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Abstract

Contrary to some well-known views in cognitive science and the phil osophy of
mind, in genera it is not the cae that the felt charader (phenomenal charader,
qualitative content) of sensory experiences is determined by the information that these
experiences pick up, a represent, abou the world. In this dissertation | shall focus on a
particular sensory modality, namely color vision, to suppat thisthesis.

Recantly there has arisen a strong and popuiar view of phenomenal consciousness
acording to which the two fundamental problems abou the mind: intentionality and
phenomenal experience, can be tracal bad to just one: intentionality. On this view, the
phenomenal asped of experienceis a speda case of intentionality, or our mental states
carying information abou the external world. For instance, when we seethe wlors of
objeds, we seg in adired and transparent way, exadly those kinds of properties that the
external objeds have. Not only are the wlors of objeds causally resporsible for our
experiences as of color, oljed colors crucialy determine what is cdled the phenomenal
charader of color experience

In this dissertation | shall argue that this view of color experience — the view
cdled representational externadism — canna be orred. | shall argue that from the
empiricd fads abou objed color and color vision we need na conclude that objed
colors do nd exist, hence ®lor vision is a grand illusion; however, we do have to
conclude from these fads that though oljed colors are the caises of our color
experience, what it is like to seethe mlors is nat, in any theoreticdly interesting sense,
determined by the lors themselves. To the @ntrary, what it is like to seethe @lorsis
crucialy determined by how our color vision systems are cnstructed. In this dissertation
| offer two independent arguments to suppat this claim.
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Chapter One: The conceptsand the problem

0. Introduction: shape and color

The philosophicd problems abou color and color vision pretty well concentrate
aroundthe following question: what is color in oljeds? Alternatively, ore might ask: are
external objeds colored? Or simply: what do we mean when we talk abou color? To
approadh these problems, let me start by looking at some ntrasts between color (and
color perception) and shape (and shape perception).

Thefirst observation ore might make is that, it seems, thereisno paralel problem
for the notion d shape and shape perception. When we ak: ‘What are the shapes of
objeds? we can reply: well, shapes are types of spatia distribution d matter. We dso
have dstrad shape mncepts designating these types. We can realily describe shapes:
regular ones by the well-known shape @ncepts of Euclidean (or some other) geometry,
irregular ones by the nation d coordinate systems and lists of pairs (n-tuples) of numbers
charaderizing pointsin coordinate systems.

A seoond olservation might be the foll owing. Shape perception dus intellecual
refledion seams sufficient to form a cnception d shapes that does not make referenceto
our perceptual experience of shapes. | have just given such a charaderization, abeit in a
crude form (I will add a little more detal to it below). Ancient Greeks obviously
posessd a similar nation o shapes, and all they had as a means for aqquiring it was

shape perception and intell edual refledion.



The mntrast with oljed color may well be obvious at this paint. It seems that in
order to form a nception d objea color that does nat make referenceto ou perceptual
experience of color, we do reed empiricd science Science has alrealy taught us a lot
abou objed color: for instance, we have leaned that one aucia fador of color in most
ordinary physicd objedsis their surfacerefledance However, we have dso leaned that
in many cases surfacerefledance does nat figure a a key fador in ojed color. Light
sources are the most obvious example of this. To lean such things, perception by the
naked eye plus intelledua refledion are not enough. Ancient Greeks who dd nad have
empiricd sciencedid nd know these fads abou objed color.

Here is athird observation we might make, in the light of contemporary science
D. Marr's, |I. Biederman's or S. Kosdyn's theories of visual perception (i.e,
computational stories of how analog, maplike representations of spatial layouts are
formed in the visual system) give us a plausible idea of how shape properties play an
important role in determining the subjedive (i.e., visua) quality of shape appearances —
what it is like to see aparticular shape. The visual system reconstructs contours, textures,
surfaces, and ou of some hierarchicd set of primitive symbadls (like symbad-fill ed arrays,
shape primitives) it eventually buil ds up representations of complex spatial layouts. What
it islike to seeshapesis obvioudly crucialy determined by such computational processes.
For instance, what it islike to see a arcular objed is quite different from what it islike to
touch ore, even though the drcular objed in the two cases might be one and the same.
But since in these two cases snsory information abou the same shape is picked up va
different proximal stimuli (incident light versus patterns of medanicd stimulation) and

processed in radicdly different ways, the tadile and visua experience of the drcular



experience will , uncerstandably, be quite different. The other side of the win is that, due
to the systematic spatial mapping in vision, dfferences in shapes are reaily picked up
and are alequately represented. Moreover, and more importantly, the output of shape
perception toward the rest of the aognitive system is rich in these detail s. Our conceptual
representations have accesto the detail s of analog representations of spatial layouts. For
instance we can produce adetail ed verbal report on the contents of the visual buffer, say,
in an imagination task.

Again, there is a contrast here with color perception. Even though color vision
reliably tradks those stimulus properties that we cdl colors, this g/stem does not give us
nealy as much information abou these stimulus properties as does shape perception
abou shapes. The information delivered by shape perception to the rest of the aognitive
system abou particular shapes is, it seems, immensely richer than the information
delivered by color vision abou particular colors. This may be one reason why color
perception dus intelledua refledion alone could never lead us to the insight that objed
color is, in many cases, surface refledance (or is quite dosely related to surface
refledance).

Our knowledge of physics has suggested for a long time (perhaps ever since
Democritus) that colors are not fundamental physicd properties — they are nat properties
that figure in theories and explanations of physics. However, shapes aren’t fundamental
physicd properties either, so in this resped there is no dfference between color (a
classcd paradigm example of primary qualities) and shape (a dasscd paradigm
example of secondary qualiti es). Ancther discovery abou color that, | think, pdayed an

important role in fadlit ating recent philosophicd debates over the nature of color is that



whereas shapes are physical types of some sort, object colors appear to be physically very
heterogeneous.

For instance, what characterizes al and only spherical objects is that each and
every one of them is a spatial distribution of matter that approximates sufficiently well, at
some grain of spatial resolution, the geometrical notion of being a sphere. In other words,
al (and only) spherical objects are physical realizations, or instantiations, of the abstract
notion of a sphere. Of course there is a lot of vagueness here, and what counts as
sufficient approximation is often, though not always, determined by what we would see,
or accept on the basis of perception, as spherical. For beach balls the key criterion is
perceptual; however, for ball bearings in high-precision machines, the criterion is much
stricter.! Of course, any particular piece of matter has its own spatial distribution, hence
its own (often irregular) shape, and this shape will vary depending on the spatid
resolution at which it is characterized. Pizzas are round at some coarse-grain resolution
(e.g., when viewed from two meters of distance), but they are not round at more fine-
grained resolutions (e.g., when viewed from a smaller distance). So, given some coarse-
grain spatia resolution R¢, and a finer-grain one Rg, being circular at Rc (i.e,
approximating the circular shape sufficiently well at resolution R¢) is satisfied by some
objects that are not circular at resolution Ry, and all objects that are circular at resolution
Rr. In sum, shapes are types of spatial distribution; in other words, they are high-level
physical types.

In contrast with shapes, colors, or the stimulus properties that are causally
responsible for our color perceptions, seem, on evidence, not to be high-level physica

types at al. When we examine the whole variety of objects and surfaces that ook red to



us in ordinary circumstances of perception, no hgh-level physicd type — no plysicd

property commonto al and ony red oljeds — pops out. There ae red refleding surfaces,
red transparent volumes, red light sources, red fluorescent obeds, red phasphaescent
objeds, and so on. Even though, for our perception, these objeds appea to have a
striking distinctive and common poperty (i.e., rednessas we percave it), it seansthat in
terms of determinate physicd properties, or high-level physicd types, we caana find any
unique physicd correlate for this perceptua attribute. This finding raises important
problems both abou the nature of objed color and that of our perceptual experience of
color. These ae the problems that | shall discuss in this disertation. | begin with a
concise overview of the most important philosophicd theories of objea color. This will

be followed by two independent arguments that attempt to suppat the view that (1)
colors are nat high-level physicd types, that is, there ae no unque rrelates, in terms of
high-level physicd types, of our experiences of color, (2) what it is like to seethe lors
is crucialy determined by how our visua systems operate, and nd in any theoreticdly
interesting sense determined by the environmental stimulus properties that are the
systematic causes of our color experience This view is consistent with the broader
philosophicd view that many cdl color redism; it is even consistent with the more
spedfic dam that colors are caisaly effedive physicd properties of objeds and
surfaces. Simply from discovering that the stimulus properties that normally cause our
color experience ae heterogeneous at any level of description we need na conclude that
objeds are not colored. We may aso conclude that objed colors exist and are physicdly
heterogeneous (seeSedion 1.4for more detail on this paint). This admisgon will slightly

increase the theoreticd distance between oljed color and color appeaance in the sense



that the former does nat significantly figure in the explanation d the latter. Objed colors
still cause our color experiences, bu they do nd determine the internal charaderistics of
those experiences — most importantly their phenomenal character (or what | take to be
the same & phenomenal charader, what it is like to see the colors).? | think this increased
theoreticd distance between color and color experience dso follows from the observation
that different spedes with color vision dfferent from ours ethe lors (i.e., largely the
same olors as we do, since we pretty much share our environment with them) in
significantly different ways than we do, and this $hows up in the ways they caegorize
colors in experiments (Thompson et al., 1992, 195, 148155 Matthen, 1999.3
Abandonng a dharaderisticdly spedes-chauvinistic atitude to color vision also helps us
to uncderstand that objed colors are one thing, and what it is like to see them is quite
another. So much so that, as | will argue, the dharaderistics of color experience cana be
understood from the asaumption that we perceptually represent the mlors. We
perceptually represent the alors, yes, bu the fad that it isthe wlorsthat are perceptualy
represented daces not amourt to an explanation d how the phenomenal charader of our
color experience aises. To explain that, we nead to turn to aher medanisms —
mechanisms that are internal to ou brains, urlike the relations uponwhich the @ouness

of mental states supervenes.

1. Theoriesand conceptsin the focus of this dissertation
1.1. Theories of object color
In this dion | introduce five different and well known phlosophicd theories of

objed color: eiminativism, dispositionalism, digunctive physicdism, type physicdism,



and the so-cdled Simple View of color. The last threeof these views belong to the family
of physicdist theories of color. Since akey concern o this dissertationis with physicdist
theories of color, the introduction d such views will be somewhat more detail ed than that

of eliminativism and dspasitionalism.

1.1.1. Eliminativism (Subjectivism)

Colors as we percave them have cetain relational and intrinsic atributes that we
reasonably cdl essential ones. For instance puple is perceptualy more similar to red
than it is to green. In addition, there seans to be strong reason to assume that this
relational property is essential to being purple. Purple wuld na be perceptualy more
similar to green than it is to red, yet stay the same, namely purple — at least we have no
ideawhat this coud mean. Take atypicd purple surfaceS: it looks more similar to any
red surfacethan to green surfaces. If we dhanged these simil arity relations of S making it
look more simil ar to green surfaces than to red ones, then, it seamns, we would necessarily
change S's purple look. Similarly for certain, more intrinsic atributes of perceved
colors: for instance, the wlor orange is cdled a binary one because it is, perceptualy, a
mixture of red and yellow. To the contrary, red is cdled a unique hue becaise it is,
perceptualy, na a mixture of different colors. Moreover, it seans, a surface ould na
stay orange and yet not look bdh reddish and yellowish to some extent. It seams to be
esential to being orange that orange is, perceptually, a mixture of red and yell ow.

Now, if we describe the objed colors in perception-independent terms, that is, in
terms of surfacerefledances or relative energy distributions of emitted light, then we will

find no mtwork of systematic similarity relations between them that paralels the



simil arities between percaved colors. For instance, a surfaceS1 that emits pure 577 rm
light will 100k, to most trichromat percevers, unique yellow (or a wlor quite dose to
unique yellow). Ancther surface S2 emitting pure 590 mm light will, to trichromat
humans, look aange, that is, binary. However, pure 590 rm light is no more amixture of
other lights than is pure 577 mm light; the same goplies to the relative energy distributions
of lights emitted by S1 and S2. Even though arange is a perceptual mixture of two ather
hues whereas yellow is nat, when described in perception-independent terms, the objed
colors yellow and aange do nd exhibit any correspondng, systematic structural
difference For all we know abou color vision, it seeans to be an empiricd fad that our
color vision systematicdly distorts the measurable similarity relations that obtain
between oljed color stimuli (in perception-independent terms like surfacerefledance),
and it is this distortion that results in the percaved similarity relations of the mlors
(Thompsonet a. 1992 Thompson, 1995, pp. 12233 Matthen, 1999, pp. 6469, 76.

To summarize, colors as we percave them exhibit a daraderistic pattern of
similarity relations (we cdl this property unity), and a diff erence between what we cadl
unique and kinary hues (this is cdled the unique-binary distinction), bu in perception-
independent terms, nahing in the objeds color properties parallels these perceptud
patterns. In addition, as | mentioned in Sedion 0abowe, the objea colors, in perception-
independent terms, appea not to be physicd types of any sort — rather, ead oljed color
appeasto be, onevidence a mlledion o various different physicd properties.*

Another observation is that one and the same surfacewill | ook dfferent in color
to the same observer in dfferent circumstances; similarly, the same surfacein the same

circumstances of perception will still Took dfferent to dfferent percavers (i.e, a



trichromat human and a pigeon, a a “normal” trichromat and an anomalous trichromat
human). That is, one might infer, there is a one-to-many mapping between color stimuli
(the relevant surfaceproperties) and perceved colors.

Given such observations, a number of philosophers have concluded that since (1)
no unque stimulus properties correspond to ou color percepts, and (2) the stimulus
properties themselves that cause our color experiences do nd exhibit any measurable
similarity relations that parall el the (essential) simil ariti es between perceved colors, there
simply are no such things as objed colors (Hardin, 1988, 1995 McGilvray, 1994
Maund, 1995 see &so Matthen, 1999,Sedion 4). Objeds of course look colored, bu this
is a grand illusion: perceved color is a product of our brains, mistakenly attributed to
external objeds by perception. Perhaps the cae of color is smewhat similar to what
happened when the nation d gravity arose in Galil eo’s time. Between roughly Aristotle
and Galil eo, it was thowght that the reason why objeds fall is that they have a intrinsic
inclination to fall. When the nation d gravity took ower, it turned ou that, even though
objeds an to have an intrinsic inclination to fall, there is, as a matter of fad, no such
property. So much so that the discovery of gravity later changed the mmmon sense view
of freefall as well: today not even parents tead their children that objeds fall becaise
they have an intrinsic inclination to do so (rather, what today’'s parents sy to ther
children is smething like that the eath attrads small objeds, that's why they fal — a
clea application d the theory of gravity).

This view of color is cdled eliminativism, or subjedivism abou color (Hardin,
1983; Boghossan and Veleman, 1994 McGilvray, 1994. However, to many

philosophers, eliminativism seans to be rather an implausible view. Perhaps the most
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unattradive feaure of it is the ideathat color perception is a grand error, a ubiquitous
misrepresentation right at the bottom of visua organization. It is by colors that we see
amost al other attributes of objeds (surfaces, shapes, and so on) — and naw it turns out
that there ae no colors. What there ae instead are only color experiences, and color
experiences are primarily products, or states, of our brains. Still, in color vision, cetain
attributes of some of our brain states (i.e.,, the phenomenal charaders of color
experiences) are “projeded orno” externa objeds that we percave — properties of our
brain states are percaved as properties of external objeds. Some philosophers (Tye,
200Q Shoemaker, 1999 have suggested that it is quite difficult, if at al posgble, to make

sense of this view.

1.1.2. Dispositionalism

Given this controversy with regard to eliminativism, what could be an escgoe
route — that is, a philosophcd theory of color that acoommodates the anpiricd findings
yet does nat end up concluding that colors do nd exist? One possble way out is to
observe that though olged colors may be, at any level of physicd organization, \ery
heterogeneous, till, all and orly those objeds that look a particular color C to trichromat
human observers in ordinary circumstances of perception have a @ommon functional, or
dispositional property. This property is the disposition to look color C (to trichromat
observers, in adinary circumstances of perception). In general, talk abou dispositions is
acceptable if there is a ourterfadual link between some caisaly effedive ggent A, and
some dfed E. It is also desirable to have a casa explanatory story abou how A causes

E on paticular occasions, and we have to be @le to charaderize the spedfic
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circumstances in which A causes E to occur. If these condtions are satisfied, we can say
that A has a dispasition to produce E. These condtions are satisfied in the cae of color.
For instance, a Granny Smith apple would look lime green if a trichromat human looked
at it in daylight; moreover, we do have an explanation d how this effed arises: the gple
refleds light that affeds our retina in a cetain way, and so on. Therefore, we can
reasonably say that Granny Smith apples have adispasition to look lime green. Now,
since other, physicdly quite different objeds that nevertheless look lime green (for
instance, some aeaof a wlor TV monitor) have this disposition too, we can propcse the
following acourt of objed color: the objed color lime green is the disposition o
physicd objeds and surfaces to look lime green (to trichromat percevers, in odinary
circumstances of perception). Mutatis mutandis for other colors. By this move we can
endase what is cdled the Principle of Charity (Davidson, 1984 p. 27 Shoemaker, 1996,
p. 98: since as a matter of fad, we gply color predicaes to physicd objeds (and nd to
sensations), we had better provide an acourt of the semantics of these predicaes that
preserves such color attributions as veridicd.

This theory of color raises an immediate question: on this acourt, to be red is
simply to look red; but how are we to anayze the phrase ‘looks red’? To say, for
instance that ‘looks red” means smply evoking a color experience that represents its
object as red would be hopelesdy circular. That is, if we explain being red by reference
to looking red, then we caana also explain looking red in terms of being red (or being
represented as red). Such an acourt would be vaauous, because it would missexadly the
meaning of the term ‘red’. Asfar asthisversion d the dispositionali st acourt goes, any

percevable property could stand in as the meaning of ‘red’. For instance, to look circular
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is, plausibly, to be visualy represented as circular. Moreover, circular objeds do have a
disposition to look circular to usin ordinary circumstances of perception. So as far as the
above schemagoes, theterm ‘red’ could just mean circular (Lewis, 1997.

However, we can save dispositionalism if we do nd explicae the concept of
looking red in terms of being red. That is, being red is gill understood by making
reference to looking red; but looking red is now understood as a sensory quality, or
phenomenal experience, of some sort. For instance we look at a stoplight, and say: ‘to be
red is smply to be disposed to look this way’, where the indexicd ‘this refers to the
color experience we undergo, and are avare of, onlooking at the stoplight. Science may
help us to go beyond such indexicds in spedfying types of color experience The re
ideain dspositionalism is that the concept of being colored is explicaed in terms of
phenomenal color experience (For more discusson d dispasitionalism along these lines
seePeamcke, 1997 Johrston, 1997 Boghossan and Velleman, 19974).

On more thorough scrutiny, dispaositiondism has sme more philosophcd
virtues; but it aso has a munterintuitive amnsequence As we saw, shapes are physicd
properties of objeds that are caisaly effedive. However, dispositions aren't causaly
effedive, so if colors are dispasitions, then colors are not the things that cause our
experiences of color.’ In general, it is the bases of dispositions that are caisaly effedive.
These bases can be ather dispositional or non-dispaositional properties. A pieceof hot
ironis disposed to bun my hand; the basis of the disposition here is the high temperature
of the metal, and that is not a dispositional property.® On the other hand, surface
refledances, themselves dispositional properties, are regular causes of our color

experiences. More eadly, it is the manifestation d refledance — the ad¢ua physicd
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event of refleding light — that causes our color experience na the disposition d

refledanceitsdf.

1.1.3. Physicalist theories

Physicdism abou color in genera is afamily of views rather than a single view.
Different physicdist theories of objed color differ substantially from ead ather. Still, all
such views hod that colors are physicd properties of obeds, and that particular
instances of objea colors are caisaly resporsible for diciting our color experiences.
Different physicdist views differ with resped to what kind d physicd properties objed
colors are, acording to them. A key divide between plysicdists, and the one | will focus
onthroughou this dissertation, is the following question. Are wlorslikered, puple, lime
green, and so on plysicd types, kinds (even natura kind esences); in ather words, are
they universals of some relatively strong standing — universals that scientific redism
would recognize? Or, dternatively, is the wlor red just a heterogeneous colledion o
widely different physicd properties? In the rest of this ®dion | introduce three diff erent

physicdist views of color that answer this questionin dff erent ways.

1.1.3.1. Digunctive physicalism

We left off the discusson d dispositionalism by mentioning a problem, namely
that dispositions are not causes, so if colors are dispositions, then colors are not the
causes of our color experience In arder to circumvent this problem, and retain most or all
philosophicd advantages of dispasitionalism, ore muld endarse the so-cdled dgunctive

physicdist view of color (e.g., Jadkson and Pargetter, 1997. On this view, colors are the
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caegoricd bases of the dispositions to elicit color experience These bases remain
heterogeneous, or digunctive (i.e., the wlor scalet is adigunction d alarge number of
quite different physica properties — surfacerefledance types, light emisson profiles, and
so on). Moreover, digunctive properties as uch do na cause awything — but their
diguncts, i.e., particular instances of a particular objed color, certainly do. On digunctive
physicdism, the disposition to €licit color experienceis gill esential for being a wlor of
some sort; however, now objed colors have aperception-independent charaderization,in
terms of ordinary, high-level physicd properties.

Digunctive physicdism gives many empiricd findings their due: it redlily
adknowledges that one and the same stimulus in dfferent circumstances looks different in
color to dfferent percavers, and that one ad the same stimulus in the same
circumstances looks different in color to perceivers with different color vision systems.
Jadkson and Pargetter (1997, pp. 75/6; McLaughlin, 2001, pp. 226) acoommodate
these feaures by relativizing colors to percavers and circumstances. Relativization
means that color ascriptions in genera include apercever and a spedfic arcumstance of
perception. There is no such property as green, full stop: what we shoud say insteal is
that, for instance, grassis green for trichromat human subjects in daylight. [lluminated by
violet light, grasswould look Hadk to trichromat humans. So, after relativizing the wlors
we say that grassis blad for trichromat humans in violet light. Similarly, we know from
experiments that pigeons make asharp color category border in the range of colors that
we would classfy as green (Thompson et al., 1995, pp. 14855). So it is arguable that
there ae & least some objeds that look green to us and that do nd look the same way

colorwise to pigeons (i.e., in the same drcumstances). Therefore, grassin daylight is not
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green in the same way for pigeons as it is for us, or so is the @nsequence of
relativization.

Ancther result of relativization is this: for any objed O in circumstance C, if O
looks color Q to percever P, then OisQ for Pin C —that is, O isveridically perceived by
PasQin C, nomatter how unusual circumstance C is. After relativizing the wlors, there
is no such thing as a nonveridicd color perception, a color illusion. Still, color
hall ucinations remain passble. Furthermore, there is another move to relieve the possble
fedings of discomfort arising from the impossbility of color illusion. Even though
different color perceptions of the same objed in changing circumstances are dl veridicd,
some of them may be more typical than the other, and this ideahelps us to construct a
sewndary nation d color simpliciter (Cohen, 200Q. For instance, the typicd colors of
objeds for us are those that arise when these objeds are ill uminated by white light. The
typicd color of a ste&k is reddish brown, even though it can look to us, and hence be,
orange if theillumination and aher circumstances in the restaurant are unusual. In such a
case we can say that the typicd color of the stedk is its color in white light, but it has
untypicd colorslike orange in ather circumstances (i.e., for us trichromat humans).

There is another, somewhat strange @nsequence of relativization, ramely that if
we relativize, there remain noempiricd constraints on which surfaceproperty courts as
what color (Hoffman, 2001, p. 76 Almost any surfaceproperty now is amost any color,
if wefill out the relativization formulain the gpropriate way. For instance, the uniformly
high refledance of a patch of snow, that many theorists are inclined to identify with its
white color (see below), bemmes the wlor orange in sunset. The snow is red for

trichromat humans in red light, green for trichromat humans in green light, and so on.
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The reply by the relativist to this observation could be that by relativizing we éandored
the “absolute” naotion d color. Saying that amost any surfacenow is amost any color
implies a subtle mistake, since we have drealy embraced the nation d relative @lor.
And it is utterly false to say that almost any surfaceis amost any relativized color. A
patch of snow is orange for usin sunset, but not orange for us in noon daylight. That is,
in terms of relativized color there ae alot of exclusions in the cae of any particular
objed.

Still, there ae physicdists abou color who rejed the ideaof relativized color and
adhere to the nation d absolute lor. | will discuss these views in the following two
sedions. The ideain the “aosolutist” version d physicdism isthis: there ae optimal and
nonoptimal condtions for color perception. For us humans, illumination by white (or
yellowish) light is part of optima condtions. Furthermore, in ogimal condtions the
colors of objeds play a key role in determining what it is like to seethe wlors. In aher
words, oljed colors help to explain why the experience of seang particular colorsis like
it is. Astwo authors, Michad Tye (2000, pp. 540) and John Campbell (1993 put this
point, oljed color properties are transparent to color perception (see the foll owing two
sedions). For thase who relativize the wlors, the intuition d transparency is nat in any
way central. Relativists can and dten do cny that the stimulus properties that are the
systematic causes of our color experience would in any interesting sense shape, o

determine, what it islike to seethe wlors (seeMcLaughlin, 2001 ,esp. pp. 3541).
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1.1.3.2. Type physicalism

Type physicdism abou color is the view that objed colors are high-level physicd
types, similar to shapes. On this view, all and orly objeds that look to us the same in
color in namal circumstances of perception (that is, oljeds that are the same in color)
have some nondisjunctive, causally effedive property that is edficdly causaly
resporsible for our color perception o them in nama circumstances. This principle
applies to broad color categories like red, and aso to the objed colors that correspondto
perceptually maximally determinate shades like unique green o a particular saturation
and lightness As | said in the previous ®dion, type physicdists rejed the relativization
of colors out of hand, and hdd that which property of objeds and surfaces is their
rednessdoes not depend onthe drcumstances of perception. Rednessis one and the same
surface property no matter what the drcumstances — neither the drcumstances, na the
type of percever enter color ascriptions. Type physicdists hald that in nornormal, or
nontoptimal circumstances of perception we mispercave the wlors of objeds — we
undergo color illusions.

Colors on type physicdism may be percever-relative properties in the sense that
different organisms with dfferent visual systems pick out more or lessdifferent variants
of the stimulus properties that are the wlors. This can explain, for instance, the difference
between the ways dichromat and trichromat humans e olors. Dichromats and
trichromats ®e olors differently because their visual systems carve up the redm of color
properties in dfferent ways. However, if two organisms pick out exadly the same lor

properties, then they seethe same objedive mlors, and this entail s that they see colors
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the same way. Such a view of color is propacsed by Hilbert (1987 and Byrne and Hil bert
(1997, anditisasoimplied in Tye, 2000(see &p. 4.2.,case 7, pp. 8993).

To be sure, ojeds and surfaces with the same wlor are definitely heterogeneous
in microphysicd terms. For instance two surfaces that look the same shade of blue can be
microphysicdly very different. However, in terms of surfacerefledance, they are not so
different. Statisticdly, the vast magority of adua blue refleding surfaces has a
charaderistic type of surfacespedral refledance (SSR). Mutatis mutandis for at least the
other broad color caegories. red, green, yellow, orange, puple, yellowish green and
bluish green. That is, the theory that objed colors are high-level physicd types can
perhaps be maintained if we formulate it in terms of surfacerefledance Therefore the
particular form that type physicdism currently takes is the refledance theory. The
refledance theory identifies objed colors with types of surfacerefledance This acount
enjoys a remarkable popdarity (Hilbert, 1987 Byrne and Hilbert, 1997 Matthen, 1988,
2001, Dretske, 1995 Tye, 1995, 2000 On Hilbert's and Byrne's view (Hilbert, 1987
Byrne and Hilbert, 1997 maximally determinate alors are particular SR profiles. We
humans of course caina seg that is, discriminate, all maximally determinate clors from
one anather, becaise we have only threedifferent types of spedrally sensitive receptors
in ou retinae The trichromat human retina ads like afairly crude spedrophdometer
(Hilbert, 1987, pp. @3-106). Still, the mlors that we trichromat humans can perceve
(colors for trichromat humans) are types of surfacerefledance Under ead such type
there belongs a set of particular SR profiles. Tye (1995, 200D does not mention the idea
of maximally determinate @lors as particular SSRs, bu he too seans to hdd that both

the wlors (i.e., color caegories like red, puple, lime green, cadmium red, etc.) and the
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narrowest shades that do nd comprise any further (perceptualy discriminable) shades are
types of surfacerefledance (Tye, 2000, pp. 8D3J).

This propcsal has faced an immediate objedion by its opporents — an olgedion
that proporents of the refledance theory are well aware of (Hilbert, 1987,Ch. 5, Tye,
1995, pp. 14447 Mathen, 1988, 201). The objedion cites metamerism, the
phenomenon that surfaces with qute different SSRs can look the same in color in
ordinary circumstances of perception (for instance, uncer the same dayli ght ill uminant, or
under a number of different illuminants). That is, even in terms of surfacerefledance,
rednessis a widely heterogeneous, or disjunctive, property, the objedor clams. Not so
fast, the type physicdist replies. Take dl those metameric refledances that look to us the
same in color, say, blue, or a particular shade of blue, say, bis. It can be shown, type
physicdists argue, that there is sme surfacerefledance type to which al and ony blue
(or by3) objeds belong. That is, contrary to first appeaance, blue (or bis) objeds are not
digunctive in terms of refledance (This move is made by Hilbert, 1987, p. 111Matthen,
1988, pp. 245, 2001 Byrne and Hilbert, 1997, pp. 26266, Tye, 1995, pp. 14447,
2000, pp. 159.61). Metamer sets are sets of diff erent surfacerefledances that all 1 ook to
us the same in color under normal ill umination (and against the same badkground.

In what follows, | will take it that the type physicdist propcsal has the foll owing
implicaions. Redness(mutatis mutandis for other colors and rarrow shades) is a stimulus
property that is (1) nondigunctive (Hilbert, 1987, pp. 11411; Tye, 2000, pp, 14950,
nate 4 on p. 167, (2) causally effedive (Tye, 2000, pp. 14849 (3) charaderizes all and
only oheds that lookto usred in namal circumstances of perception (Byrne and Hil bert,

1997, p. 265 (4) spedficdly causaly resporsible for our red sensations (Tye, 2000, pp.
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148149). Furthermore, (5) redness is an inherent’ property of the distal objeds of
perception: surfaces and vdumes (Tye, 2000, pp. 147, 13. Color is not a property of the
proximal stimulus of color perception, ramely the light that passes between the objeds
percaved and ou eyes. Thisisavery plausible ideasince (a) light isitself invisible, only
the objeds that interad with incident light are visible (Hilbert, 1987, p. 138 (b) it isthe
objects that look to us colored — color looks to be an inherent attribute of objeds, just like
shape (see Tye, 2000, p. 158% Furthermore, due to ou perceptua color constancy,
objeds look to us to retain their color despite cnsiderable dianges in ill umination
(Hilbert, 1987, pp. 6865, McCann et a., 1976 Land, 1977. This observation gave rise
to the ideathat objed colors are ill umination-independent, and in this snse, invariant
properties of surfaces. It also motivated the rgedion o the wavelength conception d
color (Hilbert, 1987, p. 6%t The illumination-invariance of objed color is a key clam of
the reflecance theory: color perception reveds surface properties that are nat diredly
dependent onillumination—i.e., they do nd immediately change as ill umination changes.
Instead of adding a new condtion on olped colors, in what follows | will understand
‘inherent’ as implying ill umination-independence

To these @ndtions | will add, in Sedion 2.2.4.1the following: (6) colors are
percelver-independent properties — properties that continue to be physicdly instantiated
in worlds where percavers who can pick them up are not instantiated. This
charaderization d objed colors in type physicdism is smewhat reduncant since, as it
will become dea in Sedion 2.2.4, prcaver-dependent properties canna be inherent
properties of surfaces or volumes. In what follows | will sometimes cdl properties of

objeds and vdumes (i.e., those of dista objeds of color perception) that satisfy
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condtions (2) to (6) C-properties, and ask the question whether, onthe evidence, the C-
properties turn ou to be digunctive or nondigunctive. | will also take it that being a
nondisunctive C-property suffices for being a natura kind essence of some sort — at
least some vague, “anthropocentric”, derivative natural kind essence (Hil bert, 1987, 135;
115 119120 Tye, 2000, pp. 12425, 159161). That is, if rednessis a non-digunctive
C-property, then red oljeds, by virtue of being red, belong to ore axd the same
(anthropecentric) natural kind?

The refledance theory has it that it is certain types of surface refledance that
satisfy this general description. This deserves a few introductory remarks. First question,
exactly what type of surfacerefledanceis the mlor red — or green, Hue, yellow, and so
on? | will give ar abundhint treagment to this isuue below. For now, here is a aqude
charaderization: rednessis a surfacerefledance that is a long-pass cutoff filter between
600 and 650 m. A long-pass cutoff filter between 600 and 650 m is a refledance
profile that is quite low (i.e., lessthan 6 per cent) between 400and 600 m, rises dharply
somewhere between 600 and 650 mn and stays high urtii 700 rm. Though na
completely genera, this crude daraderization arealy captures a grea number of
metamers of different shades of red. Statisticdly, the vast mgority of natura and
artificia red refleding surfaces stisfies this charaderization.

Seoond question: colors are refledances. Refledances in turn are dispositional
properties. On most philosophicd views of dispositions, dispasitions themselves are not
causaly effedive properties. Then how can colors be the caises of our color experience?
Reply: the manifestations of dispaositions, which are typicdly physicd events, are

causaly effedive. Therefore, even though colors are dispositions (i.e,, o surfaces to
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refled light), they are caisally effedive in a derivative sense, namely that their
manifestations (adual events of refleding light) are caisally effedive. Moreover, events
of refleding light are the ones that are spedficdly causaly resporsible for our color
perceptions. | will give amore detail ed charaderization of dispositions later.

Third, ore might ask, honv abou nonrefleaing color stimuli like transparent
volumes, colored films, or adive mlor TV screens? To acommodate these cases, the
refledance theory has to be extended somewhat. | shall discussthis problem at length in

what foll ows.

1.1.3.3.Campbell’s Simple View

John Campbell (1993 propcsed a view of color that, acording to him, is not
necessrily (or need na be) physicdist, neverthelessit seems quite dose to physicdism
(see Smith, 1993,and Tye, 2000,p. 149for discusson). On Campbell’s approad, (1)
objed colors are the grounds (bases) of the dispositions to dlicit color experience, (2)
they are not (need na be?) physicd properties, neverthelessthey are mind-independent.
Moreover, (3) fads abou colors are supervenient on the microphysicd fads in the sense
that two passble worlds that share dl their physicd charaderistics canna be differently
colored (Campbell, 1993, p. 258 Next, (4) obed color is transparent to us, that is, color
visionis enouwgh for us to know which property rednessis, for example (Campbell, 1993,
p. 269. Transparency, as Campbell conceves it, implies a straightforward link of
determination: on this view, oljed color determines the phenomena charader of color
experience As Campbell puts it, the qualitative darader of a mlor experience is

inherited from the qualitative dharader of the wlor (Campbell, 1993, p.268. Smith
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(1993, p.272 takes transparency to imply that ordinary perception is suppcsed to be
enough to reved everything there is to know abou the nature of objed color. Finaly, (5)
it isargued at length that this view alows for the ideathat colors are the canonca causes
of color experience

Campbell gives us sosme suggestions of what kinds of properties objed colors are,
even thouwgh heis nat explicit abou the point. What he says (Campbell, 1993, p. 263see
aso Smith, 1993, p. 27)lsuggests that objed colors are &in to high-level physicd types
like shapes or sizes. Shapes and sizes upervene on microphysics, so do colors in
Campbells view. High-level physicd types are caisaly effedive and they can aso be
the grounds of dispositions to elicit color experience Note that such a solution amounts
to physicdism, despite Campbell’s hesitation to categorize his view this way. Tye (2000,
p. 167n3 aso thinks that Campbell’sview is corredly classfied as physicdist.

Ancther interesting fedaure of the Simple View is its notion d mind
independence  Campbell criticizes the notion d mind-independence on which mind-
independent properties are those that figure in an “absolute” or “objedive” description o
the world. There is general agreament that colors do nd figure in any such description o
the world, and this remains true in the Simple View as well. This view also reaognizes
the fad that to understand color ascriptions, one must have, or must have had, color
experience. Campbell claims that there is no way of understanding what a particular color
property is, other than undergoing color experience. On the other hand, the dharader of
color properties is transparent to color experience (Campbell, 1993, pp.258259). This

sounds like apowerful argument for the mind-dependence of color.



24

However, as Campbell argues, adong these lines it can be proven that even
particularity is mind-dependent. For in identifying particulars we inevitably have to make
reference to spatio-temporal attributes that are relational and contingent. (The possbility
of dugicdion pevents the identificaion d particulars merely by their “intrinsic”
properties.) For physicd particulars, there is a distinction between numericd and
quditative identity. Just the oppcite for abstrad objeds. there spatio-temporal
coordinates do nd apply, and the sameness of all other relevant properties guarantees
identity for abstrada. Now, in referring to particulars, Campbell argues, we use
demonstratives, and the very use of demonstratives inevitably introduces the subjed. The
suggestionis that the locaion d the subjed and that of the objedsin her surroundng are
interdefined: the subjed’s locaion is nat absolute but rather, it is interpreted within the
framework of surroundng objeds; this framework also serves to identify the locaions of
parts of the surroundng. One might conclude from this that what makes a physicd entity
the particular it is, is (or includes) its relation to amind (or asubjed at least).’ But thisis
clealy too much: particularity is not mind-dependent, so we neel a better nation d
mind-dependence that renders particulars mind-independent — and hopefully does © with
colors as well. This nation has to work withou assuming an “absolute” or “objedive”
way of identifying particulars.

Campbell’s positive acourt of mind-independence goes like this. We have to
appredate the importance in ou thinking of a view of perception, ramely that
perceptions are caused by a pair of fadors. This pair consists of (a) the way things are in
the environment, (b) suitable percavers stuated in suitable drcumstances. Within this

framework, the mind-independence of perceived oljeds can be understoodthus. The two
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fadors (a) and (b) are independent of eat ather. The perception d particulars requires
bath (a) and (b), bu the very existence of particulars requires only (a). Perhaps it is true
that we can orly individuate particulars via making referenceto perceving subjeds,** but
identificaion (description, etc.) is one thing and existence is quite ancther. The
concesgon that there is no such thing as the description d the world from no pant of
view (i.e., that any understanding of the world inevitably includes a perspedive of the
cognizer) is consistent with the redist intuition that the way things are in the world is
independent of how we gnize dou the world. So it sounds reasonable to uncderstand
mind-independence on an ortologicd basis (i.e., that things are the way they are in the
environment regardless of whether there is any percaever around rather than an
epistemologicd basis (what figures in an “absolute” or “objedive” description d the
world). Note that this interpretation d Campbell’s nation d mind-independence differs
from the more aiticd stand adopted by Smith (1993, pp. 27276).

However, there is a more problematic asped of the Simple View. As we saw
abowe, this view asumes that (1) color experience exhaustively reveds the charader of
color properties, whereas (2) there is no aher way to reved color properties. In addition,
however, it is aso assumed that color properties are mind-independent ones, na denizens
of some irreducibly subjedive, mental redm. This leals to a strange agnosticism abou
color. It turns out that, though colors are fedures of the world that stay in their place
when al observers go, there is no independent conceptual grasp of objed color properties
themselves — in contrast with shapes, for instance (see Smith, 1993,pp. 272273). We ae

told that colors are spedficdly causaly resporsible for our color experience and
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suggested that they are high-level physicd types, still these types are transparent only to
color vision, na to higher cognition.

Note that if we make the same daim abou phenomenal color charader, i.e., abou
the what-it-is-like-to-undergo-it asped of color experience it is not so implausible. For
what it is like to see @lors (undergo color experience) plausibly includes, as an essentia
comporent, arelation between certain states of the subjed’s visua system and the rest of
her brain. Very crudely, the relation is that, say, firing pattern Fsos (the one that
speaficdly correlates with red sensations) occurs in the appropriate way in her brain,
and this is a key element in making this gate aphenomenal one for her — but nat for
anyone dse. Moreover, no hgher cognitive adivity like cncept formation alone (i.e.,
withou perceptual suppat) could ever result in the occurrence of Fsg6 in the visua
system — that’s just how our brains work (for more detail s of this view see Jakab, 1999,
2000. So why phenomenal color charader is avail able to beings with color vision, bu
not to intelli gent cognitive agents withou it, can be understood. The troulle aises when
we daim that certain entities or properties that exist mind-independently are transparent
only to color vision, bu not to higher cognition. That version d the daim is much more
difficult to swallow, espedally in light of the suggestion that the properties in question
are high-level physicd types on a par with shapes, dred current generators, and
elephants. This is probably the Achilles's hed of the Simple View, and is criticized by
both Smith (1993, pp. 27273 and Tye (2000, p. 149 It seams to me that these two
authors formulate a citique that is quite dose to the one | have just given, and will

extendin 2.5.2.4. blow.
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1.2. Some basic concepts of color science

In this section | introduce some basic concepts used to characterize color stimuli,
illuminants, observer sensitivity, and the notions of color matching and metamerism. | am
going to use these concepts in later sections. A more abundant introduction to thisfield is
found in Wandell, 1995, Ch. 4, and MacAdam, 1997. However, this section itself

contains alittle more than is necessary to understand the later sections.

Surface spectral reflectance (SSR)

The spectral reflectance of a surface is its wavelength-dependent disposition to
reflect a certain proportion of the incident light. The SSR of surfaces is a function whose
domain is the 400-700 nm interval of electromagnetic radiation (visible light), and its
range is the 0-1 (0-100 per cent) interval. SSR functions specify the proportion of
incoming light that is reflected by a surface at any particular wavelength between 400 and
700 nm. Notation: S(A), where A is wavelength.

Mathematically, any function with this domain (400-700) and range (0-1) is an
SSR function. However, there are further limitations on what can be a naturally
occurring SSR function. SSR functions are continuous, and they are smooth functions,

with reflectance varying slowly with wavelength.

Soectral power distribution (SPD) functions.
SPD functions characterize the energy distribution of illuminants, or light emitted
by a surface. They express the distribution of the total energy of the illuminant light over

the wavelength spectrum. SPD curves are aso typicaly continuous functions, varying
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slowly over wavelength, though the SFDs of some typicd light sources (like fluorescent

tubes or color TV screens) show more drupt variations. Notation: E(A), A iswavelength.

Color signal.

The wlor signa is the product of surface refledance and illuminant SFD: it
charaderizes the light adualy refleded by a particular surface under a particular
illuminant. The wlor signal is the SFD of light coming from a refleding surfaceto the
percaver’'s eye. Its unit of measure is the same & that of SFD: (relative) energy (of the
illuminant) times a propation (refledance — a value between 0 and 1) gives an energy

measure.

Color matching functions of the (standard) trichromat observer.

Threedifferent functions that describe the sensiti viti es at diff erent wavelengths of
the three types of human retinal cones and the crrespondng processng channels. The
standard color-matching functions (CMFs) are obtained by averaging the individual
color-matching functions of alarge number of subjeds. As aresult, very few individuals
have CMFs that are exadly at the average, and there is a significant between-subjed
variation in this resped. Notation: x(A) is the spedra sensitivity function d the long-
wavelength channdl; y(A) is the sensitivity function d the medium-wavelength channel;
Z(A) is that of the short-wavelength channel. Color-matching functions in general are
linea transforms of the spedra sensitivities of the three retina cone types (Wandell,
1995, Ch. 4, esp. pp. 8586, 9596). The sensitivity curves of the @nes are mlor-

matching functions themselves, but there ae other color-matching functions as well. The
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CIE (Commisson Internationale de I'Eclairage) standard color-matching functions
represent one particular choice of the possble @lor-matching functions — a doice with

some pradicd advantages (seeWandell, 1995 pp. 888).

Color-matching: some theoretical background

Color matching is the phenomenon that any SFD of light coming from an ojed
to the e/e can be perceptually matched by mixing just three separate wavelengths. In
typicd color matching experiments subjeds e averticdly halved circular areg ore side
of which emits a test light with some speafic SFD; the other half emits light which is a
mixture of threespeafic wavelengths (primary lights). The task is to adjust the intensities
of the primaries — by turning three knols — so that the two halves of the drcular area
appea indstinguishable in color. With certain limitations, such a match can aways be
achieved.? Similarly, by adjusting the RGB system of a mmputer monitor, we ca
achieve aperceptual match between arefleding surface(e.g., ou T-shirt) asit appeasin
a cetain illumination, and the wlor of amonitor area In this case the wlor signal arising
at the refleding surfaceis perceptualy matched by the SFD of light emitted by the
screen.

Color matching is represented mathematicdly as a matrix transformation: alinea
mapping between the test light spedral power distribution and the intensity of the three
primary lights (Wandell, 1995, pp. 883). For instance the SFD of the test light is
charaderized by an ndimensional vedor (a 1-column matrix); the matching mixture of
the three primaries is charaderized by three intensity values. Then there exists a 3 x n

system matrix such that multiplying the test light SFD by the system metrix yields the



30

primary intensities required for the perceptual match. The rows of the system matrix are
the color-matching functions. The existence of such a system matrix is an empirical fact:
it can be found by different methods (al of which give equivalent results). One such
method is to match monochromatic test lights by a triplet of primary wavelengths. Since
the vector representing a monochromatic test light is zero at each entry except one, the
product of the system matrix and the monochromatic test light vector equals a single
column of the system matrix. Thus, by matching a series of unit-intensity monochromatic

lights, the system matrix can be obtained.

Tristimulus values of color stimuli
The color-coordinates, or tristimulus values of a reflecting surface S are

caculated asfollows:
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J 400

X
I

[700
O E(A) * y(A) * S(A) dA
J 400

<
I

|‘ 700

O E(A)* z(\) * S(\) dA

J 400

N
I

Sometimes these integrals are multiplied by a normalizing factor, K, where

|'700
0 E(A) *y(A) dA

J 400
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The point in this normalization is the following. For a perfect white diffuser (a perfectly
white surface), whose reflectance S(A) is a constant function of wavelength, with al its
values being 1 (or 100 %), the value of Y, normalized, will be 100. The Y color
coordinate roughly corresponds to achromatic lightness'?, thus it is theoretically adequate
to say that a perfectly white reflecting surface has a lightness value of 100.

Mathematicaly, if S(A) is constant with each of its values being 1, then

ECA) * y(A) * SA) =E(A) * y(A)

that is, E(A) * y(A) * S(A) and E( A) * y(\) will beidentical. That is, under this

assumption,

|‘700 |‘700

O E(A)*y(A)* S(A) dA= 0 E(A)*y(A) dA
J 400 J 400

will obtain. Hence, for perfectly white surfaces,

|'700
K * O E(A\)*y(\)* S(\) dA = 100.
J 400

It is obvious that the tristimulus values of a surface are dependent on the
illumination, that is, on the E(A\) function. The tristimulus values of emitting surfaces
(light sources) are obtained simply by multiplying the SPD of emitted light by the color-

matching functions. If emission and reflection combine (e.g., when an active color TV
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monitor isill uminated by an external light source), then the SFDs of the two componrents

(emitted and refleded) are added upand multiplied by the @lor matching functions.

Metamers
Taketwo surfaces S; and S, with dfferent SRS, S;(A) and Sy(A) respedively. S
and S, are metameric (constitute a metameric pair) if and ony if they have the same

tristimulus values, that is, if

|‘700 |‘700

O E(N)* x\) * SiA) dA = O E(A)* x(A\) * S;(\) dA
J 400 J 400

|'7OO [700

O E(A)* y(A) * Si(A) dA = 0 E(A)* y(A) * S(A) dA
J 400 J 400

|‘700 |‘700

O E(N)* 2\ * Si0) dA = O E(A)* z(\) * S,(\) dA

J 400 J 400

(The normalizing fador K would drop o at this dage, so using it or not does not make a

differencefor present purposes.)

A set Q of different S(A) functions is a metamer set if and orly if ead pair
formed of Q's members constitutes a metameric pair. A natural metamer set W is a set
with naturally occurring metameric refledances — al members of W are metameric and

al of them satisfy the &ove-specified feaures (continuows and slowly varying).
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Metamerism is, by definition, ill umination-dependent. Changing the ill uminant causes the
metamer sets to rearange.

In the dove-mentioned case where one aljusts a computer monitor to look the
same in color as one's T-shirt, the perceptual match is achieved at the point where the
tristimulus values of the T-shirt (in the given illuminant) are equal to the tristimulus

values arising from multi plying the SFD of light emitted by the screen by the CMFs.

A simplified method of calculation. In pradice surfacespedral refledanceis most often
measured at 10 m intervals between 400and 700 m. That means that an S(A) function
is gedfied by 31 dscrete values (i.e., as a 31-dimendional vedor). As a @mnsequence,

integration in the key cdculation method keacomes a discrete summation:

31
2 E(i)*S(i)*x(i) = X
i =1
31
2 E(i)*S(i)*y(i) =Y
i =1
31
2 E(i)*S(i)*z(i) = Z
i =1

Chromaticity coordinates, color coordinates
There ae anumber of different transformations of the tristimulus values that are
important for color science These transformations correspond to dfferent variants of

color space Some of these variants have, as their dimensions, hue, saturation, and



34

lightness, whereas others do not. Of the tristimulus values, X roughly corresponds to the
redness-greenness dimension, and Z to the yellowness-blueness dimension (Kuehni,
2000, p. 56), and the Y value corresponds closely with the perceptual lightness dimension
(Wandell, 1995, p. 87).

One of the widely used transformations is the cal culation method for obtaining the
so-caled chromaticity coordinates, X, y, and z. (The notation for tristimulus values is
capital X, Y, and Z, that for chromaticity coordinates is lowercase X, y, and z.) The

chromaticity coordinates are obtains as follows:

X
X = mommmmma--
X+Y+/<Z

Y
y = -eeooieoo--
X+Y+ Z

Z
Z = -
X+Y+/<Z

Since only two of the chromaticity coordinates are independent of each other (i.e,
x+y+z=1), the chromaticity coordinates do not constitute an appropriate three-
dimensional color space. Instead, color scientists widely use the Yxy color space whose
dimensions are the Y of the tristimulus values plus x and y of the chromaticity
coordinates. These dimensions retain all the information contained by the tristimulus
values. (Whereas from x, y and z one cannot retrieve the tristimulus values.) The x and y
dimensions do not correspond to the perceptual dimensions of hue and saturation, but
there are other color spaces (transformations of the Yxy color space) whose dimensions

correspond to the perceptua attributes of hue, saturation and lightness. Regarding the
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Y xy color space the atwromatic and ursaturated colors are foundin its center, and highly
saturated colors are found close to its periphery. The dromaticity coordinates of
monaochromatic lights (the most saturated chromatic stimuli) are found right at the
boundry of the Yxy color space (For more on the Yxy color spacesee Sedion 2.4.2.2
and Figure 2 below.) In order to charaderize gproximate hue and saturation dmensions
within the Yxy color space the method d cdculating dominant wavelength and
excitation purity is used (Wyszedi and Stiles, 1967, pp. 32B33 MacAdam, 1997, pp.
53-59). Very roughly, the dominant wavelength of a @lor stimulus K is the wavelength
of visible light that, when seen in pure form emitted by a surface matches the hue of K
(i.e., has the same chromatic shade, bu nat necessarily the same saturation and lightness
as K). The purple wlors that have no chromatic match within the range of pure
wavelengths of visible light are daraderized by complementary wavelengths. The
complementary wavelength of a purple mlor P is the pure wavelength that, when mixed
with P in a cetain propation, cancds the purple look d P turning it into achromatic
gray. Excitation puity is an approximate measure of saturation. Given an adromatic
reference point in the center of the Yxy space(e.g., the diromaticity of noon dylight),
the drromaticity point of a @lor stimulus K, and the diromaticity point of K’s dominant
wavelength, the method d caculation asaures that these three points fall on a straight
line, with K’s chromaticity point being between the other two. The doser K's
chromaticity point is to the periphery (i.e., to the dromaticity point of K's dominant

wavelength), the higher K’ s excitation puity is, that is, the more saturated K is.

1.3. Representational theories of phenomenal character
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According to phlosophcd tradition, there ae two dstinct aspeds of the mind
that are espedaly puzzling. The first is intentionality: the ideathat mental states are
somehow “abou” states of affairsin the external world. To ou thoughts and perceptions
there @rrespond spedfic neurologicd events in ou brain. At least for materialists,
psychologicd events are to be explained in terms of such neurologicd events. for
instance their physiologicd, biochemicd, or abstrad computational properties. A key
question is: how can such states gand for, or represent, entities, or states of affairsin the
environment? It is now widely agreed that this representational cgpadty of states of the
mind/brain can orly be understood in terms of certain relations between the relevant
brain states and the environmental items that they represent. Intrinsic (biochemicd,
computational, etc.) properties of mental (brain) states canna aone eplain ther
representational capadty.'* In order for a mental state Q to beame the representation o
chipmunks, it is crucia for Q to aajuire some sort of causal relation to chipmunks (e.g.,
be reliably adivated by the occurrence of chipmunks in the subjed’s visua field). In
general, the representational content of mental (brain) states — the information their
occurrence caries abou the environment — arises from such causal relations between
states of the mind/brain and those of the environment.

The seoond g problem of minds is their phenomena asped: for many
psychologicd states (perceptions, emotions, perhaps thouwghts) there is omething it is
like to undergo them. All conscious perceptions, for instance come with such
phenomenal charader. In seang, heaing, or tasting we undergo perceptua experiences
that we can identify (discriminate from other experiences, or reagnize) on the basis of

what it islike to have them.®
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Philosophicd tradition hes it that phenomena properties are not properly
explained by representational (intentional) ones — for there ae sensory experiences with
phenomenal charader that do nd represent anything (pain is the paradigm example of
such an experience). This tradition hes recently been attadked by a number of theorists
(Dretske, 1995 Tye, 1995, 2000W. Lycan, 1996 M. Matthen, 1988 who contend that
not only does every single phenomena experience have representational content,
representational  content straightforwardly determines the phenomenal charader of
sensory experiences. In ather words, what has samed as two distinct puzzles abou the
mind is, in redity, just one: if we thoroughly understand the different levels of
intentionality in human minds, we thereby understand hav our minds exhibit phenomenal
consciousness There ae different representational acourts of phenomenal charader. In
this dissertation my primary focus will be F. Dretske’'s and M. Tye's recent theories
(Dretske, 1995 Tye, 1995, 200D Both these acourts addressin detail the problems that
color experience raises for externalism abou phenomenal charader. What | say below
abou Dretske's and Tye's views of phenomenal charader | think generali zes relatively
easily to ather phenomenal externalist views (e.g., Lycan, 1996 Ross 200G, 2000h. In
the rest of this sdion | introduce Dretske’'s and Tye's acount of phenomenal charader

in general and color experiencein particular.

1.3.1.Ty€e saccount
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Tye (1995, 2000 presents a cmprehensive theory of phenomena consciousness
that offers an acournt of basicdly al aspeds and well-known problems of conscious
experience Tye's theory acoommodates a gred number of empiricd findings related to
consciousness He daims that phenomenal charader in general isidenticd with a certain
sort of representational content. To suppat this clam Tye first argues that, contrary to
philosophicd orthodoky, every kind d sensory or perceptua experience has
representational content (Tye, 1995, Ch. 4). Pains are no exception: they are sensory
representations of bodly damage or disturbance (Tye, 1995, p.11B In his book Tye
endases a mvariation theory of representational content (Tye, 1995, pp. 10a.01; 2000,
pp. 6066, 118122, though he sometimes includes evolutionary history as well, as a
possble mediator of content (Tye, 1995, p.153 2000, p. 5& For him, a particular kind
of pain lawfully (i.e., predictably, under normal circumstances) covaries with, therefore
represents that, there is a such-and such dsturbance present at such-and-such a bodly
location® Ancther key example is color experience The adivations of different
physiologicd states of the wlor-vision system covary with dfferent types of surface
refledance thereby informing the organism abou the presence of such types. This
information-beaing relation provides for the representational content of the states of the
color vision system. These ontents have, as their crucial element, the crrespondng
refledance types — they are contents that such-and-such a refledance type is present.
These contents are then identified with the phenomenal charaders of color experiences.
Since the relevant stimulus properties enter the cntents of color experiences (and
beame the key element of these mntents), objed colors determine the representational

content, or what is the same, the phenomena charader, of color experiences. This,
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acarding to the theory, makes objed colors transparent to us: what it is like to seethe
colors is crucialy determined by what the @lors themselves are like. We just seethose
properties — the mlors — diredly, and that explains why the wlors look to us,
perceptualy, the way they do (Tye, 2000,Ch. 3 pp. 5460). This nation d transparency
is very similar to Campbell’s one (see Sedion 1.1.3.3.abowve), except for the ideathat
objed colors now have an independent charaderization in terms of surfacerefledance
Tye (2000, Sedion 3.3 formulates his transparency clam by denying that the non
epistemic ‘looks context is hyperintensional.!” As he agues, if redness is arface
refledance of type R, and a particular surfacelooks (nonepistemicdly) red to someone,
then that surfacedoes look (non-epistemicdly), to that person, a surfacerefledance of
type R (Tye, 2000, p.55). He defends this admittedly strange dam at length withou
mentioning the difference between color and shape perception that | introduced in
Sedion Oabove. In this dissertation | shall nat discuss Tye's nation d transparency any
further, even though | think it is a problematic one.*®

A further complication that neels to be aldressd is that not every kind o
representational content is, at the same time, some phenomenal charader. Belief content,
for instance, is not phenomenal. Phenomenal charader is Poised Abstract Nonconceptual
Intentional Content (that is, PANIC). The term ‘poised’ means that this sort of content
attaches to the maplike (spatio-temporally organized) output patterns of sensory or
perceptual modues, such that these mntentful output patterns in turn stand in a position
to influence the beli ef/desire system (Tye, 1995, p1382000, p. 62 The term *abstrad’
(Tye, 1995, p. 1382000, p.62) means esentidly the same & ‘not objed-invalving’

(Davies, 1997, 310313314): numericd identity of the objeds does nat play arolein the
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identity of contents, orly their qualitative identity does. Two oljeds that are exadly alike
regarding their percavable properties can be substituted for ead ather withou altering
the perceptua content (hence the phenomenal charader) they give rise to. This feaureis
obviously nat true of belief content: quantitative identity of the objed of belief plays a
role in determining belief content. *Nonconceptual‘ (Tye, 1995, p. 1392000, p. 62see
also Davies, 1997, 316311) means that the properties that enter into these mntents need
nat be such that the subjed possesses matching concepts for them. That is, perceptud
states carying PANICs do nd, al by themselves, constitute mncepts.

The relation ketween PANIC and phlenomenal charader is that of metaphysicd
necessty. Being PANIC is not a ontingent, superficial attribute of phenomend
charader, but rather an esential one (Tye, 1995, Sedions 7.1, 7.2, 7.3 Phenomenal
charader is not a multi ply redizable dstraa kind, ore of whaose redizationsis PANIC. If
Tye's theory is right then it is metaphysicdly necessary that phenomena charader is
PANIC (just like water is H,O) (Tye, 1995, p. 184 pp. 188191). An important
difference between the water-H,O case and the phenomenal experience-PANIC one is
that in the former case it is metaphysicdly possble that something with the superficial
appeaance of water is not H,O whereas in the latter case there is no parale posshility.
Phenomena charader is an essential property of experiences, na a superficial one.
Anything that feds like apain is a pain (Chamers, 1996, pp. 146147, Tye, 1995, p.
188). In contrast, being the waterish stuff in our environment is a cntingent property of
H,0. Therefore in the phenomenal charader case the only relevant posshility that we can
claim to really imagine (i.e., entertain as a possbility) is that the PANIC theory is wrong.

If the PANIC theory is right, then bah ‘PANIC R and ‘phenomenal charader red’ are
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rigid designators that pick out the same thing in every possble world. Hence there
remains no way to imagine that, even though phenomena charader is PANIC in ou
world, it is smething else in ancther passble world.

Tye's acount of phenomena charader is externdist: as we saw, he daims that
phenomenal charader is one ad the same thing as perceptual content. Since perceptual
content is arelational property of perceptua states, so is their phenomenal charader. On
this acount, stimulus properties like surfacerefledances, bodly damages, the chemicd
properties of foods we taste and the like determine the perceptual content, hence the
phenomenal charader, of perceptua states they reliably dlicit. So comes one key
consequence of phenomena externalism: stimulus properties (or the information
represented abou stimulus properties) play a key role in determining the phenomenal
asped of perceptual experience That is, phenomena charaders are not intrinsic
properties of our brains; they are not determined by the neurologicd or computational
properties of our brains.

The atithesis of phenomenal externalism is phenomenal internalism: a general
view, or category of views, uncer which a number of different theories of phenomenal
experience belong. On this view, phenomenal charaders are products of our brains,
somewhat like firing patterns in the neural tissue. No doult, sensory experiences with
their phenomena charader are reliably elicited by environmental stimuli, bu the
phenomenal charaders are determined by, in any theoreticdly interesting sense of the
term, properties of the nervous g/stem. This determination relation is smetimes
expresed by the nation d supervenience This version d the daim is that phenomenal

color charader supervenes on the internal constitution d the organism. A given color-
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perceving organism (or any of its moleaule-by-moleaule dugicaes) would be caable of
undergoing the same phenomenal color experiences (provided that the same
physiologicd adivity patterns occurred in its visual brain) in any passble world in which
it is cgpable of biologicd functioning (Davies, 1997, pp. 312, 31323324). That is, no
matter how the environment in which the organism is found(hence the relevant, content-
bestowing organism-environment relations) varied, given invariance in interna
congtitution, invariance in phenomena color charaders would be the result. As
internalists contend, the perceptual similarity relations of objed colors (unity) and the
unique-binary distinction do no derive from those stimulus properties that cause our
color experiences. In order to explain such attributes of perceved colors, we have to turn
to the opporent-processng model of color perception. By the same win, what the surface
refledance of ripe tomatoes is like has no interesting role in explaining what it is like to
seeripe tomatoes — this is the internali st intuition. And this is predsely the view that Tye

and aher phenomenal externali sts want to deny.

1.3.2.Dretske’ s acoount

Similarly to Tye, Dretske (1995 makes a distinction between sensory and
conceptual representations. However, there ae some differences between the two
authors' general views of representation. Dretske, unlike Tye, contends that the notion o
function, in addtion to information, is a key to undxstanding the relation o
representation ™ In his view, what distinguishes meaning from mere information, and
makes room for misrepresentation, is the nation d function (Dretske, 1995, pp.3-4, 77).

Function in turn is analyzed by Dretske mostly in terms of causal history: seledion
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history or, in the case of human artifacts, the history that captures what a system was
designed for.?°

Dretske distinguishes between systemic and acquired representations (Dretske,
1995, pp. 12-13). Sensory or perceptual states are systemic representations; the semantic
content of these representations arises from their systemic indicator function. Systemic
indicator function can be derived: for example, a speedometer is devised by humans to
indicate speed, or carry information about speed, therefore this is its function. Living
organisms have non-derived systemic indicator functions: this function arises as a
product of evolution. Color vision was selected for carrying information about surface
reflectance; therefore carrying information about surface reflectance is the non-derived
systemic indicator function of color vision (Dretske, 1995, pp. 2-6, 11-15). An object or
system can carry information about its environment without this being its systemic
indicator function. For instance, the volume of a spoon reliably covaries with the
temperature that obtains in its environment, hence the volume of the spoon carries
information about temperature. However, the spoon does not have the function to carry
information about temperature: it was not designed, not to mention selected, for carrying
information about temperature.

Acquired representational function arises not from the properties of sensory
systems or gauges, but rather, from additional contextual features that obtain in the
current environment, or in the larger system of which the sensory system (gauge) is a part
(Dretske, 1995, pp. 12-13). In the case of human artifacts like a gauge, the relevant inner
states can be assigned representational functions quite independent of the systemic

function. A typical example of thisis calibration. For instance, if a speedometer estimates
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the spead o the ca on the basis of axle rotation, then for different tire sizes, the same
needle position will indicae different spealds. In such a cae the number scde on the
number plate of the gauge has to be repainted (or a digital speedometer has to be
readjusted) whenever the tires are replacal by new ones of adifferent size. In the case of
natural systems like animals or humans, the paradigm source of acquired representational
functions is leaning (Dretske, 1995, pp. 1415). In simple caes leaning results in the
asciative linking of behavioral resporses to sensory or perceptua states (one such
example is condtioning). Instances of word leaning by ostension, where perceptual
caegories representing types or classes of stimuli are asciatively linked to auditory plus
articulatory signals, constitute another example. On Dretske's view, experiences are
states whaose representational properties are systemic; thought and conceptual states are
states whose representational properties are aqjuired. The representational content of
experiences is fixed by the functions of the sensory systems of which they are states
(Dretske, 1995, p. 1h

The dtributes of Dretske's g/stemic representational states are similar to thase by
which Tye dharaderizes perceptual representations. Hereisalist of the simil arities.
(1) Dretske notes that for sensory states to be experiences (i.e., for them to adualy
aquire phenomena properties), the organism’'s cognitive macdinery has to have a
conceptual system ontop d the perceptua (and kehavioral) one (Dretske, 1995, pp. 19
20; note 17 on pl72 Dretske, just like Tye, refers to Evans (1982,Ch. 7, @r. 4) who
makes the same daim: in order for a sensory state to qualify as conscious experience, it

has to be avail able, asinpu, for a mnceptua processng system.
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(2) Dretske dso says that systemic representations are analog (Dretske, 1995, p. 172, rte
16); thisis nat far from Tye's claim that perceptual representations are nonconceptual, or
maplike (Tye, 1995, pp138.39.

(3) Dretske dso asumes that systemic representations are nat objed-involving (Dretske,
1995, pp. 27, pp. 7980). As he formulates the paint, representations in general have a
sense, and dten a reference a well, bu their sense does not determine their reference
(Dretske, 1995, p. 23. (Reference in this context is the objed whose properties are
represented; sense is the property of the objed that is indicaed by the representation —
the property by which the objed is picked ou.) Representations in genera are such that
they can only represent properties of whatever objed their host system is conreded to.
For instance a speedometer can represent the speed of the ca in which it is install ed;
were it relocated in ancther car, it could represent the same speeds withou giving a hint
that now it isadifferent objed the properties of which it is representing.

Dretske's identity thesis differs ssmewhat from Tye's. As he formulates his point
(Dretske, 1995, p. 78 “In acmordance with the Representational Thesis, | continue to
identify qualia with phenomenal properties — those properties that (acwrding to the
thesis) an olged is Ensuowsly represented as having.” In this formulation, the term
‘qualia refers to the same thing as Tye' s term ‘ phenomena charader’: both terms mean
the what-it-is-like-to-undergo-it asped of sensory experiences. The term ‘phenomenal
properties refers to physicd properties of distal physicd objeds — properties that are
represented by sensory states. The thesis sys that the phenomenal charader of the

sensory experienceis one and the same thing as the stimulus property that is represented
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by the sensory state. This view also seems to imply a straightforward determination (i.e.,
of phenomenal charader by stimulus properties) and a strong sense of transparency.

Thus, Dretske's propasdl is that qualia are external stimulus properties. On p. 83
he reinforces this view: “If you knav what it isto be 18 °C, you knav how the host feds
to the parasite. You knov what the parasite’'s experience [of temperature] is like & it
‘senses’ the host.” On p. 84 ke continues: “...(secondfad) if things ever are the way they
seam, it follows that qualia, the properties that define what it is like to have that
experience, are exactly the properties the object being perceived has when the
representation is veridicd.” (His italics; my badface) As he @ntinues on the same page,
the physicd temperature of the host smply is the hea quale of the parasite’s experience,
whether or not the host adualy has this property, that is, whether or not the parasite is
perceving the host veridicaly.

This view immediately raises me questions abou the posshility of
hallucination (and misrepresentation in sensation). Hallucinations are, by definition,
phenomenal experiences in the asence of the arrespondng stimuli. When | vividly
hallucinate abig blue patch, the phenomenal charader of my hall ucinatory experienceis
distal blueness the objed color — but there is no Hueness present becaise | am
hallucinating. So it might occur to someone that in the asence of adual stimuli with
perceivable property P we caina undergo phenomenal experiences as of P, since the
phenomenal charader, that is, the stimulus property P, is absent. As a @nsequence,
hallucination and misrepresentation in sensation are impossble, or so it might occur to
someone. Dretske's answer: it is not particular physicd instantiations of stimulus

properties that congtitute phenomena charaders, bu rather, property universals.
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Universals are properties (and kinds) in the metaphysicd redist view: properties that
exist in the world independently of how they are mncaved of. On Dretske's view, for
ead sensory state type there exists exadly one stimulus property (i.e., unversal) that that
state indicates, hence represents. Such stimulus property universals partially constitute
the representational content of sensory states.’* The question about hall ucinations occurs
now in adifferent light. When we hall ucinate, we undergo a phenomenal experience, bu
there is no correspondng, instantiated stimulus property (instantiated unversal) present
that causally affeds our perception. However, in the cae of halucination, the stimulus
property represented by the hallucinatory perceptua state is dtill present as an
uninstantiated universal — a property P that nothing happens to have in that particular
instance — but in many other instances, particular objeds do have P. This uninstantiated
universal enters the representational content of the sensory state, thereby providing for its

phenomenal charader.

1.4. Thetwo lines of argument | will follow

Following Thompson (1995, pp. 12233 we can say that there ae two key
problems that have to be solved in order to establish a aedible objectivist acourt of
color.?? Correspondngly, there ae two strategies of argumentation against such views.
As Thompson pus it, the minimum requirement for objedivism is that the candidate
physicd properties for color be distal ones that the visual system can tradk or deted. The
further requirement is that the well-known phenomena of color appeaance (like unity,
the unique-binary division, and the daraderization d perceaved color in terms of the

three dimensions of hue, saturation, and krightnesg should have arobust mapping onto
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the @lor-candidate properties. This robust mapping is understood in a strong sense of
isomorphism — that is, isomorphism with some further restrictions, na just isomorphism
in the philosophicdly cheg sense in which everything is isomorphic with just anything
else. For instance, the perceptual dimensions of hue, saturation, and krightness $ioud
correspond to measurable physicd dimensions of the stimuli such that there is a strong
linear correlation”® between perceived hie, saturation and lightnesson the one hand, and
the correspondng measurable stimulus properties on the other. In addition, this linea
correlation shoud correspondto an explanatorily relevant causal link: the measured hue
property shoud be the one that is gedficdly causally resporsible for our perceptions of
hue — similarly for the other two dmensions. Such alinea equivalence of the dimensions
would entail that the perceptual similarity relations of the olors that are expressed as
Euclidean distances in color space a&e alinea transformation away from the measurable
similarities of the alor stimuli along the physicd stimulus property dimensions that are
the candidates for being recognized as objedive hue, saturation, and lightness

From the work of other authors it shodd be obwvious that no such linea
isomorphism obtains between stimulus properties like surfacerefledance and percaved
colors. Two strong arguments to this effed are foundin Thompson, 1995(pp. 122133
and Matthen, 1999.1 am nat going to pusue this line of argument in the present
disertation.

The fallure of isomorphism still 1eares open the posshility that the first
requirement of objedivism abou color is stisfied: there ae stimulus properties that
color vision tracks or deteds. Withou further qualification, this constraint is obviously

satisfied. In the rest of this dissertation | shall add some qualificaions to this requirement.
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| shall argue that the stimulus properties that correspondto perceptions as of a particular
color (e.g., red) do nd turn ou to be physicd types at any level of description. Redness |
shall argue, is a genuinely heterogeneous, or digunctive, stimulus property. | shall
discussin detall two reasons to suppat this view. The first reason is that there is no
physicd type that unites different instances of rednesslike the rednessof ripe tomatoes
and that of hat iron (mutatis mutandis for other colors). The seand reason lies in the
individual differences in color perception: the fad that when dfferent, equally normal
trichromat human percavers look at the same stimulus in the same drcumstances of
perception, they often see adlightly different color (Byrne and Hilbert, 1997, p. 272Tye,
2000, pp. 8P3; Block, 1999, pp. 447; Kuehni, 2001, pp. 63, 65

However, this admisson reed na lead us to abandon color redism (or color
objedivism). We can just put on fil e the data that objed colors are not physicd types; we
need na infer from this that there ae not such things as objed colors. To this different
authors (e.g., Hardin, 1998 McGilvray, 1994 would reply that the falure of
isomorphism plus the fad that color stimuli are not in any way physicd types together
congtitute astrong reason to abandoncolor redism and subscribe to the view that colors
exist only in the redm of perceptual experience In resporse, Matthen (1999, pp. 6469)
argues that the perceptual color spaces of different spedes are probably very different (as
suggested by discrimination data), and so it sounds like spedes chauvinism to hdd that
the properties that we trichromat humans percave objed colors as having (binary-unique
division, urty, etc.) are essential to their being objedt colors.* The perceptua color
spaceof every color-perceving spedes diseds, and distorts, the wrrespondng stimulus

property spacein some systematic way (where ‘distortion’ means the gplicaion, in
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perceptual processng, of some rather complex nonlinea transformation), till, what all
these spedes distort in their own idiosyncratic ways are perfedly red stimulus properties.
So why nat cdl them colors? Well, because the nature of color stimuli is not reveded in
color perception in a way in which the nature of shapes is reveded in shape perception,
the subjedivist might reply (seeBoghossan and Velleman, 1997bfor an argument along
these lines). At this point intuitions might divide, some almitting subjedivist inclinations
whereas others insisting on color redism. | do nd see a ompelling reason here to
abandon color redism. | also think that this issue between color redists and color
subjedivists is a genuinely philosophicd one — it is a debate @ou what the most
reasonable way of thinking and talking abou objed color is.

There is, however, ancther consequence of the ampiricd findings abou objed
color. Thisistheonel shal be cncerned with in the rest of this dissertation. | shall argue
that our phenomenal experience & of color is nat, in any theoreticaly interesting way,
determined by the stimulus properties that are the standard causes of color experience,
therefore phenomenal externalist views of color experience fail. In particular, | shall
argue that (1) since objed colors are nat in any way physicd types, we caina assgn
representational content of the sort required by these views to color experience (I will cdl
this line of thowght the first argument), and (2) given whatever sort of representational
content color experiences can have, the phenomenal charader of color experiences varies
independently of their content, hence externali st representational content and prenomenal
charader canna be the same (this line of reasoning will be cdl ed the second argument).
This forces us to endase internalism abou color experience it is fadors within the

nervous g/stem that crucially determine what it is like to seethe wlors. The internalism-
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externalism debate | see as a hardcore scientific one in the sense that empirical data on
color and color vision are directly relevant to this debate. While the available empirical
data about color are compatible with at least some versions of color realism (eg.,
disunctive physicalism), they seem not compatible with the idea that the phenomenal
character of color experiences is in any theoretically interesting sense determined by its
distal causes, the color stimuli. Of course, an empiricaly sensitive philosophy of mind
can do alot of groundwork in clarifying the issues of the externalism-internalism debate

about phenomenal character. Thisiswhat | attempt in the present work.
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Chapter Two: Type physicalism about color and thefirst argument

2. First argument: Content, natural kinds, and phenomenal externalism

Here is the logicd structure of the first argument that was introduced two pages

ago. On thefirst level, we have:

[P1] If type physicdism abou objed color is wrong, then phenomenal externalism abou
color experienceiswrong too.
[P2] Type physicdism abou objed color iswrong.

[C1] Phenomenal externalism abou color experienceis wrong.

| shall defend P2 by analyzing existing versions of type physicdism and the problems
they have. Then | will present a key problem that, to my knowledge, no existing type
physicdist propcsa addresses adequately — the problem of generdlizing the refledance
theory of color to nonrefledive mlor stimuli. | will then argue that to this problem no
plausible solution can be found, lecaise the cae of nonrefledive wlors hows
conclusively that objed colors, charaderized in terms of stimulus properties, are truly

heterogeneous — they are digunctive properties, or digunctions of properties.

P1 | will defend in the following way. Having rejeded type physicdism, digunctive
physicdism still remains a plausible acount of objed color, and | will endarse that view.

This gives us the foll owing link to the consequent of P1:
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[P3] Any representational externalist view abou color experience has to be ale to
maintain that objed colors play a key role in determining the phenomenal charader of
color experience

[P4] Digunctive physicdism has no resource to suppat the daim that objed colors play
any important role in determining the phenomenal charader of color experience

[C2] Digunctive physicdism cannd, in any plausible way, go externalist abou color
experience (In aher words, digunctive physicdism and plenomena externaism are

incompatible.)

I will defend P3 by mentioning some theoreticd considerations abou representational
externalism. Finaly, | will defend P4 by arguing in two ways. First, the digunctive
physicd properties that are the mlors canna subserve representational content of the
kind that is identified with phenomenal charader in phenomena externalist theories. |
will explain hav such an argument stands up against two leading versions of phenomenal
externalism: Dretske's and Tye's theories (Dretske, 1995 Tye, 1995, 2000 That is, |
shall argue that color experiences do nd have representational content of the kind that, in
Dretske's and Tye's acourt, is identified with their phenomena charader. The secnd
diredion d my argument for P4 will be the following. The fad that there is no plysicd
substrate of perceaved color similarity makes it virtually impossble to attribute any role
to ojed colorsin causally explaining how the phenomenal charader of color experience

arises.



54

In order to lend full suppat to P1, C2 has to be supdemented by the foll owing

auxili ary premise:

[P5] No theory of objed color other than type physicdism would make phenomend

externalism a aherent and dausible view.

In what follows, | organize my material in such away that the agument for this auxili ary
premise will be included in the defense of P4. That is, in effed, | will defend the

foll owing argument:

[P4'] Only type physicdism abou color has the resources to suppat the daim that objed
colors play an important role in determining the phenomena charader of color

experience

| will argue that P4 halds true & least as long as we endarse ather Dretske's or Tye's
acours of representational content — the notions that these aithors use to explain
phenomenal charader (Dretske, 1995 Tye, 1995, 2000 | shall supdement this picture
(in 2.5.2.2) with an argument to the dfed that no ndion d digunctive representational
content (i.e., content that could arise from a digunctive physicdist theory of color) would
do for purposes of phenomena externalism. In sum, | shall argue that as long as sosme
causal theory of representation is assumed, orly type physicdism about color can fill the
phenomenal externalist bill. Moreover, since dl current versions of representational

externalism explain representation by some caisal relation ketween states of the



55

mind/brain and entities in the environment (i.e, al current externalist theories of
representation are causal), they all require the correctness of type physicalism about
color.

The premises P3 and P4’ together support the following conclusion:

[C2] Phenomenal externalism about color experience is not compatible with any view of

object color other than type physicalism.

As | just said, this holds true for the currently available phenomenal externalist views that
rely on a causal theory of representation. To summarize, my defense of P1 will consist in
supporting C2', which is just a paraphrase of P1. This way | reach C1, the defense of

which ismy aim in this dissertation.
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2.1. Defending the second premise: Type physicalism and the reflectance theory of
color

In sections 2.1 to 2.4 | shal consider a number of options to defend type
physicalism about color. As | will argue, such a defense has to consist of two steps. First,
one has to fill the reflectance theory with empirical content: one has to tell precisely
which perceptual color categories correspond to which types of reflectance. This of
course need not take the form of an explicit list consisting of a million different
descriptions of SSR types (roughly the number of shades that an average trichromat
human can discriminate), but it has to be some sort of a schema that yields empirically
testable type descriptions for at least the most basic color categories. The general clam
that colors are non-digunctive types of reflectance sounds vacuous without such a
schema. Furthermore, the truth of this claim is an empirical matter, despite the prima
facie impressions of plausibility that might arise from armchair reasoning. (Remember
from Section 1.1.3 that all type descriptions derived from such a schema must be non-
digunctive.)) As | will argue later, it is very likely possible to give such a reflectance
schema for broader color categories like red, green and so on. However, due to individual
differences in color perception, such a schema very likely cannot be given for narrow
shades.”

The second step in establishing type physicalism is to generalize the reflectance
theory of color to color stimuli that are not reflectances. (One such example is emitting
surfaces like a color TV monitor.) The generalization that would support type
physicalism should hold that color is some stimulus property P that is not just reflectance,

but a more general property of which reflectance is a specia case. | shall argue that there
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isno dausible way to make this generalization, that is, to find a non-digunctive, causaly
effedive property that is true of al and orly red oljeds and that is edficdly causally
resporsible for our red sensations (mutatis mutandis for other colors). This will be my

main reason for rgeding type physicdism.

2.2.Colorsare types of refledance, but which colors are what types of refledance?
Asl said in sedion 2.1abowe, the refledancetheory needs to give us a schemafor
charaderizing particular colors (at least the broadest color caegories) in terms of surface
refledance in order to have any plausibility. In aher words, the refledance theory is at
least in part atheory of empiricd science and nd a “pure philosophicd theory of objed
color”, to suppat which armchair reasoning aonre is afficient. In what follows |
consider some proposals to solve this problem avail able in the literature. Note that eath
one of these propasals is automaticdly a propasal to solve the problem of metamerism,
namely to spedfy the refledance property that is common to al and ory those
refledances that give rise to a particular perceptual look (for trichromat humans in

normal circumstances of perception).

2.2.1Hilbert’ sproposal: triplets of integrated refledances

Hilbert (1987, p. 11} claims that colors are triplets of integrated reflectances
(TIRs), withou offering a dharaderization d any particular color in terms of such triplets
of refledances. The TIR of a surface (i.e., the TIR that is relevant to human color
perception) can be obtained in the following way. Take the ranges of sensitivity of the

threekinds of retinal cones: it is approximately from 400to 525 m for short-wave @nes,
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from 435to 640 mn for midde-wave nes, and from 450 to 680 m for long-wave
cones (see eg. DeVadois and DeValois, 1997,fig. 4.1 on p9% Take a olored surface
integrate its surface reflectance above the sensitivity range of the short wave cones (400
525m). (l.e., add upthe refledances obtained for every adjacent, very narrow band o
wavelength within that range.) This gives the first member of the TIR of the wlored
surfaceunder examination. Repea the same procedure for the remaining two sensitivity
ranges, thereby obtaining the other two members of the triplet. It is claimed that basicdly
every member of a given metamer set has the same TIR whereas members of different
metamer sets have different TIRs.?® TIRs are the same kind d properties as individua,
determinate refledances — they can be regarded as sme very crude dharaderizations of
surfacerefledances. Due to the limitations in spedral discrimination d our color vision,
different objedive wlorsthat have the same TIR are perceived as the same mlor.?’

TIRs nicdy illustrate the idea of percaver-reativity, and the fad that objed
colors in the type physicdist view are highly derivative, “uninteresting” properties, or
anthropocentric natural kinds (Hilbert, 1987, 135; 115 119120, Gibbard, 1996 Tye,
2000, p. 16} Integras of refledance over the three mentioned ranges of wavelength are
picked up ky human color vision, bu naot by the @lor vison d very many other spedes.
For those other spedes, our colors do nd make much dfference The wlors of other
spedes (i.e., the refledance properties that the @lor vision d other spedes track) are
pairs, triplets or quadruples of refledance integrals over more or lessdifferent ranges of
eledromagnetic wavelength.

Hilbert's propcsal is based on Edwin Land's experiments on color constancy

(Land, 1977 see &so Land 1997. An experimental test of the predictions of Land's
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Retinex Theory was condwted by McCann et a. (1976. In Part Il of their paper, the
authors examine the hypothesis that color sensations are determined by triplets of
lightnesses and that these lightnesses in turn correspond to integrated triplets of
refledances (McCann et a., 1976, p. 448 As they summarize their results: *Our results
show that the wlor sensations are very highly correlated with the triplets of refledance
(McCannet d., 1976, p. 446

However McCann et a. did nad even examine the hypathesis that TIRs, that is,
integrals of reflectance as such of the surfaces used in Land's color constancy
experiments correspondto percaved color. They began their examination by examining
the arrelation between subjeds’ color perceptions and integrals of reflectance, weighted
by the spectral sensitivity distributions of the retinal cones (McCannet al., 1976,p. 449.
Hilbert mentions this variation (1987, nde 9 on p.111), bu he does not sean to findit in
any way problematic. However, it is a highly problematic modificaion: | will explain
why thisis 9 in Sedion 2.2.4.t is aso important to repea that in his 1987 bookHil bert
does nat give us any example of how a particular color or color caegory could be

charaderized in terms of TIRS.

2.2.2.Tye's s£hema: surface refledanceand opponent processng

Byrne and Hilbert (1997, pp. 265266 offer a vague due & to how a schema of
colors in terms of surfacerefledances could be made more spedfic. Tye (2000, 159161)
works out this shema in more detail to charaderize the eght broad chromatic caegories
(red, green, ydlow, blue, orange, puple, yellowish green and Huish green), plus

adhromatic grays in terms of surfacerefledance Tye proposes to oltain the particular,
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highly derivative and unnteresting physicd types (or anthropocentric natural kinds. see
Hilbert, 1987, 135; 115 119120 that are the ®lors we trichromat humans can see
diredly from the opporent processtheory of color perception (Tye, 2000, 159161). He
admits that he uses an oversimplified version d this theory (taken from Hardin, 1988,
but assumes (presumably) that such a version will do as a rough approximation to define
at least the nine broad color caegories mentioned above. Capturing these wlor categories
is the maximum that we can exped from Tye's shema, even if it works well enough.
However, if the schema does not work well enough, then, acwmrding to Tye, it can be
correded by parameters charaderizing trichromat human olservers (Tye, 2000, pp. 160,
161). In addition to its limitations (i.e., to just the eght most basic color caegories) the
definitions contain vague dements that neal to be sharpened if one redly wants to see
how the schema works in classfying surfacerefledances.

So here's the schema. Let S* be the percentage of “short-wavelength light” (a
vaguenessthat neals to be properly disambiguated for purposes of empiricd testing) that
a particular surface S tends to reflea (or refleds adualy when illuminated by white
light). Smilarly, M* is the percentage of “medium-wavelength light” that S tends to
reflea from white light. L* is the propation d “long-wavelength light” refleded by S.
According to Tye (see &so Byrne and Hilbert, 1997, pp265266,and nde 9 on p. 282
here’s how broad color caegories can be defined in terms of surfacerefledance Red
surfaces are thase for which M* <sL* & S* =, M*+L* (‘< means significantly smaller
than, whereas ‘=7 means approximately equal to). Green surfaces are defined thus: M*
>, L* & S =, M*+L*. Yelow ones are those for which M* =, L* & S* <¢ M*+L*,

Bluenessis defined as M =, L* & S* >, M*+L*; being orange is M* <sL* & S <
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M*+L*; purplenessis M* <sL* & S* > M*+L*. A surfaceisbluish greenif M* >;L* &
S > M* +L* istrue of it; yellowish green is defined as M* > L* & S* <¢ M*+L*, If L*
=a M* and S =, L*+M* obtain for a surface then it is classfied as achromatic: white,
blak, or gray. To this Tye ads (2000, p. 159that typicd achromatic white, gray and
blak surfaces have SRs that are goproximately constant functions of wavelength. For
instance, a typicd white surfacerefleds between 90-100% of the incident light at any
wavelength between 400and 700 mn; a typicd bladk surfacerefleds around 46 at any
wavelength. Heredter by a typicd adromatic surfacel will mean a surfacewhaose SR

is an approximately constant function o wavelength.?®

2.2.2.1 Colors, reflectances, and the opponent process model of color perception

It is important to briefly explain why and howv this shema is based on the
opporent process theory of color vision. In what follows, | will use the following
natation: ‘L” will mean the output of cones snsitive to long wave light (in effed, 450
680 M, with pe&k sensitivity being around 590 m). ‘M’ will mean the output of the
cones nsitive to mid-wavelength light (435640 m, pe&k sensitivity around 550 m).
‘S will mean ouput of the short wave @nes (sensitivity range 400525 mm, pe&k
sengitivity around 445 m). Sometimes | will also use‘S' (boldface as avariable to refer
to some hypatheticd surface

The opporent processtheory is an abstrad, mathematicd model of human color
vision that explains a large number of findings in color vision, and hence is very well
suppated empiricdly. However, the ways in which this abstrad model is redized by

neuronal medianisms is not yet entirely clarified. Still, evidence shows that key steps in



62

cdculating the so-cdled opporent signals from the adivities of the three retina cone
types occur as the wne signals, via the ganglion cdls, reat the LGN of the Thalamus
(DeVaois and DeVaois, 1997. Spedrally opporent cdls are frequent in the LGNSs.
Spedrally opporent cdls are cdls that show resporse to ore wavelength (i.e., to signas
of cones ensitive to that wavelength) and inhibit to signals from cones snsitive to
another wavelength. Correspondngly, evidence shows that all LGN cdls recave inpu
from at least two cone types (DeVaois and DeVaois, 1997, pp. 104.07). Chromatic
adaptation studies with single-cdl rewording showed six different, chromaticdly
opporent cdl types in the LGN. These ae: +B-Y cdls $ow elevated adivation to S
cone inpus, and inhibition to L-cone inpus. +Y-B cdls $how inhibition to S-cone inpus
and excitation to L-cone inpus. +G-R cdls are excited by M-cone inpu and inhibited by
L-cone inpu. +R-G cdls are inhibited by M-cone inpu and excited by L-cone inpu.
+Wh-BI cdls are excited by both L-cone inpu and M-core inpu. Finaly, +BI-Wh cdls
are inhibited by both L- and M-cones (DeValois and DeVaois, 1997, pp. 104.07). From
these data we can dready derive the key charaderistics of color appeaance The adivity
of the LGN cdl types forms three xes of the (human) perceptual similarity spacefor
colors. Thefirst is an achromatic lightness or white-blad channel. The seandis the red-
green channel, and the third is the blue-yellow channel. As a result of the opporent
coding, and in entire acordance with the phenomenology of color experience we can
never experience olors like reddish green o bluish yellow. If the red-green channel
gives pasitive inpu, the result is a perception d something reddish; if the red-green
channel gives negative output, the result is the perception, a experience, of green. (Note

that the signs like “positive is red, negative is green” are merely a matter of convention)
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If the blue-yellow channel gives positive output, the result is the experience of yellow
whereas negative output from this channel signals blueness The lightnessor brightness
of color stimuli is coded by the adivity level of the white-bladk channel; saturation is
coded by the intensity of the diromatic signals as related to the white-bladk signal. That
is, from the astrad model of opporent processng and its neurologicd underpinnings we
can start to understand the organization d the wlor space — the trichromat human
perceptual simil arity spacefor colors.

The distinction between unique and knary hues can also be understood from this
model. If the red-green channel outputs zero (shows baseline adivity, no bas to ether
diredion), and the blue-yellow channel outputs a positive vaue, the result is the
perception d unique yellow (of some saturation and lightness. If the red-green channel
outputs a positive value, and the blue-yell ow channel outputs a negative one, the result is
the perceptual mixture of rednessand Hdueness that isa @lor in the purple range. A color
in the purple range might be purple, magenta, pink, a purplish blue, depending on[i] the
ratio of the asolute values of adivity of the red-green channel and the blue-yellow
channel, and [ii] saturation,i.e., theratio of adivity of the diromatic channels and that of
the white-bladk channel. For instance a strong red signal with a relatively weg blue
signal can result in a perception d magenta if saturation is high; if saturationis low, the
result is a perception d pink. A strong blue signal plus a we& red signal with high
saturation results in a purplish bue perception. If both chromatic channels are in balance
(i.e., give baseline, or “zero” output), then the result is an achromatic perception: that of

white, blad, or gray.
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The mathematicd details of a simplified version d the opporent processtheory
(Hardin, 1988, pp. 385) are dightly different from what we could dredly infer from
the neurologicd data presented above. This is becaise neither the neurologicd findings
nor their interpretation is completely freeof controversy. Detail s of the opporent process
theory are under development. In the model presented by Hardin, L+M (the sum of L-
cone inpus and M-cone inpus) results in the adromatic white-bladk resporse, and L=M
is neutral mid-gray (sometimes cdled “brain gray”). L-M is the red-green respornse — so
far in entire agreament with the physiologicd data presented above. However, the
yell ow-blue resporse results from L+M-S, and this formula caana be derived from just
those physiologicd data | presented above. The cae of the yellow-blue dannel seans a
little more complicaed than that of the other two. As Hardin remarks (1988, p. 35he
refers to Werner and Wooten, 1979and Hunt, 1982, there is a noninea comporent in
the opporent process coding, and this is most prevalent in the operation d the blue-
yellow channel. Obvioudly, the simplified version d the model | just presented omits
these nonli neaities. However, this fedure is of interest for my purposes. As | shall paint
out below, the problems | foundwith Tye's sshema when puting it to an empiricd test,
concentrate aound bue-yellow (bluish-yellowish) color assgnments. | will aso explain
how such afinding relates to the fad that the blue-yell ow channel is nonlinea.

It now bewmes clead how Tye's shema derives from the opporent process
theory. For the sake of hypathesis, make the following two assumptions. First, assume
that a linea relation oliains between [1] the difference of light refledion in the long-
wavelength range and that in the midd e-wavelength range (of the surfaceperceved) and

[2] the red-green opporent signal. That is, if the former is multiplied by some number Kk,
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then the latter is multiplied by k as well — similarly for the other two channels. Secnd,
asume that no dfferentia weighting (multiplicive transformation) of the color signal
occurs before it is converted into opporent process sgnals. The asumption here is that
the quantities S, M, and L — the ones that get added upand subtraded in the @lor vision
system as modeled by the simplified opporent process formulas — are till diredly
propationa to the integrals of refledance (refledion under white light). If such a cae
obtains, then, and only then, we can read, from the fad that there is balance say, in the
red-green channel, the conclusion that the surface being percaved refleds roughly as
much light in the middle wavelength range & in the long-wavelength ore (Tye, 2000, pp.
160-161). Given the two assumptions, the fad that unique blue aaxd unque yellow
perceptions correspondto L-M=0 opporment processresporse (baseline adivity in the red-
green channel) entalls that, for any surface S, if L*-M* =, O for S, then S is neither
reddish na greenish. However, if there is norineaity or differential weighting in the
processng of color stimuli, then any such inference is unwarranted, therefore we might

susped that the predictionsit resultsin are incorred.

2.2.2.2Variationson Tye's shema: Matthen and Kuehni

Matthen (1999, pp. 49, 6%6; 2001, pp. 11920 offers avery similar scheme for
defining colors in terms of refledances. His shematoo is based onthe opporent process
theory of color vision. For some unspedfied reason, Matthen assumes that the red-green
signa arises from computing the L+S-M function: he takes the red-green channel to
compare the relative strength of the wlor signal at the two ends of the visible spedrum as

compared to the middle (Matthen, 1999, p. 49 The blue-yellow signal is taken to be
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L+M-S: it compares the strength of the wlor signal in the midde-plus-long wavelength
range to that in the short wavelength ore. Matthen oulines only four chromatic color
caegories that derive from this model (Matthen, 2001, p. 120in his 1999, pp. 450 we
find even vaguer charaderizations). If L+S>M (i.e., the two ends of the spedrum
dominate over the midde — this corresponds, in his view, to percaved reddishnesg and
L+M > S (the long-plus-midde wavelength ranges dominate over the short one — this
corresponds to yell owishnesg obtain, the result is the perception o orange?® If L+S<M
(mid-wavelength range dominates over the ends — the result is greenish) and L+M>S
obtains, then the result is green o yellowish green. If L+S>M and L+M<S obtain (the
short-wavelength range dominates over the long-midde one resulting in bluish) then the
result will be some purple mlor like violet. Finaly, if L+S<M and L+M<S then the result
isbluish green.

This being Matthen’s propacsal, it shoud be immediately obvious that it contains a
weird contradiction, and for that reason it is quite unusable. The condtion that he offers
for bluish greens is impassble to satisfy: L+S<M and L+M<S canna be true together.
This is because (spedking in terms of light refledion a emisson) L*, M*, and S* are
greder than o equal to zero: there is no such thing as lessthan-zero emisson a less
than-zero-percent refledion. Similarly, L, M, and S, the @ne resporses, are ather
positive or zero — negative ane resporses do nd figure in the opporent processtheory
(only negative opporent channel resporses do).*° If so, then the mndtion for
greenishness(L+S<M) entall s that S<M; however, the condtion for bluishness(L+M<S)
entalls that SSM. So, Matthen's shema predicts that no stimulus can ever look Huish

green, and so there ae no such things as bluish green obeds — simply becaise no surface
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can ever refled, or emit, more light in the M* range than in the S* range and at the same
time, refled, or emit, more light in the S* range than in the M* range. My guessis that
Matthen simply overlooked something here. Apparently he is nat using the smplified
version d the opporent process theory presented in Hardin (1988, and he gives no
indicaion where he takes his version from. The justificaion for his choice seans to be
that, in terms of lights refleded o emitted, bah ends of the visible spedrum appea
reddish: the short end appeas violet whereas the long end appeas red o orange
(Matthen, 1999, pp. 4%0, 6566). This is corred as far as it goes; however, the two
formulas he off ers are incompatible.

Rolf Kuehni (personal communicaion®®) proposed that the simplified version o
the opporent processtheory that gives rise to roughly corred charaderizations of color in
terms of refledance @nsists of the foll owing two functions:
a=L- M+0. 5*b;
b=L+M S.

Of these, L+M-S, or b, still corresponds to the blue-yell ow resporse, whereas a, that is,
1.5*L-0.5*M 0. 5*S,

corresponds to the red-green resporse. Happily, this modified schema is nat
contradictory: both a>0 and a<0 are cnsistent with either b>0 ar b<0. In what follows |
will assessthis version d the schema, in addition to Tye's. Due to its inconsistency, |

will not test Matthen’s versionin detail, but | will add afew remarks onit.
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2.2.3.Empirical assessment of the opponent processng schema for characterizing
colorsin terms of refledances
2.2.3.1Ty€e sversion

Tye's propasa for identifying the refledance types that correlate with ou color
perceptionsis radicdly wrong. Thisis 2 despite the fad that he derived his methodfrom
the otherwise-well-confirmed oppomnt processng model of color perception. As it
stands, Tye's shema gives entirely incorred predictions as to the percaved color of
surface refledances. | applied his shema, disambiguating its vague parts in severa
different ways, to my own surfacerefledance measurements of various natural and man-
made surfaces taken by a Spedrogard Il spedrophdometer.

Some detail s of this empiricd test are & follows. | took the measurements at 10
nm intervals, in most of the caes with the interfacerefledion excluded®* Surfaces
measured included the Madieth Color Chedker, all samples of the Opticd Society of
AmericaUniform Color Scdes, colored papers, plastics, clothes, paints (watercolor, food
color), minerals, wood samples, autumn treeleaves, fruits, vegetables, and miscdlaneous
items like soap bars, chocolate bars, and coins. | used the Madeth Color Chedker to
ched the worreanessof my measurements. | compared my own data obtained from this
color rendition chart to the measurements of it pubdished in Meyer, 1988.Matches were
pretty good visualy, my refledance arves and Meyer’s ones matched to minute detail .
Also, | chedked the adua percentage values at seleded pdnts of refledance arves
obtained from the same sample by Meyer and me, and navhere did | find a difference

excealing two per cent.*®
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As a means of chedking Tye's shema, | cdculated integrals of different color
signals obtained from a given surface For cdculating color signals (i.e., to charaderize
adua refledion as well, na just refledance) | used the spedra power distributions
(SPDs; relative energy distributions) of four CIE standard ill uminants. A, C, D50, and
D65. | adso used the nonstandard fluorescent illuminant F11 (the data of these five
illuminants | took from Hunt, 1991, Appendix 5). Finaly, | used a theoreticd uniform
illuminant whose spedra power distribution was the same & all wavelengths (the value
was 1), in order to assessintegrals of refledancedirealy.®*

As dort, medium, and long wavelength parts of the spedrum I used two dff erent
triplets of intervals. First, the sensitivity ranges of the human cone types: 400525 m
(short wavelength range), 435640 nm (medium wavelength range), and 456700 mm
(long wavelength range). Second, | used simply the 400-500, 506600, and 606700 nm
intervals. In order to oldain numericd values that correspondto S*, M*, and L* for a
given surface | integrated the lor signals arising from multi plying the refledance of the
surfaceby the data of the six illuminants mentioned abowve. Thus, for a given surface |
cdculated twelve different triplets of values (two triplets of intervals times $x
illuminants). After cdculating the twelve triplets of integrals for an SR, | applied Tye's
schemato ead ore of them to seewhether the surfacein questionis categorized by them
corredly —that is, as having the same wlor as their perceptual 1ook.

By “significantly greder/smaller than” | meant that for two integrals, their
propation was outside the [0.8 1.2 interval. Two integrals were taken to be
approximately equal when their propation remained in the [0.87 1.15 interval. | tried

out other values as well, bu that did na make much dfference to the dassficaion
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results. By corred caegorization | meant the wrred applicaion d the aeght color
caegories the schema was meant to cepture: e.g., caegorizing both scarlet and cadmium
red smply as red. | repeaed this procedure for a number of red, green, yellow, blue,
orange, puple, yellowish green and Huish green surfaces.

The results were daunting: typicd red surfaces were not clasgfied as red by the
schema; the same was true of green, Hue, and puple ones. Yelow surfaces were
sometimes classfied as yellow (heavily depending on which standard ill uminant was
used); in the mgjority of the caes, yellow surfaces were dassfied as orange. Orange
surfaces were crredly clasdfied as orange, bu the value of this finding is questionable
since red and puple surfaces were dso qute unambiguouwsly classfied as orange by the
schema. The schema gets partly right yell owish green surfaces, bu it also predominantly
classfies bluish green ores as yellowish green (sometimes as yell ow, depending on the
illuminant used). Also, Tye's shema massvely classfies typicd achromatic white and
gray surfaces (i.e., those kinds of SRs that he himself identifies as adwromatic
white/gray/black on p. 159 as yellow or orange.

This latter result is easy to understand. Just becaise the medium-plus-long
wavelength range is wider than the short wavelength range done, if we ald up(integrate)
the anount of light refleded by a typicd adromatic surfacein the medium-plus-long
wavelength range (under some normal, broadband illuminant), the result will be
substantialy greaer than the anourt of light refleded in the short wavelength range
aone. Hence even if M* =, L* stays true for typicd adromatic surfaces (it need na, bu
it sometimes does) S* < M*+L* will be satisfied, and so a surfacewith a mnstant SR

will always be dassfied as yellow or yellowish.
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In general, with resped to the relation between L* and M*, the schema is not so
widely off the mark. It is true that for red (reddish) surfaces, L* >3 M*; the oppdite is
true of green (greenish) ones. However, for many refledances that look unique blue,
L* < M* typicdly obtains, therefore most unique blues are dassfied as bluish green
(some less sturated urique blues, for which S* =, L*+M* obtains, are dassfied as
green). The relation between S* and L*+M*, is, in redity, entirely different from what
the schema asaumes. For instance, for typicd red, green, a even many purple surfaces,

S* is sgnificantly smaller that L*+M*. Tables 1 and 2 show some of the test results for

Tye's hema
[llumi- | Divi- Red Green | Yelow | Blue Orange | Purple | Ydll. Bluish | White
nant sion green | green
Refl. D1 orange | yellow | orange | yellow | orange | orange | orange | yellow | orange
Dired | D2 orange | yel-grn | orange | blue orange | orange | yel- yel-grn | yellow
grn
A D1 orange | orange | orange | orange | orange | orange | orange | orange | orange
D2 orange | yel-grn | orange | orange | orange | orange | orange | yellow | orange
C D1 orange | yellow | orange | yellow | orange | orange | orange | yellow | yellow
D2 orange | yel-grn | yellow | blu-grn | orange | orange | yel- yel-grn | yellow
grn
D50 D1 orange | yellow | orange | yellow | orange | orange | orange | yellow | orange
D2 orange | yel-grn | orange | blue orange | orange | yel- yel-grn | yellow
grn
D65 D1 orange | yellow | orange | yellow | orange | orange | orange | yellow | yellow
D2 orange | yel-grn | yellow | blu-grn | orange | orange | yel- yel-grn | yel-grn
grn
F11 D1 yellow | yellow | yellow | yel-grn | yellow | yellow | yellow | yellow | yellow
D2 orange | yel-grn | yellow | blu-grn | orange | orange | yel- yel-grn | yel-grn
grn

Table 1. Tye's shema gplied to nine samples of the Madoeth Color Chedker. The names of the nine
columns are the same &s those of the crresponding Madoeth samples. The Madeth Color Chedker consists
of 24 samples, the first 18 o which are ciromatic colors, the last six are an achromatic series from white to
bladk. Five different CIE illuminants were used (e.g., illuminant A corresponds to a tungsten bulb;
illuminant C to average daylight; illuminant F11 represents fluorescent tubes, and so on). The first row
shows the results obtained by using a theoreticd ill uminant whose spedral power distribution was constant
over wavelength: the value was one (1) appropriately chosen urit of measure. This corresponds to
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integrating the refledances diredly, without taking into acmunt any modifying effed of the ill umination.
D1 and D2 are two dfferent divisions of the visible spedrum into short, middle and long wavelength
ranges. D1 corresponds to the sensitivity ranges of the three ©ne types: 400-525 nm for short wavelength
range, 435640 nm for middle wavelength range, and 456700 nm for long wavelength range (450-680 nm
was also tried, but no significant difference occurred due to this modification). D2 corresponds to dvision
into three gual intervals. 400-500 nm for short wavelength, 500-600 nm for middle wavelength, and 606G
700 nm for long wavelength range. The cdls contain the output of the dassficaion agorithm that
implements Tye's smplified oppaent process shema, with the vague dements clarified as gated in the
main text. (‘yel-grn’ means yellowish green, ‘blu-grn’ means bluish green.) Hits are typed in boldface
Note the strong ill uminant-dependence of the schema that is entirely different from the invariant
classfication of the same wlor samples under the same ill uminants made by any trichromat human subjed.

[lumi- | Divi- Red Red Green | Green | Yelow | Yelow | Blue Blue White
nant sion Lego |plastic |Lego |plastic | Lego |plastic | Lego | plastic | cerami
block | boat block | boat block | boat block | boat ctile
Refl. D1 orange | orange | yellow | yellow | orange | orange | yellow | yellow | orange
Dired | D2 orange | orange | yel-grn | yel-grn | orange | yellow | blu-grn | blu-grn | yellow
A D1 orange | orange | yellow | orange | orange | orange | yellow | orange | orange
D2 orange | orange | yel-grn | yel-grn | orange | orange | green | orange | orange
C D1 orange | orange | yellow | yellow | orange | orange | yellow | yellow | yellow
D2 orange | orange | yel-grn | yel-grn | yellow | yellow | blu-grn | blu-grn | yellow
D50 D1 orange | orange | yellow | yellow | orange | orange | yellow | yellow | orange
D2 orange | orange | yel-grn | yel-grn | orange | yellow | blu-grn | blu-grn | yellow
D65 D1 orange | orange | yellow | yellow | orange | orange | yellow | yellow | yellow
D2 orange | orange | yel-grn | yel-grn | yellow | yellow | blu-grn | blu-grn | yel-grn
F11 D1 orange | yellow |yelow |yelow |yelow |yelow |yel-grn | yel-grn | yellow
D2 orange | orange | yel-grn | yel-grn | yellow | yel-grn | blu-grn | blu-grn | yel-grn

Table 2. Tye's shema gplied to colored pastics and a white ceamic tile provided to cdibrate the
Spedrogard Il spedrophotometer. Note that though both blue plastic surfaces are neither obviously
yellowish nor obviously greenish (i.e., they are @ close to unique blue & one wuld require from an
industrial product), they are never clasdfied blue, contrary to the Madoeth Blue. This $ows that, in
addition to being urreasonably ill umination-dependent (see Table 1 above), the schema is also not robust
against small variations in surfacerefledance that do not strongly affed trichromat color perception. The
colored plastics used were Lego building blocks and plastic toy boats. Asin Table 1 above, hitsare typed in
boldface all other notations are the same a well.

On looking at the tables, naicethreethings. First, it makes a big diff erence which
wavelength range division we use. The [400-525m; 435640m; 450-700rm] divisionis
theoreticdly motivated, as these intervals roughly correspondto the sensitivity ranges of
the three human cone types. The [400-500m; 500-600rm; 600-700m)] division is not

theoreticdly motivated. Ironicdly, the latter division gives somewhat better results (that
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are till far from acceptable): for instance, in Table 1, all blue and yellowish green hits
are under this division — with the [400-525m; 435640m; 450-700rm] division the
schema never gets right the Madeth Blue and Yellowish green. In general, results are
closer to corred under the [400-500m; 500-600m; 600-700rm] division. Seaond,
though bah blue plastic surfaces in Table 2 are neither obviously yellowish na
obviously greenish (i.e., they are & close to urique blue & one @uld require from an
indwstrial product), they are never classfied blue, contrary to the Madbeth Blue. This
suggests that the schema is nat robust against small variations in surfacerefledance that
do nd strongly affed trichromat color perception. Third, the schema seans to be too
illumination-dependent in some caes (espedaly illuminants A and F11 are gt to
produce results that deviate from those with the other ill uminants); still, in other cases it
is fairly ill umination-independent, bah in its errors and in its corred clasgfications (e.g.,
orangein Table 1).

What went wrong? As we saw, Tye based his £hema on the opporent processng
model of color perception. That modd is quite well suppated by empiricd data; then
how could Tye's hema, based onit, be so badly mistaken? On this point, Tye (2000, p.
161) says. “...any adua courterexample to this propasal will aso be a ournterexample
to the opporent processng model...”. But of course, no such link exists. Tye's s£hema
faces courtlessadual courterexamples, bu this does not affed the wrredness s$atus of
the opporent processtheory at al. Recdl what was sid a the end d Sedion 2.2.2.1Tye
falls to redize that [1] there is no simple linea relation between surfacerefledance (or
light, adually refleded by illuminated surfaces) in the short-, medium-, and long

wavelength ranges on the one hand, and the opporent process resporse dicited by
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refleding surfaces on the other (e.g., Hardin, 1988 p. 3p bu [2] his £hema ames
exadly such arelation. In addition, dfferential weighting of the three cone signals also

ocaursin color processng. Andthat is probably the reason why the schema goes wrong.

2.2.3.2 Matthen’sversion

In addition to its inconsistency, ancther problem with Matthen’s propacsal is that
he does nat spell out explicitly the definitions of unique hues, as oppsed to hinary
ones.*® Had he dore so, the problems with his <hema woud have turned up
immediately. For instance, unique blue is a diromatic color that is neither reddish, na
greenish, andit isnaot yellow either. But if a wlor is neither reddish na greenish, then, on
perceptually processng it, no hasin the L+M-S (red-green) channel shoud occur — this
channel shoud exhibit zero (baseline) adivity on pocessng a stimulus in the unique
yellow range. This follows from the opporent processng theory of color vision.
However, what does not follow from the opporent processtheory is that when the red-
green channel isin balance then, and orly then, the color signal hitting the retinais itself
balanced — i.e, that it has roughly as much energy in the short-plus-long wavelength
range & in the middie one. In the cae of color signals (or refledances) that correspondto
unique blue perceptions, the latter is radicdly false. Unique blue surfaces give rise to
much more radiation in the short plus long wavelength ranges together than in the midde
one, uncer normal ill uminants. So Matthen’s schema predicts that stimuli that, as a matter
of fad, look urique blue shoud look strongly reddish. Similar problems arise with regard
to unique red and unque green. When the blue-yellow channel is predicted to be

balanced by the opporent process theory, the wlor signa itself that gives rise to the
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correspondng unique green o unique red perceptions contains much more energy in the
long-plus midd e range than in the short one (see2.2.3.1abowve). This again suggests that
we cana diredly turn the formulas of the simplified opporent processng model into

type spedficaions of objea color.

2.2.3.3Kuehni’sversion

Withou further testing, we can immediately say the following abou Kuehni’s
propasal. Since it leaves the blue-yellow channel function urchanged, the erors that
ocaur in Tye's and Matthen's schema due to the L+M-S formula will aso occur in this
modified version. In particular, this version will, just like Tye's, classfy red, aange and
purple surfaces as yellowish — that is, it will not be @le to properly distinguish between
these three olor caegories aong the blue-yellow dimension. Table 3 shows ome

classficaionresults obtained by thisversion d the schema.

[llumi- | Divi- Red Green | Yelow | Blue Orange | Purple | Ydll. Bluish | White
nant sion green | green
Refl. D1 orange | orange | orange | orange | orange | orange | orange | orange | orange
Dired | D2 orange | yel-grn | orange | blu-grn | orange | orange | orange | yel-grn | orange
A D1 orange | orange | orange | orange | orange | orange | orange | orange | orange
D2 orange | orange | orange | orange | orange | orange | orange | orange | orange
C D1 orange | orange | orange | orange | orange | orange | orange | orange | orange
D2 orange | yel-grn | orange | blu-grn | orange | orange | orange | yel-grn | orange
D50 D1 orange | orange | orange | orange | orange | orange | orange | orange | orange
D2 orange | yel-grn | orange | blu-grn | orange | orange | orange | yel-grn | orange
D65 D1 orange | orange | orange | orange | orange | orange | orange | orange | orange
D2 orange | yel-grn | orange | blu-grn | orange | orange | orange | yel-grn | orange
F11 D1 orange | orange | orange | orange | orange | orange | orange | orange | orange
D2 orange | yel-grn | orange | blu-grn | orange | orange | orange | yel-grn | orange

Table 3. Classgfication data of the nine Madieth samples down in Table 1, using the schema suggested by
Rolf Kuehni (a=L+M+0.5b; b=L+M-S).

| will further discussKuehni’s relevant work in Sedion 2.2.4 lelow.
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2.2.4.Corrections by observers parameters

To the findings in the previous sedion Tye would reply (2000, pp. 16€L61) that
the oversmplified oppomnt process model (on which he based his color-definition
schema) has to be wrreded, a “qualified” by parameters of the trichromat human
observer (among other things, by the spedra sensitivities of the three ©ne types). This
would lead us to a more exad charaderization d colors in terms of refledances. As |
shall argue in this and in the following sedion, this proposed remedy either leads us
straight into a severe cdegory mistake, or it leals us to a very difficult mathematicd task,
that, if solved, could pasgbly provide an exad charaderization d colors (though orly
broad color caegories, na narrow shades) in terms of surfacerefledances. In this dion
| show how the propasal can easily run into a cdegory mistake. This happened with
Hilbert’'s 1987 acourt (see below for details), and since Tye's refledance theory is
obviously a descendant of Hilbert’'s one, his remarks abou corredion (they are very
brief, and rather obscure: Tye, 2000, pp. 164.61) neal caeful scrutiny as well. In the
next sedion | will show some ways in which ore @uld passbly proceal in
charaderizing color categories in terms of surface refledance However, what | shall
provide ae just afew suggestions, na a cmplete solution.

If we measure the percentage of incoming light refleded by surfaceS in the short
wavelength part of the spedrum (say, in the 400-525 i range), then what we get is a
refledance property of S: integrated refledance Integrated refledance is a percever-
independent property of S. What percentage of the incoming light Sis disposed to refled
badk in the 400525 M range (or refleds badk adualy, when it is illuminated) is an

empiricd fad abou S, or a property of Sthat isinstantiated, a physicdly redized, in the
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absence of any percaver. Refledance measured in a very narrow wavelength interval,
and refledance integrated over a wider wavelength interval both have the same unit of
measure: per cent of incoming light, refleded (in the wavelength interval under
consideration).

If, however, we measure cetan refledance properties of S, and then transform
them by parameters charaderizing some observer (e.g., multiply or divide them by
coefficients, or raise them to different powers®), then the result of these transformations
is not theoreticdly interpreted as a reflectance property of S — nat at least if the
coefficients or exporents used in the transformation are used to charaderize the
perceving organism, (and nd the surfaceS independently of its relation to the organism).
Rather, the result of such transformations is theoreticdly interpreted as sme
charaderistic resporse of the observer (i.e., as a perceaver-dependent, remote relational
property of S — a property that does nat inherein S). In ac@rdance with this observation,
these latter transformations (unlike simply integrating refledance) will change the unit of
measure of their operands.

Hereis a key example in more detail. When the dispasition d surfaceS to refled
light in certain way manifests itself (i.e., S is illuminated), the color signal arises (e.g.,
Wandell, 1995, pp. 29@291). The wlor signa is the produt of refledance and
illuminant spedral power distribution. It is the light adually refleded by S and can
possbly read the e/e of an olserver. The lor signa is the key information source
abou surfacerefledance for the wlor vision system. Also, the mlor signal is smething

that is instantiated, o physicdly redized, independently of any observer. In a world
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where there ae no olservers, bu there ae ill uminated refleding surfaces, there is light
refleded badk from the surfaces, hencethere iswhat we cdl a olor signal.

Next step: weighting by the spedral sensitivity profil es of the three ©ne typesisa
corredion that seans esential for deriving empiricd correlates of color perceptions (see
Hilbert, 1987, p. 111McCann et a., 1976,pp. 449451; Land, 1977 see &so Maloney
and Wandell, 1986. However, when we multiply the mlor signal by the spedra
sensitivity profile of the wnes (the unit of measure of the latter is probability of
absorption per phaon), we get a measure that expresses amount of light (number of
photons) absorbed by the cones. Maloney and Wandell (1986, p. 29 cdl this measure
sensor quantum catches (of the three ©ne types at particular retinal locaions). The
amourt of light absorbed is transformed into a hyperpdarization d the mwne membranes
(this is the transducer function d the cones). Cone signals are then picked up ly the
ganglion cdls. Both the &sorption by the anes and the firing frequency that results upon
this absorption belong to the resporse charaderistics of the organism. These properties
are not percaver-independent: if no olservers are instantiated, these daraderistic
resporses aren’'t instantiated either. Color signal, weighted by cone spectral sensitivity,
expreses (is interpreted in the relevant theory as) cone asorption. This property, unike
refledance or integrated refledance is instantiated (physicdly redized) only when
observers or appropriate measuring instruments (like telescopic phaometers equipped
with color filters: seeMcCannet a., 1976,Part 11.) are instantiated.

If, as aresult of the transformations and corredions, we get an empiricd measure
that (1) correlates well with reportable @lor perceptions and (2) charaderizes sosme

resporse charaderistic of the observer, then type physicdists canna lean badk content in
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their armchair, of course. For so far we haven't shown any perceaver-independent
property of surfaces that correlates with color perceptions. Moreover, it is aready well
known that what underlies sameness of percaved color for us trichromat human
percaversisthat somehow we perceptuall y respondthe same way to all those stimuli that
lookto usthe samein color. Thisisno rews.

Now, in order to make Tye's shema work, we have to “qualify”, or corred it by
catain parameters of the observer (Tye, 2000, pp. 164.61). Thisis arealy obvious from
the simple empiricd test that | deployed to assessit. Such a wrredion will evidently
include weighting the @lor signa arising from different surface refledances by cone
spedral sensitivities.?” Cone spedral sensitivities constitute a ®lor-matching function
(Wandell, 1995, pp. 996). All color-matching functions are related to ore ancther by a
linea transformation (Wandell, 1995, pp. 886). Thus the unavoidable step of weighting
by cone spedral sensitivities leads us draight bad to the good dd idea of CIE color
standards. two surfaces perceptualy match in color just in case they have the same
tristimulus values — that is, they have the same dfed on the three ©ne types. We slide
badk from Tye's shemato CIE's concept of color matching becaise in cdculating the
CIE tristimulus values from surface refledance and illuminant SFD, we use the CIE
standard color-matching function, which is again related to cone spedral sensitivities by
a linea transformation. That is, weighting the alor signa by cone spedra sensitivities
amourts to essentialy the same thing as weighting it by the CIE standard color matching
function. Now, what is common, in terms of reflectance, to all and orly those surfaces
that have the same CIE tristimulus values, and look the same in color (under some

“normal”, or standard, ill uminant), is a difficult question® | will provide some detail s of
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this isaue in the next sedion — though | will not offer a cmplete solution to it. But since
Tye's definitional schema does not work uncorreded, it fals to give an answer to this
guestion—i.e., it failsto provide asolution to the problem of metamerism. Corredion d
Tye's shema by observers parameters has to include weighting by cone spedral
sengitivities; but after this gep is made, the schema does nat tell us any more @ou color
in terms of reflectance than does the CIE color standard itself. Conclusion: Tye's
proposal for charaderizing colors in terms of surface refledance works neither way:
withou corredions it is hopelesdy incorred, and the ideaof correding by observers
parameters, as a means of getting at more exad reflectance properties is a caegory
mistake (i.e., amisunderstanding of what categories the propertiesin question kelong to).

Hilbert's original schema for charaderizing colors in terms of refledances
(triplets of integrated refledances: Hilbert, 1987, p.111) is mistaken for the same reason
as Tye's more recat one® Hilbert explicitly mentions that integrals of refledance need
to be wrreded by cone spedral sensitivities in order to correlate well with color
perceptions. He based his clam on McCann et ad.’s (19769 study. In that study, the
authors did na even examine whether integrated refledance unweighted by cone
sengitivity, correlates with color perceptions. What they did find was that integrated
refledance weighted by cone spedral sensitivities correlated qute well with color
perceptions.*® Furthermore, when these weighted integrated refledances were
transformed by a power function (with exporent 1.3) to compensate for the fad that
equal increments in refledance do nd represent equal increments in lightness nsation
(McCann et d., 1976, pp449450), the wrrelation d the thus-arising scd ed-weighted-

integrated triplets of refledances with the subjeds color perceptions was excdlent. But
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apparently, this power function is a (norlinea) sensory function whose exporent is there
to charaderize the sensitivity of the percever to the particular kind d stimulus in
guestion. Once gain, the measure that showed such a nice @rrelation with the subjeds
conscious color perceptions in McCann et a.'s dudy expresses, or describes, a
phenomenonthat is a perceptual readion d observers, na any reflectance property.

More recaitly, Rolf Kuehni (Kuehni, 200G see #&so Kuehni, 1999, 2000p
condwcted a study to determine the relation between cone resporse functions and color-
opporent resporses. He founda simple opporent color mode that derived the perceptual
color space from simple subtradions of color-matching functions, in agreement with
ceatain neuro-physiologicd findings abou opporent processng. However, clarifying the
relation ketween cone responses and the resporses of the @lor-opporent channels leaves
entirely undetermined the relation between surface refledance (or color signa) and
opporent resporse. The reason is that the very same @ne resporse (or triplet of cone
resporses) can result from many different color signals. How shoudd dfferent
refledances or color signals be related in order to give rise to the same @ne resporse

ratio (i.e., the problem of metamerism) isleft open in Kuehni’s model.

2.2.4.1 Many-to-one mappings between stimulus properties and sensory states

There is a second stage of the problem just discussed that we have to consider.
This key issue now is. do the different mental transforms of the wlor signa (sensory
gquantum catches, cone signals, or opporent neural resporses) necessarily correlate with,
or represent, some non-digunctive stimulus property, or just a bunch o different,

digunctively related properties? Answer: it is by no means necessary that these states of
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the alor-vision system have nondigunctive stimulus correlates. As | shall argue in a
moment, sensory or perceptual states can in principle indicae digunctive properties, just
asthey can nondisjunctive ones.

First naticethat it makes a difference exadly how observers parameters are used
in correding, or adjusting, measured stimulus properties. For instance if we use the
borders of sensitivity ranges of the wnes as borders of integration, al that anountstoisa
seledion from the available fads abou refledance that obtain in ou environment,
independently of observers. What percentage of the incident light a surfaceS is disposed
torefled in the 400-525 nm range is afad abou S —afad that is kept tradk of by human
color vision. What percentage of the incident EM waves in the 265335 nm range S is
disposed to refled is another fad abou S, but a fad that is nat kept track of by human
vision.

Multiplicaion, a raising to powers (where the wefficients and exporents are
derived from properties of the observer), are nat so straightforwardly interpreted in terms
of external properties— it becomes an empirical question whether the resulting mental, or
neural, transforms correlate with any non-disjunctive property (or natural kind essence).
They may or may not do so: there is no warranty that the outputs of sensory functions,
espedadly those of norlinea ones, have such correlates. This might need some
explanation— hereit is.

Sepl: Abstract point and abstract example. Mathematicd transformations are
abundant. If we take some measurable dtribute g of physicd entities (e.g., refledance,
temperature, atomic weight, eledric charge, etc.), and take an arbitrary set H; of g values,

we will always be &le to find some astrad mathematica function that takes all (and
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only) H; members into ore and the same value. Now if we take ancther set of q values
H, such that, the intersedion d H; and H, is empty (i.e., there is no particular value that
is a member of both sets), bu the smallest closed interval in which all H1's members are
foundoverlaps with that in which al H, members are found, then there will aways be a
mathematica function which takes q values and gives a value V; to al (and orly) H;
members, whereas it gives another value V, to al and orly members of H..

A simple eample: let Hy; be {0, PI, 2*Pl, 3*Pl, 4*Pl, 5*Pl}. (Pl =
3.1415926536.). Let H, be {1/2*Pl, 3J2*Pl, 52*Pl, 7/2*Pl, 92*PI}. Now, the
abs(sin(x)) function™, defined only for the [0, 5*PI] closed interval, will yield the value
V=0 for al and oy H; members, andthe value V,=1 for al and orly for H, members.

Sep 2: Analogy with sensation. In the @ove example, the members of H; and H
are analogous to stimuli for a g-sensor; limits of the domain (0 and 5*PI) are analogous
to the sensitivity range of the sensor, and the values V; and V, are analogous to the
outputs of the g-sensor (“sensations’, or “sensory states’). That is, for this hypotheticd
g-sensor, al H; members are ejuivalent stimulus properties, so are dl H, members. It
can dscriminate ay H; member from any H, member, bu canna make ayy
discrimination ketween two members of the same set. That is, this g-sensor now senses
two “digunctive” properties. one is being either O, or PI, or 2*PI, or 3*PI, or 4*PI, or
5*PI, whereas the other is being either 1/2*PI, or 3/2*PI, or 5/2*Pl, or 7/2*PI, or
9/2*PI. That is, there is a many-to-one mapping between stimulus properties (q-values)
and sensory states (V-values). Whether such many-to-one sensory mappings are
advantageous for an arganism having a g-sensor depends on the evolutionary situation:

there seans to be no reason to rule that they canna, in principle, be alvantageous. | will
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return to thisissue in a moment; for now, the key point is as foll ows. Sensory state types
of a sensory system can correspondto, a signal, digunctive stimulus properties, just as
they can indicate nondigunctive ones — even natural kind esences. The ideaof a one-to-
one mapping between (nontdisjunctive) stimulus properties and sensory states, and that
of a many-to-one mapping of the same kind are both perfedly consistent. There can be
sensors, or gauges, whaose particular needle positions indicate digunctive properties. Such
gauges can aso be quite useful.

Sep 3: Fending off an objection. Objedion: members of H; are integral multi ples
of Pl whereas H, members are odd-number multi ples of PI/2 and thisis a nondisunctive
common poperty in the two respedive caes. That is, the stimulus properties
correspondng to V; and V, are nat digunctive dter al. Reply: wrong. First, another
example @uld easily be @nstructed in which H; and H, members are randamly or
irregularly distributed. Secmnd, such a @mmon mathematicd property of H; and H»
members does nat make it the cae that the different g-values in, say, H;, constitute a
nondigunctive physicad property (let alone anatura kind esence) rather than just a
disunction d different properties (g-values). Anather intuition pump isin ader to help
understand this.

There surely exists (in the way in which abstrada exist in some Platonic redm of
universals) some mathematicd transformation T that takes the value of the aomic weight
of lead and that of mercury into the same value k. That is, the T-transformed atomic
weight of lead and mercury are the same: k. However, T is such that the T-transform of
no value other than that of the @omic weight of lead and mercury will yield k as a

result.*? Does it follow from this abstract mathematical fact that all samples of lead and
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mercury together constitute asingle natural kind (i.e., that lead-or-mercury is a natura
kind)? Or does it follow that lead and mercury have in common some measurable non
digunctive property that they do nd share with any other element? Hardly.

Thisis 2 even in the following imaginary situation. Imagine an arganism cdled
the HeavyMetalEater that has to regularly ingest, as part of its proper nutrition, small
pieces of mercury and lead that can be foundin its environment in pue form. (Say,
becaise these dements are mntained by some of its coenzymes.) The HearyMetal Eater
reaognizes lead and mercury on the basis of their relative density: it can sense the relative
densities of samples in some way (e.g., by a sophisticaed sensory mechanism that
estimates the volume and weight of small pieces of metal). In arder to dstinguish lead
and mercury from al other elements, the HeavyMetalEater’ s nervous g/stem implements
some computation equivalent to the T-transformation. That is, there is sme neuronal
state W whose occurrence (tokening) indicaes to the organism that either mercury or
lead is ®nsed/contaded. State W adivated corresponds to value k as the result obtained
from neurally runnng the T-transformation. Some other neuronal state, R, is the neuronal
resporse to any other chemicd element or compound contaded that is available in the
HearyMeta Eater’s environment. Of course, the mere fad that the HearyMeta Eater’s
nervous g/stem implements ssme computation equivalent to the T-transformation, hence
that its nervous g/stem gives the same reply to mercury and lead, and some other reply R
to any other solid substance available in its environment, does not make it the case that
mercury and lead together constitute a single natura kind, no that they share ay
measurable, nondisjunctive, “HearyMetal Eater-independent” property® that they do na

share with any other element. Due to the HearyMetal Eater, mercury and lead share only
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a remote relational, “HearyMetalEater-dependent” property, namely that the
HearyMetalEater reads to them the same way. If organisms like the HearyMetal Eater
aren’'t instantiated, then this HearyM etal Eater-dependent relational property of lead and
mercury (i.e., the HearyMeta Eater’ s neuronal resporse to samples of these two metals)
isn't instantiated either, even thowh the T-transformation (and the nation d the
HearyMetal Eater) still exist just like other abstrada.

To summarize, this imaginary case and the agument so far shows that many-to-
one mappings between stimulus properties and sensory states is an entirely consistent
idea There is no guarantee that the outputs of sensory systems, or sensory states,
correspond to, o are reliably correlated with, some nontdisjunctive, causaly effedive
stimulus property. They can be, bu they need na be.

Sep 4: Actual cases. Akins (1996 gives an illuminating analysis of how this
insight raises problems for the standard representationalist acourts of sensation and
perception. Akins discusss in detail the cae of hea sensation. Evidence shows that, in
human hea sensation, there is a many-to-many mapping between external temperatures
and hea sensations. Many different temperatures can €elicit the same hea sensation, and
one and the same temperature can elicit many different hea sensations depending on
which part of the body it is applied to, the temperature of the skin, and so on.As Akins
argues, the function d human hea sensation can be best understood thus. we sense
“narcisgstic” temperature properties — that is, we caana consistently discriminate stable,
narrow ranges of temperatures, bu rather, we sense properties like “too cold for my
head”. If we compare this with Dretske’'s acournt of sensation — of hea and daher

properties (Dretske, 1995,Ch. 3), the differenceis more than obvous. Dretske likens the
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hea sensation d biologicd organisms to thermometers or presaure gauges. In the cae of
such gauges it is obvious that particular needle paositions correspondto narrow ranges of
the property measured. Using this analogy, Dretske offers a picture acording to which
different hea sensations correspond, in a one-to-one fashion, to dfferent external
temperatures (temperature ranges) at the skin. A particular temperature is then identified
with the phenomenal (qudlitative) asped of the crrespondng heda sensation (Dretske,
1995, p. 84 It seems from Akins's paper that such an acount of felt temperature is
seriously challenged by the adual fads abou hea sensation.

In addition to Akins analysis of hea sensation, Matthen (1999, 6364; 2001
argues that the properties that human color vision reliably deteds are indedl
heterogeneous, thowgh this is not due to metamerism. Metamer sets can be dharaderized
by correspondng nondigunctive types of refledance Matthen contends (see d&owe).
Still, physicdly very heterogeneous properties often look to us the same in color:
refledive and emitting surfaces, transparent volumes, hdograms, diffradion gratings,
volumes that scater, rather than transmit light (as in the cae of the sky and rainbows),
and so on. That is, the idea that there must be a fixed nunber of determinate
environmental qualiti es on which human color vision and color visionin dfferent spedes
converges is wrong (Matthen, 1999, pp. 736). In light of empiricd data this idea
appeas smply as wishful thinking. Still, this need na lead us to color irredism at all.
Colors are physicdly quite heterogeneous properties, bu they — the properties that are
causally resporsible for evoking our color sensations — are perfedly red, physicd

atributes.



88

Let me recaitulate what | have been arguing for. If we “corred” stimulus
properties by observers parameters, then, in the first round, we do nd get stimulus
properties as aresult, bu rather, we get observers’ sensory resporse dharaderistics. Then,
in the seandround,it beacomes an empiricd question whether the thus-arrived-at sensory
resporse dharaderistics correlate well with some nondigunctive stimulus property
(victory for the type physicdist) or only with adisunction d a whole bunch of different
properties (defea for the type physicdist). Neither Byrne and Hilbert, nar Tye gave us
any convincing reason to believe that sensory quantum catches, cone signals, opporent
processresporses, or some other neura transform of the wlor signal correlate well with

some nondigunctive reflectance property of surfaces.

2.2.4.2 A distinction: perceiver relativity versus perceiver dependence

Given the discusson so far, we can draw a useful distinction between what we
can cdl percaver-relative and percaver-dependent properties. The reason why | wish to
make this distinction explicit is that it has been contended that if we dlow that objed
colors are percaver-relative properties, then we can save type physicdism abou color,
simply becaise we can solve the problem arising from metamerism (Hilbert, 1987 Tye,
2000, p. 161Matthen, 200). My argument in this ®dion (Sedion 2.2.4 has been that
we must be caeful with such proposals snce asuming perceptua transformations of
refledance properties can easily lead us into the redm of perceiver-dependent, na just
percaver-relative, properties. However, percaver-dependent properties are insufficient to

establi sh type physicdism abou color.
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Percaver-relative properties are those that are of interest only for organisms with
perceptual systems of a spedfic kind — human trichromat color vision a bat ultrasound
sensors for instance The objea colors that we humans can see ae perceaver-relative
properties — they are “anthropocentric”, “uninteresting”, highly derivative properties.
However, percaver-relative properties can be instantiated in the dsence of percavers.
What percentage of light a given surfacerefleds in the 400-525 rm range is a fad abou
the surfacethat is entirely independent of any human being around. Such a property
remains instantiated in the &sence of any human being. In aworld with nohumans but in
other respeds like our world, oljeds have ther trichromat-human-relative @lors,
physically instantiated.

Percever-dependent properties are importantly different. A percever-dependent
property is one that canna be physicdly instantiated in the dsence of percavers of a
particular type. In this sense, percever-dependent properties are not stimulus properties,
but rather, they are perceptua readions of some sort. Cone asorptions, for instance are
perceiver-dependent properties (of refleding surfaces).** In the asence of humans (or
other color-perceving organisms), cone &sorptions and their ratios are not physicdly
instantiated. If they exist in any sense, they exist only as abstrada in a Platonic redm of
universals (if there exists auch a redm). Even if the Platonic redm does exist, there
remains the difference in instantiation between merely percever-relative and percever-
dependent properties. In the dsence of humans the vaues that charaderize @ne
absorption ratios, and hence ae the same for members of metamer sets®, exist only as
abstrada, whereas light refledion in broad wavelength bands remans physicdly

instantiated *
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The key question for type physicdism comes down to this: do conscious color
perceptions correspondto percaver-relative, or only percever-dependent properties? Can
a substrate for perceved color similarity be foundin terms of percever-relative, or only
in percever-dependent properties? In ather words, can we find some percaver-relative
surfaceproperty (or nondisunctive C-property: see Sedion 1.1.3 that charaderizes all
and only red surfaces? If any relevant, nondigunctive, causaly effedive property that
charaderizes al and orly red surfaces turns out to be apercever-dependent one, then
type physicdism abou color canna be maintained in any form worthy of the name. This
is © becaise there trivially are perceaver-dependent (nondigunctive, causaly effective,
etc.) properties that characterize dl and orly*’ thase objeds that are reasonably regarded
as red: our perceptions as of red (occurring in hamal circumstances of perception) are
such properties. Or if this is too tendentious, then the wrrespondng physiologicd
resporse types of the wlor vision system (like “positive” adivation in the red-green
channel, and kaseline adivity in the blue-yellow channel) are the perfed examples. What
makes type physicdism a strong clam is that aceording to it objed colors are non
disunctive, causaly effedive properties of dista objeds that are also perceiver-
independent — they are physicdly instantiated properties of stimuli, na readion types of

percavers.

2.2.5. Can we save thereflectance theory?
Given the agument in the foregoing sedions, refledance theorists can reply in
the following way. First, as | just said, there is a way to avoid category mistakes when

using observers parameters to charaderize wlorsin terms of refledance Sewnd,even if



91

one-to-one mapping between stimulus properties and sensory state types is not necessary,
it might, in aduality, still obtain for refledive wlors. Even if the relation between
integrated refledances and oppoent process $gnals is nonlinea and hghly complex,
there may still be nondisjunctive types of refledance orrespondng to metamer sets.*®
Thisreply is corred as far as it goes, however, it is not enouwgh to save type physicdism.
Inthis :dion| will addresswhat is corred abou this move.

The problem that is being addressed is gill metamerism. What | showed so far is
that the particular type physicdist solutions offered by Tye, Matthen (and Kuehni) are
mistaken. Colors are not those types of refledance — i.e., the ones derived from the
smplified opporent process shemas. True enough, colors (at least broad color
caegories) may still be some other types of refledance But what types? We ae bad to
the question asked in thetitl e of sedion 2.2.

Given what | said abou color-matching functions above, we can reformulate our
guestion in the following way, to avoid category mistakes. Given a particular triplet of
CIE tristimulus values (say, X=a;, Y=b;, Z=c;), and some standard ill uminant with a
specified SPD function E(A), what properties do those surface reflectance curves have in
common that, under the specified illuminant, give rise to the tristimulus values a;, b;, and
c1? It is known from empiricd data that there ae limitations on the complexity of those
SR curves that occur in our natural and artificial environment. All such natural
refledances are @ntinuows functions of wavelength, and they have “smocath” curves,
which means that the refledance danges dowly, never abruptly, with wavelength. These
limitations on retural SR curves are realily explained by microphysicd processes that

underlie light refledion (Maoney, 1986, pp.167-1678. These limitations can also be
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taken into account when looking for common reflectance properties of metamer sets.
After answering the above question, we have to look for generalizations in two
directions. First, what are the reflectance properties that render an SSR function into a
range of tristimulus values (i.e., a particular local area of color space) like the one that
corresponds to the color category red? Second, how are such types of reflectance affected
by changes in the E(A) function?

As | said at the beginning of the previous dion, this is a quite difficult
mathematicad problem, to solve which ore neeals to prove some theorems in linea
algebra. | will not do this in the present dissertation, bu at the end d this sdion | will
briefly review some studies that made promising steps in this diredion. Before doing
that, however, | present a very simple method that already does a lot to suppat the idea
that colors — at least broad color categories — can be succesully charaderized in terms
of surfacerefledance.

To seethe grain o truth in the refledancetheory it is enowgh simply to look at the
SR curves of some natural and artificial surfaces (e.g., MacAdam, 1997,figures on pp.
36, 3840). Most natural and artificial red surfaces have arefledance that is along-pass
cutoff filter between 600and 650 m. A long-passcutoff filter between 600and 650nm
is arefledancethat is quite low (i.e., lessthan 6 per cent) between 400and 600 mn, rises
sharply somewhere between 600and 650 mn and stays high urtil 700 nm. Thowgh na
completely generd, this very crude dharaderization arealy cgptures a grea number of
metamers of different shades of red. Statisticdly, the vast mgority of natural and
artificial red refleding surfaces stisfies this charaderization. Smilar charaderizations

can be given for the other seven broad chromatic caegories. green, yellow, blue, orange,
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purple, yellowish green and Huish green. Orange is a long-pass cutoff filter around 550
nm; yellow is a long-pass cutoff filter around 500 m. (Again, there can be orange and
yellow metamers that dont satisfy this charaderization, bu datisticdly the
overwhelming mgjority of adual orange and yellow surfaces, including both natural and
artificial ones, dees.) Blue is a short-passcutoff filter around 550 m. Greens refled very
few at both ends of the spedrum, and alot in the midde. Just the contrary, purples refled
alot at the two ends (in, roughly, the 400-500 and the 600-700 nm ranges), bu much less
in the mid-range (500-600 ). In sum, there ae interesting commonalti es between SRs
that look kroadly the same in color. These commondlties pop ou to the naked eye.
Figures 1A to 1G (following pages) show some examples of surface refledances

correspondng to broad color categories.*®



94

Figure 1A: Surface reflectances of some red objects. From left to right along the series axis: Red IKEA
watercolor, red plastic (Lego block), an autumn tree leaf, and two samples from the Macbeth Color
Checker. Notice the common feature: each of the surfaces reflects very little light between roughly 400-600
nm, reflectance rises around 600 nm and stays high until 700 nm.

SSRs of some RED objects

Reflected %

RED WATERCOLOR
RED LEGO BLOCK
LIGHT RED LEAF
RED (Macbeth)

MODERATE RED (Macbeth)
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Figure 1B: Surfacerefledances of some green objeds. Left to right along the series axis: mixture of blue
and yellow IKEA watercolor, green plastic (Lego block), a fading geen autumn tree led, and the green
sample of the Madoeth Color Chedker. The common feaure is that all these surfaces are highly refledive
between 485and 600nm, and refledanceis low in the rest of the visible spedrum. In the cae of the green
led there is a second rise aound 695 nm, but that does not significantly influence the perceived color
because the sensitivity of the cnes to the 695710 nm range is very low. Subtradive mixing of blue and
yellow gives green (as in the cae of the watercolors), but this does not mean that green is a perceptual
mixture of blue axd yellow. Perceptualy, (unique) green is neither bluish, nor yellowish — indeed, no color
can look both bluish and yell owish at the sametime.
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Figure 1C: Surface reflectances of some yellow objects. Left to right along the series axis: yellow IKEA
watercolor, yellow plastic (Lego block), an autumn tree leaf, and the Macbeth yellow. The common feature
isthat all these surfaces are highly reflective between roughly 500 and 700 nm, and their reflectance is low
between 400 and 500 nm. In the case of the tree leaf, the gap around 680 nm may have some influence on
perceived color (but not much), resulting in a dightly greenish yellow look. If the gap were eliminated, the
result would probably be closer to unique yellow.
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Figure 1D: Surface reflectances of some blue objects: three Macbeth samples from the blue range (blue,
blue sky, and cyan), blue plastic (Lego block) and blue IKEA watercolor. The common feature is that
reflectance is high roughly between 400 and 530 nm, and low between 550 and 700 nm. Again, the rise
starting around 680 nm in the case of the Macbeth blue has virtually no effect on perceived color. If it did,
the Macbeth blue would look dightly purplish, but that is not the typical impression of trichromat subjects.
The Macheth sample called purplish blue has a small second peak in reflectance at 665 nm going up to
about 12 per cent (see Fig. 1F for thisreflectance curve).

SSRs of some BLUE objects

Reflected %

Z
2
////////////(////,,, 77777

Sl

'//////////////,, 77777 BLUE LEGO BLK

CYAN (Macbeth)

BLUESKY (Macbeth)

BLUE (Macbeth)

605
630
655

Wavelength

o
2 &
© K

5L ’/////////////////,,,,,, 77 - BLUE WATERCOLOR



98

SSRs of some ORANGE objects

WATERCOL. RED+YEL
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Figure 1E: Reflectances of some orange objects. mixture of red and yellow IKEA watercolors, an autumn
maple leaf, and the Macbeth orange. The common feature of these surfaces is that their reflectance rises
around 550 nm, stays high until 700 nm, but is low between 400 and 550 nm. Note the characteristic
difference between the Macbeth orange and the watercolor mixture. The mixture has a secondary
reflectance peak around 510 nm (12,93 %), then it goes down and does not start to rise before 570 nm. The
Macbeth orange has no secondary peak but it startsto rise at 515 nm. Such subtle differences in reflectance
are not captured in any salient way by trichromat color perception: both these surfaces look orange, though
different shades of orange. However, a secondary peak of the same size can result in a change of perceptual
color categorization, if it occurs in the right place. The Macbeth purplish blue (Fig. 1F) would not look
purplish but just blue if the secondary peak in its reflectance (around 665 nm) were eliminated.
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SSRs: PURPLE colors
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Figure 1F: Reflectances of four Macheth samples from the purple range: purple, blue flower, purplish blue
and magenta. The common feature is that reflectance is high at both ends of the spectrum, but low in the
middle. Note the purplish blue curve (third from the front) that was referred to above.
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SSRs: Yellowish green and bluish green
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Figure 1G: reflectances of yellowish green and bluish green objects. two samples from the Macbeth Color
Checker and an autumn tree leaf. For bluish green objects, the common feature is that their reflectance is
high between 400 and 600 nm and relatively low above 600 nm. Y ellowish green objects have reflectances
that are relatively low between 400 and 500 nm, high between 500 and 700 nm (similarly to yellow
surfaces), but typically, their reflectance is even higher in the middle wavelength range than at the long
end.
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On the other hand, hav these commondlties in refledancefamilies relate to the
simplified opporent process model presented in Hardin (1988 is lessthan immediately
obwvious. For instance as | mentioned in sedion 2.2.3.1abowe, for unique red and unque
green surfaces the blue-yellow channel shoud be in balance (L+M-S =, 0), bu from this
it does not follow (pace Byrne and Hilbert, 1997,and Tye, 200Q that red and green
surfaces refled approximately as much light in the short wavelength range & in the other
two ranges together. Indeed, nahing is farther from the truth: both reds and greens refled
much lesslight in the short wavelength range than in the other two ranges together. The
surfacethat Tye's shemawould categorize &, say, red would be, in redity, purplish blue
(predominantly blue, to some extent reddish). Andthisisfar from being the only problem
with the schema. Moral: the simplified opporent processng model is nat at all useful to
solve the problem of metamerism — probably becauseit is (too) simplified.

Still, the suggestion d the &ove perceptua test is corred as far asit goes. | think
if we limit ourselves to refleding surfaces and kroad perceptual color caegories, then we
can spedfy nondigunctive types of refledance that uniquely correlate with ou color
perceptions. If, however, one wants to go beyond the first perceptual impresson, the
above-mentioned mathematicd treament needs to be anbracel. Here ae some steps in
that diredion.

Maloney (1986, p. 168pP suggests that the function d cone spedra sensitivity
curves is to low-passfilter natural refledances, thereby helping the lor vision system to
represent spedficdly some low-pass comporent of surface refledances, ignoring
information abou higher-frequency variations in the SR curves. If this uggestion

gained further suppat, then at least one key transformation by observers parameters
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(weighting the mlor signal by cone spedral sensitivities) would be proven to adually
give accss to some ecterna property (the slowly varying comporent of surface
refledances). Maoney’s proposal is made in the cntext of color constancy: he seeks
refledance fedures that are recovered by color vision despite cetain limited variationsin
lighting — espedally variationsin daylight.

It has been shown (Further, Finlayson and Morovic 2000, 2000 that for two
refledances to be metameric to the human visual system, they have to have & least three
crosovers in the visible spedrum (sometimes more, bu at least three. Further,
Finlayson and Morovic showed that these three cossovers, for all members of all
metameric sets, tend to occur (statisticdly) around 450, 54CGand 610 m respedively.
The reason why metamer crosovers concentrate in these three narrow wavelength bands
is that these bands correspondto the pea sensitivities of the three ©ne types (Finlayson
and Morovic, 200b, pp. 13, 14

This result might give us a way to seek out distinctive feaures of particular
metamer sets like red, green, etc. metamers. For instance, orne wuld hypothesize that both
red and green metamers have aosvers (as acwording to the propcsal) at the three
spedfied wavelengths, bu the 540 rm crossover occurs at level p; for red metamers, and
level po#£p1 (presumably p,>p;) for green metamers, similarly for the other two
crosovers. That is, al red metamers have arefledance of p;*100 % at 540 nm, whereas
al green metamers have a refledance of p,*100 % at 540 mMm. Moreover, in this
particular example most likely p; is greder than p;, since & 540 rm (which isin the mid-

wavelength range) all green surfaces refled more light than al red surfaces — just the
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oppasite for 610 M. Thisis a so far unexamined extension d the Finlayson and Morovic
proposal, that could aso be tested.

Finaly, nae that these promising acourts of the underlying commondlity in
metamer sets do not proceed from the opporent processtheory. All they use is the model
of the very first stages of color-information processng: the one that Wandell (1995, Ch.
4) cdls “wavelength encoding”. This level of color processng gves us an understanding
of color-matching, bu not that of color appeaance (Wandell, 1995, pp.104a.01). Color
matching and color appeaance ae quite independent of ead aher: stimuli that match in
color to a subjed, can change wlor appeaance while @ntinuing to match (in entirely
normal circumstances of perception). For instance when a subjed looks at two
metameric red patches beside eab aher, ead presented against the same mid-gray
badground,the two patches look the same in color. Leaving the ill umination urchanged,
but changing the badground from gray to, say, bright yellow, will change the mlor
appeaance of the two red patches, still, the patches will continue to look
indistinguishable in color to the subjed. Simultaneous contrast effeds and oppomnt
process coding play a key role in determining color appeaance bu they operate &
higher levels of color processng than those resporsible for color matching. Metamerism
and color matching, as modeled in color science (i.e., as a product of the clor matching
functions aone, interading with the wlor signal), are prior to, and can be treaed
independently of, thase higher-level processes. This might be another reason why the
simplified opporent processtheory is  unlelpful in solving the problem of metameric

plurality.
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Chapter Three: Colorsthat are not reflectances

2.3. Beyond reflective stimuli: can we gener alize the r eflectance schema?

Once the problem of defining colors in terms of reflectances is solved, type
physicalism is faced with the following problem. Can we extend the reflectance theory of
color to emitting surfaces, volume and film colors, fluorescent surfaces and other color
stimuli? In order to be able to maintain that being red is a non-disjunctive C-property and
aso maintain that stoplights, hot irons, strawberry juice, red fluorescent plastics, and so
on are genuinely red (i.e., they are red just like ripe tomatoes™), what we have to say is
that color is some physical stimulus property P that is not just reflectance, but a more
genera property of which reflectance is a specia case. This more general property should
apply to at least volume and film colors, emitting surfaces, and fluorescent ones. In this
section | shall assess the prospects of such a generdization focusing on these four
categories: reflecting, transmitting, fluorescent and emitting surfaces. As | shall argue
below (in Section 2.4), these are basic kinds of color stimuli that any view of object color
has to admit as genuinely colored, not as displaying only illusory colors.

It is typical among defenders of type physicalism to postpone this issue to some
future paper, and formulate the theory exclusively for reflecting surfaces (Hilbert, 1987,
though see pp. 132-134; Byrne and Hilbert, 1997, p265; Tye, 2000, 159-162). Proper
generdization of the reflectance theory into a full-blown type physicalist account is, at
the moment, an outstanding promise: no remotely plausible account has so far been
proposed to solve this problem. | know of only one such attempt that | will discuss in

detail in Section 2.3.3.
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| think this reluctance on the part of type physicdists to address nonrefledive
colors is no acadent. As | seethe problem, it is possble to extend the type physicdist
acourt to vdumes and films. However, when it comes to fluorescence metaphysicd
worries arise & the vaguenessof the mommon property that appliesto all and orly objeds
with the same mlor (including refleding, transmitting, and fluorescent objeds) read a
remarkable level. When at last we hit emitting surfaces, it turns out that it is utterly
hopelessto find a caisally effedive, nondisunctive property had by all objeds that look
to usthe same in color (in some broadly normal circumstances).

In this ®dion, | start with what | see & the eay case: volumes and films. Then |
continue with what | think is the ultimately hopeless case for type-generdization:
emitting surfaces (or light sources). In discusang light sources | first provide agenera
argument why light emisson and refledance together will never fit into the type
physicdist view of color. Then | consider in detal Hilbert's dketchy propcsa to
generalize the refledance theory of color to emitting surfaces (Hilbert, 1987, pp. 132
134). Findly, | addressthe cae of fluorescent and phaphaescent surfaces, and suggest
that a Wittgensteinian family resemblance view of objed color is much more plausible

than anatural kind view.

2.3.1. Generalizing to transparent objectsand filtering

As afirst step of generdlization to include volumes and films, ore can try to say
that color isnaot simply refledance, but rather a disposition d objeds to filter the incident
light in cetain ways. Filtering can take two dfferent forms: refledive filtering and

transmissve filtering (the latter applies to vdumes and films; refledive filtering is
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refledance). This move gives one abroader concept that includes both refleding surfaces
and transmitting ones.

Note, however, that transmisson and refledion are underlain by quite different
microphysicd processes, so the unificaion d the two under the concept of filtering is
strictly functional, that is, abstrad. For instance metals ad as refleding surfaces. They
absorb visible light of any wavelength, duwe to the dmost continuows sde of excited
states of their electrons. Still, metals are not bladk but gray or white (or shiny) becaise
most free dedrons that absorb a phaon and jump to an excited state immediately reemit
a phaon d the same energy and return to their original energy level (Nassau, 1997, p.
19). In most metals such absorption and reemissonis uniform at any visible wavelength.
In the cae of gold, copper, or aloys like brass some wavelengths are asorbed and
reamitted more dficiently than ahers. On the other hand, when light is transmitted
through asolid or liquid medium, noabsorption and reemisson heppens. The light waves
that make their way through the medium do nd get absorbed, bu the ones that are
filtered ou do. The passng wavelengths are subjed only to refradion — a change in
speed and dredion d the light transmitted. Refradion daes nat include asorption and
reanisgon, just an interadion between the dedromagnetic field of the light radiation and
the dedric charges of the dedrons (Nassau, 1997, p. 21

For the ideaof filtering to work in the present context, two condtions have to be
satisfied. First, one has to accept that the more general phenomenon described by the
concept of filtering, just like refledance done, can constitute anatural kind esence of
some sort. For objeds with the same @lor to constitute, by virtue of this very fad, a

natural kind, the key property that makes objeds colored has to be anatura kind esence
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of some sort. It is plausible to hold that if types of reflectance are natural kind essences of
some sort, then types of transmissive light filtering are, by the same coin, natural kind
essences as well. Perhaps the possibility of such an extension is the reason why Tye
(2000, p. 147) saysthat films and transparent volumes are also colored. However, he does
not even hint as to how to generalize the reflectance theory to transparent volumes.
Second, for such a generaization one needs some systematic, non-arbitrary
correspondence between reflectance functions and transmittance functions in terms of the
color perceptions they elicit. Mathematically, these functions are of the same kind: they
both arise as a ratio between the SPD of some broadband illuminant and the SPD of the
non-absorbed (reflected or transmitted) component. The SPD of reflected/transmitted
light is the numerator, whereas the SPD of the illuminant is the denominator. As a
consequence, both reflectance and transmittance functions map values in the 400-700 nm
range to vaues in the 0-1 interval. The most straightforward correspondence relation
between these two groups of functions would be identity: for instance, ripe tomatoes are
red because they tend to reflect light dominantly in the long-wavelength range (and
absorb the rest); strawberry juice is red because it tends to transmit light dominantly in
the long-wavelength range (and absorb the rest). That is, the reflectance function of ripe
tomatoes and the transmittance function of strawberry juice are roughly the same in
shape. Such a correspondence relation is pretty much the case. In generd, if afilm F has
a transmittance curve T, and areflecting surface S has a reflectance curve R such that T
and R are identical in shape (i.e., mathematically the transmittance function T(A) and the
reflectance function R(A) are identical), then F and S will look essentially the same in

color.®® Film transmittance and reflectance are both measured by spectrophotometers, and
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transmittance functions in these measurements arise from pladng the wlored film in
front of a white standard that refleds badk most of the incident light at any wavelength

between 400 rm and 700 mn.

2.3.2 The problem of emitting surfaces

When charaderizing the olor of refledive surfaces, type physicdists identify
colors with types of refledance — a light-disposition (i.e., a disposition to refled light in
catain ways. see Johrston, 1992. Three favorable feaures of this identificaion are &
follows. First, objed colors are inherent, and aso invariant properties of surfaces —
properties that do nd change with changes in illumination, in harmony with the
phenomenon d color constancy, and ou commonsense intuitions abou color. Seaond,
in aderivative, bu still explanatorily interesting sense, colors thus construed are caisaly
effedive, smply becaise the manifestation d refledance, namely the physicd event of
light refledion, is causally effedive. Third, the @lors of objeds are retained in darkness
and when they are not seen.

How abou emitting surfaces (or light sources)? Do they have aproperty that
satisfies these three requirements and that is aso causally resporsible for our color
perceptions? Well, they do: the actual physical event of emitting light with a cetain
spedra power distribution (SFD) is such a property. The event of their emitting light
with a spedfic SFD is an attribute (property) of light sources that is causally effedive, it
is retained in darkness (and when these objeds are not seen). It is dso an inherent
charaderistic of the objeds at particular paints in time, an attribute that is independent of

changes in ill umination > Therefore, it seems reasonable to identify color, in the cae of
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emitting surfaces, with the physicd event of emitting light. In a wide range of
circumstances, this attribute correlates pretty well with ou color perception: the same
emisgon SPD results in approximately the same mlor perception in a wide range of
circumstances. Think of stoplights, or turn signas of cas:. they look red and yellow
respedively, in awide range of normal perceptual condtions (at noon,at sunset, at night,
etc.). Also, shift from fluorescent tubes to ill umination by daylight in your room, and the
colors on your computer monitor will remain essentially unchanged. Slight differencesin
perceived color are present of course: a brake light might look slightly different in color
in the noon aylight and aroundsunset. Heallights of cars also look slightly yellowish in
daylight, and more whitish at night. However, this shoud na be abig problem as color
constancy is only approximate even for refleding surfaces (Wandell, 1995, pp. 314815
Fairchild, 1998, pp. 15857). There definitely are slight changes in the perceved color
of one and the same refledive surfaceunder different, broadly normal ill uminants, bu
these dhanges are dfedively masked by the vagueness of our color memory (Raff man,
1995, pp. 29495 Tye, 2000,Ch. 1, p. 1).

Fine so far; emisgve olor is the physicd event of surfaces’ emitting light. Now,
think o aripe tomato, and a pieceof red-hat iron. A perhaps better example is the cae
when ore sits in front of a computer monitor and adjusts the RGB signal to match the
color of the screen with ore's T-shirt. If a match is adchieved, then the screen looks the
same in color as the T-shirt. In this case, do the surfaceof the T-shirt and that of the
screen share an inherent, causaly effedive property that they retain in darkness? They
sean not to. The inherent attribute of emitting surfaces that best correlates with their

percaeved color, and is adso spedficdly causdly resporsible for evoking color
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experience, is the actual physical event of emitting light with a certain spectral power
distribution (SPD). In ather words, light emisson is a processthat takes placein space
time. As we saw abowe, the relevant color property of refleding surfaces is ther
reflectance — a dispasiti on. Dispositions are nat physica events.>® According to the now
dominant, functionalist aceunt of dispasitions, a disposition D is afunctional state, or a
multi ply redizable dstrad causal role. To have D isto have some ordinary physicd state
that endows its beaers with the required causal role (i.e., the one that is D). On the
acceted view, D is not identicd with its base — the acedental physicd property that
endows its beaers with D. Moreover, even though the manifestation o D (some physicd
event) isessential to being D, D isnat identicd to its manifestation either. Brittlenessis a
disposition to bre&k (on keing struck), bu it is not the adual event of breaking. Hence
physicd events and dspositions to produce such events belong to two dfferent
ontologicd caegories. (For more on events, see Davidson, 1970Q Goldman, 1970 Kim,
1976. For this reason, the “gap of digunctivity” inevitably opens for objed color:
rednessis either the event of light emisson o some sort, or a refledance of some sort.
This seansto exclude views on which the property of being red is a natura kind essence
In order to bridge this gap, ore might try to define refledive wlor in terms of
physicd events, or, dternatively, emissve olor in terms of dispositions. Alas, neither
move works. Saying that refledive mlor is the adua physicd event of light refledion
leads to courterintuitive consequences. These ae: (1) objeds would nd retain their color
in darkness (2) objed color would na be an invariant, ill umination-independent property

of objeds, bu rather one that varies with any variation in illumination, (3) due to ou
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limited perceptual color constancy, adual light refledion (the SFD of light refleced by
particular surfaces) would na correlate well with perceved color.

Trying to uncerstand emisgve mlor in terms of dispositions does not work either.
Saying that emissve wlor is not the physicd event of emitting light, bu it is a
disposition to emit light, or emittance, will not do kecause emittance in the cae of hot
iron a computer monitors is not a light-dispasition (i.e., a disposition to refled certain
portion d the incident light), whereas the refledance of the tomato is. Worse still, cold
ironis disposed to emit long wavelength light, given that it is heaed upto abou 800 T —
but cold ironisnat red.

A last attempt to maintain the type physicdist view might be to nde that the
relevant wavelength range of light involved is a commondlity in the cae of, say, red
objeds. l.e., red ojeds either are disposed to reflect, or actually emit, long wavelength
light (light between 600 and 700 nm) — but no shorter wavelengths. Since it is a
commonality in al and orly red oljeds that they interad — in ore way or another — with
light of long wavelength, the type physicdist propcsal could be that the @lor red just is
light of 600-700 nm wavelength.

To identify rednesswith some wavelength range of light would mean that objed
color is no longer a property that inheres in the distal objed of perception — the one that
interads with incident light. Objed color, on this view, bemmes a property of the
proximal stimulus — the light passng between perceved oljeds and ou retina. However,
Tye is right to say that colors appea to us to be inherent attributes of surfaces and
volumes — the distal objeds of perception (Tye, 2000, pp. 147, 153Arguably thisisaso

the common sense view of color. To say that it is the lights that have the wlorsisto go
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against this intuitively very plausible view. Moreover, if it isthe lights that are clored in

the first place then we smply do nd seethe things that are wlored in the first place—

simply becaise we never see lights themselves, only objeds and surfaces that interad

with light (Hilbert, 1987, p. 13B Ancther, already discussed problem is that percaved

color is nat variable in the way that the SFD of light, refleded from surfacesis (Wandell,

1995, pp. 314315 Hilbert, 1987, pp. 6465; Matthen, 1988, pp8-9; 1999, n33, pp. 64
65). Findly, the evolutionary function d color vision is to deted, discriminate, and

reagnize, distal stimuli li ke objeds, surfaces — or heliocentric diredions in the sky like

pigeons do (Matthen, 1999, pp60-61), that is, al kinds of different things that interad

with incident light. However, it is nat the function d color vision to discriminate lights

themselves by their wavelength. We do nd know of any evolutionary advantage that such

adiscrimination could have conferred on dff erent organisms, bu we do have a tea idea
of how discriminating distal visual objeds by the ad of color vision enhanced fitnessin

our ancestors.

For these reasons color physicdists are united in repudating the ideathat objed
color is a property of the proximal stimulus (light coming from the objed to the retina).
Therefore the problem remains: hot iron and ripe tomatoes exhibit two entirely diff erent
relations to the same wavelength range of visible light (i.e., ore adually emits it whereas
the other is disposed to predominantly reflect it) — so again they sean nat to have ay
inherent, invariant, nondigunctive, causaly effedive surface property in common that

could beidentified with their redness
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2.3.3Hil bert’ sproposed solution to the problem of emitting surfaces
2.3.3.1The proposal

Hilbert (1987, pp. 132L.34) attempts a generalization d his refledance theory of
color to emitting surfaces along the following lines. At the start, he makes two remarks.
First, emitting surfaces may also refled some light, na just emit it, but typicdly the
refleded comporent is of little importance in determining the @lor of these surfaces.
Seoond, when considering emisgve olor, it is important to nde that color is dill the
property of the surfaces that emit light, na the light rays themselves that leave the objed.
Light rays are invisible; only objeds or surfaces from which light arrives at the retina ae
visible. The core of Hilbert's proposal is that it is dill possble to compute aratio
between the light leasing the emitting surface ad the illuminant. The numerator here is
the sum of emitted and refleaed light; the denominator is the ill uminant SFD. Of course,
this ratio may exceal 1, a 100 per cent, at the wavelengths at which the surface enits
light — this is a difference from ordinary refleding surfaces.>* Still, we have an extension
of the refledance oncept to emitting surfaces, or so Hilbert clams.

There is an apparent problem with this extension. For emitting surfaces the
emitted light is typicdly independent of the external illumination, and the emitted
comporent in the numerator is typicdly much larger than the refleded ore. Hence this
ratio will vary heavily with variations in ill umination. (Obviously nat so for refledance)
If this ratio describes the @lor of emitting surfaces, then emissve wlor, in contrast with
refledive olor, is also heavily illumination-dependent. But this observation in fad
corresponds to hawv our color perception works, claims Hil bert: for instance, the flame of

agas dove gpeas bright blue in the light of an incandescent lamp, and realy invisible
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in daylight. This corresponcdence shows that the just propased acourt of emitter color is

ontheright tradk, or so Hil bert concludes.

2.3.3.2 Critique

Now let us seif there is a genuine problem with Hilbert's attempt to capture
emitting surfaces in a generalization d his refledance theory of color. Unfortunately,
thereis. Aswe have seen, the propasal is that objed color in general is emisson (E) plus
refledion (R), divided by the externa ill uminant (I). In other words, oljed color in
generd is the wlor signal divided by the ecternal ill uminant: (E+R)/I, or what is the
same, E/I+R/I.

The first observation might be that whereas the division R/l reveds an inherent
property of surfaces (namely their refledance), the propation E/I does nat describe ay
such property. R/I is refledance and it is agread that this is an important functional
property of surfaces — an invariant attribute of them that can be measured. Here the
denominator (I) varies independently of any surfaceproperty, and the numerator, for any
particular surface shows a variation that correlates with variationin I. Covariation results
in a onstant propation, ore that charaderizes an invariant property of the surfacein
guestion, ramely its refledance E/I, onthe other hand, daes nat express any invariant
(illumination-independent) property of surfaces, exadly becaise E does not covary at al
with I. E/I will vary as | varies. As Hilbert himself admits, (1987, p. 134 on this
acourt, color in general is not an invariant, illumination-independent property of
surfaces. In some caesit is (e.g., in the cae of refleding surfaces), in athersit isnot (in

the cae of emitting surfaces). Since R/l expresses an invariant property of surfaces
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whereas E/I does nat, the sum of the two will nat expressany ill umination-independent,
invariant surfaceproperty either.

Now, if we return to the key question: “Is objed color in general a natura kind
esence of some sort?’, the answer is this. Once again, we have faled to find any
inherent, nondigunctive, causally effedive surface property that is reliably correlated
with ou perception d redness in broadly norma circumstances. Indeeal, | think the
mathematicad addition in the R/I+E/I formula does nothing more than conced true
disjunctivity.>® Saying that objea color is the sum of refledance plus emission divided by
the illuminant, either of which can pay norole in determining our color perceptionin any
particular case, amouns to saying that objed color is either refledance, or emisson —
that is, adisunction d these two fadors.

One wuld try to reply to this oedion in the following way. To the question
“What is the theoreticd interpretation d the (E+R)/I ratio, (i.e., the ratio of the @lor
signd and the externa illuminant)?’ the axswer shoud be, “Well, what this ratio
expreses smply is objed color, in full generality”. For this answer to make sense, the
(E+R)/I ratio shoud correlate reasonably well with ou color perception d objeds. If
E=0, (i.e, for refleding surfaces) then there is an interesting, though by no means perfeq,
correlation d this kind. If E>0 (emitting surfaces), the crrelation is poarer, if it exists at
al. Pradicd color science uses the R/l ratio and the correspondng concept of refledance
extensively, whereas the (E+R)/I ratio is ignored.>® However, there are some caes that
are, prima facie, well explained by the (E+R)/I ratio. One is Hilbert’s example of the gas
stove flame (see @owve and Hilbert, 1987, p. 134 Let me briefly consider this

phenomenon, and at least ancther, well-known chromatic efed, that is also, prima facie,
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well explained by Hilbert’'s propcsal. Then | will point at ancther problem with the
proposal which rulesit out entirely.

When lright sunlight falls on an adive wlor TV monitor, the mlorsin the picture
tend to fade out, or beacome antirely invisible (the adive monitor looking gray, similar to
inadive ones). This is because the anourt of light refleded by the monitor’'s surfacefar
exceals the anount of light emitted by it. Since in such a cae, ou eye alapts to the
bright sunlight, we will hardly nctice the emisdve wlor of the adive monitor. The
refledive componrent dominates, and its SFD is an even distribution d relative energy,
typicd of white or gray surfaces. This explains how the gray look arises. Moreover,
obvioudly, this fadeout phenomenon is predicted by the (E+R)/I formula. In the bright
sunlight E bemmes negligible, so (E+R)/I becomes R/I, and it charaderizes the
refledance of the monitor’ stypicd gray refleding surface

There is dso a diromatic dfed that is, prima fade, well explained by Hilbert's
propasal. Thisis the phenomenonthat the light of tungsten bubs looks yell owish in noon
daylight, whereas at sunset it looks white, or even dlightly bluish. In this case R is
negligible (the tungsten filament emits light that is too strong to be overridden by
refledion d the incident light), so E+R/I becomes E/I. Very roughly, the SFD of noon
daylight is an even dstribution d relative energy, whereas the SFD of sunlight at sunset
is drongly biased toward the long-wavelength part of the spedrum. The SFD of tungsten
bulbs is aso biased toward the long-wavelength part of the spedrum, bu not as grongly
as that of daylight at sunset. If we divide the SFD of the bulb by that of the noon dhylight
(i.e., take the E/I ratio in that case), then the resulting distribution will still be biased

toward long wavelengths, and that explains the yell owish look. If, onthe other hand, we
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divide the SPD of the bulb with that of daylight at sunset, the resulting distribution will
be ather roughly even, a it will be dlightly biased toward the short wavelengths. That
explains the whiti sh ar bluish look.

However, there is a bigger problem for Hilbert’s propasal, ore that is deasive.
Objea color canna be (E+R)/I for the following reason. Take an emitting surfaceS with
constant emisson intensity Eo. When |, the externa ill umination, approaches zero,
(Eo+R)/I will approadh infinity (at any wavelength at which S emits light). That is, if
color in generd is (E+R)/I, then, onHilbert’s propacsal, the brightness of any emissve
color isinfinite in the &sence of external ill umination. But of course, when we perceve,
say, afirefly at dusk, or a a very dark night, it does not look infinitely bright, nar isiit
infinitely bright in any sense of the word.>’ Therefore, the (E+R)/I formula, as a

generalized descriptor of objed color is hopelesdy wrong. It failsin exadly the case that

it was intended to capture: emitting surfaces. °®

2.3.4. Fluorescent and phosphor escent objects

Arguably, fluorescent color is a third class of diguncts of objeda color.
Flourescenceis an ill umination-dependent dispasition to emit light (i.e., to absorb light at
one wavelength, and, as a result, emit light at ancther, typicadly longer wavelength).
Some fluorescent surfaces absorb wavelengths in the ultraviolet range and then emit
visible light, whereas others absorb light in the 400500 rm range and emit light at a
longer wavelength. This dispasition comes mixed with ardinary refledance (fluorescent
surfaces also reflea light). As fluorescence is sme wmbination d refledance and a

disposition to emit light, it does nat fit into ou ordinary concept of filtering. Some idea
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of “negative filtering” — i.e., that, at some wavelength, and in terms of radiant energy,
more light leaves the surfacethan what’ s present in the ill uminant, even though true, dces
nat cgpture the phenomenon d fluorescence properly. Fluorescenceis transforming light
energy: given inpu at one wavelength, ouput occurs at another (and adds to the refleced
comporent). Note dso that, similar to the cae of refledion and transmisson, such a
“conceptual unification” of the refledive-plus-transmissve and fluorescent comporent is
strictly functional, as in terms of microphysicd processes the fluorescent and the
refledive/transmissve processes are aitirely different from one ancother — they are dso
completely separable (Nassau, 1997, pp. 11, )3Rubies can be ather fluorescent or non
fluorescent; emerald dffers from ruby in the transmissve @lor comporent, bu the two
have the same fluorescent comporent. (Emerald has green or bluish green transmissve
color, bu if it has a fluorescent process then that gives rise to red emisgon, just like in
ruby.) In genera, the fluorescent processis the generation d visible light that is not
present in the incident light from some other source of energy (visible light of some other
wavelength, o ultraviolet waves), whereas what happens in transmisson is smply that
the transmitted wavelengths are those that are present in the incident light and left
unaffeaed™® by the transmitting medium (seeNassu, 1997, pp. 141.3).

Tempora synchrony is an important feaure & well in defining fluorescence
fluorescent surfaces emit light due to wavelength transformation in exactly the time
window in which they are illuminated. That is, they do nd retain emissonin darkness in
contrast to phasphaescent surfaces. The latter acamulate energy from illumination, start
emisgon, and maintain it even when externa ill umination ceaes. So, phsphaescent

surfaces are, in an important resped, similar to emitting surfaces. However, whereas
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phosphorescent surfaces emit light as a result of being illuminated, many other emitting
surfaces like hot iron, or computer monitors, emit light as a result of some other
influence.

Many surfaces that we think of as reflective ones in fact produce some
fluorescence as well. White shirts are a typical example: after being washed severa
times, white shirts turn yellowish as they reflect slightly less light in the short-wavelength
range than in the rest of the spectrum. Whiteners counterbalance this by adding a little
flourescence in the short wavelength range (Nassau, 1997, p. 18). Fluorescence is similar
to reflectance in that both the component of light that is emitted by fluorescent surfaces
and the one that is reflected are dependent on the illumination. This makes the division of
emitted plus reflected light by the illuminant a sensible transformation. (Remember
section 2.3.3 above: just the opposite is true of emitting surfaces.) Another feature worth
noting is that, in the case of fluorescent surfaces, the emitted component, as compared to
the reflected one, is not as predominant as in the case of most emitting surfaces (e.g., a

light source in an otherwise dim room, or an active computer monitor).

2.3.5. Conclusion: family resemblancerather than natural kinds

What emerges from these cases is a Wittgensteinian family resemblance picture
of object color rather than a natural kind view. Redness in objects is more similar to
games as Wittgenstein sees them than to water or gold as Kripke sees them. There is a
whole variety of different physical properties that all give rise, in ordinary circumstances
of perception, to the same color appearance (for more examples see Hardin, 1988,

Thompson et a. 1992, Nassau, 1997, and Matthen, 1999, pp. 63-64).
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| am sure that there ae type physicdists who will want to contest this result. Here
is alittle more reflecion onwhat such a cntention would amourt to. Let us return to the
problem of generalization for a moment: how could we generali ze the filt ering concept of
objed color (the one that works for refledive surfaces and transparent objeds) to
fluorescent surfaces?® In ather words, what would be the functional common core of
filtering and fluorescence? One way to go would be to say that both filtering (refledance
plus transmittance) and fluorescence together unite under the functional nation o light-
transformation, or so: what both ordinary filtering surfaces and fluorescent ones are
disposed to dois to transform the SFD of the incident light into that of light leasing the
objed on bkeing illuminated. In the cae of ordinary light filters (withou a fluorescent
comporent), this transformation includes no letween-wavelengths energy transfer,
whereas fluorescence is exadly this ort of transfer. So, ojed color, in generd, is the
disposition to transform the SPD of the incident light into that radiated by the object
interacting with the incident light. A simpler way to pu the same point would be to say
that ordinary filters and fluorescent materials are dl disposed to produce radiation in the
visible range when illuminated either by visible light or by ultraviolet light. Note that
‘radiation’ here includes nat just light emisson and refledion, bu also what happens
when transparent filters allow cetain wavelength bands of the incident light to pass
through them. So, oljed color simply is the objeds disposition to produce radiation in
this very general sense (including zero radiation as with totally black oljeds) as a result
of external ill umination. This move still does not cgpture emissve objed color, since, as |

argued, emissve olors are not dispasitions of any sort. But perhaps one can forceone's
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fantasy a littl e further and stretch the type physicdist nation to include emitting surfaces
under an even vaguer “functional umbrella-nction”.

A philosophicd worry that this line of reasoning might raise is that what’s going
on here is smply a Quinian-Goodmanian similarity-finding exercise. As Quine axd
Goodman famously observed, given amost any pair (perhaps even nrtuple) of entities,
one can dways find, with alittl e fantasy, some property — either a physicd attribute or an
abstrad one — that is true of both (all) members of it.®* These observations are sometimes
used to suppat antiredist approadies to metaphysics. Goodman (and ahers like Kuhn)
argued that what properties, similarities, and types we identify (find as existing) in the
world depends esentially on hav we @nceve of the world, a how our cognitive
systems are set up (Goodman, 1965 Kuhn, 1974.

On the other hand, the Kripke-Putnam view of natural kinds (i.e., a “hard-line”
redist metaphysics assuming that simil arity, difference properties and kinds are prior to,
hence independent of, cognition) suggests that identifying natural kind essences, and
deading whether members of a cetain group d entities, particulars, or diff erent samples
of material substance belong to the same natural kind, is a matter of scientific discovery.
Moreover, when type physicdists abou color like Tye or Dretske spes&k abou naturd
kinds and ortologicd caegories, they assume aKripkean metaphysics (Tye, 19%, Ch. 7:
2000, pp. 124125, p. 167n4 Dretske, 1988, p.58 1995, p. 8% However, the key
discoveries abou objed color are pretty much made, and they haven't foundthat redness
and aher colors are natural kind essences that are remotely similar to being gold, water,
or even eephant. Nassau (1997, and Hardin (1988 review such data and demonstrate

that in terms of physicd bases the dispaositions like refledance ae very heterogeneous.
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For this reason, type physicalists abandoned the idea of characterizing object color in
terms of microphysical properties, and moved to functional properties like reflectance.
Alas, object colors in general appear too heterogeneous even in terms of such properties.
Even at this level of description it turns out that not all cases of object color are light-
dispositions, even though some are. It seems that no convincing generalized notion of
object color in terms of functional properties, dispositions, and the like is available. All
that is left for type physicalism to try is to further adjust (bend and twist, to be more
cynical), the interpretation of the aready established empirical phenomena in order to
force them into something vaguely reminiscent of a natura kind schema.

But this armchair-based exercise is very far indeed from the original spirit of the
theory of natural kinds. Perhaps, with a little more fantasy, such an exercise could be
done for any arbitrary set of physical entities, resulting in the conclusion that any such set
can be characterized by a non-disunctive, causally effective physical property, or a
functional one, that is true of all and only the members of that set. This would entail the
conclusion that the members of just any set of physical entities constitute a natural kind
of some sort (since they have a property that goes as some vague natural kind essence).

But surely, such aresult would be devastating for the very notion of a natural kind.
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Chapter Four: Normal misperception

2.4. Normal misperception: Another escape for defenders of the natural kind view?
Matthen (1988, and Dretske (1995, pp.91-92) mourt ancother argument for type
physicdism abou color. The ideais that perhaps we nead na capture dl types of adual,
contemporary color stimuli by a generalized ndion d objed color. For there ae caes of
color perceptionin namal circumstances that are reasonably regarded as ill usory, similar
to perceptions of other stimulus properties. Think of movie thedres. The picture that
appeas on the screen dces not redly move. What adually happens on the screen is a
rapid serial presentation o sequential, stationary phases of movement, bu naot red (i.e.,
continuows) movement. What we see on the screen, however, is gnocoth, continuows
movement. So arguably there is at least a subtle illusion invalved here. This illusion
comes about because our visual system was not prepared, in evolution, to dstinguish this
kind d “pseudomovement” from red movement — for one thing, there ae no
occurrences of apparent movement (phi phenomena) in ou natural environment. An
analogous view arguably applies to ancther asped of movie performances. color. The
screen, when seen in namal ill umination, is white — it only looks colored in the dark,
illuminated by the projedor. Certainly the screen daes not have any inherent property that
makes it look red, puple, etc., unde illumination by white light. So if for an ojed to be
red is for it to have an inherent property that makes it look red under some normal
illuminant (i.e., white light), then movie screens are not red. Y et, often enough, they look
red. And if something that’s not red looks red, there’s an ill usion going on. Still, seeng

colors in the dark courts as quite anormal circumstance even ou evolutionary ancestors
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saw stars, fireflies or bioluminescent mushrooms on dark nights. That is, what we have in
the movie is a cae (or two cases) of normal misperception: stable ill usory effeds in
perception that occur in arguably ordinary circumstances of perception®? There ae other,
quite obvious cases of norma misperception: the Muller-Lyer illusion, dher shape or
magnitude ill usions, and figural aftereffeds are dl goodexamples.

Having the nation d norma misperception a hand, the key question for type
physicdists bemmes this. Are there theory-independent (i.e., norrquestion-beggng)
grounds for regarding certain types of color stimuli — espedally those ones that do nd fit
into the type physicdist schema — as giving rise to namal misperceptions, rather than
veridicd color perceptions? (I.e., the daim would be that such stimuli are not genuinely
colored, orly apparently colored.) If there ae wmgent reasons to make this move, then the
generali zation schema neal na take those stimuli i nto consideration. Perhaps in this way,
via areasonable cmbination d the generaization and namal misperception strategy,
type physicdism can be maintained as a plausible view of objed color. | will consider the

prospeds of such amovein this ®dion.

2.4.1. Theideain more detail

First of al, nae that the nation d normal misperception itself is a plausible one.
The more genera ideabehind it is that properly functioning complex systems do make
mistakes smetimes (Haugeland, 1981, p. 18 Any system that follows some heuristics,
or applies hypotheses routinely, is boundto get things wrong once in a while. Heuristic
procedures don't always guarantee ©rred solution, and that is one source of what we cdl

norma misperception — or, more generally, namal error. Artificia intelligence has
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taught us that formally corred deductive dgorithms are often too slow to be feasible —
think of generating the full deasion tree of a dess game. For this reason, “quick and
dirty” heuristics are used instead, resulting in some speed-reliability tradeoff (Cherniak,
1984).

There ae & least two other sources of normal error. The seand sourceis the use
of subopimal agorithms even when the optima one would be feasible. Interestingly
enough, this samns true of human color vision (Wandell, 1995, pp. 314815. As Wandell
observes, in most experiments dore so far on color constancy, subjeds do nd
compensate fully for changes in the ill umination. When the ill umination changes, color
appeaance danges lessthan ore would exped from the dhanges in cone asorptions
aone (i.e., withou assuming some medanism for color constancy). Cone asorptions at
particular areas of the retina diredly correlate with changes in illumination, bu color
appeaance does nat diredly covary with these dhanges — exadly becaise we have
approximately color-constant visual perception. Still, color appeaance tanges more
with changes in ill umination than it would if our nervous g/stem used the best possble
computational algorithms (Wandell, 1995, p. 31b

The third source of normal error lies in the poa proxima signal of perception.
This obviously appliesin the cae of color vision: the proximal signal for color visionis
the color signal: the product of surface refledance and illuminant relative energy
distribution. Our vision haes no dred and separate accesto the two contributing fadors
of the mlor signa.®® The mlor signal is therefore an imperfed indicator of inherent
surfaceproperties like refledance — but it is the best availl able one (Matthen, 1988, pp.

12-13).



12¢

To summarize and aganize these fadors, it is useful to look at the work of
Matthen and Levy (1984). Sensory inpu underdetermines the system’s output.
Interpretation by the perceptual system is added to the sensory inpu to adiieve the
output. This gep (i.e., the interpretation o poa, impefed signals) requires that
perceptual processng use some sort of heuristics. Perceptual systems interpret proximal
signalsin terms of distal target stimuli. Interpreting proximal signals that underinform the
system abou the distal stimuli (e.g., incident light on the retina) is the normal way of
functioning of perception. Making errors in interpretation is part of this normal
functioning. The source of such errors is (1) interpretation-heuristics that (2) work on

poa proximal signals, and (3) the use of subogimal algorithms.

2.4.2. Why the notion of normal misperception cannot save the natural kind view of
object color
2.4.2.1 Comparison with clear casesof illusion

As we have see, to escgpe the problem of generdlization d type physicdism to
norrefledive wlor stimuli, orne muld suggest that light sources, fluorescent surfaces, and
paossbly a number of other stimuli that look to us colored in namal circumstances of
perception are not redly colored — they give rise to color illusion, a misrepresentation d
true alor. It seans that color redists with representationali st all egiances are inclined to
make this move, though sometimes with reservations (Matthen, 1988 pp. 245; Dretske,
1995, pp. 9192; Tye, 2000, p151°*

As | argued in the previous sdion, the strategy of generalization fails for

emitting surfaces. | think it also fails with fluorescence & the cmmon functional core
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that applies to bah fluorescent and refledive surfaces is quite vague — too vague to be
seriously courted as a natural kind essence of any sort. There might possbly be other
color stimuli that suppat the same @nclusion (seeHardin, 1988,and Matthen, 1999, pp.
63-64 for such examples), bu in the present discussgon | will concentrate on fluorescence
and light emisgon. Let us ask the question: is there aiy good reason to regard emitting
and fluorescent surfaces as not genuinely colored, orly apparently colored? A good
resson here shodd nd, of course, assume the @rredness of the refledance theory. To
say that since olor is refledance emitting surfaces are not genuinely colored would be
outright question-begging. What we neeal in arder to save type physicdism is osme
theory-independent reason for ruling these stimuli out of the redm of “red” colors. Let
us eif thereis any such reason avail able.

Here is the strategy | propase to follow. | will review a few cases that are
unguestionably those of perceptual ill usion, considering what kind d feaure makes them
illusions. | start with alist of Tye's own examples (in Tye, 2000,Ch. 7), adding one more
case to it. Then | chedk whether any of these “illusion-creding” feaures applies to the
case of emisgve or fluorescent color. In addition to this, | raise acther problem against
the propasal that emitting and fluorescent surfaces are not truly colored. First, here is the
list of straightforward ill usion cases.

[1] In the cae of shape ill usions the required theory-independent reasons are obviously
given. For instance, in the Muller-Lyer ill usion, the two segments look to us asunequal in
length when, as a matter of fad, they are equally long. So it is obvious why and hav in
this case we ae perceptualy misled, a misinformed. The same or very similar reasons

apply to esentialy all other shapeill usionsincluding Tye' s examples (2000, p. 154
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[2] With aleged cases of normal misperception d color (or color ill usions), we have to
be more caeful. Tye mentions two or threesuch casesin hisbook(Tye, 2000Q.

[2a] Thefirst exampleis the purplish-looking of faraway mourtain slopes (p. 159. In this
case, the objed itself (the mourtain slope) does not have asurfacerefledance that isin
the purplish range (not at any spatial resolution, i.e., averaging the refledances of smaller
locd areas over a larger field — see Tye, 2000, p. 158 The reason why we see the
faraway mountains as purplish is that the locd distal signal (the event of the mountain
dope's refleding light) is distorted duing transmisson to the percaver’'s eye — by the
intervening large mass of air, water vapor or droplets, and so on. So in perceving the
slope & purplish we ae misinformed abou its adual refledance property.

[2b] Tye's oond example: certain simultaneous contrast effeds, for instance when, in a
red and Hadk pattern, the bladk areas appea to have agreenish cast (pp. 153155. In
such cases it is not the transmisson d the distal signa to the eye that results in the
dtered color perception, bu rather the processng of certain speda color context
(contrast) effeds by the brain. When, in a pattern of red and Had patches, the black
areas look dlightly greenish, this effed is not due to dterations of the light that travels
from the objed to the retina, bu rather, to some lateral inhibition effeds in the retina (or
at some more cantral level of processng). These dfeds are caised by the red surround d
the bladk areas. Perhaps it is reasonable to say that there is sme sort of normal
misperceptioninvaved here.

[2c] A third case that might be understood along the same line is experiencing bladkness
in atotally dark room (Tye, 2000, p. 15and nde 11 onp. 16§. In such a cae one does

nat see aything bladk, in the perceptual or success ense of ‘see (Tye, 2000, p. 55%nd
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note 11 on p. 67 as one does nat see anything at al. Therefore in this case there might be
theory-independent reason for saying that a normal misperception d color happens here.
The reason is sSmply that there is no percaved oljed (surfaceor volume) that is causally
resporsible for the Ganzfeld-like bladk sensation. So we experience blacknessdue to the
darkness (i.e., see bladknessin merely phenomena terms) withou perceving anything.
Hence we misperceve the darkness (the @sence of visua stimulation) as smething (an
objed or surfacg blad, or so someone might argue. Pretty much the same gplies to the
case of afterimages (p. 84): as Tye puts the point, when ore sees an afterimage, there is
nothing one sees — hencethere’ s always an ill usion involved in seang afterimages.

[3] An additional straightforward case is the Phi-phenomenon, a ill usory movement
(recdl the movie examplein 2.4abowe). Perhaps even in the movie thedre oneis subjed
to agrand illusion, with resped to movement: al one sees on the screen is arapid seria
presentation d subsequent, stationary phases of movement, bu not red (i.e., continuous)

movement.

Now the question kecomes, is there awy theory-independent reason to render
emitting and fluorescent surfaces as giving rise to namal misperceptions of color? Let us
compare the cae of emitting and fluorescent surfaces to those of the just mentioned

illusions.

(1) First, when we seetraffic lights as green, a adive TV screens as yellow, we ae not
misinformed in the way we ae in the cae of shape illusions. As | have mentioned, it is

immediately obvious why and hav shape ill usions mislead us. Think of the Muller-Lyer
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illusion: in this case equal-in-length is misperceived as longer/shorter-than. When we
misperceive a rectangle as a parallelogram, the way the edges are connected to each other
(the relation between certain constituents of the shape-pattern) is misperceived. If certain
simultaneous color contrast effects are analyzed as normal misperceptions (e.g., when the
black area looks greenish on a red background) then it is again understandable why and
how we are misled in these cases. What we say in such cases is that our color vision
system scales, or evaluates, the black areaincorrectly, and it is the red surrounding that is
causally responsible for this mistake. Similarly for the case of certain shapeillusions: it is
typically certain special context effects that are causally responsible for the
misperception. Remove the inward and outward pointing arrowheads from the Muller-
Lyer figure, and the two segments will immediately look equal in length.

To the contrary, the idea that we misperceive stoplights, hot iron, or long-wave-
light-emitting active TV screens as red, is anything but pretheoretically obvious. In what
respect are we misled when we see stoplights as red or green, and hence can distinguish
one from the other by color? The answer seems straightforward: such perceptions are not
misleading in any way. They inform us about properties of stimuli, and help us to
discriminate those stimuli from each other. When we see hot iron as red there is no
special (or arguably misleading) context effect in play, removing which would remove
our (allegedly illusory) red sensation, replacing it with a veridical one (what would that
be?). The point is that there is no analogy between shape illusions on the one hand, and
seeing emitting surfaces as colored on the other that would support the rendering of

emitting surfaces cases of illusory color. The same applies to fluorescent surfaces.
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(2) Semnd,isthere an analogy between the cases of color ill usions mentioned by Tye on
the one hand, and the cae of emitting and fluorescent surfaces on the other? When we
percave emitting or fluorescent surfaces, there nead na be awy distorting context
(smultaneous contrast) effed involved, contrary to the cae [2b] above. Simultaneous
contrast effeds normally obtain between emitting or fluorescent surfaces just as between
refleding ones, bu these dfeds are not necessarily distorting (most often they aren’t).
When we look at an adive mlor TV screen, simultaneous contrast effeds do oldain
between dfferently colored aress, still, we most often seeobjeds depicted onthe screen
in qute normal color. Nor isthe locd distal signal (SFD of the emitted light) necessarily
substantialy atered duing its transmisgon to the percaver’'s eye, as in the cae of
purplish mourtain slopes [2a]. Finally, the cae of dark rooms and afterimages [2c] does
not generalize to that of emitting or fluorescent surfaces either: when we perceve
emitting surfaces, there is an oljed that causaly affeds our vision, there's optimal
circumstances,® incident light impinging on the retina, and so on.

(3) How abou ill usory movement? Once ajain, there is no paralel here with emitting or
fluorescent surfaces. It isn't a al obwvious, either pretheoreticdly, or to theoreticdly
sophsticaed minds, that there is no red color on adive mwmputer monitors, ha iron, a
fluorescent plastics—i.e., that they aren’t redly colored, orly look that way. The problem
here is that the definition d movement in terms of ordinary physics, that is, na relying
on ou perceptua experience & of movement, is avalable and it is much less
controversial than the same kind of definition for objed color. We ae in the process of
looking for a nonrcontroversial (or the least controversial) definition d objed color. As

part of this process— i.e., before the job is dore — we caina rule out emitting surfaces
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from the redm of genuine wlorsin the same way as we ould if we drealy had, prior to
the ruling, a noncontroversial notion d objed color and that definition hed the
consequence that emitting surfaces are not genuinely colored. To the contrary, there is a

whoale host of reasons to regard emitting surfaces as genuinely colored.

2.4.2.2 Reflective surfaces and color space

Here is another argument against rendering emitting and fluorescent surfaces as
cases of illusory color stimuli. First step: we know from colorimetry that refledive
surfaces canna match al color perceptions that can arise from percaving emitting
surfaces. There is a wide range of color experiences that can never arise on looking at
refledive surfaces — they can arise only when we look at emitting (or fluorescent)
surfaces. Emitting and fluorescent surfaces can look much hrighter and also much more
saturated than ordinary refleding ones even though, in terms of chromatic hue donre,
refledive surfaces can take aty value that emitting and fluorescent ones can. In aher
words, the so-cdled oljed color solid (Wyszedi and Stiles, 1967, p. 33pis part of the
color space bu not viceversa, i.e., there ae parts of color spacethat are not parts of the
objed color solid. Next step: If we bite the bull et and say that only refleding surfaces and
transmitting bodes are truly colored, then the cnsequenceis that there is a wide range of
color experiences (i.e., those that can arise from perceving light sources or fluorescent
surfaces but not from percaving ordinary refleding/transmitting objeds) that are
necessarily illusory. Color experiences with highest brightness and saturation values
canna arise a aresult of veridicd color perception. The experiences that arise when we

look at surfaces emitting pure monachromatic light are perfea examples. We canna have
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those lor experiences no matter what refleding or transmitting surfaces we happen to
look at. To have an ideaof the relation d refledive wlors to the whole of color space

look at Figure 2.

@ OSA UCS samples (CIE 1931 CMF, std ill. C)

M CIE 1931 CMF (Chromaticity coordinates of
monochromatic lights)

Figure 2. Distribution of the clor samples of the Opticd Society of America Uniform Color
Scdes (OSA-UCS) in the x,y chromaticity diagram. The OSA-UCS is a mlledion of 553 color
samples (ordinary refleding surfaces). It samples color space & points that are perceptualy
equally spacal. The horseshoe-shaped curve with its ends conneded by the straight line is the
X, Y chromaticity diagram — a qosssedion of the Yxy (threedimensional) color spacewherein
lightnessis kept constant thus only hue and saturation vary. The doud of dots in the middle
represents the OSA-UCS samples by their x, y chromaticity coordinates. The horseshoe-
shaped perimeter corresponds to the diromaticities (perceptual color coordinates) of
monochromatic lights from 400 nm (left side, bottom, where the airve meds the horizontal
axis) to 700nm (corner on the right side). The neighborhood d the right corner is the aeaof
red colors; the bottom left corner area @rresponds to blue lors and violets. Between the two,
along the straight line ae found the purples that correspond to no pure wavelength of visible
light. The top-plus-upper-left portion corresponds to greens, whereas the mid-right region is
that of yellows. Toward the canter, rougHy where the doud of dots is densest, saturation
approaches zero and the adromatic colors are found. Notice that the OSA-UCS samples
occupy only the center region of the mlor diagram, not extending into regions where saturation
is highest — espedally so for the purples and the greenish colors. (Measurements of the OSA-
UCS samples are my own.)
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In this figure we can see the distribution of the colored samples of the Optical Society of
America Uniform Color Scales (OSA-UCYS) in the x,y chromaticity diagram based on the
CIE 1931 color matching function (Nickerson, 1977). The OSA-UCS is a collection of
553 color samples (ordinary reflecting surfaces) that sample color space at points that are
perceptually equally spaced. In the figure, the horseshoe-shaped curve with its ends
connected by the straight line is the x, y chromaticity diagram: it is a cross-section of the
Yxy (three dimensional) color space wherein lightness (Y) is kept constant and so only
hue and saturation vary. The cloud of dots in the center area represents the OSA-UCS
samples by their x, y chromaticity coordinates. The horseshoe-shaped perimeter
corresponds to the chromaticities (the x,y perceptual color coordinates) of
monochromatic lights from 400 nm (left side, bottom, where the curve meets the
horizontal axis) to 700 nm (corner on the right side). The neighborhood of the right
corner is the area of red colors. The bottom left corner area corresponds to blue colors
and violets. Between the two, aong the straight line are found the purples that correspond
to no pure wavelength of visible light. The top-plus-upper-left portion corresponds to
greens, whereas the mid-right region is that of yellows. Toward the center, roughly where
the cloud of dots is densest, saturation approaches zero and the achromatic colors are
found. Despite the fact that the OSA-UCS samples are perceptually equidistant, the dots
representing them by their x,y color coordinates are not equidistant on the diagram. The
reason for this is that equal distances in the x,y chromaticity diagram do not correspond
to equal percelved color differences. There are other color spaces that are nonlinear
transformations of the Yxy color space and in which Euclidean distances between two

points are inversely proportional to the perceived similarities of the hues corresponding to
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those points. Notice that the OSA-UCS samples occupy only the center region d the
color diagram not extending into regions where saturation is highest. Thisis espedally so
for the aeas for yellow, green, bluish green, and puple. Highly saturated versions of the
colors can orly be seen when we look at emitting or fluorescent surfaces. But if the latter
are not genuinely colored, orly apparently colored, then experiences as of highly
saturated (and lright) colors are necessrily illusory. As we can estimate from the
diagram, this rendering would affed the larger part of color space— abou 70 per cent of
its area That seems too high a price to pay for accepting the norma misperception

argument, merely in order to save type physicadism abou color.

2.4.2.3 Summary: why the nor mal misper ception escapeis blocked

It seans now that nore of the ideas that suppat the rendering of certain classes of
stimuli normal misperceptions applies to the cae of emitting or fluorescent surfaces. In
other words, there does not seam to be any theory-independent reason to view emitting
and fluorescent surfaces as cases of normal misperception. So | conclude that seang
stoplights, hat iron and rubies®® as red are perfealy veridicd color perceptions, just like
sedng ripe tomatoes as red. As | said above, claming that stoplights are misperceived as
red because genuine colors are (limited to) reflecting surfaces would be outright
question-begging. If we asume, with the reflectance theorists, that genuine wlors are
refledances and ndhing else, then we can automaticdly infer that emitting surfaces
aren’'t redly colored. But we ladk any cogent reason for such arendering.

Perhaps, in a Dretskean spirit, one culd try to argue thus: most color stimuli are

refleding surfaces in ou natural environment — hence distinguishing refleding surfaces
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is the function color vision was selected for (see Dretske, 1995, Ch. 1, Ch. 3). Emitting
surfaces are rare in the natural environment, so are fluorescent ones, hence the reactions
to them have no (or not much) evolutionary significance. Furthermore, (genuine) colors
are the properties the detection of which color vision developed for, in the course of
evolution (i.e., the properties whose detection is the function of color vision). Conclusion:
genuine colors are reflecting surfaces. | do not find this argument too convincing. It is
true that the overwhelming majority of color stimuli in the natural environment consists
of reflecting surfaces. However, from this it does not follow that perceiving emitting
surfaces as colored cannot carry evolutionary advantage. Perceiving as colored, hence
easily identifying, flames, bioluminescent organisms (fireflies, or the glowing green
mushroom panellus stypticus, etc.), hot metals or live coa, fluorescent and
phosphorescent minerals, even the setting sun and the stars can be evolutionarily
advantageous for different organisms. Redness, perceived in one perceptual context (red
berries among green leaves) can signal food for some organism; in another perceptual
context (red-hot pieces of live coal in the soil, accompanied by sensations of heat) it can
signa danger to the same organism. Perceiving the redness is perfectly adaptive in both
cases, despite the actual fact that in the terrestrial natural environment, most color stimuli

happen to be reflecting surfaces.
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Chapter Five: No content suitable for phenomenal character

2.5. Defending the first premise; why phenomenal externalism cannot live without
the natural kind view of object color

| take it that by now type physicdism abou color is effedively refuted. Even if a
limited version d type physicdism can be saved in the form of the refledance theory, it
canna be generaized in any plausible way into a full-blown type physicdist nation d
objed color that cgptures the problem cases of nonrefledive and nontransmissve (i.e.,
nonfiltering) colors. That is, P2 of thefirst, “upper-level” argument in Sedion 2abowveis

establi shed:

[P2] Type physicdism abou objed color iswrong.

Inthis edion| turn to P1 of the same agument:

[P1] If type physicdism abou objed color is wrong, then phenomenal externalism abou

color experienceiswrong too.

As | said in Sedion 2 abowe, | endase adigunctive physicdist view of objed color —
roughly one in which stimulus properties that are instances of a particular color (e.g., red)
can be dcharaderized by a family resemblance structure (I gave asketch o the stimulus
fedures determining this structure in 2.3.4. There ae red refleding surfaces, emitting,

fluorescent, phospharescent ones, diffradion gratings, and so on. All that ties these
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stimuli together is sme aqude @rrespondencein the wavelength range of light they send
to the percavers eyes — but that wavelength range itself cannot be identified with the
color red, na even if it can be nondigunctively charaderized.

Let me recaitulate the agument structure that | presented in Sedion 2 and that

will be used to suppat P1.

[P3] Any representational externalist view abou color experience has to be ale to
maintain that objed colors play a key role in determining the phenomenal charader of
color experience

[P4'] Only type physicdism abou color has the resources to suppat the daim that objed
colors play an important role in determining the phenomena charader of color
experience

[C2] Phenomenal externalism abou color experienceis not compatible with any view of

objed color other than type physicdism.

C2 isaparaphrase of P1 (seeSedion 2abowe):

[P1] If type physicdism abou objed color is wrong, then phenomenal externalism abou

color experienceiswrong too.

This premise, together with P2 that | aready have & hand, entail s C1.:

[C1] Phenomenal externalism abou color experienceis wrong.



This conclusion is my target in this dissrtation. In the rest of this ®dion | shall defend

P3andP4'.

2.5.1Thethird premise (P3)

Once aain, P3 states that any representational externalist view of color
experience has to be &le to maintain that objed colors play akey role in determining the
phenomena charader of color experience | think it is easy to see why this premise is
true. P3 is at the very essence of externalism abou representational content in general,
and phenomena charader in perticular. According to representational externalism,
content and prenomenal charader do nd supervene on internal constitution. In general,
this implies that the intrinsic (syntadic-computational, biochemicd, etc.) properties do
not determine, or canna in any way fix, the representational content of the internal states
of brains/minds. Representational content in general isarelationa property, namely some
causal relation between brain states and the objeds they represent (the causal relationis
either lawlike avariation a causa history). Hence the environmental properties that
enter, via such brain state-environment relations, into the representational contents of
mental states obviously play a key role in shaping those contents — making them what
they are. For instance, if the lawlike @variation d perceptual state Q is with skunks and
nathing else, then Q has the representational content that there is a skunk present. If, in
turn, prenomenal charader is identified with representational content of some sort, then
stimulus properties represented by sensory experiences play akey role in determining the

phenomenal charaders of those eperiences — simply by determining their
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representational content. The leading externalist theories of phenomena charader

(Dretske, 1995 Tye, 1995, 200pall endarse such arelation o determination.

2.5.2Thefourth premise (P4)

In this edion | start by assessng Tye's theory of phenomenal charader, then |
show how it generalizes to ather versions, including Dretske's. In the two subsedions
that follow (2.5.2.1and 2.5.2.2 | assume that Dretske and Tye ae strongly committed to
physicdist views of objed color, and so | will assesstheir views of the phenomenal in
light of the physicdist theory of objed color that remains avail able dter type physicdism

isruled ou. Thisview is digunctive physicdism.

2.5.2.1Tye stheory and digunctive physicalism

Acoording to Tye's nation d content, it is lawlike, courterfadual-suppating
correlations between stimulus properties and lrain states that give rise to content (Tye,
1995, pp. 1040L 2000, pp.64-66, 118122). On this view, if a particular sensory
(physiologicd) state S covaries with the occurrence of stimulus property P in a way that
isnot merely acadental, bu rather, we have reason to assume that, at any occasion where
significant anomaliesin the drcumstances of perception do nd obtain, were P to occur in
the organsm’'s snsory field, it would activate S then we have reason to say that S
(perceptualy) represents P. Tye's nation d content is nat teleologicd (2000, Ch. 6);
however, he sometimes sans to apped to causal/evolutionary history (in addition to
lawful covariation) as a mediator of content (1995, p.153 2000, p. 5% The idea of

teleologicd (sensory) content is roughly that a sensory state S represents gimulus
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property P if it has been designed to deted, or indicae, P. What it is that S has been
designed to deted is amatter of S's history. Think of the needle positions of afuel gauge,
for instance The neeadle position d painting a ‘F onthe plate is designed to indicate full
tank. ‘Design’ can be dore ether by humans or by Mother Nature: sensory states of the
color vision system have been designed (i.e., they have evolved) to deted and
discriminate cetain surfaceproperties — they were seleded for becaise they did the job
of surfacediscrimination and that enhanced the fithess of the organisms they were the
states of %’

As we have seen, an Tye's acourt, perceptua content arises from correlations
between stimulus properties and sensory state adivations. For objed color and color
experience the representationali st story goes like this. Redness the stimulus property, is
reliably indicaed by cetain physiologicd states in the visual system. By means of this
fad abou indicdion, these states court as perceptually representing redness — they
aqyuire the perceptual content that something red is present. This content in turn is the
phenomenal charader of the experience of red. The experience of red is a physiologicd
state that is contentful, and hence has phenomenal charader.

The key problem for this view arises in the following way. As Tye notes
explicitly (1995, pp. 194195 2000, pp.124125), if a sensory state @varies only with
some disunctive property, then that state does not represent anything — it does nat have
representational  content, hence on representationalism, it canna have phenomend
charader. As Tye alds, disunctive properties do nd themselves enter into causal laws,
they do nd play causal roles, even though their disuncts do. Only natural kind essences

of some sort (i.e., nondigunctive, causally effedive physicd properties) can subserve
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causal laws. Moreover, since Tye' s nation d content is based onlawful correlations, only
properties that can subserve caisal laws can give rise to content. So if objed colors are
truly digunctive properties, then they canna give rise to perceptual content that could in
turn become the phenomena charader of color experiences. Hence the cnclusion: if
type physicdism abou color is wrong, then Tye's representational externalism abou
color experienceiswrong too.

One muld immediately ask, why is it that digunctive properties are no good for
content on the nonteleologicd acourt? Why canna they enter into causal laws? Hereis
the explanation® It is quite obvious that when it comes to causation, dsjunctive
properties have astatus different from their diguncts and conjunctions of properties. Let
A and B be nondigunctive, causally effedive properties, and E some event. ‘A and B
together cause E’ is awell-formed causal law: neither A, na B adone can cause E, bu A

and B together can. So, adistinct causal |law can take the form

(D) [A&B] 2 E
(where ‘>’ standsfor ‘causes).
However,

@ [AorB]2>E

is not a well-formed causal law. What we shoud say instea is that there ae two causal
laws here: (i) A > E and (ii) B > E. So the digunction here is properly understood as a
disunction between dstinct laws, bu not as one within the causal antecedent of a single
law. In the cae of (1), the cnjuncts A and B cooperate in evoking E; neither one muld

succeal alone. In the cae of (2), however, the disuncts are independent in evoking E. At
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any particular occasion, if one of the digunctsis present andisin a positionto token E, it
is totaly irrelevant what happens with the other diguncts — whether they are dso
instantiated in the locd environment, or whether they ceaed to exist long ago in the
whole world under consideration. Hence (1) canna be replaceal by two dstinct laws in
the way (2) can. This observation leals us to the anclusion that disunctive properties do
nat cause — only their diguncts do. In any particular case (event of causation) it is one of
the diguncts that is alone responsible for bringing abou the dfed. Since, in (2) abowe, A
and B are independent in evoking E, that is, they have nothing to dowith ead ather in
this resped, why should they be regarded as entering in ore and the same caisal law?
Such a rendering sounds arbitrary, and this is 9 despite the fad that the dfed E is the
same in the two cases. We know from physics that charged particles in an eledric
condwctor can be made to move in two dfferent ways: either by pladng the conductor in
an eledromagnetic field or by bringing abou a voltage diff erence between two pants of
it. These two prlenomena ae dosely related, till, the rule that voltage difference
prodwces eledric aurrent in conductors, and the rule that eledromagnetic fields produce
eledric aurrent in conductors, court as two dfferent laws of physics, na one and the
same law. Similarly, compresson into smaller volumes increases the temperature of
gases, so doinfrared waves. Despite the same dfed (temperature increase in gases) we
do nd say that the two dfferent causes enter the same law of physics. Rather, we say that
there ae two distinct laws here, one being that compresson increases the temperature of
gases, the other being that expasition to infrared waves increases their temperature.
Hereis adlightly different way to formulate the same point. Natural kind esences

are properties that endow their beaers with some medhanism that in turn results in
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relevantly uniform, hamogeneous behavior in various circumstances. H,O is a dipde
moleaule, that has a dlightly positive and a slightly negative part. As aresult of this, water
can redily dissolve sdts, becaise its dipode moleaules can easily breg ionic bondk.
Water, howvever, canna dissolve glycerids like vegetable oils and animal fat. Alcohd
behaves in the oppasite way because its moleaules are nat dipoles. Now, given a set H of
entities that can ony be charaderized by some disunctive property (i.e., thereis no non
disunctive and causally effedive property that charaderizes all and oy H's members),
nore of H's members will exhibit relevantly homogeneous behavior due to some
physicd, chemicd, or biologicd medanism. The heterogeneity in H’'s members will not
help at al to causally explain why, say, al of H's members can reliably dlicit the same
effed E. Any interesting causal explanation d how an effed E arises as a result of
heterogeneous causes lies in the functioning of the system that produces E as a result of
the heterogeneous causes.

Here is an example. Let us cdl the digunctive property of being either my
fingerprints, or a particular surface reflectance Ssp3, or the outlines of Australia property
W. W can be spedficdly causally resporsible for carrying out some genetic modificaion
on E. Coli baderia. All that’s nealed for thisis an effed-instantiator system that consists
of (i) a pattern recognition cevice that is trained or programmed so that when it is inpu
either Sso3 or my fingerprints or the shape of Austalia, it gives the same output signal O,
and (ii) an effedor device that starts the genetic surgery on receving O as asignal. It is
obvious that al the disuncts of W have adisposition to geneticdly modify E. Coli
baderia, since (i) it is counerfadual-suppating that were such an effedor system

instantiated and given ore of W’s diguncts as an inpu, the genetic modificaion would
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occur; moreover, (ii) we even have an explanatory story of how this counterfadual-
suppating link arises. However, the interesting part of this latter explanatory story is
abou the dfed instantiator system, na abou property W. With relatively small
modificaions onthe dfed instantiator (i.e., re-training the pattern reaognition device), W
could easlly be replacal by atotally different property Q with, say, 273 dguncts.

Even though set H as a whale (or al of its members) can be daraderized by a
disposition to produce E, such dispasitions do nd figure in causal explanations (their
bases do). But the caisaly effedive bases of this disposition are secondary in causa
explanations — their heterogeneity does not play any interesting role in explaining the
homogeneity of the dfed E. For compare the following two explanations. (1) All the
diguncts (all members of H) can reliably elicit E. How come? Well, becaise the system
that produces E responds the same way to al diguncts. (2) All samples of water can
disolve sdts. How come? Well, because dl samples of water contain dpole moleaules
that bre&k ionic bonds easily. It seans, having the non-digunctive property of consisting
of dipole molecules is an explanatorily interesting property whereas being a member of H
is not. Indeed, dsjunctive properties themselves do nd play any role in causation and
causal explanation ower and above what their diguncts do. Saying that it is the disunctive
property A or B that produces E is a vaauous attribution. Either it is property A that
produwces E or it is property B that produces E — there ae two separate caisal links in
play here.

The observation that digunctive properties do nd play interesting roles in
causation and causal explanation suppats the &owve idea that digunctive properties

shoud be regarded as not figuring in causal laws. So comes the bottom line: if thereis a
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many-to-one mapping between stimulus properties Pgy, ..., Psy and a sensory/perceptud
state E,, then there is no single causal law that conneds the diff erent stimulus properties
to E,, thereby subserving E,'s perceptual content. So, E, has no content (nore of the right
kind at least: seeTye, 1995, pp. 19495 2000, pp. 12825 see &so his 1998, hence,
on prenomena externaism, it can have no plenomena charader either. Since ®lor
sensations do have phenomenal charader, bu they do nd have wntent of the kind
required by Tye's theory, phenomenal color charader canna be content as Tye analyzes

it.

2.5.2.2 How about digunctive content?

The &owve aitique of Tye's view leares open a possble way of defending
phenomenal externalism. The ideais that perhaps digunctive properties can also giverise
to some sort of unified perceptual content that can then be identified with phenomenal
charader. Neither Tye nor Dretske takes this route (Tye, 19%, pp. 194195 Dretske,
1995, pp. 8M2). Foda, though na engaged in the problem of phenomenal charader, has
taken more and more dismissve stands toward dsjunctive wmntent (Fodar, 199G, 1990Db,
1994. In Foda, 1994 le treds digunctive content as a problem case, under the name
‘Twin cases. ‘Water’ before 1750 meant H,O-or-XYZ; the systematic, or frequent,
occurrence of such cases (together with ather problem cases) would mean that the
syntadic mapping of semantic properties is not faithful. Still, some people have
repeaedly told me that there does not sean to be any immediate obstade to embraang
disjunctive @ntent in explaining phenomena charader.®® For this reason, | shall

elaborate on this idea abit, trying to make it as clea as possble — though | am not going
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to offer a detail ed theory along these lines. Then | raise an ojedion against it that seans
to me aserious one. Throughou this sibsedion, uress| say otherwise, | will asume,
like Tye, that content is nonteleologicd.

Given my case ajainst Tye, someone might argue thus. In the cae of a many-to-
one mapping between stimulus properties Ps;, ...Ps,, and a perceptual event E,, there ae
a number of different causal laws that conred the diguncts (Ps;, ...Ps,) of the stimulus
property to its perceptual effed E,. Question: do these diff erent laws give rise to the same
number of different contents of E,? If we take this route, it becomes difficult to explain
the sameness of E,’s phenomenal charader in dfferent circumstances where diff erent
diguncts adivate it. Alternatively, we muld embracethe ideathat perceptual content can
arise from awhade bunch o different nomologicdly stable kinds of causes that have the
same dfed. That is, the mmmon effed is the adivation d a perceptual state,
charaderized in physiologicd terms. There is then a “bouquet of causal laws’ that
undkrlies the representational content, hence the phenomenal charader, of the perceptua
state, charaderized in physiologicd terms. This might raise the question, what unifies
these separate causal laws into a single, determinate content? And the reply might be: the
notion d information. Think o the mathematicd notion d information. On it,
information is understood as a reduction d uncertainty (or elimination d possbhiliti es).
For instance, if we lean that, a time T, arun d experiment E (which has eight possble
outcomes. 01-O8) yielded an oucome that is either O1 or O2 or O3, we gan
information in terms of posshility eimination. That is, we gain a single piece of
information in this case, just as when we lean that it is exadly O2 that resulted. Now,

even if objed colors are digunctive properties, one might point out that in exadly this
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sense there is information transfer in color sensation. What a particular color experience
does on ccaurrence is me sort of uncertainty reduction, a possbility elimination. If a
tomato looks red to me, | am informed (and can infer) that it has the underlying stimulus
property (whatever it is — a determinate property or a disunct of a disunctive property),
and that it does not have stimulus properties that underlie perceved greenness or
blueness

Given this observation, we @uld analyze representational content in terms of
information in such a way that we do nd make aprincipled dvide between partid
uncertainty reduction (e.g., that either O1 o O2 o O3 oltains) and more @mplete
uncertainty reduction (e.g., that it is exadly O2 that obtains). All that is different between
these two cases is that we gain asmaller pieceof information in the former than we doin
the latter. Still, in bah these caes we gain information, and the delivery of any of these
pieces of information can be the function d a sensory state — or it can be the job a
sensory state does relisbly in nonanomalous circumstances.’”® Having analyzed
perceptual content this way, it seans that we can reiterate the representationalist claim
that phenomena charader is one and the same thing (by metaphysicd necessty) as
representational content. So perhaps this way the representationali st evades the problem
that arises from the fail ure of type physicadism abou color.

Now let me aldressthe objedion. | present the astrad case first, then | give a
relevant example. Again, Psy, ...Ps, are diguncts of a digunctive stimulus property all of
which reliably elicit a sensory state E;. It can easily be the case that some of the stimulus
diguncts are not adually instantiated in the environment in which organisms cgpable of

undergoing E; live. Say, Psy, ... Psip @are not instantiated, bu Psyy, ... Ps, are. Or, the first
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ten dguncts occur only extremely rarely in that environment. In this case it is arguable
that the information delivered by E, tokenings is about the disuncts that are actually
instantiated in the environment, or do repeatedly occur with a considerable frequency.
This is Dretske’'s opinion (Dretske, 1988, pp. 5758). His examples are: the job d the
doabell is to indicae people & the doa. So if the doabell rings, it transmits the
information that there is smeone & the doar. The fad that very rarely — say, orncein 30
yeasonaverage —asquirrel presses the button and makes the bell ring does not make the
bell cary the information that either someone is at the doar or that a squirrel pressd the
button. Rather, in such a case, the inhabitants are misinformed that there is smeone &
the doa — most likely they take the signal to indicate someone & the doar. On the other
hand, if, for some reason, squirrels make the bell ring frequently, then the doarbell getsto
transmit the information that either there is ssmeone & the doa or a squirrel passed by.
(It is another question whether, in such a cae, the inhabitants might want to change the
doabell system so that squirrels canna make it soundso easily.) Similarly, flies tend to
prefer sorbitol to sugar in the experimental |ab, and they starve to deah (becaise sorbitol
is, though swed, na nutritious). Despite this, the function d the fly’s receptor system
remains to indicae sugar (or other nutritional substance); the fly is misinformed by its
receptors when it chooses rbitol and ignores sugar.

To summarize: if, ou of Pg, ...Ps,, only Psyi, ...Ps,, are present in the
environment, Ps, ...Psio are not, bu were any of Psy, ...Psio, to ocaur, it would €elicit E
just as any of Psi3, ...Psy does, then, on accurrence, E, caries the information that either
Psi1 or...Psy is present. This information constitutes the content of E, (so we have

asumed).
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Next step: asume that the norma environment changes, and rew, so far
counterfadual, diguncts of stimulus property Ps (say, Ps-Psio) Start to occur on aregular
basis. The organism of which E; is a state can adapt to the new circumstances. Given the
nonteleologicd notion d content that we are relying on, E,’s content is affeded by this
environmental change (Tye, 2000,Ch. 6 see &so Tye, 1998 for an espeddly clea
presentation d the ideg. After the dange, E, will reliably covary with the newly
occurring stimulus diguncts, just as it does with the old ores. That is, after the dhange,
the tokening of E, will transmit the information that either Ps; or ... Ps, is present.
Change in the information transmitted means change in content. But — and thisis the key
step — if E, has phenomenal charader and its phenomenal charader is its content, then
Ey's phenomenal charader has to change too— again, as a result of the occurrence of new
stimulus disiuncts that can independently activate E,. As | will show in a moment, thisis
aprofoundy implausible mnsequence

Before going on, nde that if we shift to the teleologicd, function-based ndion o
content, then it is perhaps arguable that such environmental changes do nad affed
content. The sensory system of which E; is a state was sleded for the detedion o
catain danain of properties, among them Ps;1-Ps,, bu Ps;-Psio played no @rt in its
evolution. The fad that, at some later point in time, Ps;-Ps;o Start to occur regularly in the
environment and elicit E, need na make it the case that E, acquires the function to detect
any of Ps7-Psio. For functionin this context is analyzed in terms of causa (evolutionary)
history (Wright, 1973 Matthen, 1988 Dretske, 1995,Ch. 1), and, by assumption, E,
developed in evolution for the detedion d Ps;1-Ps,, but nat for the picking up d Ps7-Ps;o.

That is, using the teleologicd notion d content, the plausible reply to such cases of
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environmental change is that Ps;-Ps;o give rise to namal misperceptions when they token
E, (seeDretske, 1995, pp88-93).

Now let us e why the consequence of change in phenomena charader is ©
implausible. It isimportant to understand what this consequenceimplies. For instance, let
us cdl the perceived shade that a typicd ripe lemon gives rise to in trichromat humans
yellowsg. Yellowsg is a perceptua state identified (well, in principle identifiable) by its
physiologicd charaderistics, and it has a phenomenal charader. To it there @rresponds
some physicd stimulus property — either digunctive or nat. In the natural environment in
which humans evolved, yell owsg was evoked by the surfacerefledance of ripe lemonsin
daylight, and perhaps a few other refleding surfaces. In ou contemporary environment,
however, a number of other stimuli can probably dlicit yellowss. Emitting surfaces like
color TV screens, computer monitors, fluorescent ones, movie screens ill uminated by a
projedor are afew examples. Even if, in ou original, natura environment, yellowsg
happened to stand for a nondigunctive property, in ou contemporary environment it is
reliably elicited by a digunctive property. On the nonteleologicd, disunctive ntent
view we ae asuming, this change in the stimulus condtions changes the wntent of
yellowse. And if its phenomenal charader is its content, then yellowsg changes its
phenomenal charader as well. This means that ripe lemons, the same kind d thing that
looked ore way to ou ancestors, looks to us in some other way, colorwise. Both in ou
ancestors and in us, ripe lemons dlicit perceptual state yellowse, physiologicdly
identified, bu in them and in us, this date aquires different (externalist) phenomenal
charaders. The reason for this change is the occurrence of the different sorts of non

refledive yell ows that perceptuall y match the mlor of ripe lemons.”
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But this consequence is unaccetable, since it raises a number of very strange
questions that we have no ideahow to answer. What sort of phenomenal change could
this be? How did ripe lemons look to ou grea-grandparents, as compared to how they
look to us? There seans to be no way, even in principle, to answer this question. So
shoud we really believe that by the large-scde introduction d new color stimuli, as has
happened in the last 150 yeas, the phenomenal ook d the good dd color stimuli has
changed — simply because the content of the perceptual states that these old stimuli token
changes with the introduction d the new color stimuli ?

Intuitively at least, it seems quite plausible that ripe lemons do not look any
different in color to us than they did to ou gred-grandparents — simply becaise our
visual systems work the same way as theirs did (there is no reason to assume otherwise),
and ripe lemons have the same lor pigment in their ped as they did 106150 years ago.
Moreover, as | think bah common sense and scientific intuition would agreg in
determining how a ripe lemon looks to us colorwise, only our nervous g/stems, the
lemon, and the perceptual circumstances obtaining at the spat play a role. Color stimuli
that are not present at the same place ad time (but if they were, they would look the
same mlor as the lemon) do nd play any role in determining the look d the particular
lemon that one is looking at, a a given time — exadly becaise such remote,
uninstantiated stimuli do nd causally affed the perceptual process This is, | think, a
reasonable intuition. Notice that phenomena externalism built on some nation d
disunctive ontent does not hona this intuition. Stimulus properties that are not
physicdly present (hence not causally affeding our perception) still become part of the

information celivered to the perceiver by the crrespondng sensory state tokening. If
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eat stimulus Pg;, ..., Ps, can reliably token sensory state E, (and daes < regularly) then,
on a particular occasion when Pg, does the tokening, the information that is delivered to
the organism by the adivation d E, is that either Psi or ... or Ps,is present. If it is this
information that ultimately determines E;'s phenomenal charader, then this phenomenal
charader is partly determined by something (i.e., stimulus properties Psi,...Psc1 and
Psc+1,..., Psy) that are not adually present and hence do nd causdly influence the
particular process of perception. Phenomena externalism that rejeds the nation o
disunctive mntent (like Tye's and Dretske's theories) can hona the dowe intuition in
the case of veridicd perception, bu not in the cae of nonveridicd perception (including
hallucination). If the objed color lemon yell ow is natural kind essence Kysg, then, in ead
and every case where we veridicdly percave something lemon yellow, there is an
instantiation d Ky3zg present (i.e., some objed or surfacehaving the property Kysg) which
causally influences our color perception. Not so for misperception a hal ucination.

As we have seen abowe, by shifting to a teleologicd nation d content we can
avoid the digunctive ontent assumption, together with its drange @nsequences.
Teleologicd content does not change with the introduction d new color stimuli. If, in the
course of evolution, the objed color lemon yellow happened to be anondigunctive
stimulus property (even some natural kind esence), bu by now it has bemme
disunctive, then we still can construe the cntent of lemonyellow sensations as built on
the historicad non-disunctive property. However, in making this move, we ae obliged to
rule that all new kinds of color stimuli that perceptually match the wlor of ripe lemons,
but are themselves nonrefledive, give rise to namal misperceptions of color — color

illusions, that is. As| argued in Sedion 2.4.2above, we have no goodreason to rule this
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way. Findly, there cetainly is one way to avoid these problems, and this is by assuming
that phenomenal color charader is esentialy determined by the constitution and internal
medhanisms of our visua system. That is, phenomenal charader is not representational
content of any sort. Rather, it is part of the representational vehicle for objed colors. This

is phenomenal internalism.

2.5.2.3Dretske stheory and digunctive physicalism

As we saw in 1.3.2above, on Dretske’'s version d representationalism, it is the
stimulus properties themselves that are the phenomenal charader of experiences. On this
approadh, phenomenal charaders are identified na with particular physicd instantiations
of stimulus properties, bu rather, with universals. Universals are properties (and kinds) in
the metaphysicd redist view: properties that exist in the world independently of how
they are mncaved. On Dretske's view, for eath sensory state type there eists exadly
one stimulus property (i.e., unversal) that that state indicaes, hence represents. Such
stimulus property universals partially constitute the representational content of sensory
states.”

| wish to mention just one problem for this view that stems from the failure of
type physicdism abou color. Objed colors are nat universals, so there is naothing that
coud serve to constitute, on Dretske’'s view, the phenomenal charaders of color
experiences. There might be room for some agument here, so here is a more caeful way
to pu this paint. In terms of stimulus properties, oljed colors are ather not universals at
al, or they are universals only in the wedkest possble sense of the term. Certainly, if we

admit the eistence of universals, then there is a sense in which predicates with very
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loose structure @rrespondto unversals as well (e.g., ‘game’, as Wittgenstein sees it; or
‘women, fire, and dangerous things', to use G. Lakoff’ s famous example [Lakoff, 1987).
So oljed colors are universals in a sense in which amost any arbitrary bunch of entities
or properties constitutes asingle universal. However, onany conception d universals that
derives from scientific redism,”® objed colors are nat universals at al, because they are
nat fundamental physicd types, nar are they high-level physicd types. At the end d the
day, the plot remains this: In the case of color perceptions, there is no ptysicd substrate
to percaved simil arity. All and ony red things look to us to have asalient, hanogeneous,
inherent surface property, bu as a matter of physicd fad, they have nore (at least no
causaly effedive, nondisunctive surfaceproperty). This makes it very hard to maintain

any externalist view of color phenomenalogy.

2.5.2.4 Other theories of object color and phenomenal externalism

In this ®dion | examine three other theories of objed color: subjedivism,
dispositionalism, and John Campbell’s Simple View, in arder to seewhether any of them
would be asuitable acournt uponwhich phenomenal externalism abou color experience
could be built. I make the following general assumption in this subsedion. All current
externali st theories of representation have it that the relation d representing or abouness
(i.e., that an inner state represents an external state of affairs, or it is abou that state of
affairs) arises from some sort of causa relation. Representational content is acqquired
through causal relations that hold between the organism and its environment. Next step:
acording to representationalism, color experience represents objed color. Therefore, for

any representationalist acournt of phenomenal color experience to get off the ground,
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there has to be a systematic causal relation between oljed colors and states of the wlor
vision system that are the @lor experiences. In ather words, assuming that theories of
representation are crred in their most general assumption that representation is a causa
relation, qute plausibly, color experience can represent objed color only if objed colors
can systematicdly cause wlor experiences. Conclusion: any acourt of objed color
acording to which colors are caisaly inert, or they are nat the caises of color
experience, canna be used to establish phenomena externalism.

Note that in general it is nat true that we can represent only those properties that
can cause relevant changes in ou cognitive systems. Our concept UNICORN, for
instance, has the representational content unicorn, even though no umcorn has ever
tokened anyone’s UNICORN concept. One plausible solution to such a cae is that
whereas, say, COW can be a primitive, or atomic concept, UNICORN canna (e.g.,
Fodar, 19900). The concept UNICORN is an abbreviated description — it is constructed
out of basic concepts (e.g., HORSE and HORN) that aaquire their representational
content from dired causal links to oljedsin their extension. However, color experiences
are unlike @nceptual representations in this resped: it is not possble to construct
mentally, ou of color experiences, other, more wmplex color experiences that do nd
correspondto any acdual stimulus property in the eavironment. That's just nat the job o
color vision* The system of perceptual color representations does not exhibit
productivity and systematicity because this g/stem has no powverful generative syntax.
Rules of combination within the redm of color experience ae very simple compared to
linguistic representations, and the complexity of the end product is also strictly limited.

We can have lor experiences as of unique hues and d binary ones, plus sturated and
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unsaturated ores. It is arguable that the experience of, say, puple is g/ntadicdly more
complex than that of unique red — the former has two dedpherable @nstituentsinit (i.e.,
felt reddishnessand felt bluishnesg whereas the latter does nat (seeJakab, 200@, 2000b
for more detail on this topic). Perhaps Hume was right, and there ae shades that we can
imagine even though we have never experienced them before. It is perhaps arguable that,
say, Mary the @lorblind scientist (Jadson, 1982, 198% could imagine orange if she was
shown red and yellow but not other colors. But, ona representationali st acourt of color
experience, this cgpadaty of Mary’s to imagine orange is due to the fad that she has
succesdully perceptuall y represented red and yell ow, that is, red and yell ow objed colors
did cause her experiences as of red and yellow. This gory could na be told if it was
suppased that colorsin general canna cause wlor experiences.

Now let us evauate the a&owe three views of objed color with regard to
representational externalism. The story is the shortest in the cae of subjedivism. On
subjedivism, objeds are not colored. On dfferent versions of subjedivism, colors are
either in the hed (i.e., they are mental events, phenomenal color experiences) or they are
systematic illusions — properties that we represent objeds as having, ukiquitously and
erroneously. Even though there ae stimuli that are systematicdly causaly resporsible for
eliciting our color experiences, these properties are so dssmilar to what is siggested by
color perception that they do nd deserve to be cdled colors. Clealy, onthis view, colors
arenot causally resporsible for €liciting color experiences.

The situation is a little more complicaed in the cae of dispaositionalism abou
color. One ould argue in two related ways. On dispaositionalism colors are ather not the

causes of color experience or if they are, they are so orly in a sewndary, derivative
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sense. Dispositionalism halds that colors are the dispasitions of objeds to €licit color
experiencein us. As | mentioned abowve (Sedion 2.3.2, dispositions are (or so | take it)
functional states, or multiply redizable caisal roles. Such causal roles are not themselves
causaly effedive — only their bases, the physicd properties that endow their bearers with
the dispositions are. What is distinctive &ou dispaositionalism is that it identifies colors
with the dispositions to elicit color experience, and not with the bases of such
dispositions. It is physicdism that identifies colors with the bases of dispasitions to elicit
color experience These bases are typicdly identified as high-level physicd types like
refledance emisdon pofile, and so on. So, on dispasitionalism, colors are astrad
causal roles not themselves causally effedive. To say that colors — the dispositions to
eicit color experience — are caisaly effedive is either false or it is true only in the
sewmnadary, derivative sense that it is the bases of these dispositions (i.e., the actcdental
color-role fill ers) that are literally causally effedive.” This mndary sense of causation
already constitutes sufficient reason to cite @lors, as dispaositionalism analyzes them, in
causal explanations. It makes snse to say that the glassfell and lroke becaise it was
brittle; similarly, it makes snse to say that ripe strawberries look red (and are red)
becuse they have adisposition to elicit red experience in us. But from the fad that
dispositions figure in causal explanations we cana conclude that dispositions
themselves are literally causdly effedive.’® Dispositions can figure in causal
explanations simply becaise they correspondto (or smply, are) lawlike caisal links, i.e.,
ones between the bases of the dispaositions and their manifestation. But to say that it is the
lawlike causal link that causes something is a mnfusion: the causal link is constituted by

the basis property, the event of manifestation, and a spedfic, predictable interadion (i.e.,
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the event of causation) between the two in speafic drcumstances. All this leases us with
the @nclusion that, strictly speaking, dispositions do nd cause, hence on
dispasiti onalism colors themselves do nd cause our color experiences.””

Finally, let us turn to the Simple View of color, introduced in Sedion 1.1.3abowe.
It shoudd be obwvious that were this view corred, it would be the perfed partner for
phenomenal externalism. On it, colors are the causes of color experience they are high-
level physicd types, they diredly determine the phenomenal charader of color
experience via astrong link of transparency — representationalists could na dream of a
better acourt of objed color. If it were rred, | stress Note that Campbell’s view
seans quite dose to type physicdism, as far as we can asess from his concise
exposition. For most likely, rednessis a non-disunctive physical type if (i) it looks non
disunctive (i.e., al and orly red things look to share exadly one salient inherent surface
property, that is, the same one with dlight variations in ead and every case of red
objeds), and (ii) color experienceis transparent with resped to color properties. The key
diff erence between the Simple View and type physicdism is that the former assumes that
objed colors are not accessble to conceptua grasp — as Tye puts it (2000, p. 149 they
are goistemicdly basic, bu metaphysicdly derivative. Type physicdism denies this and
attempts to speafy explicitly the high-level physicd types that are the alors.

Here is the key problem with the Simple view as | seeit. We know a lot abou
which high-level physicd types are spedficdly causaly resporsible for éiciting our
color experiences. As we have seen, these ae surface refledances, transmittances,
emisson pofiles, and so on.Each oljed color is adigunctive property, but probably one

with na very many diguncts. (Thisis © because, as | argued above, plausibly there is a
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solution to the problem of metamerism, at least in the case of broad color caegories, and
it is metamerism that has led some theorists to conclude that there ae infinitely many
surface properties — refledances — that look to us the same lor in namal
circumstances). Furthermore, what we know, conceptualy, abou the high-level physicd
types that are the olors, we know from empiricd science, and nd from color experience
Color experience does reved to us smething that seems nat to be avail able by any other
means (i.e., what it is like to seethe mlors). But certainly, it does not reved to us the
nature of the high-level physicd types that are the systematic causes of color experience
(i.e., the types as identified by science). At this point Campbell might objed that | am
begging the question against him, since he made adistinction between transparency to
color experience and transparency to conceptual grasp. | reply that this very distinctionis
dubious, as s1own by the cae of shape perception. Shape perception daes reved to usthe
nature of shapes, in away that is accesgble to conceptual reconstruction. In this snse,
shape perception is transparent with regard to shapes. But what kind d transparency is it
that all ows us no conceptual access? At aminimum there seems to be no relevant analogy
for thisin ather redms (seeSmith, 1993, p. 27"

In ather words, ore just canna be @ntent to reply to the question “But please,
what kind d high-level physicd types are the @lors?’ by saying “Well, just look. Don't
refled.”, as Campbell wants us to do. Empiricd science has taught us the high-level
physicd types that are the candidates for being identified with the mlors. These types are
not transparent to perception in the noncontroversial sense of transparency (e.g., in the
way shapes are perceptually transparent). In the faceof this chall enge, Campbell wants us

to think that colors are some other high-level physicd types, ores that are (i) inaccessble
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to conceptua grasp, (ii) still transparent, but are so merely to color vision. So either we
say that nothing in the natural order responds to Campbell’s charaderization d objed
color, or we buy into his dubious nation d transparency and agnaosticism abou certain
high-level physicd types. | prefer not to dothe latter, and so | conclude that the Simple

View is mistaken. Therefore it is noway out for phenomenal externalism.



162

Chapter Six: Individual differencesin phenomenology

3. Theproblem and the second argument

There «ists another argument against phenomena externadism that is
independent from the one | presented so far, the agument from the heterogeneous nature
of objea color. In its general form, the agument from individual differences goes as
follows. Even assuming, for the sake of argument, that objed colors — at least broad color
caegories — are sufficiently well charaderized perception-independently, in terms of
stimulus properties, it is an empiricd fad that there ae diff erences between color-normal
individuals with resped to their color vision.”® Even more interestingly, differences of the
same kind can be observed between na just trichromat individuals, bu groups like
women and men, dfferent race ad age groups. Color normals are those people who pass
the standard tests for trichromacy — for instance the Pseudo-Isochromatic Plates, or the
Farnsworth-Munsell 100-hue Test. Such dfferences between color-normals iow up at
threedifferent levels (for areview of the relevant data seeBlock, 1999, pp. 444). First,
the wlor-matching functions of different color-normal individuals often dffer
substantialy (Lutze @ al., 199Q Neitz and Neitz, 1998 Hardin, 1988, 7632, and Fig. II-
5A-B on p. 77 Block, 1999, pp. 4#42). Second, dfferent color-normals respond
differently in color-matching experiments. for instance, females and maes typicdly
disagree on the locdion d their matches. In tests with the Rayleigh anomaloscope,
subjeds are aked to make the two halves of a screen match in color where one half is
illuminated by a mixture of red and green light, and the other half by yellow or orange

light. The task is to adjust the intensities of the red and green lights © that the mixtureis
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indistinguishable in color from the yellow or orange light (Neitz and Jacobs, 1986 Block,
1999, p. 42 In this test, female subjeds most often find a match at a point where no
male matches (Neitz and Jawmbs, 1986, p. 62b Third, there ae individual and group
differences in the locaion o unique hues (Block, 1999, p. 43Hardin, 1988 pp. 7980,
Byrne and Hilbert, 1997, p.272Kuehni, 200]). These differences are espeaadly large
when the stimuli are monochromatic lights (Ayama d a., 1987 Kuehni, 2001, p. 6L
The locdion d unique blue varies between 453489 mm; locaions of unique green vary
between 488535 mm; unique yellow ranges between 544594 mm; finally, for unique red
sometimes a spedra wavelength is chosen, sometimes ome extraspedral light (i.e, a
mixture of different monachromatic lights). For refledive surfaces, the variation o
unique hue locaionsis gnadler, bu still significant (Kuehni, 2001, pp. 63, 65

These differences are related to ore another. Between-subjed differences in the
M- and L-cone sensitivity curves cause adifferencein color-matching resporses (Neitz et
a., 1993, p. 117Block, 1999, p. 42 Subeds unique hue dhoices are dso linked to the
variations in the aosover wavelengths of their color-matching functions (Kuehni, 2001,
p. 69.

These results together indicate that the same wlor stimulus (charaderized in
perception-independent terms like surface refledance) in the same drcumstances of
perception dten appeas, to dfferent color-normal percevers, sightly different in color
(Kuehni, 2001, pp. 63, 638Block, 1999p. 43. Correspondngly, for two dfferent color-
norma subjeds in the same darcumstances it is often dlightly different color stimuli that
look, prenomenally, the same in color (e.g., urique green; balanced arange, etc.). (Note

that this phenomenonis nat the same & metamerism, since, as | just said, for two such
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subjeds the same refledance would na look the same in color.) However, if the relevant
color-property (i.e., the stimulus property that color experience represents) is one and the
same, and circumstances are dso identicd, then the two subjeds’ representations of the
same mlor stimulus has to be asgned the same representational content.®° If, in such a
case, the same wlor property gives rise to dfferent color appeaances (perceptions as of
different shades) in dfferent subeds, then the problem bemmes that color
phenomenology differs withou a crrespondng difference in color content. This is an
unaccetable mnsequence for representationdists like Tye or Dretske who hdd that
phenomenal charader is exhausted by representational content. If color content and color
phenomenology vary independently of eat aher, then the two canna be identicd, nar
can phenomena charader supervene on perceptua content (see Block, 1999, p.40 and
note 2 on p. 67 Byrne and Hilbert, 1997, pp. 26:272). The daim then is that data on
individual differencesin phenomenadlogy falsifies phenomenal externalism.

There ae anumber of resporses given by representationalists to this argument.
One such resporee is by Byrne and Hilbert (1997, pp. 27274). Block (1999 evauates a
number of posgble representationdlist resporses, and refines the agument. Tye (2000,
pp. 8993) answers Block by trying to fend df the mntention that representationalism has
no resources to acommodate the phenomenon d individual differences. In the rest of
this ®dion | first offer an overview of the debate. Then | continue by challenging Tye's
and Byrne and Hilbert's defenses, contending that their resporses are @rred, bu
incomplete, and so leave the doa open for a dlightly improved form of the agument. |
shall work out the detail s of thisimprovement. The new version d the agument requires,

as one of its premises, some anpiricd phenomena to adually obtain. | shal end this
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dissertation by reporting and dscussng the results of an experiment that was designed to
test whether the required phenomena indeed oltain. If they do, then, | shal claim, the
argument from individual differences gains more force and becomes an independent

ressonto gquestionthe wmrrednessof phenomena externalism.

3.1.Byrne and Hil bert’ sresponse

Byrne and Hilbert, after making the dam that color content and color
phenomenology are necessarily correlated (Byrne and Hilbert, 1997, p. 26), offer the
following resporse to the problem of individua differences (pp. 272274). On the
evidence it seams possble that a particular color stimulus Z looks pure green to ore
subjed, and dlightly bluish green to anather subjed. We neal not, howvever, hdd that
green and Huish green are, in general, contraries — that is, we need na believe that if an
objed at atime is unique green owerdl, then isit ipso facto na bluish green oweral. For
there may be cetain greens that are & the same time bluish greens and vice versa. There
is a least an analogous posshility in the redm of shapes. At first glance being a
redangle and keing a diamond sean mutualy exclusive dtributes. But they aren’t in
general mutually exclusive. A square, standing on ore of its corners, is bath a redangle
and a diamond, even though it may not look like aredangle & first glance Similarly, a
square, standing on ore of its edges, dces not look like adiamond, bu if we dhange the
viewing condtions dightly, (i.e., turn it around ly 45 degrees) it will 1ook like a
diamond. On the other hand, there obviously are redangles that are nat diamonds, and
vice versa. Perhaps the same is true of colors: certain colors are bath unque green and

bluish green. Even though such a @lor may not look Huish at al under one normal
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illuminant, by changing the ill umination slightly, it may start to look green with atinge of
blue in it. By admitting that, in general, unique green and duish green aren’'t contraries,
we have areply to the problem of individual differences. Moreover, even if there anerges
some reason to believe that unique green and Huish green are contraries, there still i s no
disaster, just a bit of nuisance for the type physicdist. For in this case asubed who
perceves a unique green surface & dightly bluish, bu still predominantly green is
subjed to a small degreeof illuson a misperception, while her color perception is, for
the most part, corred. That might happen as living creaures often have sub-optimal
medhanisms to implement biologicd functions — sub-optimal mechanisms that are till

goodenough to asaure fitnessand survival.

3.2.Block’ s anti-representationalist arguments
After reviewing relevant empiricd data and formulating the agument, Block

(1999 looks at a number of passble representationali st objedions and replies to them. In

this sdion | go through the relevant parts of Block’s paper, sometimes inserting

paragraphs with my own remarks. First we have to make adistinction between perceptual

color categories that are nat themselves color concepts, and experiences as of narrow
shades. Narrow shades are shades that have no dscriminable sub-shades (Block, 1999, p.
46). Perceptual color caegories correspondto the perceptua similarity groupngs of the
colors: for instance, when we look at a rainbow, we seedistinct bands of different colors
where the stimulus itself has no correspondng bands of different type, just the gradually
changing wavelengths of light (Hardin, 1997, p. 293Shepard, 1997, p. 344Matthen,

1999, pp. 68, 76 Block observes that if the agument from individual differences is put
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in teems of perceptual color caegories, then it is relatively easy, for the
representationali st, to reply that difference in phrenomena charader is accompanied by a
difference in representational content. For instance if Max and Samantha both
experience the same mailbox as red, yet their experiences differ dlightly in phenomenal
charader, then the representationalist can reply that this senario entails a difference in
color content. For, say, the shade of the mailbox may be included in Max’s perceptual
caegory of pure red, whereas for Samantha, the same shade isincluded in her perceptual
caegory orangeish red. That is, the two represent the shade of the mailbox in dfferent
ways (both being acceptable, in terms of veridicdity — perhaps Max’s perception fail s to
deted the tinge of yellow that Samantha s color vision caches).

The next question this <enario raises is how there can be objedive (i.e,
intersubjedively available) colors if different subjeds differ with resped to their
perceptual color caegories. Block’s reply is, there ae objeds which would be
caegorized in ided circumstances as, say, yellow by most or al color-normals, and these
objeds are objedively yellow. This definition leaves sme objeds indeterminate in
objedive mlor — think of a fabric that looks, to a number of people, green (or bluish
green), whereas to many other people it looks blue (or greenish bue) (Block, 1999, p.
45).

At this paint | wish to remark that such a perceptual-dispaosition-based definition
of objed color is not favored by most representationali sts who are targeted in Block’s
paper. | am sure Tye and Dretske would rged such definitions, insisting on some
percever-independent terminology insteal, such as surfacerefledance For a number of

reasons, some of which I tried to provide in the previous ®dions, Block’s approach to
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objedive wlor seams inadequate for representationalist views of phenomenal charader.
For instance if being green is the same & being the stimulus property that most or all
trichromat humans would perceive as green in normal circumstances,®’ then is this
relational property (i.e., being perceved by most other trichromats as green) the one that
enters the perceptual content of our experiences as of green? How could such a property
causally affed our color perception, and thus aaquire astrong paosition in a causal theory
of perceptual content? There seansto be no easy answer to these questions.

Returning to Block's line of reasoning, if the agument from individual
differences is formulated in terms of narrow shades and experiences of them, it will not
be susceptible to the counterargument from color caegorization. When Max and
Samantha both look at the same OSA-UCS sample in the same drcumstances, they may
still experience a dlightly different color. That is, they undergo dlightly different
perceptually determinate color experiences (the vivid color experiences that occur on
looking at colored oljeds in good lighting). Since stimulus and circumstances are the
same, the perceptual contents of Max’s and Samantha's color experiences must be the
same @ well .22 Yet there is phenomenal difference, so representationalism is in troube.
Since empiricd data suggest that there ae such phenomenal diff erences not underlain by
representational ones between females and males, dfferent races, and dfferent age
groups, representationalism can orly escgoe by claming that some groups do nd
perceve mlors veridicdly — for instance either men, a bladk people, or the dderly,
undergo systematic oolor illusions. But this is patently unaccetable -

representationalism has led us to an absurd conclusion. If we aume, as we shoud, that
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al of the &owve groups perceive wlors veridicaly, then what we have is a reductio of
representationali sm about color experience (Block, 1999, pp. 4617).

We can pu this result in the following way (Block, 1999, p. 48 evidence
suppats the distinction between two dfferent senses of ‘looks': the intentional sense in
which two oljeds look the same in color just in case they are represented as having the
same lor property, and the qualitative or phenomenal sense that reaognizes phenomenal
differences that go beyond perceptual content (Block, 1999, p. 48

The next representationalist objedion Block considers goes as follows. A given
narrow shade looks different to dfferent groups, therefore diff erent groups represent it as
having different colors. Moreover, the representationalist might go on conceding that it
does in fad have dlightly different colors relative to these groups (Block, 1999, pp. 48
49). If color was defined ealier by means of a relation to trichromat percevers, why
can't we redefine it now relative to dfferent groups of trichromats? The story continues
thus: different groups represent one and the same @lor sample & having diff erent, group-
relative olor, so their phenomena difference is underlain by a representationd
difference, so representationalism escapes. Block’s reply to this objedion is that there
are, as a matter of fad, oljedive wlors—it is enough to go to a paint store to see alot of
them. Hence mlors — at any rate, alot of the wlors — are nat relative to dfferent groups
of trichromats, and so this representationali st objedion daes not get going.

My remark here is that if narrow shades in the paint shop like Dove White,
Benjamin Moore Linen White, Burnt Sienna and the like ae dl obedive, what makes
them objedive? Certainly not the fad that most color-normals perceive them the same

way, becaise that isfalse. So Block’s definition d objedive wlor that he gave for broad
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color caegories does not work for narrow shades. What can indeed make wlors in the
paint store objedive is their surfacerefledance, and perhaps the mixing procedure by
which particular shades (custom colors) are produced from the premixed colors. These
are dl percaver-independent charaderistics, so it’s time to redize that if we want a
strong version d the agument from individual differences that proceals from narrow
shades, then we neal a definition d objed color in perception-independent terms.
(Remark ends.)

In a similar vein, the representationalist could oljed the foll owing way. Assume
that Max and Samantha, on looking a the same OSA-UCS sample, undergo
phenomenally dlightly different color experiences. Following Sternheim and Boynton's
descriptive termindogy (Sternheim and Boynton, 1966 see &so Miller, 1997, assume
that the sample looks 60 per cent reddish, 40 fr cent yell owish to Samantha, and 70 pr
cent reddish, 30 per cent yellowish to Max. Since stimulus and circumstances are the
same, the phenomenali st would conclude that there is no correspondng representational
difference But the representationalist could just as well insist that there is a
representational diff erence here too— sinceif the sample looks to Max more reddish, then
he just represents it that way — that is, differently from Samantha (Block, 1999, p. 4%
Block’s reply is that there can be many cases in which there is verbal agreement between
Max and Samantha regarding the @lor of the sample (e.g., bah would judge it reddish
orange), yet there is a dlight difference in their phenomenal charaders — a diff erence that
is too subtle to be expressed verbally. As Block suggests, there is no reason to assume

that the representational contents differ in such cases (Block, 1999, p. 51
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Inserted remark: Here Block’s reply seems to me totally inadequate. Of course
there can be differences in perceptual content even if it is virtualy imposgble to express
such differences verbally. To capture such dff erences was one main reason for which the
nation of perceptua (nonrconceptual) content was introduced in the first place Tye
would naturaly agree that differences in perceptual content can be too minor to be
accessble to the onceptua level. Conceptual representation is digital, perceptual
representation is analog, so no matter how good the interfaceis between the two, small
pieces of information probably get lost in the processof code transformation. Thisis one
fador that reasonably contributes to the so-cdled ineffability of sensory experiences
(Raffman, 1995.

A better reply to this representationalist objedion, formulated in a terminology
that Tye and Dretske would prefer, is this. Since perceptualy determinate lor
experiences have the function d representing narrow ranges of surfacerefledance, if the
same refledance R adivates two dfferent, perceptually determinate alor experiencesin
Max and Samantha, then necessarily, Max represents R as belonging to ore narrow range
of refledances whereas Samantha represents it as belonging to ancther narrow range of
refledances. If, in addition, it is assumed that the two narrow ranges (well-spedfied
types) of refledance that are the contents of Max’s and Samantha's color experiences
respedively are nonoverlapping (an assumption that does nat come for fred), then the
conclusionis that one of them misrepresents the sample wlorwise (seebelow for a more
detail ed explanation). But since both Samantha and Max are normal color percavers, this
conclusion is unacceptable, so representationalism gets in troude aain. Badk to Block’s

line of thought.
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As Block admits, in light of the individual differences, there might be aproblem
with the notion d objedive mlor introduced above. Prima facie, the following two
principles abou color sound pausible. (1) If something looks red in opimal
circumstances, then it is red. (2) If something looks red to me (or any particular normal
color percaver), then it looks red smpliciter. That is, based on the first person
perspedive of experience, ore ca tell authoritatively whether something looks red.
However, given the data on individual differences, what looks red to me, might not look
red to ather people. What color an oljed looks to me is no infali ble guide to what color
it looks to athers. So trouble emerges as to the compatibility of (1) and (2). The definition
of objedive mlor Block offers retains (1) and dops (2): If something looks red to most
or al color-normals, then it looks red simpliciter, and if something looks red simpliciter,
it is red. Thus it seems that the natural intuition acwrding to which colors are both
observational and ohedive cana be maintained. If we awme that colors are
observationd (i.e., | done can establish the mlor of obeds by looking) then they are not
objedive: by their own perception ahers would establish atherwise. If, onthe other hand,
colors are taken to be objedive, then they are not observational (since dl or most color
percavers impressons must be taken into aceurt in establishing the wlor of objeds).

Subjedive or personrelative @lors are understood Ly intersubjedive diff erences
in color caegorization: different subjeds perceptual color caegories comprise
somewhat different minimal shades. So if Max and Samantha look at the same OSA-UCS
sample, they both see the same narrow shade, bu they perceptually caegorize it in
dightly different ways. This is a difference in representation, and it explains their

differing phenomenal experiences. Block (1999, p. 52 does not seam to have a strong
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reply to this senario. Insteal, he ajain tries to avoid invoking color categories, and rely
only on rarrow shades. His key example is this. when Samantha looks at Purple 67 and
Purple 68 (say, two samples that are one or two just naticedl e diff erences away), the two
chips will I ook dfferent to her, bu it is difficult to assgn any representational difference
here. She would caegorize both samples bluered, a purple; no conceptud
representation could capture their minute diff erence Perhaps a representational system of
ultimately fine-grained chips could capture the difference in some way, bu that is not
avail able to her onthe fly, argues Block.

Remark: this is again an inadequate reply. For no good reason, Block insists on
capturing the representationa difference by some digital representational system —
distinct perceptual categories or concepts. But the representationa difference can be
entirely in the perceptual content that is reasonably thought of as analog, and so it can
represent very fine differences. Perhaps as fine & ones correspondng to the minimal
phenomenal difference between two color experiences, the representationalist may
reasonably argue. Moreover, the digital representation o such minimal differences might
be aplausible ideg too. Samantha may be a olor expert in a paint fadory, having
aquired, ower the yeas, a very refined perceptua caegory system for colors 9 that she
can perceptuall y recognize quite narrow, close-to-minimal shades.

It begins to seen now that there ae problems with Block’s anti-
representationalist argument. This is enough reason for me to leave off the detailed
discusson d Block’s paper at this point. He takes it that the last and bkest chance of
representationalism to cope with individual differences is to take a view he cdls

subedive etensionadism (i.e.,, subedive etensiondist representationalism: Block,



174

1999, pp. 556). Thisis the view that the content of color experiences is determined by
their extensions: the set of stimuli that evokes, under optimal circumstances, a particular
color experience Subtle individual differences in phenomenadlogy then are couded with
small individua differences in the extensions of color experiences. Such extensions are
person-relative to an extent, and so are the contents of color experiences. Block argues
that this view is inconsistent as the nation d optimal circumstances presuppases that of
objedive mlor — the two are interdefined. (Very roughly, optimal circumstances are the
circumstances in which olgeds look to be the mlors they objedively are, and the
objedivity of color derives from the samenessof color perceptions of color-normals in
optimal circumstances. see Block, 1999, p. 45and abowve). This makes a subjedivist
version d representationalism, that nevertheless appeds to ogimal condtions, a shaky
ground(seeBlock, 1999, 5661 for detail).

| do nd nedl to tadkle this part of Block’s argument, as | arealy pointed ou gaps
in the ealier part of his reasoning. Subjedive extensionalism is not the last chance of
representationalism, as ealier representationalist objedions in his paper receved
inadequate replies, and hence sean to survive. In sum, | think Block is not entirely
succesdul in refuting representationalism (even though he had all the necessary premises

in). So thereisroom for areply, and Tye (2000, pp, 8P3) corredly natices this.

3.3.Tye' sreply to Block
Tye's reply assumes the detail s of his representationalist acourt: his notion d
perceptual representations, and hs type physicdist definition d objed color in terms of

surfacerefledance In his reply, Tye does not consider Block’s aternative definition o
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objedive wlor, or his sibedive representationalist moves at al. He begins with the
more difficult case, that of narrow shades. The paoint of his reply is the following. We
know that human color vision cahnda nealy discriminate every distinct surface
refledance from all others. We can dscriminate, in color vision, orly metameric dasses
of SSRs. If Max and Samantha look at the same mlor sample, the sample has a
determinate surfacerefledance, bu neither Samantha, nar Max represent it as having that
particular surface reflectance. Their perceptually determinate lor experiences both
represent the surfacerefledance of the sample by some of its generali zable properties. as
belonging to a metameric class. Correspondngly, many other SSRs are possble that
would dlicit exadly the same mlor experience in Max; the same is true of Samantha.
Now, if Samantha's and Max’s metameric dasses in gquestion do nd comprise the same
determinate refledances, that is, these dases do nd correspond to exadly the same
refledance type, then the properties (refledance types) that Max and Samantha represent
the sample & having will be dlightly different as well. But that means a difference in
representational content, and hence the way is open to admit a small interpersond
difference in prenomena charader between the two. Next problem: does one of them
necessarily misrepresent the sample? Answer: no, if the two metameric dasses, or narrow
ranges of refledances, that Samantha and Max represent the sample & belonging to, are
overlapping. This is becaise in such a cae the two refledance properties that uniquely
charaderize the metamer sets of Samantha and Max respedively®® are ompatible, na
mutualy exclusive — there ae particular refledances that belong to bah types at the
same time (one such refledance is that of the sample they both look at in the example).

For instance, Samantha may be abetter color percever, and so the range of refledances
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that she represents the sample a belonging to may be part of the range of refledances
that Max represents the sample & belonging to. Or the two ranges may overlap neither
including the other. That is, there might be differences between different color-normalsin
how their perceptually determinate color experiences carve up the set of natural
reflectances into metameric classes or (sub)sets. Tye's key example is that some subjeds
have better color-discrimination ability than athers, and it is reasonable to assume that
they correspondngly have aricher redm of phenomenal color experiences (i.e., a larger
number of distinct color experiences). This treatment of individual differences in color
perception solves ancther apparent paradox. Samantha and Max seethe sample & having
dightly different shades, and bdh their perceptions are veridicd, so does the sample have
two dfferent shades at the same time? Yes, it can, if a least one of the shades is
nomminimal — if it comprises $ades that at least some trichromats would be &le to
discriminate (Tye, 2000, p. 9L

Notice a subtlety. It might appea to someone that Tye's representationalist
acourt of individual differences also has a subjedivist (representationalist) flavor to it.
So if Block indeed has an argument to the inconsistency of subjedivist representationali st
views, then perhaps that argument applies to Tye's lution as well. | think thisiswrong
becaise in Tye's approach oljedive mlor and ogimal circumstances of perception are
defined independently of eat ather®®. Rednessfor Tye is nat defined as the property that
looks red to most or al trichromat humans in namal circumstances (remember, this is
Block’s definition), rather, for him, rednessis a type of surfacerefledance For Block,
the explanation goes like this: ripe tomatoes are objedively red because they look red to

most or all trichromat humans. For Tye, the explanation goesin the reverse diredion: ripe
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tomatoes look the way they do colorwise because they have the surface refledance
(color-) property they do. The way Block defines objedive mlor seems to me to missthe
externali st point in representationali sm.

As to broad color caegories, Tye simply repeas Block’s case of individual
differences in perceptual color caegorization (Tye, 2000, pp. 983; Block, 1999, pp. 44
45 and kelow in his paper): different color-normals may differ in haw they perceptually
caegorize narrow shades. He does not discussthe objedions and the representationali st
replies that Block conjures up. This turns out to be not a serious problem since, as we
saw, Block’s anti-representationali st objedions in the broad color caegories case ae, to
put it mildly, na one hunded per cent convincing (seethe previous sdion). In addition,
Tye has a forceful reply in the narrow shades case, ore that deserves careful treament.
Thisiswhat | shall provide next; the anti-representationalist courterattadk I’m going to
offer is intended to apply both against Byrne and Hilbert's and Tye's defenses of the

view.

3.4. Reply to Tye, Byrne and Hilbert
Tye (2000, p. 69 formulates the following wegk representationalist thesis for the

visual modality:

(R) Necessarily, visua experiences that are dike with resped to their representational

contents are dike phenomenally.
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It is obvious that this is the key thesis that is at stake in the representationali st-
phenomenalist debate. Since atual cases are possble in any sense of paossbility, if
empiricd data uncovers <enarios in which phenomenal color experience differs, bu
there is no room for color-content-difference asgnment, then we can conclude that
phenomenal variation is possble withou variation in perceptua content, and hence
phenomenal charader canna be identicd with perceptual content. As we have seen from
the foregoing review, there ae afew theoreticd complicaions that do nd make it a very
simple task to find urcontroversial cases of content-phenomenal charader freegolay. Still,
| think individual differences in color vision provide a ¢tea example of such freeplay,
and this is what | wish to demonstrate. In what follows | continue to assume Tye's
approach to oged color, namely that broad color caegories, narrower nomminimal
shades and minimal shades are dl types of refledance

What | shall show in what follows is that there can exist an inter-subjedive shift
between narrow ranges of refledance and perceptualy maximally determinate lor
experiences. In aher words, | shal demonstrate that there exist normal, trichromat
subjeds (I continue to use the imaginary example of Max and Samantha here) such that
the narrow range of refledances (say, SR;) that Max sees as unique green is different
from the one (say, SR,) that Samantha sees as unique green. Moreover, SR; and SR, are
nonoverlapping, that is, there is no particular surface refledance that belongs to bah
ranges. That is, there is no unque narrow range of refledances that al trichromat
humans e & unique green (mutatis mutandis for other narrow shades). This

indeterminacy results in representational -content-independent changes in the phenomenal
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charaders of color perceptions between dfferent color percevers, thereby falsifying
Tye sthesisR.

In adchieving this goadl, first | point out in more detall how the philosophicd iswue
of the crrednessof R comes down to an empirica isaue. This requires ome theoreticd,
or philosophicd groundwvork. Sewmnd, | describe an experiment that is designed to

demonstrate that the inter-subjedive shift that is sufficient to falsify R indead oltains.

3.4.1. A model of perceptual color categorization

Tye (2000, p. 92 writes:

... there ae visua representations both of colors and of (more or less

narrow) shades. Since ®lors comprise or include many shades, in

representing X as having a cetain color, my experience effectively
classifies it along many other things whaose lor shades | can discriminate

from X. Such classficaions will certainly vary from personto person,and

these dasdficaions will be refleded in dfferences in verbal and

nonverbal behavior in certain situations. (My italics.)

Acoording to this passage, there exist two dstinct levels of visual representation:
that of colors, and that of shades. On p. 91 Tye says that shades can be minimal or
nominimal, where aminimal shade is one for which there exists no aher shade that isa
shade of it. For instance, when | look at a particular tree led in the summer noon
daylight, | see aperceptualy (maximally) determinate shade of green, i.e,, have a
perceptual experience of a particular shade of green, say Gys. (The experience of Ggs |
will cdl greenys.) There ae noinstances of the shade G (a narrow range of refledances,
or a set of metameric surfaces) that | can discriminate from ead aher; acordingly, there

are no phkenomenally distinct color experiences al of which are green,; experiences. In

other words, minimal shades pretty much correspondto perceptually determinate color
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experiences (heredter PDCEs). PDCEs are mlor experiences that we undergo when
looking at particular color stimuli in namal ill umination— green,sis an example.

Nonminimal shades are cdegories of minima shades: wider ranges of
refledances, or sets of different metamer sets. Any perceptual experience of a
norminimal shade (e.g., a perceptual experience of green) is ipso facto a perceptud
experience of a minimal shade, e.g., G,3. Perceptua color experiences are maximally
determinate, at least in namal circumstances of perception. (Barring, perhaps, faint
chromatic perceptions in very low lighting.) This is becaise what we can dredly
perceve & a given time and spatial locdion are particular refleding surfaces
(“maximally determinate refledances’), na any categories of reflectances (and
nomminimal shades are cdegories of refledances).®® So, in oder to perceéve a
norminima shade (e.g., green, a lime green), or have the perceptual experience of a
norminimal shade (e.g., the eperience of green o that of lime green), we have to
perceive aparticular refleding surface (a surfacethat is a member of the metamer set
which in turn is the minimal shade in question, e.g., G3), and thereby have the perceptual
experience of a minimal shade (e.g., greays). Since Gyzis green, in perceving Gy; one
perceves grean; in undergoing grean,s one undergoes an experience of green.

Memories formed of perceptua color experiences, howvever, are much lessvivid
than perceptual color experiences themselves. Perhaps in recdling or imagining colors
one can have the eperience of a nomminimal shade withou ipso facto having the
experience of aminimal shade (i.e., a PDCE). Perhaps the faintnessof color memoriesis
just this: having the experience of, say, green, withou further spedficaion — withou the

faint experience necessxily being a PDCE like greans. As it has been observed by
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different authors (Raffman, 1995, pp.294295 Tye, 2000, pp. 1112), ou memory for
colorsis not very acarate. We cetainly canna memorize PDCEs diredly, only wider or
narrower ranges of PDCEs. (We canda reagnize, based on memory recdl, minimal
shades. e.g., we caand reaognize the paint color in the paint store that exadly matches
the alor of the wall in owr room.) That is, minimal shades we perceptualy represent by
PDCEs; norminimal shades (in general, perceptua color categories) we represent by
color caegory representations that consist of PDCEs.2® Our memory, it seams, can store
only color caegory representations, na PDCEs themselves.

From the discusson so far it shoud be dea that PDCEs do nd classfy together
shades that we can distinguish from ead aher. But, acording to Tye, ore's color
experience (at some other level) does classfy together shades that one can distinguish
from ead ather. It seams that we need alittl e model of perceptua color caegorization to
proceda further. Based ona number of authors (Raffman, 1995, pp. 29295, Byrne and
Hilbert, 1997, pp. 26267, Block, 1999, pp44-45; Tye, 2000, pp. 1112), | propase the
following two-level scheme. Particular surfacerefledances that are picked up Ly color
vision are first caegorized by PDCEs:. these mlor experiences correspond to metamer
sets. Simplifying matters mewhat (i.e.,, ignoring illumination dependence in
metamerism), given a metamer set M, ead ore of its members looks the same @lor (to
trichromat humans). This categorization d surfacerefledances is inherent in perceptual
color experience those things that are ctegorized together (i.e., members of metamer
sets) canna be discriminated by our color vision. PDCEs categorize surfacerefledances,

in addition, as we saw above, PDCEs are not memorizable.
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But we can perceptualy memorize, recdl, and imagine mlors to an extent. That
is, ou color experiences can be stored in memory — na just conceptual/propasitional
memory as color names, bu also as perceptual experiences. However, as we know well
color experiences, when recdled, are much less vivid than they are when we adually
perceive mlors. Moreover, our perceptual memories of colors enable us only for a much
coarser discrimination than daes color perception (recdl the paint-store example dowe).
Therefore, a seandlevel of color experiences has to be posited: we might cal this level
(perceptually) memorizable color category representations, or simply color caegory
representations. Color caegory representations are ather ranges of PDCES or, perhaps,
single faint color experiences that are less pedfic than PDCEs, and they represent only
what is common, perceptualy, to certain ranges of PDCEs. An example: try to recdl,
from memory, the experience of green. The recdl ed experienceis much fainter than most
perceptual experiences of green, bu it may still convey what is common to al and orly
PDCEs of green colors. Correspondngly, eact color category representation represents a
wider range of refledances (a set of metamer sets), sub-ranges of which (individual
metamer sets) we can dscriminate from one anather. In Tye's terminoogy, colors and
norminimal shades are both sets of metamer sets, and they are spedficdly represented by
color caegory representations (for narrow nonrminimal shades only experts have @lor
caegory representations; for colors like red, green, etc., al trichromats have). PDCEs
speaficdly represent individual minimal shades. PDCEs can also be taken to represent,
indiredly, or by implicaion, nominimal shades or colors, just like the cncept dog
represents (indiredly, by implicaion) the property of being a mammal. Color caegory

representations are indeterminate with resped to minimal shades, so they do nd represent
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spedfic minimal shades (just like the concept mammal does not represent dogs). Contrary
to PDCEs, color caegory representations can be stored in perceptual memory, recdl ed,
and wsed in imagination a coarse discrimination (e.g., given that my car is slverish gray,
on seang a yellow ca that is exadly like mine in ather respeds, | will discriminate it
from my ca, based on my color memory — i.e,, making a memory-based color
discrimination).

Not implausibly, conceptual color caegories and adinary color names are
attadched to wider or narrower color category representations (e.g., red scarlet, cadmium
red, green, lime green, etc.), bu not to PDCEs. There simply are too many different
PDCEs — and too many minimal shades — to name eat. So, based on color caegory
representations coupged with color names, we can make memory-based, o “off-line”
reports of our color perceptions. We remember that Granny Smith apples are light green,
Bosc peas are yellowish brown, and so on.I think it is dso plausible that at the time of
color perception — while our perceptual color-experiencelasts, as we look at a stimulus —
we can make finer verba reports on ou experience (a PDCE). This we might cdl “on-
line perceptual report”: | think the more spedfic information that is delivered by PDCEs,
that is, in most cases, lost for memory storage, is available for conceptua re-coding if it
is caught while perception lasts. This is what happens in experiments of the Sternheim
and Boynton type (Sternheim and Boynton, 1966 Quinn et a., 1988 Miller, 1997,
where the subjeds are asked to charaderize percaved colors by the ad o unique hue
names and percentages (e.g., a predominantly green surfacewith a tinge of yellow may

be haraderized as 90 per cent green, 10 pr cent yell ow).
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A color caegory representation (e.g., that of green) represents the generalizable
properties of the shades that are dso represented by all the PDCEs (among them, grean,s)
falling into the wlor category representation in question. In Byrne and Hilbert’'s terms
(Byrne and Hilbert, 1997, p. 26), green is adeterminable and lime green is a determinate
of it; a particular minimal shade of lime green (e.g., Gz3) is a determinate of the narrower
color caegory lime green. The mlor caegory representation for green represents various
greens, those with dfferent lightness and saturation; dlightly yellowish greens, and
dightly bluish greens. Despite these differences, the @lor category representation for
green represents all these shades as green, full stop; further details abou green ohjed
colors are represented by narrower color caegory representations, or PDCEs like grean,s.
What color caegory representations do is abstradion d a relatively simple sort. Once
again, orly information that color caegory representations take over from PDCES
belonging to them can be preserved in memory. Of course, there ae mlor caegory
representations for binary hues as well. In addition, certain color caegory representations
can owerlap, a have fuzzy boundxries: those for green and Huish green are an example.
There might even be differences between dfferent subjeds in these overlaps, and the
span of their color caegory representations in general: what | would judge green (perhaps

with a negligible traceof blueness, you might judge amore pronourced bduish green.

3.4.2. Incompatibilities
Given the &ove model, the important point to start with is that neither PDCEs,
nor color caegory representations can represent any objed color as, for instance, both

bluish and yellowish. There eists a threelink chain of incompatibiliti es with regard to
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color and color experience Firgt, it is a perceptua fad that no surface aea ca look, to
any trichromat human subjed, smultaneously bluish and yellowish; likewise for
reddishnessand greenishness From this intrasubjective perceptual incompatibility, there
follows a consequence with resped to oljed color: there is no such oljed color as
reddish green or bluish yellow. More generally, no oed color can be baoth buish and
yellowish (or both reddish and greenish). Reddishnessand greenishnessare contraries, or
incompatible @lor properties, as are bluishness and yellowishness We might coin the
term objective incompatibility to refer to this relation between complementary colors in
genera. Were this parallel assumption abou objed color nat made, the accesgiven by
color experience to ojed colors would seem rather strange. Type physicdists abou
color who maintain that (1) objed colors are universals, or natural kind essences (see
Tye, 2000, pp. 103, 12425, nde 4 on p. 16Y and that (2) objea colors play a key role
in the determination d the phenomenal charader of color experience shoud, | think, hdd
that incompatible wlor perceptions correspondto, a represent, physicdly incompatible
objed color properties — properties that canna combine, or are mutually exclusive (just
like their perceptions). If one denies that objedive incompatibility follows from
intrasubjedive incompatibility (plus type physicdism abou color) then the question that
immediately arisesis. if there is sich an oljed color as bluish yellow, then why can we
not perceiveit asit objedively is, i.e., as bluish yellow? And exadly how do we perceive
bluish yellow? The anadlogy here is being circular vs. being redangular. These ae
objedively incompatible properties, and, as a consequence, it is aso true that we caana
perceive awy objed as being both circular and redangular. (Whereas we can perceve an

objed as both square and damond-shaped: see Byrne and Hilbert, 1997, p. 273.1f
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objedive incompatibility is denied, then opporency becomes an arbitrary asped of color
experience that is not grounded in any relevant, correspondng asped of objedive redity
— an asped of perception that depends entirely on the internal constitution d percevers.
That is, athough we perceive bluishness and yell owishness as incompatible, still they
are, ohedively, compatible properties — this is just meant by the denia of objedive
incompatibility. Neeallessto say, such an admisson would mess up the type physicdist
view of color and color perception qute abit.

If thisis not enough argument for objedive incompatibility, here is a littl e more.
As Byrne and Hilbert remark (1997, p. 27% a patch that looks unique green can be made
to look Huish green by changing the viewing condtions dightly. By the same win, we
might add, the same patch can be made to look yell owish green by changing the viewing
condtions in a different way (still staying in the broadly normal range of ill umination).
This means that intrasubjedive incompatibility obtains only for single events of color
perception, nd for different color perceptions of one and the same subjed. The same
subjed can perceve the same stimulus as either bluish green (at time t;) or yellowish
green (at t), bu for this a dange in the drcumstances of perception is needed.
Intrasubjedive incompatibility means only that we caina simultaneously percave a
surface & both buish and yellowish (whereas we can percave it simultaneously as both
bluish and greenish).

Now, a physicdist abou color may want to avoid endasing obedive
incompatibility by appeding to this phenomenon®’ This is passble if one @andors the
clam that objed colors are inherent properties of surfaces (like refledance). That is, one

could say that the mlor of objeds is esentialy dependent on illumination — it is a
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relation between refledance and illumination, a simply, color is the @lor signa (the
light acually refleded by surfaces). This gill would na give one the result that the same
surface is ssimultaneously bluish and yellowish, since if the illumination changes, the
color signal changes too, and that amounts to a dhange in color if color is defined as the
color signal. If one denies objedive incompatibility on the basis of the &owve
phenomenon (i.e., that changing ill umination might turn a bluish-green-looking objed
into a yellowish-green-looking one), bu maintains that color is refledance (i.e.,, an
inherent property of surfaces), then the strange wnsequence will be that while the
illumination changes (within the normal range), our (veridicd) color perception d a
particular surface &anges, despite the fad that the wlor of the surface (i.e, its
refledance) does not change. In ather words, a number of different PDCEs can
veridicdly represent the very same objed color, hence the mapping between refledances
and color perceptions beaomes one-to-many, and for this reason it does not satisfy the
condtions of being a function. There is no single mlor perception (PDCE) that is the
veridical perception d a particular surfacerefledance in ore and the same subjed. In
sum, the safer way to go seansto be to accept objedive incompatibilit y.

Tye's shema for defining colors in terms of surface refledance endarses
objedive incompatibility (Tye, 2000, pp. 15961): for instance he daims that for a
surfaceto be bluish, it has to refled significantly more light in the short wavelength range
than in the medium and long wavelength ranges together; for it to be yellowish, it has to
reflea significantly less light in the short wavelength range than in the medium and long
wavelength ranges together. These two condtions canna be simultaneously satisfied; so

there can be no ofjed that isboth bluish and yell owish 2
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From objedive incompatibility it follows that color caegory representations like
that of bluish green and yellowish green canna overlap — not even in different subjects.
That is, on @in o perceptua mistake, there can be no colored stimulus that looks to
Samantha bluish green whereas to Max it looks yellowish green. Since any particular
surfaceis either bluish green o yellowish green (or neither, bu not bath), it foll ows that
no surface ca be veridicdly represented bah as yell owish green and Huish green, at any
level of (perceptual — or conceptual) representation. If a surfaceS is, as a matter of fad,
yellowish green, and | represent it by adivating my color caegory representation o
bluish green, then | misrepresent S colorwise® This constraint we might cdll
intersubjective perceptual incompatibility, and it foll ows from objedive incompatibility.
Now if Max represents S by his color caegory representation YELLOWISH GREEN,
this is presumably because the PDCE which S givesrise to in Max is a @lor perception
as of yellowish green. By the same min, if Samantha represents S by adivating her color
caegory representation BLUISH GREEN, this is normally due to the fad that S elicits a
bluish green PDCE in her. But since by assumption, S is yellowish green, Samantha
misrepresents it at both levels of perceptual organization. That is, what applies to color
caegory representations, appliesto PDCEstoo: given ancther surfaceK, if, onlooking at
K, Max’s PDCE is a yellowish green perception whereas Samantha's PDCE is a bluish
green perception, then it foll ows that at least one of them mispercaves K’s color. At this

point it shodd now be obvious how the agument from individual diff erences procees.



3.4.3. The cor e argument

If we can show, empiricdly, that there is intersubedive overlap between color
caegory representations that, acording to representationalism, are incompatible, i.e., if
we can show that there ae mlor stimuli that look, say, (even dlightly) bluish green for
one trichromat subjed whereas they look (even dlightly) yellowish green for ancther

subjed, then we have the foll owing argument against phenomenal externalism.

P1. As amatter of empiricd fad, there exist pairs of normal trichromat subjeds such that
refleding surfaceRy looks yellowish green to ore member of the pair, whereas it looks
bluish green to the other member.

P2. Ryisether bluish green ar yell owish green (or neither, bu nat bath).

C. One member of the pair mispercaves Ry colorwise (i.e., perceptually misrepresents

Ry’ s color).

Now, thisis areductio of the representationalist (phenomenal externalist) theory
of color experience becaise, on independent grounds, the following is true: if both
subjeds are normal, trichromat color percevers, then, ipso facto, bah their color
perceptions (perceptua color representations) are veridicd (see Block, 1999pp. 4647,
Tye, 2000, 8993). So, the mnclusion d the just-presented argument is unaccetable. We
have to adknowledge that trichromat humans in namal conditions perceive objed colors
veridicdly. Alternatively, assuming that Ry is de facto yellowish green, if baoth subjeds
represent Ry's color veridicdly, then bah their correspondng perceptua states cary a

content that a yellowish green surface is present. But this content is acaompanied by a
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phenomenally yellowish green perception in ore subjed and by a phenomenally bluish
green perception in the other. That is, the phenomena charader of PDCEs is
incompatible with, a varies independently of, their perceptual content. That is, Tye's

thesisR isfalse.

3.4.4. Objections

First objedion. The agument so far goes through if Ry is de facto yell owish green
and it is percaved by atrichromat subjed as bluish green. But if Rpis unique green and it
is percaved as either dlightly bluish green o dlightly yell owish green, then the agument
is not so obvoudy right. For unique green and Huish/yellowish green, as objed colors,
are not so obviously contraries.®® To exploit this option, ore @uld say the following. In
the &ove example, take the whole “indeterminate” range of stimuli — the whole range
such that any sub-range of it is perceived by some trichromat percavers as unique green
—to be unique green. An example is the pure wavel ength range between 490and 520 m:
perhaps that whaole range just is unique green, simply becaise we can find trichromat
subjeds to whom 490 nm looks unique green, and aso subjeds to whom 520 nm looks
unique green (e.g., Byrne and Hilbert, 1997, p. 27R Likewise for any wavelength in
between. As a mnsequence of this, some subjeds will percave 490 rm as dightly bluish
green (e.g., those to whom 520 rm looks unique green). Some other subjeds (e.g., those
to whom 490 nm looks unique green) will perceive 520 nm as dightly yellowish green. It
is dso plausible that 505 M will be percaved by some subjeds as dightly yellowish
green, whereas by others as dightly bluish green. These ae redly just borderline

differences, the representationalist might contend; the whae range of such stimuli (like
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the 490-520 rm range) has to be regarded as unique green. Since neither yell owish green,
nor bluish green are incompatible with urique green, perhaps this move saves the day for
the phenomenal externalist. If Ry is uch that to Samantha it looks dightly yellowish
green and to Max it looks dightly bluish green, then what Ry redly is, is unique green.
Correspondngly, Rgis percaved by bath S1 and S2 as predominantly green, and that is
the key poaint. Slight differences in phrenomenology due to individual biologicd fadors
do nd redly matter.

Unfortunately, this escgpe is not viable. Thefirst problem with it is that the 30 rm
range between 490m and 520 mn covers 10 per cent of the whale visible range (that
between 400and 700 m). Thisis smewhat too kroad a stimulus range to assgn to just
one PDCE - i.e,, to identify it with just one minimal shade.** Recdl also the results of
Ayama d a. (1987, who report even larger individual variation. Moreover, if | am a
subeda who finds 490 rm unique green, then to me, 520 m will plausibly look like a
substantially yell owish green, nd just almost unique green with a hardly noticeable tinge
of yellow. Betweaen 490and 520 m | will be &le to make awhadle series of chromatic
discriminations, but all these discriminations on my part do nd refled any differencein
objedive wlor. That does nat sound \ery plausible. A further problem is that if we asdgn
such a broad range to unque green (which isjust one, chromatically determinate shade),
then all other chromaticdly determinate shades like unique yellow, blue, red, and all the
binary hues (of which there is quite a number) shoud in principle be regarded as
comparably broad stimulus ranges. This could render individua phenomenaogicd
differences insignificant. However, it seans that there simply is not enough room in the

whole relevant stimulus range to acommodate such wide @lor assgnments. Remaining
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with the example of spedral colors (i.e.,, pue-wavelength-emitting surfaces), ou of 30
nm-wide wavelength intervals like that assgned to unque green, orly ten would fit into
the whale visible range (400-700 rm). But we can perceptualy discriminate alittl e more
than ten chromatic shades within the range of monochromatic lights. This leaves us
unable to assgn unque physicd correlates (in this case, pue wavelengths emitted by a
surface to the large number of different PDCEs that are dicited by different pure
wavelengths. Even thouwgh, as Kuehni (2001) remarks, with refledive alors one finds
smaller inter-subjedive variation, still, these variations are large enough to suppat the
argument. Kuehni (2001, p. 63 foundthat individual differences in locaing unique hues
can be up to 4 Munsell 40 hie steps. Four neighbaing Munsell chips are not reasonably
regarded as being the same mlor (e.g., urique green) exadly becaise their surface
refledances differ and most trichromat subjeds can dscriminate them, despite individual
differencesin how different subjeds would locae unique hues on them.

A related ojedion can be reanstructed from the remark of Byrne and Hilbert
(1997, p. 27% “But even if bluish green and unque green are in fad contraries, this is
not a disaster. That many of us mispercave unique green oljeds is certainly an
unwelcome result; but at least (for al the objedion says) we veridicdly percave them as
green, and perhaps that is enough.” Perhaps, indeed, this reply also applies to my case
with yellowish green perceved as bluish green. Even if yellowish green and Huish green
are oontraries as | contend, Byrne and Hilbert could still say that seang a predominantly
green surfacewith a tinge of bluein it as a predominantly green surfacewith a tinge of
yellow in it is a predominantly veridicd color perception with a tinge of non-veridicdity

init.
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Again, this reply misss the point of the aitic. The point is that if such cases do
indeed oktain, then there just are no (narrow) stimulus property ranges across different
trichromat perceivers that uniquely correspondto maximally determinate hue perceptions
(PDCES). Thereason for thisis not simply that one percever makes finer discriminations
than the other (Tye, 2000, pp. 9892). If it is aso true that different percavers
assgnments between narrow ranges of refledance and color perceptions are shifted
compared to ead aher, that would entail that PDCEs do nd have unique physicd
correlates in terms of (narrow ranges of) refledance In ather words, if (1) two narrow,
nonroverlapping ranges of refledance’® R; and R, are such that to subjead Si,
refledancesin R; look the same mlor asrefledancesin R, lookto another subjed S2 and
vice versa, moreover (2) both subjeds can dscriminate refledances in R1 and R2 from
eah aher (for instance refledances in Ry look to S1 as unique agreen as there can be,
whereas refledances in R, look to S2 as unique agreen as there can be; plus, refledances
in Ry look Huish green to S2, whereas those in R, look yell owish green to S1) that means
that PDCEs have no ungue physicd correlates in terms of ranges of refledance In this
case, unque greeniseither Ry or R,, depending onwhich subjed we cnsider.

Byrne and Hilbert (1997, p. 27%aso mention that if a patch looks unique green,
it can typicdly be made to look Huish green by changing the viewing condtions dightly.
This apparently gives rise to a third (version d the dready discussed) objedion: if a
surfacerefledance looks dightly bluish green in ore viewing condtion, then it can be
made to look slightly yell owish green by modifying the viewing condtions a bit. Thisis
plausible. So perhaps even dlightly yellowish green and dlightly bluish green are not

redly contraries, orne might want to add.
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The problem again is to find the unique (crosssubjed) physicd property
correlates of the PDCEs in question: the particular slightly yellowish green and slightly
bluish green perceptions. In this version d the agument it turns out that there is no ore-
to-one, or many-to-one mapping between surface refledances alone and PDCEs: the
same surfacerefledance can look, to the same subjed, slightly bluish green under one
normal illuminant, and dightly yellowish green under ancther normal ill uminant.
Similarly for different, bu entirely normal simultaneous contrast effeds. a particular
refleding surface ca, in ore @ntext, look dlightly bluish green, bu when pacal in a
different layout, it may look dightly yellowish green, bah contexts being entirely
normal. So the question ‘which particular, narrow range of surfacerefledances is the
shade G,3? seams to lose sense. At this paint, the representationalist might want to
abandon the daim that color (or a least minimal shade) is an inherent property of
surfaces (e.g., Tye, 2000, pp. 147, 153and alow that the minimal shade C of an ojed
O is a relational property: a wmplex (and currently unknown) relation between O's
surfacerefledance, the illuminant, and the surfacerefledances of obeds surroundng O
(see Tye, 2000, 152153). For the moment, let us ignore context effeds, and say that
objed color is the same @ the wlor signal.”® Given a fixed reutral (e.g., mid-gray)
badkground, and a particular illuminant, variations in surface refledance ae indeal
spedficdly resporsible for variations of color perception d subjeds. This way perhaps
we can identify the unique physicd correlates of PDCEs (and lroader ranges of
reflectance alone may still work for nomrminimal shades, or color categories).

However, even this hope is misguided. For the whole agument that | made éove

asumes that subjeds like Max and Samantha look at a particular surfacewith refledance
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Ro, uncer the same ill uminant (and in the same olor context). That is, it is the same wlor
signa that, say, Samantha perceves as bluish green and Max perceves as yellowish
green — this is the asumption | make. Identify minimal shades with ranges, or types of
the olor signal, and the whole agument from individual differences in phenomenaology
can be run onthese kinds of stimuli. If Max and Samantha have incompatible @lor
perceptions on looking a Ry under the same illuminant and against the same
background, that means that the same wlor signal evokes incompatible PDCEs like
slightly bluish green and dlightly yellowish green in these subjeds. l.e., nad even in terms
of color signals can we cave out minimal shades (i.e., assgn unque physicd correlates

to PDCEs).

3.5. The question for experimental assessment

The goa of the experiment described below is to demonstrate individual
differences in color perception d the kind oulined in the previous dions. To make
clea what sort of result would suppat my argument, hereis alist of tables acaompanied
by explanation. Table 4 shows the individual differences <enario that can be
acommodated by Tye's acoun — indeed, this is the scenario that he himself offered in
reply to Block’s objedions. The subsequent tables show gradually more serious problem
cases that canna be acommodated by Tye' s theory. If data from the present experiments
show that one or more of the problem cases adually obtain, then | have the anpiricd
premise for my version d the agument from individual differences. First, here is the
theoreticd paosshility that Tye proposed to acaommodate individual differences in his

schema:
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Stimuli
SR;L SR2 SR3
Max UG UG uG
Subjects
Samantha BG UG YG

Table 4. Individual differences of the kind that can be acommodated by Tye's
theory. Seethe main text for detail .

In Table 4, Samantha has better color-discrimination than Max. SR;, SRy, and SR3 are
stimuli, say, three neighbaing samples of some @lor-order system, charaderized by
their surface refledance Max, who hes poaer color discrimination, sees al three &
unique green, withou a traceof blue or yellow in it. Samantha, however, sees SR, as
unique green, SR, as bluish green, and SR; as yellowish green.®* As we saw abowe (in
Sedion 3.3, in such a cae Max’s perception corresponds to a non-minimal shade & his
unique green experience spans over a wider range of refledances that includes the three
samples that are discriminable for a substantial propation d color-normals. Max’s sngle
color experience on looking at the samples has content that differs from the content of
eat ore of Samantha's experiences. (I.e., Samantha s unique green experience does nat
have the same @ntent as Max’s unique green experience) Max’s experience represents
SR, as belonging to a wider range of refledances (that includes the other two samples as
well), whereas Samantha’ s experience represents SR, as belonging to a narrower range of
refledances that does nat include the other two samples. Therefore, even the unique

green experience of the two shoud be phenomenally dlightly different, as suggested by
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the phenomenal externadist view. It might be quite difficult to spell out such a
phenomenal difference bu till, the ideathat there is such a difference need na be too
implausible. Samantha' s other two color experiences differ from Max’s unique green
experience in ways that are eaier to conceptuaize: on looking a SR;, Samantha sees
bluish green whereas Max sees unique green; onlooking at SR3, Samantha sees yell owish
green whereas Max again sees unique green.

Note one thing: it is an empiricd question whether interpersonal differences of
this kind adually obtain. In the experiment that | will describe below, I found no
indicaion d such a difference From this it does nat follow that no aher experiment
could demonstrate diff erence of this kind.

Table 5 shows the first problem case for Tye' s theory:

Stimuli
SRy SR, SR; SR,
Max B" G B' G UG Y'G
Subjects
Samantha B' G UG Y'G Y* G

Table 5. Thefirst problem case for Tye' s theory: one-step shift. Seethe main text for further
explanation.

As in the previous case, SR;-SR, are wmlor stimuli charaderized by their surface
refledance say, four neighbaing samples of a @lor order system. B” G stands for a
bluish green perception with a more pronourced buish comporent, whereas B'G is a

bluish green experience with a less pronourced bluish element (similarly for Y'G and
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Y” B). The key fedure of this senario is that SR, looks unique green to Samantha but
bluish green to Max whereas SR3; looks unique green to Max and yellowish green to
Samantha. Note that both subjeds can dscriminate these two samples (indeed, al four of
them), bu they disagree on the location d unique green. So this is not a cae in which
individual differences in color perception come from individual differencesin the aility
to dscriminate mlors. There need na be awy differencein Samantha s and Max’ s ability
to dscriminate olors in this case. What looks unique green to Samantha looks bluish
green to Max, and what looks unique green to Max looks yellowish green to Samantha.
This indicaes a shift between the two in the aggnment of phenomena charaders to
objed color (reflecdance) properties. Still, this is a relatively wed problem case becaise
nore of the samples is percaved by the two subjeds as having incompatible wlors (e.g.,
there is no sample that is perceived by Samantha as bluish green and by Max as yellowish
green). | will cdl this case one-step shift in what foll ows.

Table 6 shows a stronger problem case:

Stimuli
SRy SR, SR3 SRy SRs
Max B G B" G B' G UG Y' G
Subjects
Samantha| B' G UG Y' G Y* G Y" G

Table 6. A stronger problem case for Tye's theory: two-step shift. Seethe main text for explanation.
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This case will be cdled two-step shift, because the unique perceptions of Max and
Samantha ae two samples away from ead ather on the hypotheticd color-order system.
Here, ore of the stimuli, namely SRj3, is percaved in incompatible ways by the two
subjeds. to Samantha, it 1ooks yellowish green whereas for Max, it looks bluish green.
As | argued abowe, in such a case the type physicdist must rule that either Max or
Samantha misperceves the sample’s color, and this ruling is, on independent grounds,
unacceptable. Note dso that this case includes the one-step shift as well: here, SR, and
SR, are in the same relation as SR, and SR; in Table 5. If we delete the SR3 column from
Table 6, it becomes equivalent to Table 5.

Hereisathird problem case that we might cdl one-plus-two-step shift:

Stimuli
SR, SR, SR; SR, SRs
Max B G B" G| B G UG Y' G
Subjects | sgmantha | B' G UG Y' G Yy ¢| Yy G
Eva B G| B G UG Y' G Y G

Table 7. A third problem case: one-plus-two-step shift. Seethe main text for explanation.

This case includes the other two in the same way as the two-step shift includes the one-
step shift. (If we delete the third row of this table — Eva s data — then what remainsis the
same & Table 6.) In addition, this scenario is a stronger hint at the one-to-many mapping
between narrow ranges of refledance and perceptually determinate wlor experiences.

SR3 looks unique green to Eva, yell owish green to Samantha, and duish green to Max.
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The threeproblem cases together could demonstrate that perceptually determinate
color experiences do nd have unique crrelates in terms of narrow ranges of refledance
(metamer sets). Instea, refledance — color perception correlations show a substantial
between-subjed variation. For instance unque green is one of a narrow range of
refledances for one trichromat subjed, and another, nonoverlapping narrow refledance
range for ancther trichromat subjed. The other three unique dromatic hues, and
presumably, binary hues as well, would have similar properties. Consequently, a given
refledance (or metamer set) can look dfferent in color to dfferent color-normal subjeds,
in such a way that differences in the phenomenal charader of their color experiences
cannd be cahed ou in terms of perceptual content. In ather words, if this is the cae,
then phenomenal charader varies independently of perceptual content, hence Tye' s thesis

Risfalse.
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3.6. Method

Subjects and location. Fifteen subjects (9 females, 6 males, all between 25 and 40 years
of age) participated in a unique hue choice and color naming experiment. Seven of the
female subjects and five of the males were associated with the Cognitive Science
program at Carleton University. Ten subjects were native English speakers, five were
non-native speakers. All subjects were trichromats: their color vision was checked by the
Pseudo-Isochromatic Plates.®> The experiment took place in the Nationa Research
Council of Canada, Institute of National Measurement Standards.®® In what follows, |
will refer to the femal e subjects by symbols F1-F9, to male subjects by M1-M6.

Tasks. The experimental session consisted of three tasks. First, subjects were
administered the Pseudo-lsochromatic plates, then they were asked to adjust the D&H
Color Rule”, which is a means of assessing individual differences in color perception.
Both these tasks were done in a Macbeth lighting booth, under (artificial) daylight
illumination.

The third and principal task was to complete a series of color naming and unique
hue choice tasks on a computer monitor. The application for this task was developed by
the author using the Delphi code-builder software. Throughout the task subjects
proceeded by pointing and clicking with a mouse. Forty experimenta displays were
shown, one at atime. On each display the subjects saw, in arow, nine differently colored
squares. There were four types of color series. one consisted of reddish colors, one of
greenish ones; a third one contained yellowish colors, and the fourth, bluish ones. First
the subjects had to choose, from each presented series of colors, the member that was the

purest example of either red, or green, or yellow, or blue (i.e., the task was to choose the
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purest red from ared series, the purest green from a green series, and so on). Seledions
were made by clicking on a button located under the mlor sample dosen. The subjeds
were instructed that if they coud na find an absolutely pure example of the required
caegory (red, green, yelow, or blue) in a display, then they shoud choase the one that
was the dosest. After the unique hue was chosen, subjeds named the remaining eight
colorsin eat display by choasing a name from alist of eight color categories occurring
under the mlor samples. After the unique hue dhoice in a given dsplay was made, the
seledion butons under the nine @lor samples disappeaed, and eight color caegory
names were presented under ead ore of the aght colors that the subed did not choase
as the purest. (Changing the unique hue choice and thus restarting the display, remained
possble until the subjed completed the naming task and proceealed to the next display.)
Subjeds sleded the gpropriate wlor categories for the remaining eight samples
by pointing and clicking on them. They were dlowed to seled only one name for eat
color. The following eight color names were offered: Red, Green, Yellow, Blue, YelRed
(Yelow-Red), YelGreen (Yellow-Green), BluRed (Blue-Red), and BluGreen (Blue-
Grean). Subjeds were instructed to use 'YelRed' to name mlors that look like orange
(either lighter, more yellowish oranges, or darker, more reddish aranges); 'BluRed' to
name purplish colors: bath lighter, more reddish ores like magentas, and darker, more
bluish ores like apurplish blue. The name 'YelGreen' was used to name the range of
colors from yellowish green to greenish yellow; 'BluGreen' was used to name lors that
are ather bluish greens or greenish bues. Subjeds were encouraged to use the same
caegory name for adjacent color samplesin the display if they foundit adequate — that is,

if they foundthat neighbaring colors deserve the same name simply becaise the aght
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color names supdied were not enough to predsely name the whole variety of colors
presented. Subjeds were tested individualy. Completion d al three tasks required
approximately 45 minutes.

Simuli. It was a key requirement to predsely display the @lors on a computer monitor.
For this purpose | used a set of functions developed by Rejean Baribeau for transforming
the wlor coordinates of the stimuli into RGB values (and badk). In order to asaure predse
color display, a 21-inch Sony FD Trinitron monitor was used. The monitor was cdibrated
prior to data @lledion, and onead day after the experimental sessons al stimuli were
separately displayed and measured by a multi-channel spedroradiometer. (On the first
day of data lledion stimuli were measured bah before and after the sessons.) These
measurements dowed that, over the 17 days period in which data from subjeds were
colleded, the monitor was highly consistent: for al stimuli used in the experiment, the
variation d the x, y chromaticity coordinates due to “drifting” of the monitor was within
0.003 the variation d the Y coordinate was within 0.3.In total, 52 color stimuli were
used, dvided into four color series with 13 members ead. The red series contained
colors from violet/purple through red to orange; the green series contained colors from
yellowish green through green to buish green; the yellow series contained colors from
orange through yellow to greenish yellow; finaly, the blue series contained colors from
greenish blue to puple. The wlor coordinates of the stimuli in L*C*h color spacewere
asfollows.

Red series. L*=55, C*=60 for eadr member; hue agles in degrees of samples 1 to 13

336, 344, 352, 0, 8, 16, 24, 32, 40, 48, 56, 64, 72.
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Green series. L*=55, C*=60 for each member; hue angles in degrees of samples 1 to 13:
130, 136, 142, 148, 154, 160, 166, 172, 178, 184, 190, 196, 202.

Yellow series: L*=70, C*=70, hue angles: 54, 60, 66, 72, 78, 84, 90, 96, 102, 108, 114,
120, 126.

Blue series: L*=50, C*=50, hue angles: 182, 195, 208, 221, 234, 247, 260, 270, 280,
290, 300, 310, 320.

Figure 3 shows the distribution of the chromaticities of the 52 stimuli in the X,y

chromaticity diagram:
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Figure 3. Chromaticities of the 52 stimuli in the CIE 1931 chromaticity diagram, as displayed on the
monitor (i.e., displayed are the measurement data provided by the spedroradiometer). Squares: red series,
trianges. green series, circles. yellow series, X's. blue series.

In what follows, | will refer to individual samples in the following way: the first sample
in the red series will be cdled RED 1 (i.e, its color coordinates are: L*=55, C*=60,
h=336), and so on.

Stimuli were displayed in the ésence of external ill umination. Each sample was a
roughly 15x15 mm square, and the nine wlored squares appeaed in ajoint black frame

that was also 15mm wide on ead side (the separation between neighbaiing squares was
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aso 15 mm). The rest of the screen was neutra mid-gray — a dwromatic match of
illuminant D65. Subjeds viewed the stimuli from abou 40 cm, withou using a dhinrest.
Experimental design. Forty (40) experimental displays were presented: ead color series
was repeded ten times. The wlor samples in the series were never randamized, bu the
location d the series center (the 7" member of the 13-series) was varied between the 3
and 7" pasitionin the experimental display, which consisted of nine members. (l.e., if the
center of the 13-series appeaed in the 3 position o the display, then the first four
members of the 13-series were not shown, oy the members 5 through 13.If the center
of the 13-series appeaed in the 7" pasition of the experimental display, then the last four
members of the 13-series were not shown, orly members 1 through 9, and so on) | will
refer to this fedure & pasitioning. The am of positioning was to prevent the subeds
from choasing unique huesin the repeded trials on the basis of location a serial position.
The order of the first 20 dsplays was: five red series in a row, followed by five
green series in a row, then five yellow series and five blue series in the same way. The
seaond 20 asplays consisted o five conseautive ‘red series — green series — yell ow series
— blue series’ patterns. For eadt color series and the ten repetitions, the positions of the
center (7") sample of the stimulus sries in the eperimental display were:
3,7,5,4,6,3,7,5,8. This design made it passble to compare the subjeds’ resporses to the
same mlor series when it was repeded in conseautive displays, and when it was mixed

with displays of other color series.



207

3.7. Results

Unique hue choices. For each subject and each color series, the mode, mean and standard
deviation of unique choice was calculated. For calculating means and SDs | treated the
serial numbers of the samples in each series (1 to 13) as an interval scale. This was
reasonable because the distances in L*C*h color space between two adjacent samples
within a series were roughly equal. Thus the differences between adjacent samples
corresponded to equal perceptua steps, and hues in between any two samples could be
obtained by interpolating their chromaticity coordinates. (The only slight deviation from
uniformity was in the blue series where in the greenish blue range the steps between
adjacent samples were 13 degrees in hue angle whereas in the reddish blue range steps
were 10 degree each.) Data were also grouped according to the samples, and the relative
frequency of unique choice for each sample was calculated. Table 8 shows the means and
standard deviations of females, males, native speakers, non-native speakers, and the

entire sample for the four color series.

Table 8. Group means and standard deviations of unique choices. The scale is derived from treating the
sample serial numbers as constituting an interval scale (see the main text).

Females Males Native Non-nat. | Total
speakers | speakers

RED Mean 6.52 6.4 6.49 6.44 6.47
series SD 0.678 0.853 0.784 0.677 0.726
GREEN Mean 5.44 5.03 49 6.04 5.28
series SD 0.919 0.776 0.471 1.006 0.861
YELLOW | Mean 8.03 8.36 8.13 8.24 8.16
Series SD 0.568 0.703 0.745 0.321 0.624
BLUE Mean 6.85 7.41 7.23 6.78 7.08
series SD 0.783 0.426 0.517 0.983 0.704
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A 2-way mixed ANOVA comparing (1) color and (2) native versus nornative
spekers was performed. There was a significant main effed of color (F(3)=34.121,
p<.001), and nomain effed of the native - nonnative difference, nar was any interadion
observed. In addition to the data presented in Table 8, | separated, for eat subjed, the
data of the first 20 trias (displays of ead color seriesin agroup) from that of the second
20 trias (displays of different color series mixed). A 3-way mixed ANOVA comparing
(1) thefirst and second Helf of the presentations, (2) color, and (3) gender was performed.
Other than for color (F(3)=44.711, g.00]) there were no significant main effeds or
interadions obtained. That is, no significant difference in unique hue doices between
males and females was observed. Still, at the level of descriptive statistics we find
interesting differences between females and males that are worth looking at in future
studies. Figure 4 below shows, for the four color series, the relative frequency
distributions of unique hue doices along the mlor samples.

Note that the main effed of color isirrelevant for my purposes: it is caused by the
fad that in different color series, the subjeds unique doices centered around samples
with dfferent serial numbers. The fad that the whole sample' s grand mean was 6.473for
unique red choices, it was 5.28for greens, 8.16for yellows, and 7.08for blues has to do
with haw | set up the four color series. (Again, the unit of measure here is sample number
becaise, as | argued, sample numbers correspond to equal perceptua steps and thus
define an interval scde.) It is in principle possble to construct al four color series in
such a way that the grand mean o unique doices for al four of them is, say, 7.00.In
pradice, however, thisis alittle awumbersome to attain, and it would make no dfference

asindividual differences are assessd independently for the four unique hues.*®
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The &sence of a difference between the first half and the second helf of the
presentations is a goodresult: it shows that presenting repetitions of the same wlor series
in ore group \ersus mixing up the presentations of different color series has no effed
uponthe unique hue doices. This sgnals some sort of stability (resistance to changesin
irredlevant fadors) of the intersubjedive differences that will be examined below. The
absence of an effed of the native - nonnative distinction can perhaps be taken as an
indicaion that individual differencesin the unique hue choices are presumably not due to
differences in the ways different people use @lor names, bu rather to prelinguistic,
perceptual processes, and that’s exadly what | want to demonstrate. (However, | agree

that thisisaue needs further attention.)
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Figure 4. Relative frequency distributions of unique choices along the samples. A: red series, B: green

series, C: yellow series, D: blue series.
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Kuehni (2001) reports dlight discrepancies between the sexes in unique hue choices from
series of Munsell chips. He examined 40 subjects (22 females, 18 males), but he did not
determine whether the differences he found were statistically significant. In the present
study, part of the reason for the absence of significant group differences is the small
number of subjects examined, resulting in low statistical power for some comparisons.
Despite the absence of group differences, individual differences within the entire
group of subjects are substantial, and so are in accordance with what we can expect on
the basis of previous studies. Table 9 shows the unique hue choice distributions for the
four color series of those subjects who are most different in this respect, and whose data

will be further analyzed below.
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Table 9. Frequency distributions of unique hue choices made by subjects who are most characteristically
different from each other. The data of these subjects, including their naming responses is examined in more
detail below. Empty cells in the table correspond to zeros, numbers in the cells show how many times a
given color sample was chosen by a given subject. The sum of each row in the table is 10, as each subject
made ten unique hue choices in each color series.
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| did na observe awy interesting relation between color rule settings and urique

hue dhoices (or namings) worthy of being analyzed further.

Combining unique hue choice and naming data. In order to compare the results to the
hypotheticd cases described in Sedion 3.5abowe it is necessary to combine unique hue
choice and raming data. Such a combination shoud give us a deaer picture of how the
52 color samples were perceived by the individuals who participated in the experiment.
Let me start by some theoreticd considerations to motivate my method d combining the
two kinds of data.

Since bath the unique hue chaices and the namings have proven probabili stic, that
is, there was an obvious within-subjed variation in bah tasks, in combining the two
kinds of data, some abitrary deasion threshods are needed in dedding how a particular
sample was percaved by a particular subjed. For instance subjed F9 named sample
BLUE 9 bue nine times and Hue-red orce The question arises, what can we say abou
her perceptions of BLUE 9 in general? She percaved this smple ten times and in
esentially the same drcumstances in the experiment. Shoud the fad that she named it
blue-red orce and Hue nine times prevent us from any generalized conclusion about her
perception d BLUE 9's color? Of course not. We oould, for instance argue that one
blue-red naming against nine blue namings might be due to some irrelevant randam event
in the subjed’s color vision system hence, from the data we have & hand, the best ideais
to conclude that she percaved Q as blue. However, if she named the sample bluish green
four times and Hue six times, then we might argue that in her color vision system, there

may have been some systematic traceof blue-response onlooking at the sample, still, this
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blue-resporse was relatively wed, and so it did na affed her resporse in al cases. A
faint traceof green ona predominantly blue surfaceis smetimes overlooked. Findlly, if
the subjed named the sample bluish green nine times and Hue only once, then it is the
unique blue resporse that can perhaps be interpreted as missng, by acadent, a stronger
cast of green.

Unique hues correspond to narrow ranges of color space whereas binary hues
correspondto wider ranges. In terms of opporent processs, unque red is represented by
a pasitive value in the red-green channel and zero (baseline adivity) in the blue-yellow
channel. As | have just outlined, we could endase astrict criterion for unique hue
perceptions by saying that if, for instance, a sampleis perceived bluein 75 per cent of the
cases and Huish green in 25 per cent of the caes, then there dready is a small negative
resporse in the red-green channel that tends to affed the subjed’s resporse. Therefore
the conclusion could be that the subjed’s perception d the sample was (slightly) greenish
blue, na unique blue.

However, we muld also endarse arelaxed criterion for unique hue perceptions.
We would, for instance, say that if a subjed named a sample greenish blue in lessthan 50
per cent of the caes and Hue in more than 50 per cent of the cases, then her perception o
the sample was blue. (If a subjed named a sample greenish blue and Hue bath in exadly
50 per cent of the caes, then we can still resort to the &owve principle that there is a
tendency in the subjed’s color visionto give anegative resporse in the red-green channel
to the sample, and classfy her perception d the sample & greenish bue.)

Notice that there is an asymmetry in this g/stem: it does not make & much sense

to use astrict criterion for binary hues as it does for unique ones. If a subjed named a
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sample greenish blue in 75 per cent of the cases and blue in 25 per cent of the cases, then
it is reasonable to conclude that her color opponent system responded to the sample by a
small negative value in the red-green channel that affected her verba response in three
quarter of the cases; on average, her response along the red-green dimension was on the
green side.® That is, in this case, it is less reasonable to infer that her perception of the
sample was unique blue simply because in 25 per cent of the cases she hamed the sample
blue. There can be two explanations of such a pattern of responses: (1) the activity in the
red-green channel was present in al cases, but it was too small to affect the verba
response in every case (random factors affect the process of verba encoding). (2) The
activity in the red-green channel itself exhibited some random oscillation, so negative
value occurred in only 75 per cent of the cases. If the responses of the color-opponent
system indeed show some random oscillation, then a true zero response to a color sample
in the red-green channel would be reflected by a few greenish responses and also by a
few reddish responses, indicating that the responses of the red-green channel oscillated
around zero. Such cases do indeed occur in my data set. Here is an actual example:
subject M6 named sample YELLOW 8 yellow-red once, yellow-green twice, yellow
three times, and chose it as unique yellow four times.

Given these theoretical considerations, here is the method that | used to combine
unigue hue choice and naming data. | used two criteria: a strict one and a relaxed one for
unigue hue perceptions. As the first step of the procedure, for each subject and each color
sample | added up the number of unique choices and that of unique namings. | assumed
that a unique choice is associated with a unique naming: if, on a particular occasion, a

subject chose a sample as the purest green, then this response implies that she had a
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tendency to name it green (and nd yellowish green o bluish green). After this, the sum
of unique namings and unque doices was compared to ather namings. The perception
by a subjed of a sample was establi shed in two dfferent ways using the two criteria.

Strict criterion for unigue perceptions: If the minority binary resporse occurred with a

relative frequency greder than o equal to 0.25(25 per cent), then the wrrespondng
binary perception was assgned, aherwise (i.e., lessthan 25 er cent binary resporse) the
subjed’s perception d the sample was clasdfied unque. For example, subjea F9 named
sample GREEN 6 green eight times, chose it as unique green orce and ramed it
yellowish green orce That is, there were 8+1=9 green resporses, and ore (in ten) — ten
per cent — yell owish green resporse. The asdgned perceptual value on the strict criterion
was (unique) green. Subjed M5 named the same sample (GREEN 6) green six times,
chose it as unique green orce and remed it bluish green three times. On the strict
criterion for unique hues, this resporse pattern already counted as indicaing a bluish
green perception. Obviously, the 25% limit is arbitrary, bu we need to introduce some
arbitrary probability threshold.*®°

Relaxed criterion for unique perceptions. the majority resporse wins after adding up

unique doices and unque namings. Example: on this criterion, subjed M5’s resporse
pattern to GREEN 6 is classfied green. Six green namings plus a unique green choice
add upto seven. There ae three bluish green resporses. the tota is 7+3=10, and the
majority (green resporses) wins.

Supdementary principle: contradictory namings cancd ead aher. Example: subjed M4

chose RED 5 as unique red six times, named it red orce, yellow-red orce, and Hue-red

twice In this and similar cases | proceeaded thus. | disregarded ore yell ow-red resporse
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and ore blue-red resporse, leasing a total of eight resporses. Out of these, 6+1=7 were
red resporses, and ore was a blue-red respornse. On bah criteria, this courted as a red

resporse (as 1/8<0.25.

Spedal case for the relaxed criterion: for example, subjed F9 chose YELLOW 10 as

unique yellow once, named it yellow threetimes, and yellowish green four times. That is,
the yellow resporses. 3+1=4 equal the yellowish green resporses. In such cases and
under the relaxed criterion | assgned hinary perception: | deaded that F9's perception d
YELLOW 10 was yellowish green, nd yellow on the relaxed criterion. (l.e., in such
borderline caes the relaxed criterion too was dightly biased toward hinary hue
assgnments.) The strict criterion dctates the assgnment of binary perception in such

cases.

Patterns of individual difference. For ead of the four color series, | seleded pairs of
subjeds whose unique hue choices were most different. Table 9 above shows the unique
hue choice distributions of the subjeds sleded. | used the mode of unique dhaices in
seleding such pairs (i.e., the mode here is the sample, in a wlor series, that was chosen as
unique most frequently, by a particular subjed). All pairs examined were same-sex pairs.
| will discussone pair for the red series, threepairs for the green series, two pairs for the
yellows, and four pairs for the blues. Table 10 shows these pairs and their resporses to

the @rrespondng stimuli.
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Table 10. Different patterns of individual difference obtained with the four color series. M1-M6 and F1-F9
refer to subjeds. Symbols under the sample numbers indicae mlor perceptions of the samples by the
subjeds. ‘R’: red, ‘G’: green, ‘Y': yellow, ‘B’: blue, ‘YR’ yellow-red, ‘YG': yellow-green, ‘BR’: blue-red,
‘BG’: blue-green. Dashed lines between the arowheads indicate the interesting part of the tables. ‘XX in
the dashed line marks incompatible @lor perceptions in two-step shifts. See the main text for further

explanation.

RED seri es

Strict criterion:

Sanpl e# 1 2 3 4 5 6 7 8 910 11 12 13
MB BR BRBRBRBR R R R YR YR YR YR YR
M4 BR BRBRBR R RYRYRYRYR YR YR Y
S e <
Rel axed criterion:
Sanpl e# 1 2 3 4 5 6 7 8 910 11 12 13
MB BR BRBRBRBR R R R YR YR YR YR YR
M4 BRBRBR R R RYRYRYRYR YR YR Y
S e e <
GREEN seri es:
PAIR 1:
Strict criterion:
Sanpl e# 1 2 3 4 5 6 7 8 910 11 12 13
F6 YGYG G G G G G BG BG BG BG BG BG
Fo YGYGYGYGYG G G G BG BG BG BG BG
S e e e maa s <
Rel axed criterion:
Sanpl e# 1 2 3 4 5 6 7 8 910 11 12 13
F6 YGYG G G G G G G BG BG BG BG BG
Fo YGYGYGYG G G G G G BG BG BG BG
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PAI R 2:

Strict criterion:

Sanpl e# 1 2 3 4 5 6 7 8 910 11 12 13

Vb YG YG YG G G BG BG BG BG BG BG BG BG

1§} YG YG YG YG YG YG G BG BG BG BG BG B
- TR XK------ <

Rel axed criterion:

Sanpl e# 1 2 3 4 5 6 7 8 910 11 12 13

Vb YGYGYG G G G BG BG BG BG BG BG BG

M6 YGYGYGYGYG G GBGBGBGBG B B
S o e m e oo <

PAI R 3:

Strict criterion:

Sanpl e# 1 2 3 4 5 6 7 8 910 11 12 13

ML YG YG YG G BG BG BG BG BG BG BG BG BG

M6 YG YG YG YG YG YG G BG BG BG BG BG B
So - XX XK------ <

Rel axed criterion:

Sanpl e# 1 2 3 4 5 6 7 8 910 11 12 13

ML YG YG YG G G BG BG BG BG BG BG BG BG

M6 YGYGYGYGYG G GBGBGBGBG B B
S o e e e oo <

YELLOW seri es:

PAIR 1:

Strict criterion:

Sanpl e# 1 2 3 4 5 6 7 8 910 11 12 13

F3 YR YR YR YR YR YR Y YG YG YG YG YG G

Fo YRYRYRYRYRYRYR Y Y YG YG YG YG

S e e oo <

Rel axed criterion:

Sanpl e# 1 2 3 4 5 6 7 8 910 11 12 13

F3 YRYRYRYRYR Y Y YGYG YGYGYG G

Fo YRYRYRYRYRYR Y Y Y YG YG YG YG
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PAI R 2:
Strict criterion:
Sanpl e# 1 2 3 4 5 6 7 8 910 11 12
ML YR YR YR YR YR YR YR YR Y YG YG YG
V4 YR YR YR YR YR YR Y YG YG YG YG G
So - XXK------ <
Rel axed criterion:
Sanpl e# 1 2 3 4 5 6 7 8 910 11 12
ML YR YR YR YR YR YR YR YR Y YG YG YG
V4 YR YR YR YR YR YR Y YG YG YG YG G
>So - - - - - XXK-=-=---- <
BLUE seri es:
PAI R 1:
Strict criterion:
Sanpl e# 1 2 3 4 5 6 7 8 910 11 12
F5 BGBGBGBG B B B B B BR BR BR
Fo BGBGBGBG B B B B B BR BR BR
S o e e e e e e oo <
Rel axed criterion:
Sanpl e# 1 2 3 4 5 6 7 8 910 11 12
F5 BGBGBGBG B B B B B BR BR BR
Fo BGBGBG B B B B B B BR BR BR
S o e e e e e e oo <
PAI R 2:
Strict criterion:
Sanpl e# 1 2 3 4 5 6 7 8 910 11 12
F3 BGBGBGBG B B B B BR BR BR BR
Fo BGBGBGBG B B B B B BR BR BR
S e e e e e oo <
Rel axed criterion:
Sanpl e# 1 2 3 4 5 6 7 8 910 11 12
F3 BGBGBGBG B B B B BR BR BR BR
Fo BGBGBG B B B B B B BR BR BR

13
YG

13
YG
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PAI R 3:

Strict criterion:

Sanpl e# 1 2 3 4 5 6 7 8 910 11 12 13

ML BG BGBGBGBG B B B BR BR BR BR BR

Vb BG BGBGBGBG B B B BR BR BR BR BR
> e meeaoao <

Rel axed criterion:

Sanple# 1 2 3 4 5 6 7 8 9 10 11 12 13

ML BG BG BG BG BG B B B BR BR BR BR BR

VB BGBGBGBG B B B B BR BR BR BR BR
> e memeeaaoo - <

PAIR 4:

Strict criterion:

Sanpl e# 1 2 3 4 5 6 7 8 910 11 12 13
ML BG BG BGBGBG B B B BR BR BR BR BR
VB BGBGBGBG B B B B B BR BR BR BR

Rel axed criterion:

Sanpl e# 1 2 3 4 5 6 7 8 910 11 12 13

ML BG BGBGBGBG B B B BR BR BR BR BR

M3 BGBGBGBG B B B B B BR BR BR BR
> e e meee oo <

In Table 10, the dashed lines between the arrowheads indicate the portions of the data
that | want to focus on: those parts that we can compare to Tables 4 to 7 in Section 3.5. It
should be obvious that the strict criterion narrows the ranges that correspond to unique
hue perceptions of the subjects. It is worth emphasizing again that | used two different
criteria because it may not be very plausible to claim that one and only one of such
criteriais the correct one. Based on the behavioral responses | used in this experiment, it
is not possible, or at least not easy, to establish with absolute certainty where the
boundaries of unique hue categories for different subjects are. Still, | think it is a good
result that color-perception assignments do not differ dramatically under the two criteria
In the table we can see the following results of key importance. First, we can find

one-step shifts with the red, green and yellow series. For all the five pairs presented, and
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for both criteria, such shifts are obtained consistently. Note that in most of these cases
there is more than ore way to remnstruct Table 5 from the adual data. For instance
consider the yellow series, Pair 1. Under the strict criterion, column 6 (the column o
YELLOW 6) in Table 10 corresponds to the first column of Table 5 (SR;); column 7in
Table 10 corresponds to the seond column of Table 5; columns 8 and 9 together
correspondto the third column of Table 5; finaly, column 10 corresponds to the fourth
column of Table 5. Under the relaxed criterion, columns 5 and 6correspondto columns 1
and 2 d Table 5 respedively, and column 7, evaluated by the relaxed criterion, suggests
an owerlap between the two subeds unique yellow categories that is not represented in
Table 5.

As we can nowv see dealy, ore-step shift is compatible, and indeed often co-
occurs, with a substantial overlap in the two subjeds unique hue cdegories. For ancther
example, look at Pair 1 in the green series data. Under both criteria, GREEN 3 and
GREEN 4 were perceaved as green by subjed F6 and as yellowish green by subed F9.
Under the strict criterion, GREEN 8 was perceved buish green by F6 and green by F9;
under the relaxed criterion, GREEN 9 was perceived buish green by F6 and green by F9.
This indicaes a shift in the two subjeds unique green caegories. However, the overlap
between their unique green categoriesis also fairly wide: it spans samples GREEN 6 and
GREEN 7 undr the strict criterion, and GREEN 5-8 under the relaxed criterion.

Two-step shifts were dso observed in two color series out of four: green and
yellow. Two such cases were foundin the green series, and ore in the yellow series. One
two-step shift in the green series was observed between subjeds M5 and M6 (Table 10,

green series, Pair 2). It is dependent on the aiterion for unique hue perception, as it
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occurs only under the strict criterion. The aiticd sample is GREEN 6: subjed M5 chose
it as unique green orce, named it green six times and Huish green threetimes. Subjed
M6 chose this smple & unique green three times, named it green four times, and
yellowish green threetimes. In bah these caes, the binary categories bluish green and
yellowish green occurred in three caes out of ten — just enowgh to affed the olor
perception assgnment on the strict criterion. Still, if we think o the theoreticd
considerations outlined abowe, it is arguable that there were subtle oppasite tendencies in
the olor perception d these two subjeds. M5 never named GREEN 6 yell owish green,
nor did M6 name it bluish green, so perhaps there was indeed a dlight bias in M5 toward
bluish green perceptions, and a wmparable dight bias in M6 toward yellowish green
perceptions.

Ancther two-step-shift in the green series obtained between subjeds M1 and M6
(Table 10, green series, Pair 3). Notice two things. First, this phenomenon is also
dependent on the evaluation — it occurs only under the strict criterion for unique
perception. Seand, there ae two adjacent samples that seem to have been perceved in
incompatible ways by the two subjeds:. GREEN 5 and GREEN 6. A closer 100k at the
data reveds that subjed M1 chose GREEN 5 as unique green five times (!), named it
green orce and Huish green four times. He named GREEN 6 green threetimes and Hue-
green seven times. Subjed M6 chose GREEN 5 as unique green twice, named it green
three times, and yellow-green five times. He diose GREEN 6 as unique green three
times, named it green four times, and yellowish green threetimes. The relaxed criterion
indicaes a sharp ore-step shift in this case, apparently withou an owerlap between the

unique green caegories of these two subjeds.
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The two-step shift obtained with the yellow series is mewhat different (Table
10, yellow series, Pair 2). Here the aiticd sample was YELLOW 8. Subjed M1 chose
this sample & unique yellow two times, named it yellow once yellow-green orce, and
yellow-red six times. (Calculation: the yellow-green resporse and ore yellow-red
resporse caicd ead aher, so the total number of responses drops to 8. Five of these ae
yellow-red namings, and three ae yellow resporses, so the mgority resporse is yell ow-
gree.) Subed M4 chaose YELLOW 8 as unique yellow once, named it yellow-red orce
and yellow-green eight times. On bah criteria this pattern indicaes a tendency of the
subjea toward yellowish green perceptions. An interesting phenomenon is that in the
green two-step shift cases, even though the tendency showed up ory under the strict
criterion, there were no contradictory namings, whereas in the yellow case, which came
through uncer bath criteria, there were contradictory namings in bah subjeds’ resporses.
This might be aphenomenonthat deserves further attention.

Finaly, we can find at least one cae of one-plus-two-step shift in the dataset. If
we look a sample YELLOW 8 again, and subjeds M1, M4, and M6, we have the

foll owing table:
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Table 11. One-plus-two-step shift. Asin Table 10, M1, M4 and M6 refer to subjeds. Symbals under the
sample numbers indicate mlor perceptions of the samples by the subjeds. ‘R’: red, ‘G’: green, 'Y’: yellow,
‘B’: blue, 'YR’: yellow-red, ‘YG’: yellow-green, ‘BR’: blue-red, ‘BG’: blue-green. Dashed lines between
the arowheals indicae the interesting part of the tables. ‘XX’ in the dashed line marks the point where
color perceptions of the threesubjeds are most divergent. Seethe main text for further explanation.

YELLOW seri es:
Strict criterion:

Sanpl e# 1 2 3 4 5 6 7 8 910 11 12 13

ML YR YR YR YR YR YR YR YR Y YG YG YG YG

V4 YRYRYRYRYRYR YYGYGYGYG G G

M6 YR YR YR YR YR YR YR Y YG YG YG YG G
So - - - - - XK------ <

Rel axed criterion:

Sanpl e# 1 2 3 4 5 6 7 8 910 11 12 13

ML YR YR YR YR YR YR YR YR Y YG YG YG YG

V4 YRYRYRYRYRYR YYGYGYGCGYG G G

M6 YR YR YR YR YR YR YR Y YG YG YG YG G
S>So - - - - - XK------ <

As we can seefrom Table 11, the phenomenon is drong in the sense that there is full
agreement in the wlor perception assgnments between the strict and relaxed criteria. The
marked part of the tables matches Table 7 — the hypatheticd case — exadly. Subjed M6
chose sample YELLOW 8 as unique yellow four times, named it yellow three times,

yell ow-green two times, and yell ow-red orce

3.8. Discussion

In conclusion, | suggest that the phenomenon d one-step shift was demonstrated
for three unique lors out of four (red, green and yellow). In addition, there is osme
indicaion that the phenomena of two-step shift and ore-plus-two step shift might exist as
well, thouwgh to confirm this conjedure we need further empiricd suppat. | consider the
present experiment to be apilot study that has to be followed up ly further studies. A
criticd feaure of such experiments is the seledion d stimuli: too kg a gap between

neighbaing samples would missindividual differences (since d subjeds would exhibit
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the same resporse pattern) whereas too small differences would amplify within-subjed
variation. The key question in such experiments is whether between-subjed diff erences
in color perception owerride within-subjed variations, and to olserve this phenomenon
we nedl caefully seleded stimuli. There ae dso dternative experimental methods that
could be used. One such method (for unique hue dhaices) isto dsplay only one stimulus
at atime, and have the subjed adjust its color. This would eliminate alor contrast effeds
that may have obtained between adjacent samplesin the present experiment.

The next questionis, what is the reason for finding no effea with the blue wlors?
Part of the reason may be that the perceptual diff erences between the blue samples were
too small onthe greenish blue side (BLUE 1 to BLUE 7). Subjeds often commented after
the experiment that there were more than ore samples in the blue series that looked
equally good as unique blues, whereas with the other threeseries the usual complaint was
that no sample looked redly unique, bu ead of them had a tinge of some other color
comporent in it. (A typicd case was when a subjed saw al samples from, say,
YELLOW 1 to YELLOW 7 as reddish to some extent, and al the rest as greenish to
some extent. Abou threeor four of the 15 subjeds made this complaint.) For such cases
the subjeds were instructed to chocse the sample that is the dosest to unque. Kuehni
(2001, p.62) used a different approadr. he dlowed the subjeds to identify, as the
locaion d aunique mlor, the halfway point between two samples.

Some other methoddogicd differences between Kuehni’s experiment and mine
are dso o interest. His am was aso to determine the unique hues, and look at the
individual differences in this resped. However, he used adinary refleding surfaces

(Munsell chips), na emisdgve stimuli as | did. Perhaps the most important difference
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between the two designs is that Kuehni had his subjects choose the four unique hues only
once. He did not ask for naming of the remaining samples. This reduced the completion
time of the total task to 2-4 min (Kuehni, 2001, p. 62). | think that allowing unique choice
in between two samples is a good idea. On the other hand, despite the ambiguity it
creates, asking for repeated unique choices and namings to assess within-subject variation
is a good idea, too. Every sort of sensation has in it a stochastic component, and around
the limits (absolute thresholds, difference thresholds, and so on) this stochastic character
becomes crucia. Therefore, asking for repeated responses to the same stimuli is also
crucia in psychophysical experiments, whereas asking for just one response to each
stimulus might create the misleading impression that the examined phenomenon is
deterministic, that is, the subject would always give the same response to the same
stimulus in the same circumstance.

Next problem. Against the individual differences | presented, the following
objection could be raised. What is going on here is that | look at pairs of subjectsin my
sample to point out individual differences in color perception that are of theoretical
interest. Now, someone could object that | am looking at the outliers of my sample, and
find interesting differences only between them. But then, the actual individual differences
in phenomenology that allegedly support my argument are the exception rather than the
rule. So | am using the exceptiona cases in trying to refute phenomenal externalism,
instead of drawing upon the magjority of the cases and conclude that, a least in this
particular experiment, | failed to find any interesting between-subject differences that

could support my anti-representationalist conclusion.



228

This objection needs a reply. | think there is reason to take individual differences
serioudly in this case. First of all, even though only about 5.7 per cent of al the pairs
exhibit one-step shift or two-step shift'™, we can see from Table 9 above that five of the
six male subjects, and four of the nine female subjects participate in at least one of the six
interesting pairs. Viewed this way, the phenomenon of individua differences is more
than a marginal one. Second, unlike the case of shape perception, there is no normative
ruling against outliers in color vision. A subject whose best unique yellow is sample
YELLOW 7 is just as norma a color perceiver as another subject whose best unique
yellow is YELLOW 9, even if one of them perceives YELLOW 8 as greenish yellow,
and the other, reddish yellow. If the task is to choose unique green from a series of
greenish colors, and most color-normals choose stimulus X, whereas a few of them
consistently choose stimulus X+3 in the series, then the question arises, is there any
reason to believe that the outliers misrepresent the greenish colors? The only reason for
holding that the outliers misrepresent the colors is because they diverge significantly
from the group average. They see unique green somewhere else in the series than do most
other color-normals. Compare this with an analogous experiment in shape perception.
One could give to experimental subjects the following task. Given a series of more or less

circular objects, asin Figure 5, subjects have to choose the one that is the best circle.
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Figure 5. A shape perception task that is analogous with the unique hue doice task presented in this
sedion.

It is quite likely that most subjeds, women and men ali ke, would chocse the best circlein
such a cae. (Differences between adjacent shapes can be minimized making the task
more difficult.) In Figure 5, the best circle is the fifth from left. If a few subjeds would
consistently chocse, say, the fourth shape from left, then there would be two qute
different reasons to hdd that these subjeds mispercave the figures. The first (and
irrelevant) reason is that they diverge from the mgjority. The seand (relevant) reason is
that they consistently fail to corredly assess the relation between the horizontal and
verticd dimensions of the shapes. As a matter of fad, the fourth figure from left is an
ova, na a drcle: its verticd diameter is longer than its horizontal one. Here, in the cae
of shape perception, there is an oljedive aiterion for misperception, in addition to
conformity to the group maority. As a @nsequence ouliers here ae reasonably
regarded as misrepresenting the figures. Not so in the @lor case where the norm for
trichromacy (i.e.,, passng the standard color vision tests) does nat include the exad
perceptual locaion d unique hues — nar are there any percaver-independent stimulus
feaures that make cetain oljed colors “objedively” (i.e., percaver-independently)

unique.
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Tye would probably resist this conclusion and clam that he managed to
“objedify” the unique-binary distinction (Tye, 2000, pp. 162165). If his shema for
defining objed colors in terms of surface refledance were @rred, then a percaver-
independent distinction between unque and hnary hues would indeed fal out of it. As
Tye suggests, unique green is the refledance for which M* >; L* and S =, L*+M*
obtains. Similar criteria ae provided for the other three unique hues: see Sedion 2.2.2.
abowe. Given such an oljedive distinction ketween unque and bnary hues, Tye can go
on to clam that normal trichromat subjeds soud percaeve eadly those mlors as
unique green that are objedively unique green. Outliers who locae unique green
somewhere dse misperceve the green colors because they fail to corredly identify the
point of balance between S* and L*+M* — in exad anaogy with the cae of ovals and
circles.!®?

Alas, Tye's shema is hopelesdy mistaken, and therefore his propasal for the
distinction between unique and hinary huesis aso entirely off the mark. Thus he has no
basis to claim that outliers in the unique hue doicetask misperceve the lors any more
than the majority does. Note dso that my crude spedficaion d broad color caegoriesin
terms of refledancein Sedion 2.2.5 des not suggest any percever-independent division
correspondng to the perceptual division d unique and kinary hues.

My conclusion in this dion is that outliers in the present color vision
experiment do nd in any sense mispercave the lors; thisis a disanalogy with relevant
cases of shape perception. My outliers are wlor-normals (as suggested by the wlor vision
tests), and so they can be compared to the mgority — that is, to aher color normals.

Different color normal individuals locae the unique hues at different points of the



231

stimulus gacewithou committing any perceptua mistake. The only upshot remains that

color phenomenadlogy varies independently of the relevant (content-bestowing) stimulus

properties.

4. Concluding remarks: arguments against representational externalism

As | noted in the previous wdions, there ae different arguments against
representational externalism about color experience | made two such arguments. one
from the failure of type physicdism abou color, and ore from individual differencesin
phenomenadlogy. | think it is posgble to set up aher arguments as well. | did na attempt
to argue from unity and the unique-binary distinction (see sedion 1.4abowe); nor did |
use the phenomena of color contrast to argue ajainst type physicdism and
representational  externalism. Indeed, the terms ‘color contrast’ and ‘simultaneous
contrast’ hardly occur in the present work, even though they are of central importanceto
color perception (see for instance Fairchild, 1998 Lotto and Purves, 200Q. The
relevance of simultaneous contrast phenomena in the present context is this: one and the
same lored surface ca appea, to the same observer and in the same ill umination,
radicdly different in color in dfferent color-contexts (surrounds). None of the relevant
color-contexts are reasonably regarded as ‘abnamal’, since they might occur in ou
everyday environment. This observation can give rise to arguments acerding to which
there is virtualy no correlation between percever-independently charaderized stimulus
properties and prenomena color experiences. The &sence of such correlations can then
be used to suppat either subjedivist views abou color or at least internalist views of

color experience As | said abowe, | think subjedivism abou color can be aroided by
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some neat philosophical moves like relativizing the colors and endorsing a digunctive
physicalist view of object color. However, as | argued, internalist views of color
experience cannot be avoided. That is, what it is like to see colors cannot be fully
understood in terms of what properties of the environment are represented by color

vision.
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Notes

Notesfor Chapter One

! That is, no relation to perception figures as an essential element in the property of having/being a
particular shape S.

2 A quick analogy here is with firing a shotgun No matter what evokes the dfed (e.g., pulli ng the trigger,
or hedingthe barrel), the dfed isthe same —the firing. More detail swill comein later sedions.

% Pigeons are akey example in Thompson et al’s paper.

* This observation does not go uncontested — this is one of the key iswies discussd in the present
dissertation.

® Not everyone would accept the ideathat dispositions are not causally effedive. | will discussthis point,
and give my reasons for holding that dispasitions are cauisally inert in 2.3.2 and 2.5.2.4 below.

®|.e, if there ae non-dispositional properties at all, then having a temperature of, say, 400 °C is certain
level of kinetic energy of the moleaules — a non-dispositional property that is “intrinsic” to the maaolevel
objeds that have such a temperature.

" In Tye's view, ‘inherent property’ means local feature — a feaure that does not involve anything away
from the objed or surfaceof which it is a property (Tye, 200Q pp. 147, 153). Refledance in Tye's view
courts as an inherent property, but the ratio of the refledances of a target surface ad the surrounding,
badkground surfacedoes not (seehis 200Q pp. 152-153). Obviously we cainot identify inherent properties
with intrinsic (i.e., nonrelational) properties, since refledance, an alegedly inherent property, is undeniably
arelational property — it is a dispasition. Still, as | understand him, Tye strives for retaining at least some
wedkened notion akin to intrinsic properties that applies to colors, in order to defend the type physicdist
view that colors are natural kind essnces by means of which surfaces with the same lor belong to the
same natural kind. Natural kind esences are typicdly intrinsic properties, or at least the paradigm
examples like being H,O or having the aomic weight 79 are.

8 Newton's prism and a few other examples (like rainbows) might strike one @ a murnterexample to the
claim that light rays themselves are invisible. However, in these caes light is refleded or scétered by the
objeds which it passes through (the glass volume of the prism, and the volume mnstituted by the myriad
water droplets in a doud) and our color perception is due to these phenomena. It is the prism (or a ceatain
part of the douds) that appeas colored in such cases, somewhat similarly to the cae of an illuminated
movie screen. It is the normally white screen that looks differently colored, not the lights coming from the
projedor that illuminate it.

 Tye, just like Hilbert, recognizes that objed colors are derivative, “uninteresting’, anthropccentric
properties, even if they are physicd types of some sort. However, it is evident that despite thisinsight, Tye
strongly holds onto a natural kind view of objed color (Tye, 200Q Ch. 7; see &so pp 124-125). Thus the
notion of anthropocentric natural kinds is not my invention. How plausible this dilution of the notion of
natural kinds is on other counts, | am not sure. On this liberal approacd, quite obviously, shapes are natural
kinds as well —including shapes that we identify perceptually.

10 switching between subjeds will not evade this conclusion, Campbell argues. For what we want to make
sense of is the posshility that the particulars and their color properties in our environment might have
existed in the asence of any human or other perceiver. In making sense of this posshility we still cannot
apped to identification of particulars from no pant of view, becaise there is no such identification
(Campbell, 1993 p. 260).

| am not entirely convinced. Campbell here makes two related claims that are neverthelessdistinct. The
first is that relation to some subjed necessarily figures in identifying particulars (Campbell, 1993 p. 259).
The seocond is that we identify particulars via their spatio-temporal location, and that is a mntingent feaure
(p. 261). The second claim can be true without the first, and | think it is also more plausible than the first.
For instance, in identifying heavenly bodes, we typicaly make reference to their spatial locaion, and this
would beme necessary if moleaule-by-moleaule duplication of them occurred. Still, no relation to any
particular perceiver, or some idedly situated perceiver, figures in the identification of stars and planets (as
oppased to spoans, for instance). Relation to the Solar System is not possble to eliminate cmpletely from
the locdization of stars and planets, simply becaise the Solar System is part of the Universe, and even if
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locdizations in it were explicitly spedfied relative to Alpha Centauri, the system would still contain
information about the location of the Solar System relative to any other astronomicd objed.

12 Not just any three wavelengths in the 400-700 nm range would work. The three primary wavelengths
have to be visually independent: no additive mixture of two of them should be avisual match of the third.
Moreover, even with three visually independent primaries, there will always be some test light SPDs that
cannot be matched by an additive mixture of those primaries. To match these test lights, it is necessary to
move one or even two of the primaries to the test side of the drcular bipartite field. Mathematicdly this
means that thoughmost visual matches are of the form: t = e;p;+ ep,+ e3p3, Some matches are of the form:
t = —ept Pt eps. SeeWandell, 1995 p. 84.

13 More exadly, y(\) is aroughapproximation to the brightnessof monochromatic lights of equal size ad
duration (Wandell, 1995 p. 87).

14 1.e, such intrinsic properties of mental (brain) states are necessary but not sufficient to explain
representational cgpadty.

> This might strike some people @& a ontroversial claim. There ae theorists (the so-caled
epiphenomenalists) who argue that the discrimination, recognition, etc. happens on the basis of ordinary
(biologicd, computational) properties of perceptual (brain) states, but not via their corresponding
phenomenal charaders. For even though phenomena charader arises from brain states, the two are not
identicd, and only brain states are caisaly effedive, phenomenal charaders are not. | am not particularly
attraded by this view, so | don't mind tadtly assuming that whatever they are, phenomenal charaders are
causaly efficadous.

16 «| awfully” refers to some high-level psychologival laws here — psychologicd links that we do not
frequently cdl alaw in ordinary discourse, becaise they are often too particular. For instance, certain visua
perceptual states are perceptions of chipmunks because they reliably covary with the occurrence of
chipmunks in one's visual field. This is a result of perceptual leaning — the formation of perceptual
caegories that correspond to chipmunks. In important respeds, such links are like laws of nature: they are
counterfactual-supparting, and we even have psychologicd explanatory stories of how such links obtain
(e.g., pattern-recognition by neural networksin the brain, etc.).

7 According to Nede (199Q pp. 124-129), a hyperintensional linguistic context is one which (1) does not
allow the substitution of co-referential expresgons within its ope, (2) is nsitive to more than the truth
vaue ad truth conditions of its operand, and (3) alows quantificaion into its <ope.
Psychologicd/propasitional attitude terms like ‘believes’ are hyperintensional. Even thoughMark Twain =
Samuel Clemens, from the fad that Mary knows that M.T. wrote Huckleberry Finn's Adventures it does
not follow that Mary knows S. C. wrote HucKkeberry Finn's Adventures (1). Moreover, the following
makes @ense: Mary believes that there exists exactly one person who wrote Huckieberry Finn's
Adventures (i.e., it was not two or more writers who wrote it in cooperation) (3). The feaure (2) raises
difficult questions and it is not easily captured by a quick example.

18 However, see Sedion 2.5.2.4. below where | discuss Campbell’s views further. What | say there is
relevant to Tye' s notion of transparency as well.

19 As we have seen, Tye endorses a covariation theory of representation: representational content is
determined by covariation in optimal circumstances (Tye, 1995 ppl06101). Misrepresentation arises
when circumstances are non-optimal. An important question (althoughone | am not going to address here)
iswhether we can define optimal circumstances without making referenceto seledion history.

2 n the cae of human artifads it would be relatively easy to cash out causal history in terms of the
synchronic notion of, say, expedations of the designer, or user. E.g., the user of the ca takes (expeds, or
interprets) the speadometer to carry information about speed, and this interpretation fixes the function of
the speedometer. In the cae of natural systems, such expedations can only be realized by the environment:
the environment ‘expeds' living organisms to exhibit adaptive feaures, not maladaptive ones, or else they
get seleded out. However, synchronic ‘expedations of the aurrent environment may or may not be in
acordance with the seledion history of organisms. A fedure that has been seleded against for along time,
and hence survived only in the form of an infrequent recessve dlele can abruptly become alaptive & a
result of a dhange in the environment. In other words, there is me sort of a lawful connedion between
designers’ intentions and users expedations (prospedive users are typicdly told what to exped from a
madine they consider buying), whereas ledion history and current ‘expedations’ of the environment are
contingently related.
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2| am grateful to Dan Ryder for discussng Dretske's views with me, and letting me know Dretske's
answer to my questions about his view. | am aso grateful to Andrew Brook for discussons on this point.
For the view of universalsthat Dretske is relying on, see Armstrong, 1989

22 By the term ‘color objedivism’ Thompson means physicdist views in a strong sense — views that |
cdegorize & type physicdist. In his 1995 boé& Thompson analyzes in detail the refledance theory of
color, with afocus on D. Hilbert's (1987 acount.

% Lineaity is important and it is most often tadtly implied in isomorphism claims. If we dlow for
nonlinea transformations to occur in the mapping between physicd stimulus dimensions and perceptual
similarity spaces then again almost any stimulus smilarity space becomes isomorphic with aimost any
perceptual similarity space For instance, Thompson (1995 pp. 125128) argues that the olor-stimulus
space onsisting of three aes corresponding to values of integrated refledance in the short, midde and
long wavebands, as assumed by Hilbert (1987, is not isomorphic with perceptual color spacewith the
dimensions of hue, saturation, and lightness This claim is properly taken to imply that it is linear
isomorphism that does not obtain between these spaces. For there surely is ©me mplex nonlinea
transformation that takes triplets of integrated refledance transformed by parameters charaderizing
perceptual context, illumination, observer senstivity, and aher relevant fadors, into those of hue,
saturation and lightness Color science has not completely recovered this complex transformation yet, but
details of it are dready known (seefor instance Fairchild, 1998. Note dso that most sensory functions are
nonlinea mappings between measurable stimulus properties and perceptual similariy spaces. Weber-
Fedhner type sensory functions are logarithmic transformations; Stevens type sensory functions are power
functions (including, asa spedal case, linea transformation where the exponent is 1).

24 Moreover, since no stimulus properties have these properties, no stimulus properties are the @lors, or so
the subjedivist argument continues (seeHardin, 1988 Matthen 1999.

Notesfor Chapter Two

% For instance, as Block (1999 argues, the following cases are adual. Given two subjeds, S1 and S2, and
two color samples C1 and C2, C1 looks unique green to S1 but, say, slightly bluish green to S2, whereas
C2 looks dightly yellowish geen to S1 and unique green to S2. That is, the very same stimulus looks
different in color to two trichromat percevers in normal circumstances. Therefore, it is not true in full
generality that, say, C1 is unique green (unique green is either a narrow shade or a narrow caegory of
shades. unique greens differ from ead other only in saturation and lightness but not along the chromatic
dimension of color spacé. The very same refledance (or type of refledances) can look different in color to
different trichromat humans. This case, if carefully established, goes beyond the principle of percever-
relativity (1.1.3). That is, unique green (a @lor caegory charaderized by its perceptual 100k) is one narrow
range of refledances for me, and another, non-overlapping rerrow range of reflectances for you, hence,
unique green is at best a perceiver-relative shade (see Block, 1999 p. 63). | will give more detail s about
thiscasein sedion 3.

% Even if we take the variability of metamer sets with individual perceivers into acourt this generalizaion
is claimed to be true of the metamer sets of any particular percever. There eists me variation acoss
normal trichromat subjeds with regard to their metamer sets (Hil bert, 1987, pp9697).

27 A restriction has to be alded here: two refledances that have the same TIR are perceived as the same
color if they appea in the same visual context. Simultaneous contrast eff eds are not explcitly considered in
Hilbert’s proposal. SeeHilbert, 1987, p111, footnote 8).

2 This sunds like aquite abitrary stipulation — but | use it merely as a shorthand. There ae many SSRs
that look achromatic gray but whose refledanceis not a constant function of wavelength.

29 Matthen seems not to dstinglish as carefully between oppment process $gnals and integrated
refledances as does Tye (200Q pp. 160-161). But his point (in Matthen, 2001) is esentialy the same &
Tye's: metamers can be united under non-digunctive types of refledance, resulting in a charaderizaion of
broad color categories in terms of surfacerefledance

39 |n response to light increments, vertebrate photoreceptors sow a hyperpolarization response in a graded
fashion: the greaer the light incerment, the stronger the response. In response to deaements in light, the
photoreceptors ow depalarizaion and seaetion of synaptic transmitters. Under normal circumstances, the
light falling on any given receptor is constantly fluctuating, and the receptor responds with a fluctuating
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polarization of its membrane (DeValois and DeValois, 1997 pp. 99-100). It is sown by in vitro single cdl
recording studies that in the absence of light cone membranes exhibit a steady inward flow of sodium ions
cdled the dark current. Dark current is regarded as the baseline level of adivity, or “zero signal”. When the
photopigment absorbs light from a flash, it responds by a hyperpdarization of its membrane due to a
dowdown of the inward flow of sodium. Then, as a result of overcompensation in restoring the resting
potential, a depdlarization follows. The amplitude of the photocurrent response increases with the stimulus
intensity (Wandell, 1995 pp. 89-90). That is, zero photon absorption results in baseline adivity, or zero
signal; if there is photon absorption, then there is hyperpolarozaion. If there is a decrease in photon
absorptions per time unit, then there is a graded depolarozaion — a @ne signa that corresponds to a
decrement in positive value. But just as there is no absorption rate that is lessthan zero photons per time
unit, there is no cone signal that is interpreted as a negative value by the processng stages into which it is
input. Cone signalsindicae dther no photon absorption or the presence of absorption.

31 ASSC 5 Conference, Durham, North Carolina, May 27, 2001

32 |nterfacerefledion (otherwise cdled the speaular component) is the mirror-like ammponent of refledion,
responsible for shininess that is typicdly not wavelength-seledive [except for cases like the wlor gold]. In
the overwhelming majority of the caes, only body refledion is wavelength-seledive, and so this
component determines the perceived color of refleding surfaces. Body refledion emerges with the same
likelihood in almost any diredion [see Wandell, 1995 pp. 292293; ided matte surfaces have only body
refledion, no interfacerefledion.

%3 Measurements were taken at the National Reseach Council of Canada, Institute of National
Measurement Standards. My measurements are not guaranteed to exhibit the high degree of acaracy that
charaderizes other measurements taken in that institute by more up-to-date equipment; however, as | said,
for purposes of the present research, they are perfedly fine. | am grateful to Réean Baribeau for providing
me with equipment and assstanceto colled my measurements.

3 Surfacerefledance is a function of wavelength; so is the SPD of ill uminants. Mathematicaly, the @lor
signdl is the product of these two functions. Multiplying an SR function with an SPD function which is
constant over wavelength, with all its values being 1 does not change the values of the SSR function.

% Tye (200Q pp. 159-165) is more explicit on this paint.

% This happens in the cae of Stevens-type sensory functions, where the exponent of the power function
charaderizes the sensitivity of the percdver to the particular asped of the stimulus. The input of the
Stevens transformation is me physicd (perceiver-independent) measure of the stimulus; the output
charaderizes the sensory/perceptual response of the organism. Seebelow in this sdion.

37 1n addition, it aimost certainly has to include other parameters charaderizing human observers. McCann
et a. (1976 pp. 449450 say the following. In order to achieve agood correlation between (1) triplets of
refledances charaderizing the displays in the Mondrian experiments and (2) color perceptions, light
refledion, weighted by cone spedral sensitivities, has to be further transformed using a power function
with exponent 1.3 (apparently a Stevens-type sensory function whose exponent charaderizes the sensitivity
of observers). As McCann et a. note, they used this transformation to compensate for the fad that equal
increments in refledance do not represent equal increments in sensation. Seebelow for further discusson.

3 Surfaces that have the same tristimulus values under a spedfic illuminant are metamers under that
ill uminant — or identicd in refledance

39 Byrne and Hilbert (1997, p265 offer only one mlor-definition in Tye's dyle (that of green), without
mentioning the neal for any corredion. | showed in the previous sdion why that definition is wrong.
Since Byrne and Hilbert do not speak about corredions of the schema & all, the wnsiderations in this
sedion do not apply to their formulation. Tye remarks that in developing his generalized schema he was
influenced by Byrne and Hil bert’ s definition (Tye, 200Q note 20 an p. 168).

40’ McCann et al. measured integrated triplets of refledances, weighted by cone spedral sensitivities using
three broadband telescopic photometers whose sensitivity extended the whole visible range. One of these
photometers was equipped with a set of color filters whose transmittance gproximated the sensitivity
(probability of absorption) of the short wave @nes (e.g., highest sensitivity of these @mnes around 445nm
was modeled as highest transmittance by the filters covering the photometer’s sensor; the low sensitivity
around 525nm was modeled as low transmittance, and so on). The other two photometers were eguipped
with filters modelling the other two cone sensitivity curves. Triplets of weighted integrated refedances
were measured thus: the threefilter-equipped photometer was pointed at a sample surface(e.g., aMondrian
areg or a Munsell chip), then they were painted at a standard white surface Weighted integrated radiances



(i.e., threedifferent weightings of the alor signal by the filters) of the sample surfacewere then divided by
those of the standard. SeeMcCann, 1976 p. 449453

L abs stands for absolute value.

“2 A properly chosen second-order polinomial function would dothis favor for us.

“3 Seethe next sedion for the notion of perceiver-dependent properties.

4 The CIE tristimulus values of colored surfaces are dso perceiver-dependent properties, sincethey apped
to human color-matching functions, that is, linea transforms of cone spedral sensitivities (see dove in this
sedion). Tristimulus values can be regarded either as g/stematicdly corresponding to (describing?) cone
adivity ratios in standard circumstances of perception, or as values of arbitrary but useful mathematica
transformations (functions) that give the same values for surfaces that we percive a the same in color (in
standard circumstances). Calculating tristimulus values is an abstrad mathematicd transformation. The
reason why we use it so frequently is that an equivalent mathematicd transformation is implemented by our
visual system — hence tristimulus values predict perceived color. There ae no meaurable stimulus
properties, instantiated in the asence of human perceivers, that can be identified with (i.e., that are) the
tristimulus values.

“5 Assuming that the members of such sets occur against the same badground.

6 Again, integrals of refledance @ove the sensitivity ranges of the mnes are not the same for members of
metamer sets.

*"Well, except for normal misperceptions— seebelow.

“8 Tye (eledronic communication) gave this reply when | raised to him the problem of category mistakes
(seethe previous fdion).

“9 All graphsin this figure ae displays of my own measurement data.

Notesfor Chapter Three

* This is a reasonable daim since & we perceive it, the rednessof ripe tomatoes, and that of stoplights or
hot iron is very similar — phenomenally, or perceptually, they are the same kind of thing, despite small
variations in shade.

*1 Note that the transmittance of a film is a function, among other things, of the thicknessof the film. A thin
layer of red wineis pink, or pale red; athick layer of red wineis dark red.

2 Emissve mlor changes more frequently in time than refledive wlor (think of color TV screens), but
surfacerefledance dangesin time & well: think of cameleons’ skins or treeleavesin the fall.

%3 However, the manifestation of reflectance, namely adual light refledion, isaphysica event.

** And a simil arity to fluorescent surfaces.

%> Hence, in this particular case, it lacks any interesting theoretica interpretation.

%6 When cdculating color-matching between refledive surfaces and, say, color monitor displays, the match
is ught between (i) the wlor signal that arises at the refleding surface (i.e., refledance times externa
illumination) and (ii) simply the SPD of light emitted by the monitor. According to the principle of color
matching, these two quantities, when multiplied by the standard trichromat observer’s color-matching
functions, should be egual — this predicts a match in perceived color for the standard observer.

" The reason why it does not look infinitely bright is well explained by the alaptation and limits of
sengitivity of our visual system. But of course, these latter fadors cannot be built into a type physicdist
notion of objed color.

8 Asfar as| cantell, thisideais my own — | did not find it anywhere in the literature.

%9 Except for refraction —the change in speed and diredtion of the light ray when it enters the solid or liquid
transmitting medium (see &ove and Nassau, 1997, pp. 24-28).

%0 And fluorescent transparent volumes that also exist.

%1 By the same win, one can aways find qualitative differences between any two non-identica particulars,
at some level of abstradion.
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Notesfor Chapter Four

%2 |t is not always easy to dstingtish between normal and abnormal circumstances of perception, or, in
other words, between what counts as the stimulus and what counts as part of the drcumstances. In the
movie cae we might count illumination by the projedor as part of the stimulus. The problem is, there is
always mething slightly “abnormal” in all eged cases of normal misperception. In cases where the ill usion
is gable, and it resists beliefs and perceptual leaning, it is arguable that either the stimulus or the
circumstances are not perfedly normal, in the sense that our perception has not been prepared in evolution
to pick up and interpret that stimulus, in that circumstance, in a veridicd way. So perhaps there is no such
thing as an entirely normal misperception. If, on the other hand, one wants to maintain that there is such a
thing as normal misperception, then one has to accet that normality (whatever it amounts to), is not
immediately destroyed if there is ssme unusual asped of the perceptua situation. Matthen (1988 pp. 11-
13) nicdy introduces the notion of normal misperception.

% However, the visual system might have an indired acess to the overall brighress of the ill uminant
(Shepard, 1997, p. 324 Maloney and Wandell, 1986). For example, the brightness of the ill umination
might be estimated, independently of the light scéttered by surfaces, from the brightness of the sky, and
from the evidence for the presence of shadings.

% It is important to note that there is a remarkable change in Matthen's views on color that took place
between his 1988 and 1999 jpeces. In his ealier paper he defends type physicdism whereas in the latter
one he no longer does 2 — even though ke remains a wlor redist and a physicdist.

%% One might argue that when we look at a @lor TV screen in a dark room, the drcumstances of perception
aren't normal as there's no external ill umination present. I'm not totally convinced, but let us accept this
objedion. Still, when we look at an adive computer monitor in an officeilluminated by tungsten bulbs or
fluorescent tubes, this objedion does not apply, and we till perceve the amissve lors of the monitor
perfedly well.

% e, fluorescent ones: seeNassu, 1997, pp. 10-13.

Notesfor Chapter Five

" For philosophicd purposes, there ae significant differences between these two notions of
representational content. Causal history (evolutionary history) is causally inefficadous. two organisms that
are moleaule by moleaule duplicaes (or as smilar qualitatively as they can be, in every relevant respea),
can nevertheless have radicdly different causal histories. An ordinary example is that of two cars of the
same type made in different courntries. two Toyota Tercd '94s can have eadly the same structure,
performance look, that is, exadly the same caisally effedive physicd properties, despite the fad that one
was made in Canada and the other in Japan. A fantastic example is that of Swampman, an exad duplicae
of, say, me who was brought about by some csmic ooincidence from scattered organic matter in a swamp.
Swampman has no human ancestors, and no evolutionary history. On the teleologicd notion of content, his
sensory states have no representational content, as they were not designed, or evolved, to indicae aything.
On the non-teleologicd notion of content, however, Swampman’s perceptual states do have content: given
that his physicd congtitution is like mine, the lawlike, counterfadual-supparting correlations between his
perceptual states and stimulus properties immediately obtain. On independent grounds, it seems intuitively
plausible to many philosophers that such a swamp creaure would have mnscious experience and
acording to the representationali st view, this can happen only if he has perceptua content. Only the nomic
correlation (non-teleologica) notion of content provides the representationali st with this conclusion.
Another fantastic thought experiment, relevant in this context, is that of brainsin a vat. Imagine
that John Smith’s brain is removed from his skull and is placeal in an appropriate solution to maintain its
biochemicd functioning. In addition, the nerve endings are aut off from Smith’s sense organs and hooked
up to a supercomputer that supplies them with appropriate input signals while processng their output. By
asumption, this smulation is perfed: Smith’s nerve endings receve the same kinds of inputs that they did
in his kull. Most phil osophers' intuition is that in such a cae John Smith would continue to have the kinds
of conscious experience he had before, i.e., he would not notice awy change. Now, if his conscious
experience is normal, then, for the representationali s, his perceptual contents must remain normal too. The
teleologicd notion of content provides the representationalist with this conclusion: John Smith does not



lose his evolutionary history by being “envatted”. However, it is arguable that by cutting off the sense
organs from the nerve endings, one breas the munterfadual-supparting psychologicd laws that couple
stimulus properties and sensory state adivations together. Even if John Smith envatted was placeal in
ordinary circumstances of perception, he would not perceve aything— his perceptual systems are radicdly
atered if not completely destroyed. So, on the non-teleologicd notion of content, he cawnot have avy
perceptual content that could suppat the intuition, for the representationalist, that he has conscious
experience SeeTye, 1995 p. 153for asimilar line of argument.

%8 Some phil osophers deny that there ae such things as disjunctive properties at al. | am liberal in this
resped: as far as | am concerned, there can be digunctive properties (i.e., it might make sense to spe&k
about disjunctive properties). This does not save phenomenal externalism anyway.

% There were two people who mentioned this objedion to me, independently of ead other: John Kulvicki
at the Tucson 2000 conference, and Dan Ryder at the “Consciousness and Emergence” conference d the
University of Western Ontario, in April, 2001 At the latter event, there emerged a lunch-table discusdon of
this isaue with the participation of Dan Ryder, Jilli an McIntosh, Willi am Seager, and Andrew Bailey. | am
grateful to all these people for raising very interesting ideas in the discusson. However, it seamed to me
that we were unable to come up with anything like adedsive objedion against the disunctive mntent idea
| shall raise an objedion in the main text that, as far as | can tell, is my own, though it may have been
fadlit ated by the just-mentioned discusson.

© The function of a system and the job a system does reliably need not be the same. Remember the
distinction between the teleologicd and non-teleologicd notions of content.

" Here is another relevant example. Brown, like blad, is regarded as a contrast color becaise we can only
see brown in appropriate @lor contexts. Looking at a brightly illuminated chocolate bar through a
cardboard tube whose inside is painted blad, the dhocolate bar will 100k orange — quite a surprising
experience In terms of surfacerefledance, the dhocolate bar is Smilar to, say, an orange ped. Both of
them refled relatively few light in the 400-550 nm range; the refledance of bath rises abruptly around 550
nm, and stays high urtil 700 nm. The difference is that the average refledance of brown surfaces is
significantly lower than that of orange ones. Perceptually, brown is bladened arange or blackened yell ow.
It might occur to someone that emitting surfaces (light sources) never look brown. The mmmon sense
intuition is mething like that there is no such thing as “brown light”. However, the ideathat emitting
surfaces never look brown is false: we can and do see awhole variety of browns on computer monitors or
color TV screens. Such screens provide us with simultaneous displays of various color patches, hence the
appropriate lor contrasts to perceve cetain areas of them as brown. What remains true is that, for
instance, a single light source in darknessnever looks brown — it can only look orange or yellow. But such
a ca&e is analogous with looking at the chocolate bar through a tube with blad interior. Returning to the
problem in the main text, | conjecure that before the invention of color TV screens and ather emitting
surfaces that can display complex stimuli, emissve brown was very rare in our environment. That is,
perceptions of brown were once dicited amost exclusively by refleding surfaces. In our contemporary,
man-made environment, there ae alot of emissve brown stimuli around.

2| am grateful to Dan Ryder for discussng Dretske's views with me, and letting me know Dretske's
answer to my questions about hisview. | am also grateful to Andrew Brook for discussons on this point.

3 According to scientific redism, it is sience, ultimately physics (in its finished form), that represent the
criterion of what there is. Ontologicdly significant predicates are those essntia to the formulation of the
corred physicd theory. An oppaing view of universals is sometimes cdled apriorism: it is the ideathat
we can determine what universals there ae by mere amchair refledion on the stock of predicaes in our
language. To every non-equivalent predicate in a natural language there arresponds a separate and distinct
universal. This may occur to someone & atoo liberal criterion for the existence of universals; many redists
think that restrictions need to be placed on the Platonic schema of universals (Loux, 1998.

" Well, not that one auld not find marginal counterexamples to this rule. Supersaturated colors are one
such example. But it remains the cae that such cases are marginal and by no means esentia to the
function of color vision — unlike our capadty to construct new conceptual representations that do not
correspond to any adual objea or property.

> Again, the key difference between dispositionalism and dsjunctive physicdism is that on the former,
color is the role (the disposition), whereas on the latter, color is the acédental role fill er (the basis of the
disposition).

"6 SeeSmith, 1993 pp. 270271 for what seams to me an example of such aline of reasoning.



24C

" The situation is smilar in the cae of more mmplex functiona states like propasitional attitudes.
Accepting the functionalist intuition, “beliefs cause behavior” is, strictly speaking, false. Beliefs are,
functionalism tell s us, functional states or causa roles. It is the belief-role-fill ers (in humans, neurologica
states) that cause behavior. Beliefs in general are not identicd with reurologicd states. Still, it is the
relevant neurologicd states, the ones implementing beliefs and other propasitional attitudes that participate
in causal interadions. Beliefs are causal roles; causal roles do not cause; what happen to play these roles
do.

8 The (red or apparent) revelation of the phenomenal charader of experiencesis not a relevant analogy as
phenomenal charaders are not environmental stimulus properties that perception is after, but colors are —
seeSedion 1.1.3.

Notesfor Chapter Six

" We can asaume that type physicaism about color is correa for broad color categories, or we can accept
the family resemblance view of objed color that | suggested in the previous part. The agument from
individual differences can be formulated in both cases. In this snse the two arguments are independent of
ead other. The mnclusion of the agument from individual differences is that there is mething like a
“fregplay” between objed color properties and phenomenal color experiences. This, however, prevents us
from finding urique rrespondence relations between perceptually determinate @lor experiences
(perceived shades as oppased to perceptual color categories) and determinate narrow ranges of objed color
properties like types of surfacerefledance This means that, for the population of color-normals, the objec
color unique green beacomes disjunctive simply by means of the individual differences — unique green is
either refledance type R1 (for color-normal subjed S1) or refledance type R2 (for subjed S2), ... and so
on for all subjeds or groups of subjeds that have relevantly different trichromat color vision.

8 This is not exadly right as it stands — a cmplicaion is ignored. | shall describe ad discuss this
complication later. My first aim isto give aschema of the anti-representationalist argument from individual

differences in color phenomenology — a somewhat simplified schema to which | can add the further
wrinkles as | procee.

81 Block (1999 p. 45) writes: “The objedive nature of color ... derives from the overlap between persons
with normal color perception. There ae objeds which would be cdegorized as ‘blue’ under ided

circumstances by everyone with normal color vision, and that’s what makes them objedively blue.”

8 This conclusion is contested by Tye (2000. Seebelow for detail.

8 |.e,, the non-disiunctive repledance properties that are true of al and only Samantha's and Max's
metamer set respedively. Remember, we ae aauming a hardline type physicdist view of color.

8 BTW, in hs two bodks about consciousness Tye does not offer a definition for normal/optimal

circumstances of perception. For hisreasons, seeTye, 1995 note 16 m p. 226.

8 |.e., we cainot perceve the type of refledance that is green, only instantiations of this type, but such
instantiations are particular (maximally determinate) refledances, instances of minimal shades. Greenness
as an abstrad property (refledance type) is always redized together with further differentia spedfica that
are not necessary for being geen. Analogy: we canot diredly perceive “the generalized mammal”, only
instantiations of a cetain mammal spedeslike aparticular dog, for the same reason as with green.

8| e, the category that is represented consists of minimal shades; the category representation is either a
range of PDCEs or, asin the cae of faint color memories, it is a singe, lessdeterminate mlor experience
(take the latter as a speaulative proposal — | shall not argue for it, nor isthisideanecessary for the agument
I’'m meking). Seebelow in the main text.

87 None of the type physicdists | know of (most importantly A. Byrne, D. Hilbert, and M. Tye) take this
route. It seams they are dl prepared to endorse objedive incompatibility, so what | mention in this
paragraph of the main text isjust a posshble theoreticd route.

% As | argued ealier, Tye's shema for defining objedt colors in terms of surfacerefledance is wrong.

However, in the agument from individual differences | do not neal this result — asuuming that Tye's
schema is right does not affed the latter argument. This dows that the two arguments | offer in this
disertation are quite independent of ead other.

89 Recdl Block’s notion of person-relative mlor (Block, 1999and Sedion 3.2 above). Theideais, different

color-normal subjeds may differ in how they caegorize minimal shades perceptually. A particular surface
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may be cdegorized by Samantha & orangeish red whereas by Max as plain red, while both their
perceptions are veridicd. However, it foll ows from objedive incompatibility that if a surfaceis categorized
by one of them as blue-red, and by the other as yell ow-red, then there is a mistake involved in one of their
color perceptions, since no surface ca objedively be both bluish and yell owish: being blue(ish) and being
yellow(ish) are incompatible stimulus properties.

%0n Tye's shema (2000 Ch. 7) we can avoid concluding that unique green and bluish (yellowish) green
are ontraries, by saying that the meanings of “approximately equal” and “significantly more/less’ are
related by a fuzzy boundary. I.e., in his shema (for refleding surfaces only), unique green surfaces refled
approximately the same amount of light in the short wavelength range & in the medium-plus-long
wavelength one; bluish greens refled significantly more light in the short wavelength range than in the
medium-plus-long wavelength range. Now what is sgnificantly more & oppased to insignificantly more
(i.e., approximetely equal) is a matter of discusson. Tye was careful enough to avoid any spedficaion
here. See dso Byrne and Hilbert (1997, pp. 272-274 m this paint).

1 The experience of unique green is chromaticaly as determinate & it can be. There ae no chromatic
variations of unique green (and the experience of it): unique green is the lor that is neither bluish nor
yellowish. There ae variations of unique green as experienced, in terms of lightless and saturation, but
when spe&king about monochromatic lights, brightnessand saturation values are dso pretty well spedfied.
Monochromatic lights look highly, perhaps maximally, saturated. The intensity of monochromatic lights
and their corresponding perceived hrightnesscan be regarded as fixed at an arbitrary but reasonable level —
this helps to avoid questions arising from the Bezold-Briicke dfed. But if all three dimensions of color
space ae fixed, then we arive & a PDCE — a fully spedfied color experience Thisis why | say that the
experience of unique green, in the mntext of monochromatic lights as gimuli, is essntialy a perceptualy
determinate lor experience

921n aduality such non-overlapping ranges of refledance ae not very different; indeed, they are quite dose
to one another.

93 Colorimetry makes this assumption (see eg., Wyszedi and Stiles, 19671982. In colorimetry, objed
color is (often) identified with the lor signal: surface refledance times illuminant spedral power
distribution (Wyszedi and Stiles, 1967, p. 279).

 Throughout this sdion | always imply the sameness of perceptual circumstances for the hypothetica
subjeds whose @lor perception is compared.

% American Opticd Company, 2" Edition.

% The author is grateful to Rejean Baribeau and Jessca Cox for for making avail able their laboratory and
equipment, and providing asgstance with the preparation and data wlledion.

971967 Edition, Davidson and Hemmendinger, 2857 Nazaeth Rd. Easton, Pa More recent address
Hemmendinger Color Laboratory, 438 Wendover Drive, Princeton, New Jersey, 08540

% In general, there is no hue angle in L*C*h color spacethat corresponds to, say, “standard unique red”
(the same holds for the other threeunique hues). In colorimetry there ae no such things as ¢andard unique
hues, let dlone mlor stimuli (e.g., particular surfaces with a determinate reflectance) that look chromaticdly
unique to the overwhelming majority of color normals. However, it would be too ealy to dedare this at
this paint in the text, since this indeterminacy is the very phenomenon that | want to demonstrate in the
present experiment. If one set up the four color series in such a way that the grand mean of unique hue
choices is 7.00 for eat of them, that alone would still not make it the cae that there is a sample in the
series (i.e., the seventh) that is the “official unique hue”. Thisis becaise even if the aserage unique choice
in a series is ample 7, till, the mgjority (or all) of the subjeds might choose some sample other than the
seventh as unique (e.g., al femaes consistently prefer sample 6 whereas all males consistently prefer
sample 8).

% Note that it is possble to argue the same way if a subjed named a sample bluein 75 per cent of the caes
and greenish blue in 25 per cent of the caes. This motivates the use of the strict criterion for unique hue
perceptions.

190 Thisistrue in general when we want to classfy values of a probabili stic variable. For instance, it would
be impossble to establish just noticeale differences (jnd’s) between stimuli without introducing
(esentially arbitrary) probability thresholds. For what counts as noticing a diff erence between two stimuli?
Noticing it in 100 % of the caes? Psychophysicists prefer less srict criteria: the tradition isto use 75 per
cent. That is, if asubjed signals a diff erence between two stimuli in at least threequarter of the cases, then
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he is credited with noticing the difference — his jnd is the stimulus difference that he notices with a
probability of 0.75.

191 Given 15 subjeds, there ae 15*14/2=105 dfferent pairs. Out of these, 6 are of interest (or perhaps 10, if
we ount in the blue series cases). 6/105=0.0571, that is, 5.7% of the pairs dows at least one of the
interesting phenomena.

192 Byrne and Hilbert (1997, pp. 279-281) offer a very similar solution to the problem of unique-binary
distinction.
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