomenal dependencies.3 References1. Chalmers, D. J. (1995) Facing up to the problem of consciousness. Journal ofConsciousness Studies 2: 200{219.2. Chalmers, D. J. (1996) The conscious mind. Oxford University Press.3. De Valois, R. L., & De Valois, K. K. (1993) A multi-stage color model. VisionResearch 33: 1053{1065. 7
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