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Chapter 1: Introduction

Introduction
Science and philosophy

The interactions between the sciences and philosophy throughout history are deep and
numerous. This 15 evidenced for instance by the vanous historical figures who contributed to
both fields. Famous for lis philosophical approach and theones, Descartes was also an
accomplished physicist in his time and developed influential laws of motion. According to the
first of these laws, rest and motion are opposite and prinutive states of bodies so that a body
will only change its state if acted upon by an external force. A body in motion will thus
always try to go back to moving and similarly for a body at rest, which will always try go
back to a state of rest. According to Slowik, “it 15 not an exaggeration to claim that Descartes
helped to lay the foundation for the modern theory of dynamics™ (Slowik, 2023).

As another example, Pierre Duhem 1s well-known for lus work in the philosophy of
science and lis contribution to the Quine-Duhem thesis, which states that theoretical
statements cannot be expennmentally infirmed or confirmed independently of overarching
hypotheses. However, Duhem was also a famous physicist and contributed to the Duhem-
Margules and the Gibbs-Duhem equations. The second of these equations describes how the
chemucal potentials of components in a mixture change with composition. The first, in turn,
deals with the relationship between chemical compositions and activity coefficients, where
the latter measure how the behavior of a component m a muxture deviates from the ideal
behavior.

Fortunately, the interactions between science and philosophy are not restricted to
listorical figures doing both at the same time so that each part of their work 1s influenced by
the other. Theories themselves can also influence the development of theones in the other
research field. Scientific theories can have theoretical import in philosophy. For instance, the
special theory of relativity claims that there 1s no fact of the matter as to whether two spatially
distinct events are simultaneous. That 1s, 1t entails the relativity of stmultaneity. The latter can
mn turn be shown to entail that there i1s no fact of the matter as to whether an event 1s present or
not. But this seems to directly contradict the ontological theory of time known as presentism,
which claims that the present 1s ontologically special in some sense, as compared to the past



and future. We therefore have an example of a scientific theory informing us regarding which
of our philosophical theories can be true or not'.

We have examples going in the other direction too. Philosophical theories can also
mfluence the development of scientific theories. Atomism began as a fanuly of philosophical
theories which claimed that there are indivisible, smallest parts of matter which can infer alia
explain the behavior of macroscopic bodies. Most notably, these theories were mostly found
m Jaina, Vedic and Ancient Greek philosophies (Berryman, 2022). Importantly, the various
theories of atomism in these times were metaphysical theones established through a prion
arguments. On the contrary, modem atomusm was developed through the use of a posteriori,
scientific methodology. But this does not eclipse the fact that the elaboration of the various
kinds of atomism 1 ancient philosophy represented fertile grounds for the development of the
scientific versions of the theory. As Chalmers puts 1t, “twentieth-cenfury atomism in a sense
represents the achievement of the Ancient Greek ideal insofar as it 1s a theory of the
properties of matter in general in terms of basic particles, electrons, protons and neutrons,
charactenized in terms of a few basic properties” (Chalmers, 2019).

In the case of the research on color, we can also observe fruitful interactions between
philosophy on the one hand and science on the other. In the Iraqi medieval times, Ibn Al-
Haytham developed a theory of perception which had an impact on lis views on color by
essentially implying that colors are properties found in objects (El-Bizri, 2005, 2009)%.
According to his theory of perception, the color of an object 1s enutted by the object alongside
the hight reflected by it. Rather than being a consequence of the light hitting the object, the
color 1s already there m the object and only requires the object to be illuminated to be carred
to the observer. During the Enlightenment, Newton famously argued that his theory of optics
entailed that we have to endorse a dispositionalist theory of colors, according to which colors
are powers of objects to appear in a certain way to observers and not pnimary properties which
explain the behavior of matter.

In contemporary philosophy, the interest of philosophers for scientific data and
theories was renewed by Hardin (Hardin, 1988). In his seminal book, Hardin delves mto the
variety of phenomena studied by color science such as cone opponency, metamensm and
perceptual vanation in color. His aim was to determune what we could learn about color by
focusing on what color science had to say about 1t. He tried and showed that many of the

! The same could be said in the case of quantum mechanics and our theory of logic, even though the matter is
much less clear (Putnam, 1974, 2005).
! Although it is unclear whether in that theory colors ought to be seen as mind-independent or dispositional and
mind-dependent properties of objects.
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phenomena studied by color science represent an insurmountable issue for color realism,
according to which colors are mind-independent properties of ordmnary objects such as lemons
and grass.

To do so, he proceeded 1n the following way. He enumerated the properties colors are
thought to have by what we may temporanly call our commonsense conception of colors. For
mstance, each color 1s usually thought to be either unique or binary. Certain colors are binary
mn that they seem to “contain” others. Turquoise contains blue and green and orange contains
red and yellow. In contrast, yellow, blue, red and green appear to admit of shades that are
unique in that they do not seem to contain or be composed of other colors®. For instance,
umque yellow is neither reddish (unlike orange, which 1s both yellowish and reddish) nor
greenish (unlike chartreuse, which 1s both greenish and yellowish).

The umque-binary distinction 1s thought to be extremely hard to explain by some
theories of the nature of color. According to a certain type of color realism of the reductive
variety, colors are identical with certain physical properties. However, if we accept that colors
are either unique or binary, then those physical properties should also be either umque or
binary. The 1ssue according to Hardin 1s that there i1s no meamingful sense m which the
candidates for identification with the colors can be said to be umique or binary. But if
reductive color realism cannot explain the umque-binary distinction, then this represents a
reason to reject it.

After having proceeded in the same way for many of the supposed properties of color,
he goes on to conclude that we have to endorse color eliminativism. That 1s to say, we have to
accept that colors, although they may at first glance appear as mind-independent properties of
objects (1.e. although some form of color realism appears to be true), do not in fact exist.
Hardin thus deals a swift blow to any theory which stipulates that colors are mind-
independent, physical properties of objects*.

Perhaps a welcomed addition to the recent philosophy of color was the development of
vanants of reductive realism which try to tackle those 1ssues. As a form of realism, they stand
opposed to eliminativism, which as we saw 1s defended by Hardin, in claiming that colors
actually exist. But 1t 1s also opposed to what we can call relationalism. The latter fammly of
theories mnsists that colors are relational properties of objects which usually require an object,

3 Note that this claim is usually distinguished from the claim that painters can mix colors fo produce other colors.
For more on the binary-unique distinction, see chapter 5.

4 Note that, methodologically speaking, Hardin is arguing that our theories of color ought to respect the evidence
gathered thus far in color science, which includes sciences as diverse as physics, biology or psychophysics.
However, and this will be relevant for what comes next, he is not arguing that ontologies of color might in fact
be directly motivated by the empirical success of certain theories in color science.
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a perceiver and some circumstances of viewing. According to this view then, an object 1s not
yellow simpliciter, but indeed yellow-for-that-particular-perceiver-under-those-particular-
circumstances-of-viewing (Cohen, 2004, 2009). Reductive color realists argue that colors are
not relational and do not require anything beyond the object itself to be instantiated.

Finally, reductive color realism 1s opposed to primitivist forms of color realism (that
15, non-reductive color realism), according to which colors are distinct from any of the
properties studied by the sciences (Gert, 2006, 2008). They are sui generis, wreducible
properties of objects. Therefore, reductive color realism rejects color pnmutivism’s thesis that
colors are mreducible properties of objects and instead claims that they are amongst the
properties studied by the various sciences (such as physics or chemistry).

So reductive realists hold that colors are identical with or reducible to physical or
chemucal properties of objects. Perhaps most notable amongst reductive realisms 1s Byrne and
Hilbert’s theory, reflectance physicalism, which identifies colors with the surface spectral
reflectances of objects (Byrne & Hilbert, 2003, 2020b; Hilbert, 1987, 2008). The latter refers
to how mmuch energy a surface will reflect as a function of wavelength A surface might reflect
a high proportion of wavelengths around e g. 450 nm, but very few around 600 nm or the
opposite’. In a nutshell, the surface spectral reflectance can be thought of as the chromatic
signature of an object.

Answering some of the challenges described by Hardin are amongst the tasks of Byrme
and Hilbert®. One of the challenges they tried to tackle was the following. As we already
touched on, colors stand in certain qualitative relations with each other (umique/binary, degree
of similarity, ncompatibility/compatibility). In addition, one can hold that those relations are
essential to the nature of colors. That 1s, one can hold that orange being more smmilar to
yellow than to blue 1s essential to orange being the color it 1s. If 1t were not so similar, it
would not be orange. The challenge results from the claim that there are qualitative relations
between the colors and the claim that those relations are essential to the nature of colors’. That
15, 1if some properties did not stand in those relations, they could not be the colors. If
reflectance physicalism 1s true, then the SSRs that are the colors should stand in the very
same relations with respect to one another as the colors do (Boghossian & Velleman, 1991;

3 As it happens, the SSR of natural objects is pretty smooth. That is to say, natural objects will not reflect, e g,
many 500-nm wavelengths but no 501-nm ones.

§ And all researchers who want to reject eliminativism.

7 The latter claim could be rejected if we thought that those relations emerge because of the particular conception
of our color vision. In that case, they would be merely accidental relations between colors. See chapter 5 for an
elaboration of this 1dea.
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Chirnmuuta, 2015; Hardin, 1988). However, we have to accept that SSRs do not appear to
stand 1n such relations.

Byme and Hilbert have developed an answer to this challenge called the magnitude
proposal. It begins by reconstnung the content of color experiences. It 1s usually thought that
the latter simply ascribes color properties to objects. That 1s, one color experience’s content
might be that the object in front of oneself i1s blue. However, Byrne and Hilbert argue, it
would be more correct to hold that it represents objects as having proportions of hue
magnitudes. In that way, redness, e_g_, 1s attributed to an object as a proportion of its total hue.
For mstance, an orange object will be attnbuted a high proportion of redness, much more than
a yellow object. Objects are thus represented by color experiences as having given hue-
magnitudes. In that way, orange and red would indeed be qualitatively similar since they both
contain an important amount of red magmtude, whereas blue 1s distinct from both of them as
it has none of it.

If there 15 a physicalistically acceptable way of understanding what it 1s to have a hue-
magnitude, then reflectance physicalism 1s not threatened by the challenge emerging from the
existence of the phenomenal structure of hues. By “physicalistically acceptable” 1s meant an
account which appeals to the physico-chenucal properties of objects. In other words, 1t must
be explamned what properties of the objects, which are appealed to mn scientific explanations,
explain theirr having a given hue-magmtude. This 15 one example of a debate surrounding
reductive color realism.

Justifying reflectance physicalisim using color constancy research

The present work will be i part centered around reductive realism in the form of
reflectance physicalism More precisely, we shall focus on the evidence which can be
marshalled in favor of reflectance physicalism The kinds of evidence which can be gathered
for ontologies of color in general can appeal to e.g. empinical data, appeals to intwtions, folk
psychology, conceptual considerations and phenomenological considerations®. The present
work will focus on the empirical data we have concerning the perceptual phenomenon of
color constancy. In the following, we will be concerned with a description of this
phenomenon. I shall first present a situation in which common color constancy occurs and
then try to show why the latter represents such a challenge for our visual system. Finally, we

¥ Although it could be argued that this list is redundant if appeals to intuitions are reducible to conceptual
considerations of Vice Versa.
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will see how the scientific theories put to work to explain 1t have been used as evidence in
favor of reflectance physicalism.

Consider the followimng scenario. You are walking in an orchard under a clouded sky
and see an apricot tree with what appear to be deliciously ripe fruits’. You pick one and take it
back home. It 15 dark now and you are working at your desk under the light of an incandescent
lightbulb. You look at the apricot next to you, noticing 1ts vibrant reddish orange. The fruit,
which vsed to sit under the light of the sun, filtered through the clouds, does not appear to
have changed in color when 1t was brought under the light of the mcandescent lightbulb. It
appears to have conserved its particular shade of orange. Nonetheless, there seems to be a
sense m which the color of the apricot under the lightbulb 1s not quite the same as the one it
had in the orchard.

To understand why this situation represents a challenge for your visual system, we
have to understand an aspect of the physics of light Each light which strikes objects in our
environment has a certain composition of wavelengths, which we call its spectral power
distribution (for short, SPD). Some lights muight contamn more short wavelengths than long
ones, others the opposite. Some have an SPD which 1s pretty much equal across the visible
spectrum, 1.e. they reflect roughly the same amount of photons, no matter their wavelength
Others have a more complicated SPD, with peaks and troughs. In addition, objects have a
charactenistic way of reflecting the light which hits them which represents their surface
spectral reflectance (or SSR). They mught reflect a lot of long wavelengths and very few short
ones, plenty of nuddle and short ones but no long ones or, again, have a pretty complicated
SSE

Most importantly, the light which is finally reflected by the object 15 infer alia the
result of the SPD of the light that hit the object and of the SSR of the object itself. Consider a
surface with a SSR such that it reflects 80% of photons with a wavelength of 500 nanometers
(at a given light intensity). If thus surface 1s hit by a light which contains, let us say, 10 500-
nm photons (obviously, the real number will be much higher), it will reflect 8 photons. In
contrast, if 1t 1s hat by a light which contains only 5 photons of the same wavelength, it wall
emit only 4 photons back. Though the reflected light will be distinct in each case, 1t 1s always
the product of the SSR of the surface and the SPD of the light involved.

The consequences of this phenomenon cause mayhem for our visual system. Take an

achromatic surface (1.e. reflecting wavelengths equally across the visible spectrum) such as a

? Of course, as every Swiss citizen knows, this orchard has to be somewhere in Wallis.
11



white wall. Let us illuminate this light with an SPD skewed towards the shorter wavelengths.
The light which will be reflected by the wall, as a product of the SPD of the light which hit
the wall and of the SSR. of the wall itself (which, as the wall 1s achromatic, will reflect
wavelengths equally along the visible spectrum), will contamn more shorter wavelengths than
longer ones. However, note that this reflected light, the color signal, 1s silent as to its origin_ It
could have been produced by a mynad of different pairs of SPD and SSR. In our case, it has
been produced by an achromatic wall under a light with an SPD contaimng more shorter
wavelengths But it might as well have been the result of a light contaiming equal proportions
of wavelengths across the wisible spectrum hitting a wall proportionally reflecting more
shorter wavelengths than longer ones.

The problem for the visual system 1s then apparent. If the same color signal could have
been produced by spectrally different pairs of light and surface, how does it come to the right
conclusion regarding the nature of the surface it receives light from? Is it a whate wall under a
chromatic hight (in that case, skewed m favor of shorter wavelengths) or a chromatic wall
under an achromatic hight? As Maximov has shown, a yellow dandelion blossom in the north
skylight reflects a color signal with the same chromaticity (1e. reflecting the same kinds of
wavelengths in the same proportions) as grass in direct sunlight (Maximov, 1984, in Foster,
2011). However, even though the light enutted 1s the same in both situations, we still see the
blossom and the grass as wildly different in color. The “apricot™ situation 1s diametrically
opposed to this sifuation. The apricot under the clouded sky reflects a light vastly different
from the one 1t reflects under the light of the mcandescent lightbulb and yet we do think that
we see it as having the same color 1n both situations.

But we typically do see the grass as green and the dandelion blossom as yellow. We
see that the wall is white and, in the case of color constancy'®, we keep on seeing the apricot
as orange (roughly) no matter what illummation falls upon 1t (clouded sky or incandescent
lightbulb). The visual system must therefore have a way of resolving the ambigmty inherent
m the light reflected from the wvarious surfaces in its environment In the case of color
constancy, 1t must have a way of doing so which allows 1t to represent the color of the surface
viewed mdependently of the vanation i the SPD of the illumination. That is, the visual

10 More precisely, this is an example of successive color constancy, where two objects are judged to have the
same color across a timespan. In the case of simultaneous color constancy. two identical objects appear to have
the same color even though they are viewed in different circumstances. A very natural example is seeing a wall
which is partly shadowed by another building Although one of the sides of the wall is in shadow, we judge the
wall to have a uniform color throughout.
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system mmst be able to recover something constant from the surface seen under lights with
varymg SPDs.

The above represents one way of describing color constancy. In the following section,
I will fry and explain how Hilbert appeals to a particular class of theones trying to explain
color constancy in that exact way to support lus branch of color objectivism, reflectance
physicalism.

Reverse optics

Theornes regarding how our visual system performs such a feat of strength abound.
However, for the time being, we shall be concerned with only one class of such theories,
namely, those falling under the umbrella of reverse optics (also called inverse optics).
According to reverse optics strategies, the general aim of the visual system 1s to mverse the
processes that gave rise to the retinal image. In other words, reverse optics try to determune
the solution to a particular inverse problem.

An mverse problem 1s the opposite of a forward problem, which 1s the process of
calculating the effect of a set of causal factors. That 1s, a forward problem starts with the
cause and calculates the effect. An inverse problem therefore goes in the other direction. From
the observation of a phenomenon, one tries to determine the factors which caused 1t. Forward
problems are mathematically well-posed, that 1s, given the specifications of the causes, 1t 1s
possible to determine a umque and stable solution to the problem, 1.e. it 1s possible to single
out one solution which does not change In contrast, this 1s not so for inverse problems.
Inverse problems are typically 1ll-posed and their solution 1s thus not unique or not stable.

For instance, consider the example of a murder. If one knows the killer, the motive and
the circumstances of the murder, 1t 1s quite straightforward to determine who 1s going to be
killed. This 1s a forward problem, with a unique and stable solution. In contrast, a detective
will face an mnverse problem in fipuring out who the killer 1s given the murder. In the same
way, an addition 1s a forward problem but figuring out which addition yielded a given number
15 an 1ll-posed problem. There are just too many additions which are going to yield that exact
number'!.

In our context, the forward problem of optics consists in determiming the image
resulting from a particular light hitting a particular surface which then reflects a particular
light mn a particular direction to finally reach the back of a retina or a camera sensor. If one

U In fact, an infinity of additions although it would represent an inverse problem even if there were merely two
possible solutions.
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knows the relevant factors (including the illumination of the scene, the SSRs of the surfaces
mnvolved, the nature of the eventual haze involved, etc_...), 1t 1s straightforward to calculate
the resulting image. The inverse problem corresponds here to the determination of the causes
of the retinal image if one knows the retinal image. In particular, given the retinal image, one
aims at recovering knowledge of the surface properties of the scene, 1.e, the scene’s objects’
SSRs.

Inverse optics strategies therefore propose to try and solve the mverse problem of
(retinal) image formation in a way which could be implemented by the visual system Given
the image and potentially prior information regarding general scene properties, they will
propose an algorithm which, when implemented, actually recovers information about the
distal causes of the image, thereby solving the inverse problem. The information recovered
will thus concern infer alia both the illuminant and the reflectance of surfaces. The type of
algonthm proposed and the scene information 1t needs to operate correctly will vary according
to which theory 1s being considered.

In our case, we must focus our aftention on the work of Maloney and Wandell
(Maloney, 1986; Maloney & Wandell, 1986). Their work consists in the development of an
algonithm capable of recovering estimates of SSRs. The latter appeals first to the notion of
linear models'?. Linear models decompose information into a small number of fixed basis
spectral reflectance functions (or basis functions, for short). SSRs are thus decomposed into a
weighted sum of basis functions. As the basis functions are fixed, distinct SSRs will be
distinguished by the weights they attribute to each basis function. As those basis functions are
considered known by the wisual system, knowledge of a particular SSR. 1s equivalent to
knowledge of the respective weights of each basis function. The same analysis 1s applied to
the 1lluminant of the scene. The visual system thus needs to recover from the scene two sets of
weights, one for each distinct set of basis functions.

Using linear models to analyze spectral information essentially acts as constraints on
how an SSR or an SPD can vary. In addition, Maloney and Wandell’s strategy includes what
they call the subspace method. Assuming that the surfaces of the scene are it by a common
illuminant, the color signal 1s analyzed to determune under which illuminant 1t 1s more likely
to have been observed. Some color signal might produce e g too much L-cone excitation to
have been produced by an illuminant contaiming a lot of shorter wavelengths and very few

12 For a more detailed explanation of linear models as applied to color constancy, see appendix A
14



longer ones. It would then be eliminated from the possible candidates’®. Having identified the
probable 1lluminant of the scene, and thus the weights associated wath 1ts basis functions, the
algonithm can then deduce the SSR. at each location in the scene by setting aside the influence
of the 1lluminant’s SPD on the color signal In that way, recovery of the weights of the basis
functions describing SSRs can be achieved.

The end product of Maloney and Wandell’s algorithm 1s the recovery of estimates of
SSR. And this 1s where the link with reflectance physicalism can be made. An additional step
to add to the algonthm is to hold that, when a color experience attributes a color to an object,
it 15 actually attributing an estimate of SSR to that object. This means that the colors our
experiences represent are nothung but estimates of SSR. Reflectance physicalism thus appears
to follow from an endorsement of Maloney and Wandell’s model and some other theoretical
assumptions about the nature of perception. If the model 1s empirically successful, as it seems
to be, then this 1s an argument 1 favor of reflectance physicalism.

Chirimuuta’s objection

Hilbert’s appeal to this particular work in reverse optics'* has not been unchallenged
(Bnll, 2003; Funt, 2003). Most importantly for the present work, Hilbert’s appeal to Maloney
and Wandell’s work to argue for reflectance physicalism has been criticized very strongly by
Chirnmuuta (Chirmmuuta, 2008). Chirnmuuta’s crificism 1s twofold. First, she argues that
Hilbert’s argumentative strategy works only if there 1s a consensus 1 vision science to the
effect that SSRs are indeed recoverable by the visual system She presents evidence which
concludes that they are not so recoverable but also evidence which concludes that they would
not be recovered even if they were recoverable. In a nutshell, Hilbert has been cherry picking
at the data.

Secondly, Clurimuuta goes further mn claimung that there 1s a conceptual 1ssue at the
heart of the research on color constancy. More precisely, she believes that the absence of
consensus in color constancy research regarding whether reflectance is recovered by the
visual system (that 15, whether Recovery 1s true) boils down to researchers adopting distinct
conceptions of the nature of vision and not to the collection of sets of data pomnting in
divergent directions respectively. This 1ssue needs to be addressed before any appeal to the

I3 Note that this strategy could not be applied to a scene containing distinct illiminants, ie., cases of
simultaneous constancy. In that case. the visual system would need another strategy to determune that two
distinct illuminants are present.

14 For other researchers working on reverse optics, see Aston et al., 2019; Brainard, 1998; Brainard & Maloney,
2011; Buchsbaum, 1980; Radonji¢ & Brainard, 2016.
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results of this research can be marshalled in favor of any ontological theory of the colors. The
thesis Chinmuuta wants to defend here 1s that the mterpretation of at least some of the data
color constancy research 1s bemng influenced by the conceptual positions of the teams of
researchers and that the nature of thus influence prevents us from drawing any ontological
conclusions (regarding, for mstance, the nature of colors) from the data. Those conceptual
positions mclude assumptions regarding the nature of perception and, in our case, of vision.
This difference mn conceptual positions explains at least in part 1f not fully why there 1s no
consensus regarding the question of reflectance recovery in color constancy research.

In the case of Maloney and Wandell, their conception of vision 1s based on the work of
David Marr and this 1s why Chinmuuta dubs 1t the Marrian framework. According to the
Marnan framework, vision 1s the recovery of object properties by the visual system through
the computation of an imnverse problem. If this 1s true, then there must be a property of objects
which 1s recovered and labelled as color and this property 1s none other than surface spectral
reflectance. In other words, if this 1s true, then reflectance physicalism 1s true. Chinmuuta
believes that it can be said that the Marman framework entails the truth of reflectance
physicalism. The framework at 1ssue presupposes that reflectance physicalism 1s true. But this
means that interpreting the evidence as favoring the reverse optics framework, and thus as
supporting reflectance physicalism, first requires endorsing reflectance physicalism However,
if this 1s correct, then it seems that appealing to Maloney and Wandell’s work to justify
reflectance physicalism as Hilbert appears to do, 1s viciously circular.

Aim and structure of the present work

The general purpose of the present work 1s first to nuance Chinmuuta’s conclusions. I
will argue that the situation is not as dire as she portrays it. Even though Hilbert’s case 1s
much shakier than one might have thought before Chirimuuta came along, it 1s not accurate to
say that the general process of finding evidence for reflectance physicalism or other forms of
color realism in the literature on color constancy 1s bound to fail

More specifically, I shall argue for two distinct main theses. First, it will be argued
that, even though there 1s no consensus regarding Recovery in color constancy research, this
fact by itself does not constitute a serious threat to reflectance physicalism (hereafter, RP) or
other kinds of color reahism_ It would be such a threat were reverse optics the only faimly of
views 1n a position to potentially justify RP. However, and this 1s a central point of the present
work, there are other theories which fit adequately with RP and may be able to justify it. That
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15 to say, for a theory to represent a justification for RP, that theory does not need to endorse
that reflectance recovery 1s an actual step of visual processing.

The second thesis I will defend 1s that it 15 much harder to argue for Chinmuuta’s
conclusion that the endorsement of Recovery i1s more of a matter of prior theoretical
allegiances than an empirical question. First, Chinmuuta believes that the question of whether
Recovery 1s true cannot be settled by appeal to experimental results and that this 1s so because
it 15 more of a conceptual 1ssue than a question of data. The different teams of researchers
mterpret the same data in different ways because they endorse different conceptions of the
nature of vision. Furthermore, one of those conceptions, endorsed by Maloney and Wandell,
actually entails or 1s at least well-paired with a theory akin to RP.

There are various ways to dispute this argument. The way which will be favored here
15 to show that the question regarding whether Recovery 1s true or false 1s much more of an
empirical 1ssue than what Chinmmta believes. If it 1s then thought to be a central element of
some of the conceptual positions regarding the nature of vision, then its being amenable to
empirical (dis)confirmation entails that those conceptual positions are themselves, though
mdirectly, amenable to such evaluation. However, this 1s so only to the extent that it 15 a
cenfral component of those conceptions. If those conceptions can have a broader notion of
tracking properties, as some of them may have, then the attack on Recovery does not harm
them. Nevertheless, this does not impact the general point that the conceptual positions color
researchers endorse regarding the nature of perception have empirical consequences and it 1s
thus possible to reject or validate them through empirical examination. I will thus show that
certain experiments actually compare distinct models of color constancy and tease out their
respective empirical consequences to see which one holds up mn the end.

In chapter 2, I start by presenting Chirnmuuta’s argument against Hilbert’s appeal to
color constancy as evidence for lus particular brand of color realism, reflectance physicalism.
The latter being laid out, we move on to Chinmuuta’s two-pronged criticism. She begins by
pomnting out that there 1s no consensus regarding Recovery in color constancy research,
neither concerning whether it 1s achievable by the visual system nor whether it 1s actually
achieved even if achievable. That 1s, 1t 15 questioned whether the visual system could be able
to estimate reflectances but also whether 1t would recover them were it indeed possible.

We then try to clanfy what Churimuuta believes 1s at least part of the reason why there
15 no such consensus. She argues that the very same data 1s interpreted i contradictory ways
(etther mm favor or agamst Recovery) because the different researchers hold distinct
conceptions of the nature of perception and, in particular, of vision. In addition, she maintains
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that one of such conceptions actually entails or 1s at least well paired with RP, giving nise to a
potentially vicious circle.

Doubts concerming Chirnmuuta’s strategy will first be laid out in chapter 3. When 1t
comes to the consensus 1ssue, I will ask whether the absence of such consensus regarding the
status of Recovery represents a nail i the coffin of Hilbert’s appeal to color constancy
research to justify RP. I will present two distinct theories of color constancy which do not
adopt a reverse optics approach to constancy. First 1s Foster’s relational color constancy
(Amano & Foster, 2004; Craven & Foster, 1992; Foster, 2003, 2011; Foster et al., 1997;
Foster & Nascimento, 1994; Linnell & Foster, 1996; Nascimento & Foster, 1997, 2000).
According to this theory, the wisual system does not attempt to compute estimates of
reflectances (that 1s, SSRs), which 1s regarded as an unnecessary complex and probably
useless task. It rather pays attention to color relations in the retinal image to reach conclusions
regarding the relational colors of objects in the field of view.

Secondly, I present a theory which Chinmuuta herself already discusses, namely,
Zaidi’s heunistic approach to color constancy (Robilotto & Zaidi, 2004a, 2006; H. Smithson &
Zaidh, 2004; Zaidi, 1998, 2000). According to the latter, the wisual system proceeds
heunstically to solve the tasks it 1s presented with. That 1s, it fries and finds the simplest
computation possible needed to match surfaces across illununants. In that case, the authors
argue that the visual system uses brightness ratios to determine which objects are sumlar or
different'. As reflectance recovery is seen as an algorithmic step that is neither necessary nor
simple by Zaidi, lus theory eschews such a computation.

Both of these theories are examples of color constancy theories which reject the
reverse optics approach characteristic of Maloney and Wandell’s work I will try and
determine what their relations may be with regard to RP. That 1s, 1s 1t really true, as
Chirnmuuta appears to presuppose, that a theory of color constancy must endorse reverse
optics to count as justification for some form of color realism? To anticipate, I will argue that
it 15 not and that at least Foster’s theory can be seen as providing evidence for a theory similar
to RP. As we shall see, things are little more complicated when 1t comes to Zaidi’s view,
which 1n all likelihood could not represent evidence for RP.

Even if some theories which do not mvolve reverse optics or reflectance recovery can
be seen as providing justification for Hilbert’s theory, this does not counter Chirimuuta’s

second worry, namely, that whether one endorses the thesis of Recovery i1s more a matter of

15 Brightness here refers to the total amount of light reflected by an object, rather than its propensity to reflect a
given proportion of light.
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one’s conception of the nature of vision than a matter of what the evidence dispassionately
indicates. If thus 1s true, it becomes impossible to argue that there are data which
unequivocally speak for this thesis, and thus for RP!6, as the interpretation of the data which
favors the thesis requires prior endorsement of one particular conception of vision. In
addition, if this conception of vision requires endorsing RP or something similar, it becomes
circular to appeal to data “favoring’ the thesis that reflectance recovery occurs in visual
processing to justify RP.

I address thus worry m chapter 4. To begin with, I will argue that, if 1t 1s true that
adopting the thesis of Recovery 1s due more to conceptual presuppositions than a
straightforwardly empirical matter, then it ought not to be the case that there could be data
that would speak directly or indirectly for or agamnst this thesis, independently of one’s
conception of vision. I then argue that, actually, we already have such data and that
Chirnmuuta’s argument does not go through. To anticipate, I argue that reflectance recovery 1s
usually conceived as an essential part of what have been called two-stage models of color
constancy. According to those models, the visual system proceeds in a two-step fashion to
produce color constancy. First, it computes an estimate of the illuminant and then, secondly,
uses this estimate in conjunction with the light signal to estimate the SSRs of objects in the
field of view. The first step of this process, which has been called the albedo hypothesis, 15
actually a thoroughly studied hypothesis. Most mterestingly for our purposes, the thesis of
Recovery requires 1t and would therefore stand or fall along with it. There are thus ways, at
least 1n an indirect manner, to empirically (dis)confirm the thesis that reflectance recovery 1s a
cenfral computation of the wisual system It 1s not the case that Recovery 1s more of a
theoretical posit than an empirical 1ssue.

Each part of the argumentation serves a different purpose. At first, arpung that there
are various theories of color constancy which could be seen as justification for some form of
color realism such as Hilbert’s serves to counter Chinnmuuta’s claim that, since there 1s no
consensus mn color constancy research regarding the status of reflectance recovery, there can
be no appeal to the field for support of some form of color realism Note that this does not
mean that I will be arguing for some form of color realism. The point I am interested 1n 1s less
which color ontology 1s correct than the kinds of relations may hold between theories of color
constancy on the one hand and color ontology on the other In that respect, considering
Hilbert and Byrne’s theory 1s a tool I use to do so. The second part of the argumentation 1s

18 Or even that other kinds of data speak for RP, either directly or indirectly.
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there to hopefully dispel any doubt regarding the empirical status of conceptual assumptions
in the field of color constancy research.

Even if I mamly center my discussion around Chirnmuuta’s criticism of Hilbert's
argumentative strategy, this must be seen first and foremost as a pretext to discuss the general
relations which stand between on the one hand theories of color constancy and the conceptual
assumptions which are brought along with them and varieties of color realism on the other.
This work should thus be seen as an exploration of a specific instance of appeals to scientific
theonizing to justify ontological theories, as we discussed in the mntroduction to the present
chapter.

This matter 1s addressed in chapter 5. There, I finally defend a methodological point
with regard to color ontology which focuses on color science, more specifically, on color
constancy research. The thesis which will be defended 1s that color constancy theories provide
empirical justification for particular claims about color ontology. To motivate my case, I
present three distinct theories of constancy and try and show what they could tell us about
color itself were they to be respectively correct. This can be seen as a continuation of the
work presented in chapter 3, where we focused on the features theories of constancy ought to
have to justify reflectance physicalism I then focus on the question of the exact nature of the
link between the color constancy theory on the one hand and the particular ontological view
justified on the other. I explain why that link cannot be thought as a logical entailment from
the former to the latter. The empirical success of a particular theory of color constancy would
represent empirical justification of certain ontological claims about color. I end up by
reviewing some objections to the methodological point.
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Chapter 2: Chirimuuta’s challenge to reflectance phvsicalism

Introduction

In the previous chapter, we were introduced to the way data from color science has
been appealed to mn order to motivate certain ontologies of color. Most importantly, I
concentrated on reductive color realism or reductive color objectivism, according to which
colors are objective, nind-independent, physical properties of the objects we see m our
environment. Apples are red, frogs green, wood brown and these facts do not depend on us
being able to see those colors. More specifically, we saw that one particular kind of reductive
color objectivism has been particularly influential during the last thirty to forty years of
discussion. According to reflectance physicalism, colors are simply identical with the
preferential ways objects have of reflecting certain kinds of wavelengths over others, that 1s to
say, with their surface spectral reflectances (or SSRs). In the present work, we shall mostly be
concerned with this particular form of color objectivism.

In particular, we shall be concerned with the relationship between said objectivism and
a particular perceptual phenomenon called color constancy. As we saw, 1t has been argued
that the results of the research on color constancy can be marshalled in favor of reflectance
physicalism. Hilbert and, later on, Byrne have advanced the thesis that their view 1s supported
by color constancy research. Careful attention to its results yields reasons to endorse their
view. Chuirimuuta, on the other hand, very much doubts that this can be made to work. Not
only 1s there no consensus i the field of color constancy research, consensus which would be
necessary for Hilbert’s arpument to go through but it i1s also not clear that the question
regarding whether reflectance i1s recovered by the wisual system 1s a thoroughly empincal
question to begin with.

The purpose of the present chapter is the following. We shall be concerned with
Chirnmuuta’s criticism of Hilbert’s appeal to color constancy as support for lus theory. To
begin with, we shall consider her claim that Hilbert’s appeal essentially fails because there 1s
no scientific consensus regarding whether the visual system recovers or 1s even theoretically
able to recover SSRs. She points to results diverging from Hilbert’s selected few. In turn, she
questions why we observe such a lack of consensus regarding reflectance recovery. She
proposes that the latter 15 observed because researchers interpret the same data m different
ways. This divergence of mnterpretation i1s then argued to be due to researchers adopting
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distinct conceptions of the nature of vision. It 1s finally argued that Maloney and Wandell’s
conception of vision requires the endorsement of some theory akin to reflectance physicalism,
creating a potentially vicious circle.

Hilbert’s case

Historically, the mitial motivation for reflectance physicalism does not come from
science but from commonsense. Hilbert argues that commonsense 1s “robustly realist about
colors” (Hilbert, 1987). However, the realism we finally endorse should not conflict with our
empirical knowledge about the physics of light and the science of perception. In particular,
color realism should not entail that colors are perceptually unavailable. That 1s to say, colors
should be recoverable visually. And if, as argued, colors just are surface spectral reflectances
(henceforth, SSRs), then 1t becomes a necessary condition of the wiability of reflectance
physicalism that the human visual system be able to recover SSRs — hence the focus on color
constancy research. With this requirement, Hilbert makes his theory empirically falsifiable!”.

In lis writings on reflectance physicalism (Byme & Hilbert, 2004, 2003; Hilbert,
1987, 2008, 2012), Hilbert focuses on a particular branch of color constancy research,
namely, computational color constancy. The avowed goal of the latter 1s twofold. First, 1t aims
at constructing algorithms that the human visual system could actually be using to recover an
estimate of SSR. (and also to an extent of SPD, although the interest i the latter 1s less than in
the former). Second, 1t designs algorithms which could aid in developing machine vision. We
are here concerned with the former objective.

In order to recover an estimate of SSR, researchers working on computational color
constancy have proposed a variety of algonithms. Remember that the light enutted from the
object to the eye conflates the information pertaiming to the surface (the SSR) and the one
pertaining to the illuminant (the SPD, or spectral power distribution). In order to estimate the
SSR, the visual system should, n a sense, discard the mnfluence of the SPD on the light
reflected to the eye (or, as we called 1t, the color signaljw_ In other words, the visual system
needs to estimate the illuminant before 1t can estimate the SSR. However, to do so, the visual
system only has access to the cone signals of the scene (maybe across a short period of time)
and to the various operations it can perform on them. The problem is, m a mathematical sense,

17 Regarding the question of whether it is empirically confirmable, please see chapter 5.
1% Of course, the visual system does not need to discard the illuminant in particular the sense that it forgets about
it. It should rather use it to compute an estimate of SSKE and then might consider it on its own, as information

regarding the illuminant might be useful for a vanety of purposes.
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ill-posed. That 1s to say, there is no unmique solution to 1t as long as it i1s not further
constramed.

The various algonithms encountered m the literature make different assumptions in
order to solve this 1ssue, that 1s, in order to constrain the problem further. A very common one
15 that the average chromaticity of a global scene 1s achromatic, that 1s, gray, and that this
accurately represents the color of the illuminant. This 1s known as the Gray World assumption
(Buchsbaum, 1980). A different assumption 1s that the brightest patch in the scene stimulates
maximally and umiformly the cone channels That 1s to say, 1t 15 assumed that the brightest
patch 1s white, which yields the name of the “Bright-1s-White™ assumption (Land & Mccann,
1971). Of course, those assumptions are often violated in natural scenes and many variants
thereof exist. Determuning which constramts could be most useful to our visual systems in a
natural environment 1s an important part of computational color constancy research.

Yet another famous proposal 1s that of low-dimensional hinear models. Perhaps the
senmunal paper 1s Maloney and Wandell’s (Maloney & Wandell, 1986). The central idea 1s
that, if the SSR. of surfaces and the SPD of illuminants can be described by a weighted sum of
a few basis functions, and if those functions are known to the visual system, then the SSRs
estimates can be computed exactly. Maloney and Wandell proved that, if the number of
photoreceptor classes 1s higher than the number of reflectance basis functions and if the
number of surfaces m the scene 1s higher than the number of illuminant basis functions, then
the SSR and SPD of surfaces and illuminants, respectively, can be recovered exactly'’.

Hilbert concludes that his theory 1s not falsified by the results of the research on color
constancy. SSRs are not unrecoverable and it 1s thus not forlorn to identify them with the
colors we see. Note that in Hilbert’s mind the importance of such research for reflectance
physicalism cannot be overstated. Were 1t to be shown that SSRs are not recoverable, this
would be equivalent to showing that reflectance physicalism 1s obviously false. If SSRs were
not recoverable, then their identification with the colors would entail that we never see colors.
Yet the very fact that we think we see colors 1s the reason we want to postulate their existence
m the first place.

Hilbert therefore argues that Maloney and Wandell’s results provide powerful
evidence in favor of reflectance physicalism In a nutshell, the visual system can and probably
does recover SSRs and idenfifying the estimates formed through that process with the colors
we see 15 the very next natural step. As we shall see shortly, Chinmuuta agrees that Maloney

1¥ For a more thorough explanation of the notion of linear models as applied to color constancy, see appendix A
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and Wandell’s theory 1s linked with reflectance physicalism, however not in the sense which
Hilbert has in mind. In addition, she disagrees that this represents the whole story.

First, she argues that those results are not representative of the literature on color
constancy as a whole. There 1s no consensus regarding whether SSRs are recovered. It
therefore cannot be assumed that the scientific results of the field as a whole support
reflectance physicalism. If this 1s true, Hilbert’s appeal to the research becomes quite wobbly
mdeed. However, Chuinmuuta intends to go further. Not only does she argue that there 1s no
consensus in color constancy research regarding the question of reflectance recovery, but she
also wants to propose an explanation as to why there 1s no such consensus.

Although the color constancy researchers are considering the same sets of data
regarding reflectance recovery, they reach different conclusions concerning whether 1t 1s an
actual step of visual processes because they embrace distinct conceptions of the nature of
vision. That 1s, their reaching a positive or negative conclusion regarding reflectance recovery
15 more a matter of how they conceive of the nature of perception, more specifically, of
vision, than a matter of what the evidence dispassionately indicates. In that case, the evidence
or the use we make of 1t 1s not neutral and appealing to it in support of reflectance physicalism
15 problematic.

In addition, some researchers, including Maloney and Wandell, endorse a conception
of the nature of vision that entails something like reflectance physicalism However, 1f this 1s
true, Hilbert’s appeal to their results may be viciously circular. I now turn to the consensus

15518,

Reflectance recovery in principle and in practice

In response to Hilbert’s claims, Chirnmuuta argues that color constancy scientists have
not settled on whether reflectance recovery 1s etther theoretically feasible for the human visual
system (1.e. whether it 1s possible in principle) or actually done by the visual system if it 15
mdeed possible (1.e. whether the visual system does recover reflectance in practice). In other
words, she centers the first part of her argpument around whether 1t can be shown that there 1s a
consensus, at erther a theoretical or practical level, amongst color constancy researchers. I
shall first present the theoretical grounds one might have to doubt that reflectance recovery 1s
mn principle feasible which Clurimuuta presents and then move on to the “in practice™ part of
the debate.

24



The theoretical rationale for reflectance recovery

Chmmuuta’s objections to the in principle possibility of reflectance recovery come
from both considerations of the challenges faced by linear models frameworks and
methodological choices currently made by active researchers. In order to understand the
objection regarding the linear models frameworks, 1t 1s important to clanfy some minor
points. As we saw, linear models frameworks constitute a distinct approach to modelling color
constancy. It 1s founded on the idea that one can use a limited amount of weighted basis
surface spectral functions to describe SSRs and SPDs. Basis functions do not vary across
scenes. That 1s, the differences between different SSRs (or SPDs) merely reside in how the
basis functions themselves are individually weighted. As the basis functions are deemed
known by the visual system, knowledge of the respective weights of the basis functions for a
given SSR constitutes knowledge of the SSR in question. The same 15 true for the linear
model representing the 1llununant.

The 1ssue which follows 1s that, if the models employed for the illuminant and the
surface are too complex, the visual system cannot hope to recover the respective weights of
the basis functions. Consequently, the models employed should not have too many basis
functions, 1.e. have too many degrees of freedom. An obvious question at thus point 1s what 1t
15 for the models to be too complex, that 1s, what 15 “too many degrees of freedom™.
According to the important paper of Maloney and Wandell (Maloney & Wandell, 1986),
perfect color constancy 1s possible only if the linear model representing the SSR. does not
contain more than two degrees of freedom (1e., two basis functions). If there are more than
two, errors will necessarily be made in the estimation of SSRs, preventing perfect color
constancy.

Unfortunately, it has been found repeatedly that a linear model descnibing properly
SSRs must have more than two degrees of freedom (Foster et al , 2005; Oxtoby & Foster,
2005; Westland et al_, 2000). If those analyses are correct, then the human visual system 1s not
able to use linear models to aclueve color constancy and it therefore cannot recover an
estimate of SSR by using them Recovening SSRs, that is, colors according to Hilbert's
reflectance physicalism, appears to be an impossible task for the human visual system. Given
the identification, we would not be able to see the colors™ *!.

% Note that this reasoning does not take info account the fact that color constancy is rarely if ever found to be
perfect (but see Granzier et al., 2009; Ling & Hurlbert, 2008). If approximate rather than perfect color constancy
is the goal, the requirements on the degrees of freedom may change and the argument may not go through.

! However, as Chirimuuta emphasizes, applying linear models to the problem of reflectance recovery is but one
of the constraints we might apply. Recovering reflectance through the use of linear models is only one of the
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Chirimuuta also argues that many researchers have now abandoned the standard two-
dimensional, simplistic paradigm to adopt more complex scenes, either rendered or real
Those scenes contain more cues which could be used to estimate the illununant. Maloney and
his team now use rendered scenes which contain (a simulation of) directional lighting and are
three-dimensional (Boyaci et al., 2003, 2004; Maloney et al , 2005; Yang & Maloney, 2001).
In confrast, Bramnard has advocated for the use of natural scenes, which allow the wvisual
system to access cues we might not even know about yet (Brainard et al., 2003).

I am at a loss to understand why the methodological choice to use more complex
scenes, either rendered or real ones and the reasons motivating it, are relevant to this part of
Chirnmuuta’s argumentation. Is it that there are varous cues which could be used n
reflectance recovery, some of which are still unknown? But this state of affairs can hardly be
unexpected. We already knew that linear models were but one possible constramt the visual
system mught use in its recovery of SSRs. Alternative constraints and alternative cues have
been studied at a theoretical level for several decades (Buchsbaum, 1980; D'zmura & Lennie,
2001; Golz & MacLeod, 2002; Land & Meccann, 1971), which seems reason enough to reject
this reading of Chinmuuta’s objection.

Another possibility 1s that scientists have now lost interest in linear models and moved
on to greener pastures, so to speak But remember that the general question at 1ssue here 1s
whether there 1s a consensus amongst scientists as to whether 1t 1s possible to estimate
reflectance. A move away from linear models by the majority of researchers would seem to
mdicate that there 1s such a consensus and that 1t 1s that linear models are a poor strategy for
m principle recovery of reflectance. This speaks against this reading of Chirimuuta’s point as
she aprees that many researchers are still concerned with reflectance recovery.

My final option for the interpretation of that point 1s that researchers are not clear on
what cues the visual system uses. But this i1s neither here nor there. The matter we are
concerned with mn this section 1s the m principle debate as to whether the visual system could
use linear models to estimate SSRs. As we know that those cues found in more complex
scenes could help mn estimating the illuminant, it seems that we should not nund yet whether
the visual system does actually use them Tluis sentiment 1s reinforced by the fact that all the
articles mentioned by Chirnmuuta in this section of her article are concerned with whether the
visual system does use a certain cue, not whether 1t could use it.

way our visual system could proceed. In other words, Hilbert's theory only requires that reflectance be
recoverable, not that linear models be applicable. For more regarding this line of thought, see chapter 3.
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I do not believe that this last pomnt 1s of crucial importance to Chinnmuuta’s case
against Hilbert and I therefore advise moving on to the in practice debate as to whether the
visual system actually estimates the SPD of the illunuinant in order to estimate SSRs.

The actual use of reflectance recovery
Leavmg the in principle debate aside, Chinmuuta moves on and presents results which

put pressure on the idea of a consensus as to whether the visual system actually tries to
recover estimates of SSRs in practice. The focus 1s on what the visnal system in fact does,
rather than on what 1t could theoretically do. Chinmuuta’s argument centers on the respective
works of two teams of researchers centering around the phenomenon of lightness constancy.
Before I go any further, a little ntroduction to experimental research on lightness constancy 1s
thus 1n order.

The phenomenon of lightness constancy i1s the achromatic counterpart to color
constancy. Whereas color constancy mechanisms arguably try and recover SSRs of the scene
viewed, hightness constancy refers to the constancy of the lightness of objects seen, that 1s, to
whether they display the same total reflectance across distinctly illuminated scenes. In other
words, lightness refers to the amount of light, irrespective of wavelength, that 1s reflected by
the object compared to how much light i1t did receive. For instance, if an object O reflects 4 of
the light it recerved and an object P .8 of the light it itself received, then O 1s twice darker than
P In contrast, the surface spectral reflectance of an object specifies the amount of Light
reflected per wavelength of light Compared to color constancy, the problem of lightness
recovery 1s not necessarily ill-posed.

As we saw, lightness 15 not related to which wavelength gets reflected, contranly to
color constancy. An object might reflect a lot of light 1n the middle of the visible range or half
that amount in the shorter end of the range and the same in the longer end of the range and
still preserve the same lightness whilst having distinct SSRs. It 1s therefore not dependent on
the color of the object in question. A blue object might be as light or as dark as a red object,
even though both reflect light in a non-homogeneous manner across wavelengths. What
matters here 1s that they reflect the same amount of light relative to the amount of light they
recerved, 1.e, relative to the strength of their respective illuminants. However, as the
estimation of the lightness of chromatic objects 1s a pretty arduous task (consider comparing
the lightness of a red patch to that of a blue patch), experiments on lightness constancy restrict
their stimul to achromatic colors (1.e. white through all the prays to black).
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The first work Chuirnmuuta reviews 1s Zaidi’s team’s (Khang & Zaidi, 2002; Robilotto
& Zaidi, 2004a, 2004b, 2006; Zaidi, 1998, 2000; Zaidi & Bostic, 2008). The latter has worked
most importantly with actual scenes rather than rendered ones. In one experiment (Robilotto
& Zaidi, 2004a), observers were presented with two scenes, one of which recetved twice the
amount of achromatic light than the other. Two cups wrapped m gray paper stood in each
scene, yielding a total of four cups. One of the cups, however, was wrapped m a different
paper than the other three, either of a lighter or a darker shade of gray, 1.e. of higher or lower
(total) reflectance. Observers had to choose which cup was the odd one, 1.e. the one with the
unmatched paper, by first determuning which scene contamned the odd object and then
identifying which of the cups i the scene had the different paper on. They thus first had to
discriminate within an illunminant and then identify which paper was different than the other
three across 1lluminants.

The first task was a sumple one of brightness discrimination (“which scene contains
cups which do not reflect the same amount of light?”) whereas the second one required
observers to compare lightness across illuminants (“given that the scene on, say, the left
contains the odd object, which one of its two cups has the same lightness as the two cups in
the scene on the right?”). Observers could therefore encounter four different kinds of situation
settings. The odd object could either be mn the less illuminated scene (with half the
illumination intensity as the other scene) or in the more illuminated scene and 1t could erther
be of a lower or a higher reflectance than the standard objects. For instance, 1t might have
been in the half illumination scene but with a higher reflectance than the standards. In this
situation, 1t would have been brighter than the standard in its scene, that 1s to say, 1t would
have reflected more light than the standard in its scene. This would have made 1t more simular
mn brightness to the standards in the fully illuminated scene.

This observation motivates the first of Zaidi’s team’s modelling of the possible data.
According to a photometer-based strategy, the object chosen as the odd one 1s the object most
different in brightness, more specifically, the object most different in amount of reflected light
mn absolute terms, that 1s, unrelative to the amount of hight recetved. The wvisual system would
determine the brightness average of the four cups and pick as the odd one the one furthest
from this average. In the situation above, the object chosen would erroneously be the standard
m the half illumination scene, which would have reflected a lot less light than the standards in
the full illumination scene and a little less light than the odd object in the half illumination
scene. Therefore, in situations in which the odd object was of higher reflectance set in half
illumination or in which 1t was of lower reflectance set in full illumination, a photometer-
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based strategy would have systematically resulted in below-chance level of comrect detection
of the odd object (1.e. 1t would have resulted in systematic error). In the opposite situations
(higher reflectance m full i1llumination or lower reflectance in half illumination), 1t would
have resulted mn systematically correct detection given correct side detection.

The second modelling of the data also mncluded a photometer-based strategy but added
mechanisms of adaptation on top of 1t. The effect of the latter would here be to diminish the
brightness value of a sitmulus as a function of the mean luninance of the scene’s background.
The visual system would start with a brightness value set according to the luminance of the
object (1.e. the amount of light it reflects not relative to how much light it receives) and then
dimimish 1t as the luminance of the background mcreases. Depending on the gain of the
adaptation (1.e. whether 1t has a steeper curve or not), the results would range from those of
the photometer-based strategy without adaptation (systematically incorrect or cormrect
detection in certain situations, respectively, see above) to the other direction until 1t reaches
perfect identification of the odd object given correct side identification®’.

The final modelling of the data 1s an mnverse optics strategy, according to which the
visual system first tries to compute an estimate of the illuminant and then of the reflectance.
As we are here dealing with achromatic reflectances and illuminants, this 1s a more
straightforward computation than if it nvolved SSRs. According to Robilotto and Zaidi, the
visual system has enough information to calculate the mean luminance of the background and
of the cups and then take the ratios. For instance, let us say that the lunminance of the full
illununation scene 1s twice as intense as the luminance of the less illuminated scene, as was
done m Robilotto and Zaidi’s study. A standard in the full illununation scene would thus
reflect twice as much light as a standard in the half illunination scene. After having identified
the scene which contains the odd object, the visual system would just have to see which of the
two cups in this scene does not stay m such a lunminance ratio with any of the other two
supposedly standard cups in the other scene. For instance, for a luminance ratio between
backgrounds of 1 to 2 (that 1s, one background reflecting twice as much light as the other), let
us say that we have cups A and B mn the half illumination scene and cups C and D m the full
illumination scene, and B 1s the odd cup (e g. a darker one). The visual system might find that
the luminance ratio between B and either C or D 1s, say, 1 to 4 rather than 1 to 2. It would

2 1t is unclear to me why Robilotto and Zaidi think that a mechanism of adaptation could have any role to play
in their experiments. Their observers were not given the time to adapt as they were frequently switching their
gaze to the other scene. Mechanisms of adaptafion are usually thought to require some time before they can
effectively have an impact on light sensitivity.
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then judge accordingly that B 1s the odd cup. This strategy presupposes that the visual system
is able to compute the illuminant ratio between the two scenes™.

According to Robilotto and Zaids, the pattern of results they found 1s best modelled by
the second strategy, namely, the photometer-based one with mechanisms of adaptation®. A
visual system using such a strategy with a certain degree of adaptation (1.e. the gan of the
adaptation, see above) would exhibit asymmetries of results that would be of a simular shape
and magnitude as the ones displayed by Robilotto and Zaidi’s actual observers. The authors
performed a sinular experiment a couple of years later (Robilotto & Zaidi, 2006) using
patterned rather than plain paper on the cups. Observers thus had access to an additional cue
compared to the 2004 experiment, that 15, they could evaluate the brightness contrasts on the
cups due to their pattern of darker and lighter areas. Results were once again deemed to
support a photometer-based strategy and led Robilotto and Zaidi to explicitly reject an inverse
optics strategy. Zaidi and Bostic (Zaidi & Bostic, 2008) replicated the experiment using
colored stimuli and concluded again that a model of reflectance estimation did not accurately
describe their participants’ results.

As Chinnmmta pomts out, this 1s not so when 1t comes to the work of another central
researcher in lightness and color constancy, Laurence Maloney. Maloney and colleagues
performed an experiment on the effect of slant on lightness constancy (Boyaci et al | 2003).
They use rendered scenes i which simple geometrical shapes were simulated. Viewed
binocularly, those scenes were three-dimensional and the onentation of the central test patch
could be altered. Other geometrical objects populated the scenes and had varned surface
properties (such as shiny, matte or transparent). The illumination involved was a complex
muxture of a diffuse element and a punctate one. A punctate illuminant can be exemplified by
a spotlight, whose light will have a direction (rather than being diffuse) and thus create
shading, shadows, specular highlights and so on. The addition of a punctate element therefore
allows the use of many more cues to the illuminant by the visual system.

The observers’ task was twofold. First, they would adjust a stick-and-circle gradient
probe positioned on the test surface to estimate its orientation. Such an estimation would
ultimately allow comparisons between the observer’s performance on the subsequent task and
his or her orientation settings. This latter task was a sort of asymmetric lightness matching®.

% For readers who doubt that this corresponds to a reverse optics strategy, please read on!

* For a critical evaluation of that conclusion, see chapter 4.

5 1 specify “a sort of” because I would argue that, normally, an asymmetric matching has both the test and the
reference patches embedded in scenes. One might arpue that the reference chips were embedded in a black
background and that this constitutes a scene but this is at best doubtful. In addition, usual asymmetric matching
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After the orientation setting, the probe would disappear and an array of lightness chips would
appear on the night side of the scene on a black background. Observers would have to choose
the chip which corresponded the most in hightness to the test patch The chosen chip could
either be identical in hightness with the test patch, in which case the i1dentification 1s perfect,
or it could be further away from 1t, indicating that the observer’s lightness identification 1s
less than 1deal.

The authors modelled the possible data according to a Lambertian geometric
discounting function. In order to understand the gist of the proposal, it 1s necessary to go
through the geometrical notions at play. Various factors are involved in producing the light
reflected from a Lambertian surface (a matte surface)’®. The lightness of the surface (ie. its
achromatic reflectance, that 1s, its reflectance averaged over wavelengths) will obviously
contribute but so will the intensity of any diffuse light source and, if there 1s a punctate light
source, its intensity and its angle relative to the surface in question. As all of those variables
stand 1n relation, it 1s possible to calculate one if one knows the others. For instance, knowing
the hightness judgments of the observers would allow one to calculate their estimates of the
other values, and especially, the geometric discounting function, composed of the estimates
pertaining to the mtensity and angle relative to the test patch of the punctate light source. If
the observers’ geometric discounting function 1s similar to the ideal discounting functions
(with the real values), then they would appear to be discounting the punctate light source in
their judgments of lightness.

Maloney and colleagues did indeed find that their observers’ geometric discounting
function was similar to the 1deal one, though they did nusestimate the intensity of the punctate
light However, the observers’ judgments of 1ts orientation were nearly devoid of errors. The
results of Boyaci, Maloney and Hersh therefore appear to support the hypothesis that our
visual system performs reflectance recovery (or Recovery) in performung this task.

It therefore seems at first glance that the literature contains both evidence against and
for a model of color constancy which incorporates reflectance recovery. There does not seem
to be a consensus regarding this matter. But Hilbert’s appeal to color constancy research to
support reflectance physicalism i1s then threatened if it requires such a consensus. As
Chirnmuuta further argues, this lack of consensus can be at least partly explamned by the fact

has the observer manually adjust a patch and not choose a set of patches with varying lightness. Ultimately, this
is not an important point but one that we must stll keep in mind when comparing experiments with diverging
methodologies.

% When presenting color constancy, I called this light the color signal.
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that the science on this 1ssue 1s not as conceptually neutral as we might want it to be and this
puts even more pressure on Hilbert’s strategy. I now turn fo this question.

The conceptual assumptions at play in color constancy research

We have seen that different teams studymg lightness and color constancy actually
mterpret what appears to be, according to Clunimuuta, “fairly simular psychophysical data”
(Chirimuuta, 2008, p. 577) m very different ways. On one side, some argue that these data
show that observers actually engage in reflectance recovery in certain tasks. On the other side,
other researchers have argued that such strategies are incompatible with their results.
According to Chinmuuta, this discrepancy in the reading of the evidence originates in
different theoretical allegiances pertaimning to the nature of visual processes.

As Chunmuuta pomts out, there are various ways to deal with evidence which 1s bemng
mterpreted in different mcompatible ways. One mught say that the evidence 1s ambiguous.
Researchers therefore tend to interpret it in a way that 1s consistent with 1t and which they
favor, preferably, for other theoretical or empirical reasons. At this point, the only thing left to
do 1s to design new experiments to add evidence to the one already existing and determine
whether these new data are compatible with all the proposed interpretations of the old data.
As this progress of accumulation goes on, the hope 1s that all but one interpretation will
eventually get discarded so that we will discover which researcher, if any, was right to begin
with.

However, it sometimes seems that the issue lies not so much with the state of the
evidence but with the preexisting conceptions brought to the table by the various researchers.
Those conceptions might amount to nothing less than distinet research programs. In that case,
relymg on more and more data might not alleviate the 1ssue. According to Chirimuuta, this 1s
what we found in the case of color constancy. In order to understand her proposal, we have to
understand the core notion of ‘research program’ as she uses it.

The notion of research programs was developed by Hungarian philosopher Imre
Lakatos in an attempt to remedy the flaws of Popper’s criterion of demarcation between
science and non-science, namely, the falsifiability of a thesis®’. As interesting as the notion of

7 According to Lakatos, the element of evaluation which should be at play is not a single thesis but what he calls
a research program The latter comprises an ensemble of theses. Some of those theses constitute what he called
the “hard core’ of the program: they articulate the fiondamental tenets of the program and do not, by themselves,
predict any observation. The other theses in the program are ‘auxiliary hypotheses™ and, joined to the hard core,
predict observations which are, if possible, novel and surprising. When an experiment is done, and its results
seem to suggest that the relevant research program is flawed, the blame usually is and ought to be put on those
auxiliary hypotheses and the latter modified in order to account for the results. The hard core can thus contimue
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research program as understood by Lakatos might be, 1t 1s not the one Chuirimuuta proposes to
use here (personal communication). We have to understand 1t by looking at what happens m
research departments. When a student finally gets a position as a PhD student n, e g a
psychology lab, she inhenits more than a job. Her supervisors will teach her the tools of the
trade, so to speak, and, doing so, they will probably convey to her how 1t 1s that a given 1ssue
should be solved. More precisely, they will convey to her the necessary methodology to solve
this 1ssue. Usnally, this methodology will come alongside a certain conception of the problem
at hand.

For instance, let us consider a team of researchers working on color constancy and
construing it, as we saw 1n the previous chapter, as a reverse optics problem. According to this
understanding, the visual system, in order to be color constant, must solve an inverse problem.
That 1s, from a given light signal (or, equivalently, cone signal), 1t must find 1ts way back to
the real-world properties which were (partly) responsible for this light signal. In the case of
color constancy, the problem 1s construed 1 such a way that those properties are thought to
consist m the specific ways objects have of reflecting light, that 1s to say, in their surface
spectral reflectances (or SSRs).

Once color constancy 1s understood in this way, a methodology naturally imposes
itself. If the visual system aims at solving an mverse problem, then the first step 1s to identify
an algorithm whose output would consist in a specification of the objects’ SSRs*® and whose
behavior actually mimics the behavior of our visual system. Once this i1s done, we need to
identify exactly how the visual system could implement said algorithm Finally, if all went
well, one will end up trymng to specify where exactly in the visual cortex the algorithm 1s
implemented™_

As Chinmuuta rnightly observes, conceirving of perception mn general, and vision in
particular, in this way 1s at the core of what has been called the “Marnan” school of research
which onginated in the work of David Marr, among others, in the latter half of the previous
cenfury. According to this line of thought, perception can be understood as the algorithnuc
process by which the brain responds to a series of ill-posed inverse problems. A prime
example of such problems is to understand how the visual system can construct a three-
dimensional representation of the world from a bidimensional array of light hitting the retina

to be developed umless the whole research program starts to encounter an increasing mumber of insoluble
problems and is superseded by another research program which fares better.

% Of course, in the process of doing so, the visual system will also have to generate an estimate of the
illuminant’s properties. More on this later in chapter 4.

¥ Although they may not be exactly co-extensive, note that this understanding of research program is very
similar to Lakatos’.
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Another example 1s of course to understand how to move from cone signals conflating
information about the illununant’s SPD and the surfaces’ SSR to a representation of the latter
which does not take into account the mfluence of the illuminant What 1s important here 1s
that adopting such a conception of vision entails a particular methodology. In other words,
this conception of wvision comes with its own map of accepted and contramndicated
methodological moves.

Prominent researchers in color constancy such as David Bramard, Ana Radonji¢, and,
closer to home, Laurence Maloney, have all sided with the Marman tran of thought mn their
designing of experiments and in thewr readings of results (Bramard & Maloney, 2011;
Delahunt & Brainard, 2004; Radonji¢ et al., 2015; Radonji¢ & Brainard, 2016; Radonji¢ &
Gilchnst, 2021; Rutherford & Bramard, 2002). As we saw, according to Chinmuuta, such
train of thought can be equated with a particular research program. In contrast, researchers
like David Foster and, especially, Qasim Zaidi have eschewed such program and taken a
different route. It 1s harder to determine exactly the conceptual position of the latter
researchers. However, 1t 1s clear that they believe that recovery of physical properties from
sensory signals 1s neither a central nor a necessary step in visual processes. In other words,
they reject reverse optics approaches.

These scientists instead propose to understand perception as a set of tools designed to
help the organism in question navigate its environment. This research program, according to
Chirnmuuta, 1s charactenized by a few fraits. First, it assumes a distinction between sensation
and perception. Secondly, it evaluates proposed perceptual strategies according to how well
they allow the orgamism to execute a given task, ignoring whether an accurate representation
of the mind-independent world 1s involved. That 1s, 1t 15 performance-oriented.

The distinction between sensation and perception has been famously defended by
Thomas Reid (Reid, 1764). Chunmuuta refers herself to a standard textbook on perception:

“The study of sensation, or sensory processes, 1s concerned with the first
contact between the orgamism and the environment Thus, someone
studying sensation might look at the way in which electromagnetic radiation
[...] 1s registered by the eye. This investigator would look at the physical
structure of the sense organ and would attempt to establish how sensory
experiences are related to physical stimulation and physiological
functioning. These types of studies tend to focus on less complex [...]
aspects of our conscious expenience. For instance [...] how we perceive
brightness. (S. Coren, L. H Wood, and J. T. Enns 2004 m Chirimuuta,
2008)”
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And she follows with this quote:

“[TThe sensory question might be ‘“How bright does the target appear to
be?"” whereas the perceptual questions would be ““Can you identify that
object?”” ““Where 15 1t?"” ““How far away 1s 1t?"" and ‘“How large 1s 1t?"" In
a more global sense, those who study perception are interested in how we
form a conscious representation of the oufside environment and in the
accuracy of that representation. (S. Coren, L. H. Wood, and J. T. Enns 2004
in Chirimuuta, 2008)”

Sensations are thus conceived as the matenals used by perceptual processes to create a
representation of the mind-independent world. They are usually simple qualities, like
brightness. Chinnmuuta argues that Zaidi and lus colleagues are concerned with the sensory
side of the problem. They want to understand how our visual system uses sensory information
m order to solve the problems it i1s presented with. Consequently, they are not interested in
whether reflectance recovery occurs later on in the chain that 1s, not on the sensory side.

In contrast, Zaidi’s team 1s interested i whether simple algorithms could account for
observers’ performance in tasks such as their “finding-the-odd-one™ one. In an article which
replicates their findings but with chromatic cups this time, they announce that “the second
purpose of this paper 1s to identify a simple observer strategy that accounts for both correct
and incorrect identifications™ (Zaidi & Bostic, 2008). In an earlier article, Zaidi claimed that
“the problem for the visual system to solve 1s not to bring about stable color appearance under
different illuminants by discounting them but to recogmize that objects are mmdeed being
viewed under different illuminants and to discover what the illuminant properties are™ (Zaidi,
1998). Zaidi believes that bringing about “stable color appearance™ 1s only one way of
achieving color constancy and a very pricey one, computationally speaking, in addition. If 1s
better to look for simpler strategies the wisual system could use to identify objects across
scenes. It 1s likely that the visual system has indeed favored those simpler strategies over
more resource-ntensive ones.

If it 15 true that different theoretical conceptions of wision are at play m color
constancy research, then it might be asked what mfluence they bring to the table. According
to Churimuuta, Robilotto and Zaidi’s conception of perception influences their interpretation
of the data “in such a way that what 1s a crucial stage in vision in the Maloney mterpretation
(1llumunation estimation) becomes a side 1ssue for Robilotto and Zaidi, not really part of the
visual process even if it does take place” (Chinmuuta, 2008, p. 579). On the other hand,
Maloney and likemunded researchers view vision as nothing but the recovery of object
properties, which 1s not even seen as an essential part of visual processes by Robilotto and
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Zaidi. Chinmuuta concludes that those differences “mn the conceptualization of wvision [.. ]
amount fo changing the subject or explanandum™ (Churimuuta, 2008, p. 579).

Subsequently, Chinmuuta wants to argue that the same set of data 1s interpreted quite
differently by the teams of researchers at issue and that we observe tlus difference of
mterpretation because those teams adopt different schools of thought, that 1s to say, different
conceptions of what vision amounts to. However, 1t 1s unclear why exactly she stresses that it
15 the same data that i1s interpreted differently. In a very trivial sense, the data being
mterpreted is the data of the respective team’s experiment and in that sense 1s constituted by
distinct sets of data. As far as Zaidi’s team 1s concerned, this last statement 15 adnuttedly false.
Zaidi does indeed comment on Maloney’s results and argues that the differences with his data
15 that subjects tried to do conscious corrections in Maloney’s expeniments, leading to
mdividual differences (Robilotto & Zaidi, 2004a, p. 792). He therefore does think that
Maloney’s results are not irreconcilable with his favored framework. In contrast, Maloney and
his team do not comment on Zaidi’s results. Since they do not, it cannot be said that the same
data 1s being interpreted differently.

What I believe can be safely said 1s that the same Aind of data 1s being interpreted in
distinct ways. That 1s, the data of both experiments show a particular pattern of responses. In
Chirimuuta’s own words:

Zaidi’s and Maloney’s groups present somewhat simular psychophysical
findings m that both demonstrate that observers have partial hghtness
constancy. (That 1s, as with colour constancy, judgment of the hightness of a
surface 15 to some extent stable with respect to 1llumination level changes,

but the stability breaks down in certamn situations.) (Chirimmmta, 2008, p.
578)

Chirnmuuta’s poimnt 1s therefore that the same pattern of behavior 1s given different
explanations by the two teams of researchers. In the case of Zaidi, this pattern 1s mterpreted as
evidence for a heunstics strategy which does not involve reverse optics. In the case of
Maloney, however, the same pattern 1s apparently explained by the idea that the visual system
uses inverse optics.

Thus 1s already quite problematic on 1ts own for Hilbert’s argumentative strategy. If the
data we have amassed so far do not simply speak in favor or agamst reflectance recovery on
its own but need additional assumptions, then they can speak in favor of reflectance recovery
only if we have independent reasons to believe m those additional assumptions. And 1t 1s

unclear exactly which reasons we may have to endorse one research program over others
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given the current state of the research Both of these explain the data relatively well and it
seems arbitrary to opt for one at the expense of the other.

However, Chunmuuta goes even further than this. She arpues that, i the case of
Maloney and Wandell, their conception of vision 15 profoundly linked with something very
close to RP. More specifically, it 1s possible that their conception actually entails a theory at
least very sumlar or even identical with RP. If, mn aclueving color constancy, the visual
system estimates reflectances and those estimates correspond to the colors we see or dictate
which colors we see, then the identification of color with reflectance is essentially a free meal.
As she puts 1t herself,

“Interestingly, the theoretical commutments of a scientist such as Maloney
map smoothly onto a worked-out philosophical doctrine such as reflectance
physicalism. That 1s, it can be said that the Marman framework implies
colour realism, by positing that, since wvision 1s the recovery and
representation of external world properties, there nmst be a physical
property that we see as colour. And tlus 15 entirely consistent with
Maloney’s explicit statements about the objectivity of colour.” (Chirmuuta,
2008, p. 579)

However, it then becomes dubious that one can appeal to the success of Maloney and
Wandell’s work to support RP. That work already embodies a commitment to RP and that
commitment appears to motivate a particular reading of the data. If that i1s true, then the
“success” of Maloney and Wandell’s work reflects not so much the data themselves as the
previous commitment to reflectance physicalism This appearance of success cannot then be
made to work for reflectance physicalism as it seems that one must first embrace RP to then
read the data as supporting 1t.

More formally, it seems that Chuirimuta’s reasoming 1s the followmg. Consider the
claim that the results of Maloney’s experiments are evidence that the visual system estimates
the 1lluminant to then recover SSRs. The question then becomes: how would one be motivated
to accept this claim? According to Chinmuuta, one can be so motivated only if one already
leans towards an inverse optics conception of vision. That 1s to say, one already accepts (or 15
tempted to accept) the claim that the visual system’s processes are inverse optics processes.

But 1t 1s not clear exactly how our visual processes being inverse processes ought to
lead us to the claim that Maloney’s results are evidence that the visual system estimates the
illuminant to then recover SSRs. I believe that Churimuuta’s case for the vicious circulanty at
hand then consists in the following argument:
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1. If our wvisual processes are mverse optics processes, then the outputs of wvisual

processes are estumates of physical properties.

2. Color 15 an output of visual processes.

3. Therefore, 1if our visual processes are inverse optics processes, then color 1s an

estimate of a physical property.

The antecedent of premuse 1 can be understood as the core of the reverse optics approach.
That visual processes are essentially inverse processes is the central point of the framework.
Obviously, the consequent of the prenuse 1s that the goal of those processes is the estimation
of the physical properties at the source of the signal at hand, that 1s, the color signal in the
case of color constancy. Premise 2 claims that color 1s not a mere byproduct of our visual
processes. It 1s rather an mtended output of our wvisual processes and therefore stands
alongside other outputs such as shape, relative distance, and size.

If color 1s an estimate of a physical property, then thus pressures us to find which
physical property 1t 1s an estimate of It then becomes quite tempting to say that Maloney’s
results are evidence that the visual system estimates SSRs because this yields an answer to
that question while at the same time explaiming the data quite well. That 1s, interpreting the
evidence m this way answers one of the central questions we need to deal with if we endorse
an inverse conception of vision.

Therefore, the endorsement of inverse optics leads one to accept the claim that color 1s
an estimate of a physical property. But such claim 1s already tantamount to accepting a form
of color realism. If color 1s an estimate of a physical property, then the blues, reds and greens
I see are merely physical properties of the objects in front of me. It then becomes apparent
that the mterpretation of Maloney and Wandell’s data in such a way that 1t supports the claim
that the visual system estimates SSRs, since 1t requures the endorsement of reverse optics,
requires a form of color realism Hilbert’s use of the same interpretation to bolster lus own
form of realism thus appears to imply a circular element.

Subsequently, we cannot see the relationship between Hilbert’s theory and Maloney
and Wandell’s approach as one of simple evidential support of the latter to the former. The
altenative picture Chinnmuuta wants to motivate 1s to see (some theory like) RP as a
theoretical presupposition of a particular research program in color constancy research (under
her conception of research program). Were the research program to fail, by not bemg able to
account for an important number of perceptual phenomena, RP would be refuted, modus
tollens. In contrast, its success would increase our confidence in the truth of the theory. On
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that picture, the research program of Maloney and Wandell and sinularly nunded researchers
can be seen as mcluding an operationalization of RP.

Summary

In this chapter, we have seen how Chinmuuta criticizes the notion that there 1s a
consensus which Hilbert can appeal to m order to argue for RP. As she nightly pomnts out,
many researchers disagree with Maloney and Wandell’s approach to constancy and 1t 1s thus
mcorrect to speak of a consensus regarding the status of reflectance recovery. Zaidi and
colleagues, n particular, have starkly rejected the 1dea that the visual system even cares about
the nature of the reflectances in 1ts environment.

This lack of consensus i1s due, according to Chinmuuta, to the fact that the same
evidence 15 interpreted in different ways because the researchers at issue have different
theoretical opimions. The evidence therefore speaks i favor of Recovery only if one already
adheres to a particular theory about the nature of perception or, more specifically, of vision.
Chinnmuuta wants to argue against the thesis that color constancy science 1s suitably empty of
this theorizing for appealing to it to justify reflectance physicalism The research programs of
all researchers working on color constancy are loaded with theoretical presuppositions which
are akin to philosophical positions such as reflectance physicalism. This nullifies Hilbert’s
appeal to 1t to support his own posttion for fear of vicious circularity. We have seen that
Chirnmuuta proposes reconstruing reflectance physicalism as a theoretical posit of a particular
line of research which stands or falls with 1t.

In the fourth chapter, I shall examine Chinmmmita’s claim that the evidence cannot be
mterpreted m favor of Recovery if one does not already subscribe to a particular research
program and the accompanying theory of perception. I will try and show that, actually, the
evidence accrued in color constancy research 1s much more neutral than what Chirmmuuta
believes by focusing on one particular example and the empirical consequences which can be
seen to follow from i1t. The fifth chapter will be devoted to an exploration of what we could
say about the methodology of color ontology 1f we focus on the link between theores of color
constancy on the one hand and the distinct color ontologies (that 1s, ontological accounts of
color) on the other.

However, in the next chapter, I will start by discussing the notion that Hilbert requires
a consensus regarding Recovery in order to appeal to the science to support his theory. We
shall see that it 1s not clear that he does require such a consensus. The array of perceptual
theories he can appeal to 1s broader than what we may have once thought. Consequently,
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whether there 1s a consensus or not regarding Recovery 1s not as important as one may think
beforehand. The matenial presented in the third chapter will represent an example of the
methodological point we shall consider in the fifth chapter.



Chapter 3: On the lack of scientific consensus concerning reflectance recovery

Introduction

In the previous chapter, we have been introduced to Hilbert’s argumentative strategy
regarding reflectance physicalism (hereafter, RP). According to Hilbert, and later on Byme,
there 1s evidence for RP since the visual system performs reflectance recovery. Since our
visual system recovers reflectances (that 1s, SSRs) and we represent colors in our expenences,
the natural conclusion 1s that those colors we experience are nothing but estimates of the SSRs
of objects.

We have also learnt about Chirnmuuta’s doubts regarding this strategy. First, it 1s by
far not clear that there 1s a scientific consensus regarding whether the visual system employs
reflectance recovery (henceforth, whether Recovery is true) mn its quest for color constancy.
There are many researchers who explicitly eschew strategies involving reflectance recovery
(that 1s, strategies involving reverse optics) and others who propose theories which ignore 1t
entirely. Furthermore, this absence of consensus is partly explamed, or so Chunmuuta argues,
by researchers adopting distinct conceptions of the nature of vision. Some view vision as the
solving of a series of mverse problems and thus as a recovery of worldly properties, as in
David Marr’s approach, while others conceive 1t as a set of quick-and-dirty solutions to
particular 1ssues presented by our environment, without caring whether those solutions really
mvolve recovermng real, “mind-independent” properties.

In the present chapter, I want to discuss the first part of this criticism, namely, the one
regarding the scientific consensus about Recovery. I will argue that, confra Chinmuuta, 1t 1s
not necessary that there be a consensus to the effect that our visual system recovers SSRs in
order for color constancy research to support RP. In other words, a successful theory of color
constancy does not have to subscrmibe to Recovery to be m a position to jushfy the
endorsement of RP. This entails that the consensus as to whether reflectance recovery is a
strategy used by the wvisual system, though interesting in 1ts own night, 1s not a determuming
1ssue when 1t comes to the viability of RP.

I shall first present a famous theory of color constancy, namely, Foster’s theory of
cone-excitation ratios. According to that theory, the wvisual system does not estimate non-
relational properties of objects (such as their SSR) but a particular kind of relations the objects
enter into. After proposing a shghtly modified version of the theory, we will see that there 15
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no reason to believe that its success could not represent evidence for reflectance physicalism.
This will represent an example of a theory of color constancy which eschews reverse optics
but 1s consistent and even maybe supportive of the identification of colors with SSRs.

Fmally, to nuance my position, I will revisit one of the theones discussed by
Chirnmuuta which explicitly rejects reflectance recovery as a step m wisual processing.
According to Zaidi’s theory, the visual system uses simple heunstics to solve the practical
1ssues emerging from the complexity of the optics of our world. We will try and determine
whether 1t can, not unlike Foster’s theory, be seen as support for reflectance physicalism. To
anticipate, I will argue that 1t cannot. In thus way, we will be able to see that not all theories of
color constancy could be seen as justifications for RP.

The moral of this chapter 1s that 1t 1s wrong to think that a theory of color constancy
has to postulate Recovery if that theory i1s to represent evidence for RP, were it to be
successful. I argue that this 1s not the case and that some theones can support reflectance
physicalism without endorsing Recovery. The distinction between theories that can support
RP and those that cannot is orthogonal to the distinction between those that embody
reflectance recovery and those that do not.

As will become clear in the fifth chapter, the material presented below represents an
example of the methodological point to be described m the final chapter. For the time being,
however, I mvite the reader to keep n nund that what we are mvestigating 1s the evidential
relationship there may be between an ontology of color (such as Hilbert’s reflectance
physicalism) on the one hand and a theory of color constancy (such as Foster’s) on the other.
Note that, even though 1t may look like we are defending RP in this chapter, the focus 1s
actually on the relations that may hold between 1t and various theories of constancy. In that
regard, RP and the theories of constancy which may or may not justify evidence are but a
pretext.

Talking or not talking past one another

Before I can move on to the heart of the matter though, a small misunderstanding that
can arise upon reading Chirnmuuta’s argument needs to be cleared out. At many points in her
discussion surrounding the issue of scientific consensus as to whether Recovery 1s true,
Chirnmuuta seems to imply that Zaidi’s and Maloney’s teams actually do not talk about the
same thing in their respective works. She states that they are “using different lightness
constancy paradigms which, arpuably, amounts to an exploration of different problems”
(Chuirnimuuta, 2008, p. 572). In addition, she arpues that the differences “in the
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conceptualization of wision [...] amount to changing the subject or explanandum™
(Chinmuuta, 2008, p. 579). A weak reading of this would encourage us to see 1t as hyperbole
and discard the idea that there are really different subjects or explananda at play. However, a
strong reading would imply that Zaidi’s and Maloney’s teams are really only talking past each
other.

This strong reading would be reinforced by the fact that, as we saw, Chuirimuuta
mentions the sensation-perception distinction, arguing that Zaidi and his colleagues concern
themselves exclusively with the sensation side of the divide. Let us assume that there 1s
indeed such a distinction (or a similar one) to be made within the cortex. Zaidi would be
concerned with what happens on the sensation side, whereas Maloney would presumably
view reflectance recovery as a process happening on the perception side of vision. However,
note that 1t 1s then entirely possible for both researchers to be night. Zaidi argues that there 1s
no reflectance recovery on the sensation side and Maloney agrees. Maloney holds that
reflectance recovery happens after the processes responsible for sensations have passed their
mformation on and Zaidi does not really care what happens at this point.

However, if this were the case, it would appear to wreak havoc for Chinnmuuta’s
argument to the effect that there 1s no consensus regarding the status of reflectance recovery.
Her argument works only if Zaidi and other similarly minded researchers speak about the
same thing as Maloney and other proponents of the reverse optics strategies. If Zaidi does not
care whether reflectance recovery happens at a later stage of processing (later than sensation,
that 1s), then he does not really have anything to say as to whether there 1s a consensus
regarding whether reflectance recovery happens at such a later stage. And it then becomes
entirely possible and even likely that there 1s such a consensus, which 1s opposite to
Chinmuuta’s opinion.

I believe that we ought to resist this strong reading and assume that 1t was hyperbole
on Clurimuuta’s part which led her to assert such strong statements. Therefore, I would argue
that we opt for the weak reading of those assertions and assume that she understands the
situation as one of theoretical conflict between two groups of researchers, one belhieving that
reflectance recovery occurs at any point in the normal visual processing of the brain or 1s at
least a question worth researching and the other believing that it does not happen at any such
poimnt and that we have other paradigms worthier of our imnvestment Having clanfied that
point, we can move on to the presentation of relational color constancy.
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Relational color constancy
The original theory

I would now like to present a theory of color constancy which 1s distinct from
Maloney’s whilst also being a potential candidate in our search for theonies which can support
reflectance physicalism I want to focus on the notion of relational color constancy, which has
been developed by Foster and his colleagues (Amano & Foster, 2004; Craven & Foster, 1992;
Foster, 2003, 2011; Foster et al, 1992, 1997; Foster & Nascimento, 1994; Linnell & Foster,
1996; Nascimento et al., 2004; Nascimento & Foster, 2000) upon consideration of the nature
of asymmetric matching experiments.

Asymmetric matching mvolves the comparnson and adjustments of stimuli across
scenes with spectrally different illuminations. Usually, collections of flat (2D), matte
rectangular surfaces of varying sizes and colors, called “Mondnans™ are presented across
illuminations, either side by side or successively (and thereby testing either simultaneous
color constancy or successive color constancy). Thewr peculianty resides m the fact that a
cenfral patch in the “test scene™ does not match in color its corresponding patch m the
“standard scene” (1.e. the scenes are i1dentical except for this central patch). The participants’
task 1s to adjust thus central patch m the test scene so that it matches i color the
corresponding patch in the standard scene. If the adjustment’s coordinates i a color space are
close to the coordinates that the central patch in the standard scene would have had if it had
been placed under the test scene illunination, this means that the participant exhibits a high
degree of constancy. In that case, the participant’s settings are driven by the (sumulated) SSR
of the surface, not by the color signal itself.

Foster argues, however, that what 1s actually measured by asymmetric matching 1s not
color constancy but a very close cousin, namely, relational color constancy. Relational color
constancy (RCC) refers to the constancy of perceived chromatic relations across scenes
tlluminated with different hights or, more generally, across changes of scene configuration.
RCC 1s therefore not or not directly concerned with the constancy of the color of a given
surface itself. For instance, imagine a yellow surface neighboring a blue surface under a
neufral illumination. If the illumination becomes more greenish, a visual system displaymg
traditional (1.e. non-relational) color constancy will judge that the first surface 1s still yellow
and the second as still blue (of the respective same shades)’. In contrast, a visual system
displaying RCC will judge that the first surface 1s yellower to a certain extent (presumably,

30 Note that talk of the visual system judging that something is the case of course requires that we have an
analysis of what judging comes down to in this context.

44



much yellower) than the second surface and this wrespective of whether the illuminant 1s
neutral or greemsh.

Foster argues that, n an asymmetric matching experiment, subjects actually use color
relations in order to make their matches. That 1s, asymmetric matching 1s a test of relational
color constancy, rather than color constancy as traditionally understood. Independently of
whether this 1s an accurate reading of asymmetric matching expennments, 1t must be adnutted
that the notion of color relations at play in RCC 1s not entirely clear. We do not appear to
explicitly engage in reasoning to determine the nature of color relations between colored
surfaces across illuminant changes i those expeniments.

Perhaps an intuitive way to understand what they consist in 1s to look at standard color
relations such as x bemng bluer than y or as red as y. Subsequently, for any given color relation
such as these in the left Mondnan, a perfect paper match entails that the nght Mondran
displays the same color relation. For instance, if the patch to the left of the test patch in the
left Mondrian 1s bluer than the test patch itself to some extent, then, in a perfect paper match,
the corresponding patch in the nght Mondrian will be bluer than the corresponding test patch
to the same extent.

Though this conception of color relations has the ment of bemng intuitive, 1t 1s unclear
that 1t 1s the nght way to think about them. For one, some of such color relations are much
harder to judge than others. Suppose you have to determune whether a light blue 1s bluer than
a dark blue to the same extent than a dark blue 1s bluer than a much darker blue. This might be
easy enough. In contrast, if you have to judge whether a blue 1s bluer than a brown (sic) to the
same extent as another shade of blue 1s bluer than another shade of brown, 1t might be too
complicated. Secondly, Foster mentions but once such a kind of example to motivate his case
(Foster, 2011) and 1n an unsystematic way. It 1s thus fair to say that his proposal actually does
not rest on such an intmtive franung of color relations.

But we can consider the theory of cone-excitation ratios®!. Foster argues that cone-
excitation ratios could compute the necessary operations linked with RCC. Consider a scene
with various objects illumiunated by a neutral illuminant. To each surface will be associated a
given cone signal That 1s, each surface will, through the light it reflects, excite each type of

31 Humans usually have three functional kinds of cones and are thus a member of the trichromatic species. Cone
types vary depending on the kind of pigment they contain. Cones sensitive to the shorter wavelengths (or “S-
cones”) of the visible spectrum have a peak absorption around 420 nm Cones sensitive to middle-length
wavelengths (“M-cones™) have a peak at around 534 nm, whereas the cones sensifive to long wavelength (“L-
cones”) peak at around 564 nm Note that the absorption curves are neither sharp nor narrow. Even though L-
cones are maximally sensitive around 564 nm_ they will still respond very strongly to wavelengths a bit longer
and shorter than this.
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cones to a given extent. For instance, a red surface under a neufral light will excite the L-
cones to a very great extent, the M-cones to a lesser extent and the S-cones maybe not at all or
to a very small extent. However, 1f the illuminant 1s changed, this cone signal will change
accordingly. That 1s to say, the red surface will now excite the different cone channels to a
very different extent than 1t did under neutral illuminant. Cone excitations for a given surface
are not stable under illuminant change.

This 1s different when it comes to cone-excitation ratios. Let us reconsider our red
surface under neutral illumunant and presuppose that it neighbors a blue surface. Under
neutral illuminant, the red surface will stimulate the L-cones to a much greater extent than the
blue surface, which will stimulate the S-cones mmuch more than the red surface will. Let us
assume, say, that the IL-cones will absorb ten times more light from the red surface than from
the blue surface. The cone-excitations ratio for the L-cones between the red and blue surfaces
will then be 10 to 1. If 1t were the opposite for the S-cones, then the cone-excitation ratio for
the S-cones between the same red and blue surfaces would be 1 to 10. Finally, let us assume
that the ratio for the M-cones between the same surfaces would be 7 (for the red surface) fo 1.
We thus have defined cone-excitation ratios between two surfaces under a neutral 1lluminant
of 10/1, 7/1 and 1/10 for the L-, M- and S-cones respectively. Note that those ratios are within
cone channels and not across them.

As 1t happens, we empinically know that such kinds of ratios are mainly stable across
changes of illuminant. Under randomly sampled daylights, ratios for Munsell chips were
found fo be invariant to within 4% (Foster & Nascimento, 1994). The same results were found
for 640’000 reflectances under regular daylights (Nascimento et al | 2002). Going back to our
earlier example, if we were to change the illuminant falling on our red and blue surfaces from
a neutral illuminant to a bluish illummant, the individual excitations of L-, M- and S-cones
would change dramatically as a result. But this would not be so for cone-excitation ratios,
which would probably remain close to 10/1, 7/1 and 1/10 for the L-, M- and S-cones
respectively. Cone-excitation ratios are therefore very stable under illuminant changes and
mught thus provide an mteresting cue for the visual system to consider.

Fortunately, it seems that the wisual system does mdeed pay attention to cone-
excitation ratios. Nascimento and Foster (Nascimento & Foster, 1997) designed an
experiment i which two different illumuinant changes were presented. The first scene
underwent an illuminant change and the small deviations i cone-excitation ratios between
surfaces were preserved. In the second scene, the same 1lluminant change was performed but

the scene was then corrected so that the cone-excitation ratios were preserved exactly. Even

46



though the latter scenes corresponded to very improbable events, they were systematically
musidentified as containmg natural illuminant changes. It can thus be argued that the visual
system seems to consider cone-excitation ratios preservation as mdicative of i1lluminant rather
than reflectance change.

It 1s important to note that we do not know with certainty that the visual system pays
attention to cone-excitation ratios themselves and not to some other ratios closely correlated
with them For instance, ratios can be determined between cone-opponent channels. A red
surface will excite the L-M channel to a certain extent and likewise for the S(L+M) channel.
A blue surface in the same scene under the same illuminant will excite those channels to a
different extent, allowing us the computation of a ratio of cone-opponent channels’ excitations
of (L-M) for the red surface to (L-M) for the blue surface and simlarly for the S(L-+M)
channel Because the ratios within cone-channels across surfaces are constant across
illuminant changes, any ratio mvolving only the same within-cone-excitations will also be
stable across illuminant changes (Nascimento & Foster, 2000), which ensures that the ratios
between cone-opponent channels’ excitations are also constant.

Moreover, cone-excitation rafios, whether within cone channels or across cone-
opponent channels, can be determined not only between two different surfaces but also
between a surface and the chromatic average of the scene. Amano and Foster (Amano &
Foster, 2004) showed that such a ratio was stable as long as the chromatic average was the
result of averaging 48 different surfaces or more®. Conme-excitation ratios may even be
calculated over a temporal extent rather than a spatial one (Comnelissen & Brenner, 1995)*3.

We are now 1n a posttion to ask ourselves the following question: were the theory of
cone-excitation ratios to be successful in accounting for our performances m an array of
experiments, could this success be construed as evidence for reflectance physicalism? That 1s
to say, would the success of the theory of cone-excitation ratios (henceforth, CER) speak mn
favor of RP in the same way that Maloney and Wandell’s linear models’ success would speak
m favor of RP according to Hilbert?

31 Note that. in this study, the surfaces in the scene were also permuted meanwhile the illuminant was changed.
Relational color constancy in the case of scenes undergoing only illuminant changes might require a number of
different surfaces lower than 48.

3¥ Note that this explanation leaves open exactly the relation there may be between RCC and the theory of cone-
excitation ratios. Is RCC explained by the theory or is it merely that the latter can adequately explain our
performance in asymmetric matching experiments and the need to postulate the existence of RCC is thus
avoided? For our purposes, we can ignore this question but see Foster et al , 1997 for more on the relation
between RCC, color constancy as traditionally understood and the theory of cone-excitation ratios.
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At first glance, 1t seems obvious that the answer to this question ought to be negative.
RP on the one hand states the colors we experience are identical with the reflectances™ of the
objects we see. Those reflectances are not properties whose nature depend on their
relationships with other objects” reflectances. They are not relational properties m that
sense’. The theory of CER, on the other hand, states that what the visual system actually
computes, at least in order to perform asymmetric matching, are the color relations between
the objects in the field of view, understood as CER. Yet those color relations could not be
identified with the nonrelational properties that are reflectances. If the colors we think we see
are m fact color relations in disguise, it 1s impossible to advocate for reflectance physicalism.
Where the latter entails that some object we see 1s, e g, blue, Foster’s theory only entails that
this object 1s bluer than some other object or chromatic mean of the visual field. This appears
to entail that the theory of CER 1s not well-paired with Hilbert’s theory.

Relational color constancy, reflectance physicalism and the anchoring problem

Baming any further considerations, the moral of the story should be that Foster's
theory, if successful, would not speak in favor of Hilbert’s. Nonetheless, this ignores an
important addendum to Foster’s theory which should be considered anyway. In order to
understand the 1ssue, 1t 1s important to consider what has come to be known as the anchoring
problem. The anchonng problem refers to an important problem mn lightness constancy
research. We therefore have to take a slight detour through this research to understand the
155Ue.

As we saw, lightness constancy refers to the achromatic counterpart of color
constancy. A visual system that 1s lightness constant attributes the same lightness to objects,
mdependently of varymg illumination, depth or onentation of the objects with regard to the
viewer. Theories of lightness constancy try to explain how our visual system manages to
achieve its apparent level of lightness constancy. There are distinct types of lightness
constancy theories. However, for our purposes, we can restrict ourselves to intrinsic image
models. According to those models, the wvisual system tries to determine the distinct
contributions of the reflectances in the scene, its 1llumination and the depth and orientation of
the objects in that scene. Under that understanding, mverse optics models count as intrinsic

I use reflectances and SSRs interchangeably.

35 It is not clear that SSRs are fully non-relational properties. They may possibly be better construed as relational
properties of the surfaces in relation to the light emitted on them In that sense, they are dispositional properties.
An object having a certain reflectance is equivalent fo this object being disposed to reflect certain wavelengths in
certain ways.
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image models and vice versa, since both types of models try to disambiguate the influence of
the 1lluminant on the color signal from the influence of the SSRs present in the scene. That 1s,
the color signal 1s to be parsed into distinct layers, one of those corresponding to the impact of
the 1llumination and the other corresponding to the reflectances.

However, most of the mtrinsic image models (thus including inverse optics models) in
lightness constancy research actually reach conclusions regarding the relative lummances or
the relative lightness of the surfaces in the scene®®. That is, their outputs are limited to the
differences of lightness or luminance between the surfaces which are distingmshed by the
models. For mnstance, the output of a given model could be that a difference of luminance
across two surfaces 1s due to a reflectance change rather than, say, an illuminant change.

But intrinsic images models are then incomplete. We do not only see luminance or
lightness differences but also absolute values of lightness®’. A given surface is not only seen
as lighter than a neighboring one but also as a specific shade of gray*®. Gilchrist, perhaps the
first researcher to point out the anchoring problem, puts it best:

“For mstance, consider a pair of adjacent regions in the retinal image whose
lununance values stand m a 5:1 ratio. This 5:1 ratio mforms the visual
system only about the relative lightness values of the two surfaces, not their
specific or absolute lightness values. It informs only about the distance
between the two gray shades on the phenomenal gray scale, not the specific
location of either on that scale. There 1s an infimte fanuly of paiwrs of gray
shades that are consistent with the 5:1 ratio. For example, if the 5 represents
white, then the 1 represents mmddle gray. However, the 5 nught represent
middle gray, in which case the 1 would represent black Indeed, it 1s even
possible that the 1 represents wiite and the 5 represents an adjacent self-
luminous region. So, the solution 1s not even restricted to the scale of
surface grays.” (Gilchrist et al |, 1999)

38 There is a difference between the luminance and the lightness of a surface. A surface can be very luminous
(“bright™) but very dark if it 15 illuminated by a sufficient amount of light and another can be very light (e g a
shade of light gray or white) but illuminated by a very small amount of light and fhms be categorized as not
bright at all. In contrast, relative lightness and relative luminance actually parallel each other. Since niminance is
the product of illimination and reflectance, taking the ratio of luminance entails dividing the illumination by
itself, which actually vields the equivalent of a lightness ratio. Luminance ratios are commensurate with
lightness ratios.

37 Note that it is unclear exactly how Gilchrist intends to motivate this. Is it supposed to be an appeal to
phenomenology? Or are there certain experiments which show that we have experiences of absolute values of
lightness? It 1s likely that both would vield the same result. A very simple experimental design to test this would
be fo present to subjects scenes which have the same lightness ratios but distinct absolute lightness. If subjects
can distinguish the two scenes, it nmst be because of a non-relational property of the scene since all the rafios are
preserved.

3 Note that this construal of lightness constancy is actually ambiguous. On one hand, lightness might refer to
one of the three color dimensions along which surfaces can vary, amongst hue and safuration. Or it can refer to
the specific shades of achromatic color between white and black. It is not clear that this distinction is of much
import to our discussion and we will thus not need to adjudicate between them.
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Luminance or lightness ratios constrain what the lightness of the surfaces could be. However,
they do not constrain what each and every lightness value could be but what some values are,
given the others. Another constramnt or rule must then be provided so as to “fixate” the
luminance or lightness difference patterns (1.e. the patterns resulting from all the luminance or
lightness ratios) on a hightness scale. In that way, a particular ratio can be seen to nise from,
say, a hight gray and a black or a white and a dark gray. Gilchrist called this particular
constraint the anchoring rule.

An anchoring rule specifies at least one pomnt of correspondence between luminance
values 1 the retinal image and some absolute lightness value. In that sense, aided by the
whole ensemble of lunuinance or lightness ratios, the visual system can determune the exact
lightness value of each luminance value. There have been various anchoring rules proposed 1n
the literature®®. The highest luminance rule, for instance, states that the highest luminance in
the field of view 1s assigned the lightness value for white. It 1s then possible to specify the
value of the other luminance points. For example, we know that white eputs 30 tumes more
light than black, if both are under the same 1lluminant. If we were to find two patches standing
m a 30-to-1 luminance ratio (under the same 1lluminant), we would be in a position to assign
black to the patch enutting the lowest amount of light. If, in contrast, we were to find two
patches standing m a 300-to-1 lununance ratio, we would know that the two patches are not
under illuminants of the same mtensity. Other rules mclude the average luminance rule,
according to which the average lunmunance of the display 1s gray. This rule is related to the
previously mentioned Gray World hypothesis. Once the average luminance 1s related to the
average lhightness, that 1s to say, gray, all the other hightness can be determined using
lunminance ratios.

Independently of which rule we opt for, if we acknowledge that lightness theonies do
need an anchor in order to account for all lightness-related phenomena, it 1s possible to run a
very similar argument i the case of color constancy. In the same way that we do not only
have perceptual experiences of lightness differences, we do not only have experiences of
color differences but also of absolute colors. If we restrict ourselves to intuitive examples for
the moment, we can judge not only that this patch 1s, say, redder than this other patch but also
that the first 1s red and the second orange. However, Foster’s theory of CER 1s able to account
only for the first ability*?.

¥ Note that it is an anachronism to call those “anchoring” rules although this is indeed what they are.
4 Note that this argument may be construed as a phenomenoclogical objection to Foster's original theory. In a
mitshell, one could argue that it is a phenomenological datum that we have experiences of absolute colors (and
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If the above reasoning 1s sound, then the theory of CER 1s at best only one piece of the
puzzle*' . If we want to hold that it explains our performance in all color-related experiments
(and Foster surely wants to (Foster, 2003, 2011)), then the theory will anyway need an
anchoring rule at some point*?. Let us now imagine that one anchoring rule has been provided
which fits quite well Foster’s theory and 1s well corroborated by the data at hand. We would
be mn a position to ask again the question as to whether that theory, now supplemented with
the anchoning rule, could be seen as supporting reflectance physicalism, were it to pan out
experimentally.

I believe 1t can be argued that the success of the theory of CER, supplemented with a
suitable anchoring rule, could be seen as evidence in favor of reflectance physicalism This
could be the case, even 1f the theory involves neither estimates of SSRs nor estimates of the
illuminant’s SPD. However, some may argue that it 1s unclear why a theory that does not
mvolve reflectance theory can be said to support reflectance physicalism, which explicitly
states that the colors we have experiences of are nothing but the reflectances of objects. We
can motivate this case by reflecting on an analogy.

Consider the case of temperature measurement and the various types of thermometers
there are. Although all kinds of thermometers measure temperature, they do not function in
the same way. Thermal expansion thermometers use the expansion of certain substances to
measure temperature. This type includes the alcohol thermometer and the well-known
mercury-in-glass thermometer. Resistance thermometers, m contrast, use the electrical
resistance of a metal As the electrical resistivity of metals (more specifically, of platinum,
nickel or copper) vanes with temperature, it 1s possible to determune the temperature of an
area by measuring the particular resistance of a given piece of metal at a given time. Finally,
mfrared thermometers use thermal radiation enutted by an object to determune temperature.
Thermal radiation 1s electromagnetic radiation produced by the thermal motion of particles.
This 1s but a subset of all the types of thermometers which have been invented.

not or not only of related colors). A theory of constancy failing to address this datum would be at the very least
incomplete. Subsequently, the theory of CER would be at least incomplete. If we had empinical data on this
matter (perhaps following the idea expressed in footnote 37), the case would be quite strong indeed.

4l In the fifth chapter, we shall see what happens for color ontology if the above reasoning is not sound.

4 Note that the theory also does not have the ability to recover information regarding the nature of the
illuminant. Since cone excifation ratios result from chromaticities differences and chromaticities confound the
influence of the illuminant and the influence of the reflectance, a visual system displaying only relational color
constancy cannot tell whether the illumination is strong or weak on a particular surface, whether it is bluish or
yellowish, etc.... This is unfortunate, as many researchers (including, as it happens. Zaidi (Zaidi, 1998, 2000))
have claimed that information pertaining to the illuminant is especially valuable to navigate one’s environment.
Providing an anchoring rule would also help with that issne, since it is possible to determine the intensity of an
illuminant from the lightness of a surface and the color signal
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The conclusion to be drawn here 1s the following. Thermometers of different kinds use
different types of information. However, even though they function m vastly different ways,
they are all measuring the same thing, 1e , temperature. Yet they are measuring it by using
different proxies of temperature. Thermal expansion thermometers use the expansion of a
liquud, a correlate of the heat (and pressure) of this lhiqud. Resistance thermometers use
electrical resistivity which 1s directly affected by the heat of the metal in question. Infrared
thermometers, finally, measure the product of an object’s heat, its thermal radiation.

I take 1t that 1t 1s not up for discussion whether thermometers can be correctly said to
measure temperature. If this 1s true, we can transpose the example in the case of reflectance
physicalism and its theoretical relation with the theory of CER. As we saw, the latter does not
mclude a direct estimation of SSRs. However, we are now 1n a position to determine whether
this 15 a real 1ssue by using our little exposition of the various kinds of thermometers.

To take the most mtutive example, a mercury-in-glass thermometer does not directly
measure temperature per se. Rather, it directly measures the expansion of a given liquud,
expansion which 1s directly correlated with the temperature of matter. In the same way, it
could be argued that the theory of CER, supplemented with an anchoring rule, 1s measurmng a
proxy of surface spectral reflectance. Rather than telling us directly about what SSR a given
object has, it tells us that it has such-and-such color differences which, when conjoined with
an anchor (such as the highest luminance rile), constrains what SSR the object could have®.

If the above argument 1s sound, then its conclusion 1s of import. If the theory of CER,
supplemented with an anchoring rule, 1s able to estimate reflectances through the use of
proxies, then this means that a theory does not have to incorporate reflectance recovery (as
exemplified in linear models, for instance) for its success to count as evidence for reflectance
physicalism. Having discussed a theory which originally eschews reverse optics and seen that
it 1s not necessarily incompatible for that reason with reflectance physicalism and can
hypothetically represent evidence for 1t, 1t would be very advisable to consider in turn a theory
which would prove more difficult to reconcile with reflectance physicalism. If we can do so,
we make sure that our thesis 1s not trivial by showing that not all theories of color constancy
could represent evidence for this ontology. Before we do that, however, we have to address
some possible objections to our portrayal of the theory of CER as such potential evidence.

4 Of course, one immediate objection would be that the algorithm could not tell you exactly which SSR an
object has but rather to which metameric class of S5R. it belongs. This is not an issue for Hilbert and Byrne since
their theory only requires that colors are metameric sets of SSEs.
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Objections and replies

Interpreting Foster’s theory (and adding an anchoring rule to 1t) so that its empinical
success could be seen as evidence for reflectance physicalism 1s not a flawless strategy. There
are a varety of objections which need to be addressed. First, one may worry that the analogy
between thermometers and color vision supposed to motivate our case 1s not adequate. If we
push 1t enough, the analogy will break down and we will lose an intmtive motivation.
Secondly, a more conceptually-minded thinker might object that Foster would actually reject
the proposed modification of his theory and steadily hold that we do not percerve colors in
any absolute sense. We are under the illusion that we do and the only things we really
perceive are color relations. A final objection concerns the notion of measurement at play
when we use phrases such as “measuring reflectances”. Whereas Maloney and Wandell and
other researchers have given us a way to understand the notion of reflectance recovery or
reflectance estimation, it 1s not clear that the same 1s true of the notion of measurement of
reflectance. I address these objections 1n furn.

The analogy objection
One may object to our argument on the basis that there 1s a disanalogy between the

case of thermometers and temperature on the one hand and the case of theories of color
constancy and surface spectral reflectance on the other*. The objection starts with the
observation that we accept that distinct kinds of thermometers can be said to measure the
same phenomenon, 1e. temperature, because we already have made up our minds on the
relationship between mean kinetic energy and temperature. That 1s, we already believe that
temperature 1s reducible to mean kinetic energy and this 1s why we accept that the
thermometers measure the same phenomenon. However, we do not have such an agreement
regarding color and SSR. We therefore cannot use the distinct types of theones of color
constancy to argue for the identification of SSR. with color.

Note that this objection assumes that we must have identified color with SSR in order
for the analogy to function. However, this 1s plainly not true. The analogy does not rest on
identifying color with SSR. The current proposal does not even have to mention colors in
order to be successful What 1s requred 1s that Foster’s theory embody an algorithm which
measures SSR. This step of the argument does not even need to add to the theory that the
output of the algorithm be cast in terms of color descriptors.

# Thanks to Derek Brown for pointing out this objection.
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The disapproval objection
A munor objection to our proposal to revisit Foster’s theory would locate the 1ssue at
the level of the anchoring rule. One could argue that Foster would reject the addition of an
anchonng rule to his theory, mamtaining instead that the latter can explain the entirety of the
phenomenon of color constancy. However, without an anchoring rule, it will not count as
measuring or tracking reflectance, only reflectance differences and would not support the
present argument that there 1s more than one way for a theory of color constancy to support
reflectance physicalism
An easy answer would consist in holding that it does not matter whether the theory of

CER should or should not be supplemented with an anchoring rule. What matters 1s that it
can. Insofar as this 1s accepted, it can be argued that the theory with an anchoring rule 1s
capable of supporting our argument. A more soplusticated answer, however, would rest on the
fact that Foster himself believes that the theory i1s not a complete theory anyway and that
adding an anchoring rule to it 1s thus not such a dreadful thing. Here he wrntes, comparing
distinct photographs:

“For example, 1n Fig_ 3, the scene 1s illuminated by different daylights, with

correlated color temperatures (a) 17,000 K, (b) 4000 K, (c) 6500 K, and (d)

4000 K. The color of the light reflected from the sphere in the bottom left

corner 1 a— 15 clearly different. Nevertheless, [...] it can be seen that the

sphere has the same or stmilar surface color in each image by comparing 1t

with the nearby foliage and by looking over each image as a whole. By

contrast, mn d, although the color of the light reflected from the sphere 1s the

same as 1n a, 1t can be seen that the sphere has a different surface color, now

more bluish, again by comparing 1t with nearby foliage or over the image as

a whole. In a—, the perceived relations between the colors are largely
preserved, and in d, they are not.” (Foster, 2011, p. 680)
In that citation, Foster does not appear to endorse the heavy phenomenological thesis that
what we see are actually only color relations, and not, as we may naively think, colors in a
non-relational sense®®.
Even if the current answer to the objection 1s adnuttedly lacking, in the fifth chapter,
we shall be considening which ontology of color can be motivated by Foster’s theory when 1t

15 not supplemented with an anchoring rule to more seriously consider the objection.

% However, note that it is always questionable whether we ought to inferpret such quotes in such a way. It is not
clear that Foster is here doing serious phenomenology.
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The measurement objection
The final and fiercest objection concems the notion of measurement of reflectance

used 1n the modification of Foster’s theory. This notion 1s meant to apply to both the latter and
Maloney and Wandell’s theory. It 1s argued that both theonies mclude an algorithm which can
be said to measure reflectance and it 1s because they perform such measurement that they can
both be seen as potential evidence for RP*_ Consequently, this notion does a significant part
of the work in the argument. However, one may object that 1t 1s too unclear to successfully do
that work. Whereas we do have a relatively explicit notion of what 1t 1s for an algonthm to
recover reflectances (thanks to Maloney and Wandell’s work, amongst others), the same
cannot be said for the notion of measurement. What we do have so far 1s an mhutive
understanding based on the proposed analogy with thermometers and thewr diversity in
functioning. Nevertheless, it 1s not enough to justify seeing the revisited version of Foster's
theory as measuring reflectance i one way or another.

According to the objection, the unclanty of the notion of measurement has at least two
dire consequences for the argument. First 1s the already mentioned lack of precision of the
notion, which implies that some may find 1t undetermuned whether Foster’s rewvisited
algonithm can be nghtly said to measure reflectance. The second worry 1s related to the first.
If 1t turns out to be vague enough, the notion of measurement will allow virtually any theory
to count as potential evidence for RP, thus undermiming the appeal of a thoroughly empirical
argument for RP*'.

To answer the objection, then, 1s to provide a list of cnteria which will allow (a) to
determine whether Foster’s theory can be rightly seen as measuring reflectance and (b) to
clearly distinpuish between theones that can be seen as such and those that do not. I behieve
that one way to provide such a hist 1s to draw on Akins’ desiderata for a sensory system to
count as a veridical system (Akins, 1996)*%_ A veridical sensory system can be thought of as a
sensory system which tracks, detects or measures the occurrence of a given external event or
property. Even though measurement 1s a notion which apples to systems which do not count
as biological (such as thermometers), Akins’ portrayal of verndical sensory systems can
actually also be applied to artificial systems.

4 Indeed. our reconstruction essentially invites the conclusion that it is because Maloney and Wandell's theory
involves a measurement of reflectance that it is able to represent potential evidence for RP, not specifically
because it involves reflectance recovery gua reflectance recovery.

47 On whether the argument ought to be seen as empirical, please see chapter 5.

% Note that Akins presents this conception of veridical sensory systems in order to show that not all of our
sensory systems can be characterized as veridical and maybe none even can. In her own terminology, biological
sensory systems are narcissistic. That 1s, they care about inferpreting the sensory signals in a way which fits the
needs of the organism at issue, even though this may entail distorting or misrepresenting those signals.
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In the course of assessing naturalistic theories of intentionality*’, as presented
especially by philosophers such as Paul Churchland, Dennett, Dretske and Fodor, Akins
discusses the relationship between the intentional nature of some of our mental states and the
alleged directedness of our sensory systems. To do so effectively, she proposes to examine
sensory systems which count as veridical The latter can be nightly said to detect, track, or
measure a property of the environment that 1s relevant for the orgamsm. In order to count as
venidical, a sensory system should have three distinet characteristics.

First, a venidical sensory system should display, in Akms’ terms, constant correlation.
That 1s, 1ts deliveries should reliably indicate the things 1t 15 concerned with. As she puts 1f, “if
a signal 1s to be informative (“tell the truth™), 1t must be produced when and only when a
particular stimulus (or stimulus set) 1s present” (Akins, 1996, p. 343). A system firing in a
haphazard way would fail to reliably indicate the presence of a relevant stimulus.

However, a sensory system could exemplify constant correlation but fail to register the
structure of the stimuli domain Taking Akins’ thermoception example, a thermoception
system could send a signal S for a given temperature and T for a higher one but wrongly order
them so that 1t would signal that S 1s higher than T when 1t 1s not. This system would embody
constant correlation, that 1s, each one of its deliveries would be correlated with a given
temperature, but it would still fail to correctly map the structure of the stimuli domain, in this
case, the temperature range. So, a veridical sensory system must respect the ordening of the
relevant domain. This 1s what 1s meant by Aluns’ requurement of structure.

The third and final requirement of Akins’ proposal 1s that of servility. In her own
words:

“In the service of the brain, [the sensory systems] toil tirelessly to report the
“what, when, and where™ of the world’s events. They do not mnterject their
own opiuons; they do not slyly skew the information to reflect their own
mnterests or prejudices. Their job 1s to state the facts "(Akins, 1996, p. 344)

In other words, venidical sensory systems should be as neutral as possible. Their reports
should concern external properties only, nothing more, nothing less. That 1s to say, a sensory
system signalling more strongly for external properties which are dangerous to the organism
would fail to be servile in that sense.

Taking stock, a particular signal of a sensory system should be sent when and only
when a particular external property or event 1s present, should correctly murror the relations

* Intentionality is the property of (some) mental states to be about something. My belief that a lion is chasing
me, for instance, is about a lion and is in that sense an intentional state.
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present m the stimmlus domain and should not contamn anything “extra™, not relevant to the
property or event tracked™’. It is easy to see that a thermometer is something which tracks a
property in that sense. A well-functioning thermometer should assign a reading to one and
only one temperature. It should not tell you that 34° C is lower than 23° C. Finally, 1t usually
does not embroider facts by telling you that the current temperature 1s a dangerous one or one
nice for a walk outside. So Akins’ analysis can be applied both to sensory systems and to
artificial mstruments.

With that understanding of venidical sensory systems and thus of systems which can
be said, or so I argue, to measure a given stimulus domain, we are in a position to determine
whether the theories of color constancy we discussed can be thought of as including a
measurement of reflectance. Not only can we see whether Foster’s theory’s fall under those
criteria, we can also consider Maloney and Wandell’s. Reflectance recovery can indeed be
seen as one way to measure reflectance and 1t 1s thus interesting to determine whether 1t falls
under this conception of veridical sensory systems.

Remember that Maloney and Wandell’s theory has the color signal decomposed into
two sets of weighted functions, one for the reflectance contribution to the color signal and the
other for the illuminant contribution. Each set 1s thus a sum of distinctly weighted basis
functions. Those basis functions are stable across scenes and are assumed known by the visual
system. They represent the dimensions along which SSR. encoding can vary. That 1s to say,
SSR differences will be encoded as differences in the weights attributed to the basis function.
A given SSR. mught be encoded as having, say, twice the quantity of one basis function as
another SSR. The number of basis functions represents the degree of freedom of the model.
Maloney and Wandell’s theory rests partly upon the idea that natural SSRs and SPDs can be
adequately modelled by models with very few basis functions. In other words, most of the
vanance found in natural SSRs and SPDs can be captured by models with very few basis
functions!.

We can thus ask how Maloney and Wandell’s algorithm fares when 1t comes to the
three criteria above. Would a sensory system implementing this algonithm be nghtly regarded
as venidical, that 1s, as tracking, detecting, or measuring a property of the environment?
Perhaps the easiest criterion to deal with here 1s the one of servility. A sensory system which

0 Of course, Akins’ conchision will be that some sensory systems, including thermoception, do not fit those
three criteria.

31 As we saw in chapter 2. even though models with very few basis functions (as low as two or three) can
adequately represent most of the variance of naturally occumring S5Rs and SPDs, it is not clear that it is enough
to recover emough (sic) of this variance to reach observed levels of color constancy. For a more systematic
explanation of linear models as applied to color constancy, see appendix A
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15 servile, understood according to Akins’ discussion, 1s one that neither adds anything to their
report regarding external properties, nor skew the information according to the orgamism’s
mterests. I take 1t that it 1s clear that a system implementing Maloney and Wandell’s
algonithm would not report anything else but estimations of (sets of) SSR and SPD), expressed
as weighted sums of basis functions. None of the estimations are singled out as special or of
particular relevance to the orgamism. Therefore, the system would count as a servile one.

Regarding the criterion of constant correlation, Maloney and Wandell’s algonthm
would not be able to assign one unique signal to, say, one unique reflectance. However, this 1s
a consequence not of the peculiarities of the algorithm itself but of the fact that the system 1n
question uses only three sensors (that 1s, the three human cones) to recover a
mulfidimensional value. It 1s thus subject to the 1ssue of metamerism. That 1s, two different
SSRs which excite the cones in the exact same way will be assigned the same estimate,
regardless of the differences in SSR. Consequently, the algonithm could only at best assign
one umque value to one set of metameric SSRs. It could be argued that this 1s not enough for
the algorithm to fulfil the criterion of constant correlation. In order to count as reliable
enough, a sensory system should not conflate distinet stimuli.

However, note that thus may be setting the bar too high. Any system, whether
biological or artificial, 1s going to function better in certain contexts rather than others and
will “muss™ certamn values the relevant stimulus can take The typical mercury-in-glass
thermometer cannot operate in temperatures below roughly -37°C and will thus conflate all
the lower temperatures. Simularly, there i1s no device whuch i1s sensitive to all possible
wavelengths but that does not imply that a spectrophotometer 1s not a device which, stricto
sensu, measure wavelength distribution. As we saw, even Alins admuts that a veridical
sensory system 1s one which produces a signal “when and only when a particular stimulus (or
stimulus set) 1s present” (Akins, 1996, p. 343, my 1talics). For this reason, I will assume that
Maloney and Wandell’s algorithm can be nightly seen as fulfilling the criterion of constant
correlation.

In order to determine whether it also fulfils the structure criterion, we first have to
understand what 1t 1s to model the structure of reflectances. As SSRs are distingmished by the
amount of light they reflect as a function of wavelength, it would be quite natural to assume
that to model their structure 1s to order them according to what amount they reflect of certain
wavelengths rather than others. For mstance, a given reflectance could be modelled as
contaimng more longer wavelengths than shorter ones, or vice versa. This would amount fo
ordering them based on a within-individual-SSR. basis. Or it could be assumed that to model
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their structure 1s to order them according to the amount of certain wavelengths they reflect in
comparison with other reflectances. For instance, reflectances could be grouped according fo
how much longer wavelengths they reflect. Reflectances favoring longer wavelengths would
be modelled as closer to one another than other reflectances favoring shorter ones. This would
order reflectances on an inter-SSRs basis.

Independently of our choice, it 1s interesting to note that Maloney and Wandell's
theory already has a very mfwtive way to model the structure of reflectances. A sensory
system mmplementing their algorithm could simply order reflectances according to the weights
they assign to the respective spectral basis functions. That 1s to say, given a system with, say,
three basis functions, the structure of reflectances would be mapped by the location of those
reflectances in a three-dimensional space. The closer the coordinates of two distinct SSRs, the
more similar those SSRs would be. SSRs would be ranked according to the weights they
attnbute to each basis function and thewr sinularity and differences would consist in the
differences of weights attributed”.

This way of structurmg the space of reflectances would be much coarser than ordering
them based on the proportion of light they reflect as a function of wavelength The latter
would assign one location to each SSR. in a space with as many dimensions as there are of
wavelengths®®. However, this is obviously overkill. Naturally occurring SSRs and SPDs do
not have very sharp peaks and troughs. They are mostly well described by a gentle sinusoidal.
For this reason, 1t would be enough to order them according to their rough tendency: more
longer wavelengths than shorter ones, roughly flat, high amount of mddle wavelength and not
much of the others, or two peaks at the extremes and not mmch happening in the nuddle range
could all quahfy as structural attributes of the encoding of SSRs and SPDs m the wvisual
system. For this reason, it can be assumed that Maloney and Wandell’s algorithm correctly
maps the structure of the SSR. (and SPD) domam.

This algorithm can thus be seen as measuring reflectance, in that particular case,
through reflectance recovery. But can the same be said for Foster’s theory? To answer this
question, we also need to determune whether 1t fulfills those three same cniteria. Beginming
with constant correlation, note that thus 1s where the distinction between Foster’s original
theory and the version which would include an anchoring rule becomes important. First,

32 Note that this ordering would be made on an inter-SSR basis. To order them on a within-individual-SSR basis,
two distinct surfaces would be grouped closer if and only if they display the same numerical relationships
between their respective weights. For mstance, other things being equal, two surfaces having twice the weight of
the first basis function compared fo the second basis function’s would be grouped closer together than surfaces
which do not exemplify that relationship between their respective basis functions’ weights.

3} Technically, an infinite rumber of dimensions.
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consider the original theory. It only attributes relative properties such as being twice as short-
wavelengths-emiiting as X or emitfing ten percent less longer wavelengths than y to surfaces
in the field of view**. In other words, no absolute color property such as being green is
attributed to anything

Such a strategy cannot fulfill the criterion of constant correlation. To see this, note
that, to fulfill it, a sensory system needs to attribute a given signal to one and only one
stimulus. But note that there 1s no one signal which will always be attributed to one smgle
object if we follow Foster’s original theory. Given an object in a scene, many relative
properties will be attributed to the object. For instance, let us say that the properties emitting
twice as much middle-wavelength light than its neighboring surface on the left and emitting
half the amount of shorter wavelengths than its neighboring surface on the right are attributed
to the object. Those attributions will remain if we only change the illumination falling on the
whole scene. However, some changes will imply that a whole other set of properties will be
attributed to the object. For mstance, if we then shine another light with a different SPD on
half the scene (covering, that is, the cenftral surface and only one of the two neighboring
surfaces), the system will stop attributing one of the two properties above. In the case mn
which we change the whole environment of the object, the properties attributed to 1t will
change massively. Consequently, there 1s no one and only one property which 1s stably
attributed to the object’s surface. If this is the case, then Foster’s theory cannot fulfill constant
correlation.

Thus 1s not so when 1t comes to his theory when supplemented with an anchonng rule.
Whereas the original theory provides a map of color differences, the anchorning rule ensures
that thus map 1s anchored, that 1s, located on an absolute color space. A consequence of this 1s
that absolute color descriptors (such as red, green, blue) can now be attributed to the distinct
surfaces seen. As long as there i1s a sufficient variety of information regarding color
differences and the system can and does apply an anchoring rule®, the algorithm can tick the
‘constant correlation’ box.

Thus 1s also true of the structure requirement and much easier to see. Foster’s theory,
even in its origmal form, will map reflectance differences as cone-excitation ratios. That 1s,
the algorithm will use cone-excitation ratios as proxies for SSR. differences. Those differences

* Note that Foster's original theory will actually use proxies of those properties expressed as some ratios within
cone channels as we saw above.

33 This is just to say that there are conditions under which Foster’s revisited algorithm will not operate correctly.
Note that this is true of any theory of color constancy. This is why we experience color constancy breakdown or
illusions. Note that, in chapter 5, we shall consider Foster's original theory differently. It will be plain that it is
not clear that it cannot also fulfill this criferion.
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can then be situated on an absolute space using the anchonng rule. Foster’s oniginal theory
thus maps the differences mn SSRs whereas the anchoring rule determunes the absolute
position of those differences, similar to how we would fix a vector of constant length 1n a
mathematical space. This will not cover differences between metameric surfaces but, as we
saw, this 1s a non-1ssue. What matters 1s that the space of SSR differences will be mapped by
the space of cone-excitation ratios.

When it comes to servilify, one may argue that a sensory system employing Foster’s
algonithm will actually be informing the rest of the brain about the sensory system’s own
idiosyncrasies. That 1s, the output of the computation 1s actually information regarding the
receptors’ respective excitations rather than information about the state of the outside world.
In turn, 1t could be held that this implies that the sensory system m question 1s not servile
enough. It does not disinterestedly report  ‘the “what, when, and where’ of the world’s
events”. Rather, 1t 1s concemned with itself.

This objection goes astray in an interesting sense. In order to report anything about the
outside world, a sensory system will have to encode this information in one way or another®.
For mstance, a system which must detect the occurrence of one of two events could assign
distinct neural firnings for each event. One of the events would be assigned, say, a rapid firnng
whereas the other one would be assigned a much slower one. In that way, the system could
distinguish between the two events and tell the rest of the nervous system about 1t. But the
same objection can then be presented to that sensory system too. The objection would have
sensory systems inform the rest of the organism about something but without encoding that
mformation in any biological form But this 1s obviously an impossible task. Note that even
the infrared thermometer encodes temperature differences as differences in infrared emuissions
which are themselves going to be encoded as, say, bits of encoding in the numerical device
itself. Yet we still consider that thermometer a paradigmatic case of servility. So Foster’s
algonithm can and should be regarded as servile too.

The above reasoning shows that both Foster’s and Maloney and Wandell’s theornes
mclude an algonthmic step which 1s, stricto sensu, a measurement of some of the external
world’s properties. Therefore, the objection does not go through We have an understanding
of the notion of measurement which is clear enough to allow us to determine whether a given

theory counts as involving a measurement of reflectance.

3% Note that it is even more general than this. In order to do amything, not just report about the outside world,
sensory systems must assign distinct signals to distinct things, be they the outside world’s events, bodily states,
or, in Akins® terms, narcissistic concerns.
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So far, 1t appears we have managed to find a theory of color constancy distinct from
Maloney and Wandell’s which can prima facie be seen as embodying an algorithm that
measures reflectance. The theory of CER. does not recover reflectance in the sense at 1ssue mn
Maloney and Wandell’s theory. We can thus conclude that there 1s more than one kind of
theory of color constancy which can be appealed to as potential justification for reflectance
physicalism. However, 1t would be useful to determune whether we are being too lax with our
criteria, potentially allowing any theory of constancy to count as such justification. Below I
discuss Zaidi’s approach to color constancy and try to show that it 1s much harder if not
impossible for it to justify reflectance physicahsm

Zaidi’s approach to color constancy
The rejection of reverse optics and a performance-oriented view of color constancy

Whereas 1t has been relatively straightforward to determine whether Foster’s theory of
CER can be classified n the same way as Maloney and Wandell’s, that 1s, as involving a
measurement of SSR, the same cannot be said for the theory of Qasim Zaidi. Perhaps 1t 1s
easier to start with what this researcher eschews rather than what he favors. To begin with,
Zaidh has repeatedly stated that he eschews a reverse optics approach to color constancy and
has arguably contributed at numerous occasions to the empirical case against 1t (see e g
Khang & Zaidi, 2002; Robilotto & Zaidi, 2006; Zaidi & Bostic, 2008).

For instance, he has maintained the following:

“It makes little sense for the human wvisual system to extract high-

dimensional spectra because subsequent color computations would be high-
dimensional and costly.” (Zaidi & Bostic, 2008, p. 2674)

Here, the computational cost of reverse optics strategies 1s used to motivate the idea that they
are not used by the visual system. That is to say, a cost-benefit analysis of the use of reverse
optics strategies by the visual system yields the conclusion that the costs far outweigh the
benefits and that the visual system would therefore have chosen a different strategy. In other
papers, Zaidi and colleagues argued that such strategies cannot account for parts of their data
(Robilotto & Zaidi, 2004a, 2006; Zaidi & Bostic, 2008)°". Their case against reverse optics
therefore appears to include both theoretical and empirical arguments.

However, 1t 1s worth pomting out that Zaidi’s understanding of the notion of reverse
optics 1s a peculiar one to say the least. Explamning the crux of this approach, he says that:

37 For more on this point, see the next chapter.
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“[many] models of lightness and color constancy assume that the wvisual
system estimates the scene illuminant and uses this estimate to determine
material reflectance [...] In terms of this 1llummation-estimation hypothesis,
the questions ansmg about this study are, what information 1s available in
the display, and what i1s the best any wisual system could estimate?
Backgrounds in the two boxes have similar statistics. Theoretically, a
system could calculate the mean luminance of both backgrounds, then
measure the mean lnminance of each of the four cups, and take the ratios.”
(Robilotto & Zaidi, 2004a, p. 792)

In a later paper, he holds that:

“If an observer could take precise mean luminance ratios between the
backgrounds, this would provide an estimate of the relative intensities of the
two illuminants. This estimate could be used to discount the mean
luminance differences between the objects.” (Robilotto & Zaidi, 2006, p.
27)

Note that those quotes appear to 1mply that a reverse optics strategy only employs luminance
ratios. However, calculating luminance ratios does not entail estiimating either the absolute
mtensity or the SPD of the illuminant Neither does 1t involve estimating the SSR of surfaces.
But estimating the SPD of illunminants and the SSR. of surfaces 1s an essential step in reverse
optics®, whose main goal is to use the color signal to estimate the causal factors which
generated 1t.

Zaidi therefore appears to sometimes endorse a very peculiar understanding of reverse
optics. This 1s to be contrasted with other passages m which he refers to it as the usually
understood recovery of estimates:

“a number of determumistic and probabilistic inverse-optics models have
been proposed to first extract the spectrum of the illuminant and then the
spectra of matenals under the 1lluminant for a variety of conditions.” (Zaidh
& Bostic, 2008, p. 2674)

And, at some point, both interpretations appear to be mixed:
“In a reverse optics model of lightness perception, observers first estimate

illuninant mtensity and then extract relative lightness by discounting the
illuminant ” (Robilotto & Zaidi, 2006, p. 33)

In the first part of this quote, Zaidi and colleagues make reference to the estimation of the
illuminant®, a central step in reverse optics strategies as we shall see, whereas in the second
part they talk only about relative lightness This 1s more renuniscent of Foster’s theory or of

3 In the next chapter, we shall dig deeper into what is essential to reverse optics approaches as applied to color
constancy.

* In the case of lightness constancy, this will only refer to an estimate of the illuminant intensity whereas in the
case of color constancy, an estimate of the illuminant’s SPD is required.
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the lightness theories crificized by Gilchnist for their inability to account for the anchoring
problem, theories which admuttedly only care about relative properties of the scene. However,
note that, if the visual system already has access to the illununant intensity, there 1s no pomt
m continung to talk about relative lightness. Once the illuminant intensity 1s known, absolute
lightness of surfaces can be computed with this knowledge and knowledge of the color signal.
Zaidh therefore adopts a very particular view of reverse optics.

Keepmng this in mind, we can move on to another aspect of Zaidi’s approach to
constancy. Many researchers will define color constancy using notions such as “percerved
object colour” (Buchsbaum, 1980), hold that we possess “a perceptual ability that pernuts us
[...] to assign stable colors to objects” (Maloney & Wandell, 1986), talk about “the traditional
mterpretation of color constancy [as] the mvanant appearance of surface colors under changes
m the spectral composition of the light source” or maintain that “the visual system processes
the retinal image to stabilize object colour against changes m the spectrum of the
illumination™ (Brainard et al_, 2018).

Those ways of franung the issue all seem to contan a phenomenological
understanding of color constancy®®. Color constancy, so conceived, refers to the fact that the
colors of objects we expenience m our usual, ordmary perception of them are in some sense
stable, 1e they do not depend on illumination conditions or, more generally, on factors
extrinsic to the object’s surface properties (such as the presence of haze, of transparent objects
between the percerver and the object, or the depth or position of the object in the scene). If I
experience a leaf as a very light green under a particular illumunant (or, again, mn a given
scene), my perception of it 1s (perfectly) color constant if and only if I see that leaf as the
same shade of very light green under any other illuminant (or in any scene distinct in any
aspect which causes a significant change to the color signal). If my perception 1s color
constant 1n this sense, then, as a consequence, which color I see an object as having (in
normal circumstances) 1s always entirely determined by the surface properties of this very
object and not by anything else®! © &

% Of course, this is not to say that there are no non-phenomenological elements involved in this understanding.
Admittedly, talking of “changes in the spectral composition of the light source™ has nothing to do with
phenomenology. But the criterion for the possession of color constancy in the face of such changes is the
existence of a constant phenomenological element in our ordinary experiences of color.

81 Or by properties which strictly covary with those surface properties. Note that talking about “surface
properties” will include properties such as texture which we may not want to mclude here.

8 Some will disagree here. From the fact that my perception of a color is constant in that sense, it is not possible
to conclude that which color that color is is entirely determined by the surface properties of the object in
question. The argument for that latter claim 1s supposed to be that the only thing which remains constant across
all those different scenes are the surface properties. But this may not be case. The visual system of the observer
may also be constant across those scenes and there is therefore no reason to deny that it may play a causal role in
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In contrast, Zaidi eschews such phenomenological approaches to color constancy and
employs a performance-oriented view of the phenomenon:

“For many visual tasks the functions of color constancy can be
accomplished by establishing correspondence among surfaces seen under
different lights across either space or time. The observer can safely infer
that corresponding surfaces have similar essential colors (or reflectances).”
(Zaidi, 1998, p. 1770)

Here Zaidi severely diverges from the inverse optics understanding of color constancy.
According to the latter, the chronological ordering of processes when it comes to color
constancy 1s the following. First, the visual system retrieves information pertaining to the
objects” surface properties from the color signal To do so, it applies various constraints which
are assumed to apply to natural scenes. In a second time, 1t uses the mformation obtained to
establish correspondence between objects. Ultimately, the fact that the same object under two
illuminants with distinet SPDs 1s seen as having the same color or as being the same object 1s
a consequence of the fact that the visual system has retrieved information about its surface
properties. The surfaces properties, once known, are used to establish correspondence or
identity.

Thus 1s not so when i1t comes to Zaidi’s view, as far as the above quote 1s concemed.
Here, reaching a conclusion regarding the surface properties of the object appears to be a
consequence of the visual system reaching a conclusion regarding correspondence of objects
under distinct illuminants®* More specifically, the conclusion regarding the surface properties
15 the conclusion of an inference that actually happens beyond the bounds of wisual
processing. Knowledge of the surface’s properties 1s the outcome, not the input of the process
and this knowledge corresponds to judgments of identity of surface properties across the
scene. In other words, 1t 15 determined that two objects have the same surface properties, not
which properties they have®>. The point is also reinforced by the following:

“The present paper, however, suggests that the problem for the wisual

system to solve 1s not to bring about stable color appearance under different
illuminants by discounting [illumination changes] but to recogmize that

at least partly determining which color I see the object as having. That it plays such a role seems to explain why
different observers can attribute distinct colors to the same object viewed under the same circumstances.
8 Note that this does not mean that there may not also be another aspect of our experience which changes along
with, e g, the illuminant More on this below in this chapter and in the fifth chapter.
# And note that this knowledge is not about which wavelength is more or less reflected by the object.
% In a trivial sense, which properties they have is also determined. The content of the conclusion could be
something like “this object has the surface properties which this other object also has™ But there is no
substantial independent specification of those properties.
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objects are indeed being viewed under different illuminants and to discover
what the illuminant properties are.” (Zaidi, 1998, p. 1767)

We can again see the emphasis on the visual system’s ability to recognize objects across
tlluminants with distinet SPDs. Zaidi even defines lightness constancy “in a direct
performance-based manner as the ability to identify two objects as having the same lightness
across physically different illunmination conditions™ (Robilotto & Zaidi, 2004a, p. 779).

Note that understanding color (and lightness) constancy in this performance-oriented
manner 1s not without important consequences. First and foremost, adopting this view of color
constancy implies that knowledge of reflectance 1s relegated to a mere “tool in the toolbox™. It
implies the recogmition that estimating SSR. 1s but one of the ways to effectively identify
objects across illuminant changes. If it proves too expensive to compute estimates of SSR,
then the wvisual system would have chosen a simpler approach. This 1s merely another way of
saymng that knowledge of SSR 1s not valuable for its own sake (with which researchers
adopting reverse optics agree) and that there are other, better ways to identify objects across
illuminant changes (with which they do not).

Secondly, the question of whether we need to explamn an apparent stability of color in
our perceptual experience 1s bypassed and replaced by the question of whether the proposed
theory can account for our ability to act in a color-constant manner, that 1s, whether 1t can
account for our recognitional abilities. Those abilities include the capacity studied by Zaidi’s
papers, namely, the capacity to recogmze identical (or sufficiently sinular) objects across
simultaneous 1lluminant changes and therefore also to perform asymmetric matching. I take 1t
that Zaidi would also argue that 1t mcludes cases of recogmition across temporal changes of
illummation. For mstance, one would be able to re-identify the apple seen on the ground at
noon even after a few hours, when the sun 1s nearly gone and the only light hitting the apple 1s
skylight.

Importantly, understanding color constancy in this fashion has the important
consequence that the phenomenological situation need not be one i which the colors
attnbuted to objects mm our experiences of them do not vary with factors extrinsic to the
objects. That 1s to say, 1t 1s possible to be color-constant in Zaidi’s performance-onented way
without also being color-constant in a phenomenological sense. Zaidi hunts to that possibility
when he says that:

“[1f] such algorithms are implemented by the visual system, they can enable
the observer to recognize when the same objects are being viewed under
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different 1lluminants despite there being a discermible shift in the colors of
the objects.” (Zaidi, 1998, p. 1774)

And he repeatedly stresses that it would be possible “to identify similar materials across
illuminants despite possible appearance changes” (Zaidi, 2000, p. 192). Finally, asymmetric
matching, contrarly to Zaidi’s experimental method of finding-the-odd-one-out, makes “the
assumption that simuilar materials should appear identical across illuminants™ (Zaidi, 2000, p.
193)%¢_ According to this understanding of constancy, color-constant behavior does not entail
color-constant phenomenology. This means that the colors we think we see may well not be
constant across, say, illumination changes at least under certain circumstances. Since SSRs
are constant across illumination changes, it would then be impossible to identify the colors
with them.

Of course, a philosopher could here agree with Zaidi that the colors do vary across
illuminant changes while still behieving that there i1s constancy in a phenomenological sense.
For mnstance, she may argue that, while there 1s a difference in two differently illumnated
scenes with regard to color, 1t 1s not a difference consisting in which color 1s attributed to the
objects but rather a difference in how those colors are seen as illuminated. Although the color
attributed to the object would here be constant, the way this color 1s seen as illuminated would
not. There would be both constancy and constancy at a phenomenological level. In that case,
there would be some constancy at a phenomenological level without the overall
phenomenology being constant®’.

However, note that Zaidi 1s most of the time 1gnonng the distinction between what has
been called in the scientific literature on color constancy “perceptually unasserted color” and
“surface color” (Arend et al, 1991; Arend & Reeves, 1986). This distinction 1s supposed to
apply to different kinds of judgments an observer nught make On the one hand, she nught
judge the hue, saturation and brightness of a certain point mn the scene viewed. This would
correspond to a judgment of perceptually unasserted color (or, for short, unasserted color).
She nught also judge the color of the surface of an object in the scene as a property of the
object. This would be a judgment of surface color. For instance, two oranges may have the
same surface color yet differ in perceptually unasserted color (also called “unattributed color”
for short) if one of the oranges 1s seen under a different, say, bluer illuminant. The orange
under the bluer illununant will have a more bluish unasserted color than the other orange. If

8 Note that it is unclear what exactly is meant by the idea that it is asymmetric matching itself which makes this
assumption As an experimental procedure, it seems to be quite free of such assumptions. Zaidi perhaps means
that it is the researchers employing the procedure which make this assumption.

8 Note that this is how most philosophers of color understand the phenomenology of color.
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we were to put the two oranges under the same 1llumination, they would then have the same
unasserted color®®.

Zaidi usually avoids the distinction® and admittedly similar ones and assume that, if
two objects are seen under chromatically very different illumunants (such as skylight and
sunlight), then the two objects will appear to have different colors. As we can and do
recognize 1dentical objects across scenes and illuminants (1.e. we do have performance-based
color constancy) at least under certan circumstances, this entails that the same object wall
change color across viewing conditions and that there 1s, strictly speaking, no
phenomenological color constancy. Zaidi thus remterprets what 1t 1s for two objects to have
the same color across two distinet illununants as the counterfactual claim that, if they were
put under the same illuminant, they would have the same color. He argues that this 1s a view
we can notably find in Lichtenberg:

“In ordmnary life we call white, not what looks white, but what would look
white 1f 1t was set out in pure sunlight, or in a light whose quality did not
differ much from sunlight. It 1s more the potential to be white and become
white, 1n all its gradations, that we call white in some object, rather that the
pure white colour itself I take this sheet of paper, for example, to be white
in the deepest twilight, even at mght in the weakest starlight, by tallow, wax
or lamp light, in the brightest sunshine, in the red of evening, by snow and
ramn, in the woods or in a decorated room, etc_, for I am convinced that in
the clearest sunshine, taken from an alpine peak where the blue sky’s
reflection 1s nussing, 1t 15 nothing less than white ™ (Joost et al , 2002, p.
302)

Zaidh distinpmishes between the color which changes with the viewing conditions, the
“sensed” color, and the invanant color which 1s the “concluded” color. The former 1s thought
to be part of our pre-conceptual experience, akin to an immediate grasping of the information
present mn the light. The latter in contrast 1s part of the content of our subsequent judgment,
judgment based on the immediate sensation which contains the sensed color.

Thus 1s a different distinction than the one between unasserted color and surface color
if only for the fact that the latter are thought to be judgments by Arend and Reeves (Arend &
Reeves, 1986), whereas the sensed color of an object 1s supposed to be an immediate part of

% Note that this distinction can be understood as a phenomenological one only if ome holds that the
phenomenology of color experiences is constituted by judgments. If the latter is true, then our color experiences
would be a conjunction of a judgment that an object O has a particular stable color (ie , surface color) and a
judgment that O has a particular transient color (that is, the unattributed color). Our color phenomenology would
therefore exhibit both constancy and inconstancy. However, the constancy and inconstancy would be located at
the level of different kinds of properties.

% Of course, it is entirely possible that Zaidi would agree with the distinction but argue that the surface color is
actually atiributed to an object by a cognitive rather than a perceptual or sensory process.
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the content of our visual experience. Note that finding out the concluded color of an object
imphes an inferential process. That 1s, the color we think 1s invanant 1s not something we
sense but something we conclude. Furthermore, the concluded color 15 defined in terms of the
sensed color. That 1s, an object having a particular, constant concluded color only means that
this object would appear to have the corresponding sensed color under sunhght Having a
particular concluded color means bemg able to display the corresponding sensed color when
placed under sunlight™.

Zaidi’s theory and its inability to measure reflectance

With all of this in place, we are i a better position to understand Zaidi’s proposal
regarding what the visual system does when 1t fries to achieve color constancy understood as
the ability to recogmize that two identical objects are being seen across distinct illuminants.
Obviously, the proposed strategy does not involve computing estimates of reflectance. In
confrast, Zaidi proposes distinct strategies which operate on cone signals only to conclude
whether some objects under a particular illuminant correspond to some other objects under
another 1lluminant.

Most noticeably, Zaidi proposes to use the fact that cone excitations are affected in a
systematic way by illuminant changes. If one plots the cone-opponent excitations of a set of
objects under a fairly natural illuminant (say, direct sunlight) agamnst the cone-opponent
excitations of the same set of objects under another fairly natural 1lluminant (say, skylight),
the pomts representing the individual objects will mostly lay on a straight line. In other words,
there 1s a very strong correlation between the respective cone-opponent excitations of an
object across illuminant changes. Furthermore, this correlation will actually be very simular to
the correlation of cone-opponent excitations corresponding to the two illunminants. The points
representing the objects will fall on that very line which runs from the origmn (the pomt
mdicating no absorption from either cone type) to the point representing the absorption from
the illuminants directly hitting our retina (that 1s, directly projected mn the eye). In other
words, 1f for a particular cone type, the excitation corresponding to the first illuminant 1s x
and the excitation corresponding to the second illuminant 1s y, then the ratio x/y will also
describe the correlation of the objects seen under those two 1lluminants.

More precisely, there 1s a very sumple relationship between the cone-opponent
absorptions of one object under one illuminant and the absorptions from the same object but

™ For a more thorough examination of the distinction between sensed and concluded color, see chapter 5.
69



under another 1lluminant. Let us take an object O and its signals on the L-(L+M) and S-(L+M)
channels under a given illumunant as O and Oz, respectively, and its signals on the same
channels under another illuminant as Os; and Oy, respectively. It has been found that the
corresponding shift along the L-(L+M) axis 1s an addifive shift, whereas the corresponding
shift on the S-(L+M) axus 1s a multiplicative one. We can thus write the following:
loal =[5 olloal+ [

The first step in the visual system processing depends on whether 1t has access to the same
sets of chromaticities under distinet illuminants or whether one of the sets represents a subset
of the other one. In the first case, Zaidi’s proposal 1s that the wvisual system will use the
systematic ordering we previously discussed to solve this equation. Remember that cone
excitations across two distinet illununants actually fall on a straight line if you map them
That 15, performing rank ordering on the cone excitations will be enough to then match them
and solve for the equation, thus recovering information about the illuminants’ relative
lightness (or relative color).

In the case in which one of the sets of chromaticities 15 a subset of the other, the visual
system cannot just compare them straight away as it does not know which chromaticity
corresponds to which other chromaticity in the other set. That 1s to say, it does not know
which object 1s responsible for which pair of chromaticities across the two sets. Zadi
proposes that 1t will select the smallest chromaticity (1.e. the one causmg the fewest
absorptions on the cone-opponent channels) in the subset and match it to one chromaticity in
the superset. It will then estimate ¢ and 1 i the equation above (that 1s, the shifts in 1llununant
chromaticities). With those estimates, 1t 1s able to estimate the transformed chromaticities
under the second illuminant The transformed chromaticities are assumed to belong to the
same object as the nearest chromaticity in the superset and the distances between the two
respective pomts are added to give an estimate of the error of the model The visual system
then repeats the whole process by matching the smallest chromaticity to the next chromaticity
m the superset. The match which ultimately miminmizes the error 1s chosen as the cormrect one
and correspondences between the respective chromaticities of the subset and superset are then
established.

This 1s in a nutshell how the wvisual system could operate to achieve performance-
onented color constancy according to Zaidi. A noteworthy point of thus perceptual strategy 1s
that 1t never deals with estimates of reflectances or anything else than plain chromaticities
(expressed here as cone-opponent excitations). This entails that the visual system never knows
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what reflectance properties can be attributed to any single surface but can only establish
whether a surface qualitatively identical to another one 1s being seen under another 1lluminant.
In other words, 1t never knows what the surface properties of the object are but only whether
they reappear under another illuminant. Zaidi’s algorithm 1s therefore as far as possible n
spirit and practice from a reverse optics approach.

Note that Zaidi has actually proposed different strategies in subsequent articles. In the
case of hightness constancy, 1t was hypothesized that participants could have used brightness
matching after adaptation (Robilotto & Zaidi, 2004a). In the case of color constancy, relative
color percepts were argued to underlie the participant’s level of constancy (Zaidi & Bostic,
2008)"'. However, the point of those strategies was to determine whether they could account
for the participants’ pattern of answers and 1t was not made clear how exactly those strategies
were to be implemented by the visual system. In addition, it was not made clear whether those
strategies were subpersonal strategies of the wisual system per se or whether they
corresponded rather to personal-level strategies, that 1s, consciously used by the participants
to perform the task at hand. The latter matters since we are interested in what our wvisual
system does when 1t seemungly attributes colors to objects, not m what we do with that
mformation once 1t 1s available. Consequently, we will focus on the perceptual strategy
described above.

But first one astute reader may now ask about our ability to determine the concluded
color of an object, as understood above. Zaidi proposes here to use the concept of essential
color. The essential color of an object corresponds to the sensor responses from this object
under an equal-energy illuminant. However, it 1s not clear that Zaidi has a defimtive answer
regarding the process used by the visual system to determune the essential colors of objects
apart, that 1s, for the claim that observers can remember the essential color of an object if they
have seen 1t under different illummants (Zaidi, 1998, p. 1774). But 1t 1s not clear why seeing
the same object under different illuminants would help 1in determiming its essential color.
Seemng 1t under an equal-energy iluminant whilst at the same time knowing that the
illuminant 1s an equal-energy one would certainly help. If that were the case, the visual system
would just encode that this pattern of luminance 1s equivalent to the essential color of the
object and 1t would be available for future processing. But this 1s not what Zaidi proposes and
it 15 not even clear how the visual system would know that the current illununant 1s an equal-

energy one. As no answer appears forthcoming, I suggest we leave this matter aside for the

"l See the next chapter for a more thorough discussion of those studies.
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time being’? and consider whether Zaidi’s theory, if it were successful, could be seen as
evidence for reflectance physicalism.

It seems that, at first glance, the answer to this question must be negative. The reason
for this appears straightforward. Zaidi’s algonthm’s output solely consists in judgments of
correspondence across distinet illuminants. That 1s, the output of the algomthm, if 1t 1s
functioning adequately, 1s that some object under the first illuminant i1s identical (or very
similar) to another object under another illuminant regarding their surface properties. The
algonithm 1s silent regarding the nature of those surface properties. RP states that the colors
which figure i our usual perceptions of the world are nothing but the reflectances of objects.

Zaidi’s theory therefore cannot represent evidence for RP for the following reason.
Whereas RP requires theories of constancy to contain algorithms whose outputs consist in
descriptors of SSRs, Zaidi’s algonithm only tells us about correspondence between objects or
reflectances. That 1s to say, the latter 15 not in any position to tell us about the non-relative
color of objects. To see this, consider the following scenario. You are in a forest at dawn,
looking at trees and other shrubs. As the sun has still not come up, the only light hitting the
vegetation 1s skylight. As a consequence, there 1s few or any shadow or illumination change
across the scene you are viewing. Let us say that you are looking at the leaf of a particular
tree. Most probably, you will see the leaf as having a particular color, presumably, some
shade of green. How you came to see 1t as this color 1s something that cannot be explained by
Zaidi’s theory. This 1s not a case of determuning which other leaves on other trees have the
same surface color as the leaf you are looking at nght now. In this situation, your visual
system 1s able to attnbute some color property (some shade of green) to a certain object in the
scene you are viewing (a leaf). However, as far as this task 1s concerned, Zaidi’s algorithm 1s
of no use to us here.

To present the point more systematically, the algonthm does not seem to be mn a
position to explamm our ability to perform color naming Color naming refers to the
experimental paradigm in which subjects identify the color of a patch on a neutral background
under varying illumination (Troost & De Weert, 1991; Weiss et al | 2017, Witzel et al., 2016).
For example, a red patch mught be displayed on a neufral background under a spectrally
neutral 1llumination and subjects have to identify its color. The same red patch will then later
be represented, after many other trials, under a different illumination, say, a blue one, and
subjects try identifying the color of the patch again (without knowing that it 1s the same patch,

™ But see chapter 5 for a more complete discussion of the distinction between sensed and concluded color.
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of course). As the number of different illuminations the patch 1s presented under increases, it
can be statistically determuned whether the same red patch is still judged as red under other
strongly chromatic illummations. The same process will be repeated for all the other hues and
a measure of constancy statistically developed.

Even though the point of color nanung 1s to ultimately determine the extent to which
we are color constant, note that our ability to perform the task seemingly requires us to
attribute non-relative colors to color patches, and not to match objects across illuminants,
etther simultaneously or sequentially. Those tasks are distinct. A theory of color constancy
which has the potential to represent evidence for reflectance physicalism arguably will be able
to explain how we achieve color constant behavior in both senses. If a color descriptor 1s
attnbuted by a wvisual system to a surface independently of the properties of the scene
unrelated with the surface’s properties, then that attribution will make possible both color
naming (since the descriptor will be correlated with the color name) and asymmetric matching
(since the descriptor will not change with the illumination), etther simultaneously or
sequentially. However, it does not look as 1f Zaidi’s theory fits the bill.

It appears we have found a theory which 1s unable to represent evidence for
reflectance physicalism. If Zaidi’s theory were confirmed and the algorithm it contains were
an accurate portrayal of the perceptual process occurring when our perceptual system behaves
mn a color-constant fashion, this would not constitute justification for the thesis that colors are
actually SSRs. It would actually put pressure on the idea that our visual system is at all
mterested in the SSRs of objects.

At tlus point, one might retort that the theory would fit the bill if we mncluded the part
concerning essential colors. That 1s, including the notion of essential colors mto the theory
would allow for a measurement, as we have understood it, of surface spectral reflectances.
However, we have seen that it 1s unclear how the visual system would find its way back to
essential colors. As long as no answer to that 1ssue 1s provided, it 1s difficult to argue that the
theory so modified would mvolve a measurement of SSR. Nevertheless, it 1s true that adding
essential colors to Zaidi’s simpler theory may represent a viable way to do so.

Another objection to our construal 1s that the theory only needs an anchor in the same
way as Foster’s in order to count as mvolving a measurement of SSR. Once an anchor 1s
provided, the theory will be able to assign colors to distinct SSRs. But note that this objection
misunderstands the nature of the output of Zaidi’s theory. This output only consists n
judgments of correspondence between two surfaces under respectively distinct illuminants.
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Even with an anchor, this output will not suddenly signal anything about the SSR. of the
surface.

Summary

In this chapter, we have addressed the lack of consensus in color constancy research
regarding Recovery which 1s argued by Chinnnuta as being an important problem in Hilbert’s
strategy. I have tried to show that it 1s not so and that whether a theory of color constancy
supports reflectance physicalism does not depend on whether that theory includes reflectance
recovery as understood by Maloney’s and subsequent work. A color constancy theory needs
not entaill Recovery m order to potentially support RP. To support RP, a theory of color
constancy should include some measurement of reflectance, in a sense wider than but
mcluding reflectance recovery. This measurement will consist in an attribution of colors to
SSRs which fulfills the three critenia of veridical sensory systems we have identified.

On the one hand, Foster’s theory can be seen as a theory which does not mvolve
reflectance recovery but still includes a measurement of SSR once an anchoring rule 1s
provided. On the other hand, there 1s no addendum to Zaidi’s theory that allows a
measurement of SSR_ In that way, we have identified a criterion for inclusion into the set of
theories potentially able to support reflectance physicalism.

In the next chapter, we delve mto the second part of Chuinmuuta’s argument, that 1s,
that Hilbert’s strategy fails because the opimion in favor of reflectance recovery being a part of
visual processing 1s more a reflection of previous theoretical commitments at play than a
dispassionate reading of the evidence.
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Chapter 4: The albedo hypothesis and reverse optics frameworks

Introduction

Let us take stock In the previous chapter, we saw how a color constancy theory
distinct from Maloney’s could represent evidence for reflectance physicalism 1f 1t were to be
successful. In contrast, Zaidi’s theory 1s probably unable to provide such support. The crux of
the matter 1s that whether the theory in question was evidence for reflectance physicalism did
not hang on whether that theory involved reflectance recovery. Nevertheless, it ought to
mclude some kind of process which can be rightly seen as a measurement of surface spectral
reflectance.

However, we have so far not addressed Clhunnmuuta’s second worry. Her main pomt 1s
not that Hilbert’s case i1s undermuned merely because there i1s no consensus regarding
reflectance recovery in color constancy research. It 1s rather that there 1s no such consensus
because the various teams of researchers weighing in on the 1ssue embrace distinct conceptual
assumptions about the nature of vision. The evidence accrued in color constancy research 1s
not, as Churimuuta puts 1t, conceptually neutral.

This 1s an 1ssue at least for the following reason. If one needs additional assumptions
regarding the nature of vision (or perception, in general) to read color constancy data in a way
which supports reflectance physicalism, then one needs reasons to believe m those
assumptions. As there are different conceptual assumptions available, those reasons should
distinpuish between those which speak m favor of the reading supporting reflectance
physicalism and the other readings. In addition, Chinnmmuta points out that if the respective
conception of the nature of vision adopted by the researchers shapes their interpretation of the
data in such a profound way, then there 1s little hope that acquiring more data will solve the
1ssue. Once these new data come to light, there 1s no reason to believe that they will not be
mterpreted m a way which favors the pre-existing conceptual assumptions of the researchers.

However, there 15 a more dire and more specific 1ssue according to Chirimuuta. The
conceptual assumptions which one needs to interpret the data i a way which supports a
reverse optics approach to vision are very much linked with a position akin to reflectance
physicalism. If this 1s true, then it seems that in order to believe that color constancy data
speak m favor of RP one must already believe in RP. The appeal to the data thus appears to be
circular. Even if we are successful in showing that the pool of theories Hilbert can appeal to in
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order to seemungly justify RP includes but 1s not linuted to the set of theomes involving
reflectance recovery, this does not help as long as we have not addressed this second worry. If
we have not addressed it, any theory mcluded in the larger pool can still be accused of
presupposing RP and, if 1t 1s true, then appealing to 1t to justify this color ontology 1s actually
a circular move.

In this chapter, I tackle this second worry. To reiterate, Chinmuuta’s central point 1s
that the results of color constancy data do not speak unequivocally for or against the thesis
that the visual system performs reflectance recovery (henceforth, Recovery) but requires the
previous adoption of RP to speak for this thesis”. I here try to break the cycle, so to speak. I
will argue that there already are data which are able to speak for or against Recovery without
us endorsing or rejecting erther reverse optics or RP. Recovery has empirical consequences
which can be assessed and whose confirmation or rejection would be relevant to its truth or
falsity, respectively. A central part of thus chapter will be concerned with the development and
explanation of one of those consequences. In order to first set the stage, we have to consider
the previously discussed notion of reverse optics. Strategies subscribing to reverse optics
mvolve reflectance recovery as the final step mn aclueving color constancy. To be 1n a position
to perform this final step, however, the visual system has to first compute an estimate of the
illuminant as a necessary first step. In other words, there can be no recovery of reflectance
(Le. Recovery cannot be true) unless the wvisual system estimates the illuminant This
illuminant estimation 1s the empirical consequence we shall discuss.

In the final part of the chapter, I also present data, both old and relatively new, which
speak agamnst Chirimuuta’s claim that 1t 1s not possible to compare two color constancy
models with distinct conceptual ancestry against one another. Those expeniments apparently
show that this 1s not the case and that such models are not as experimentally 1solated as has
been claimed. Before we dive in, however, we have to carefully expose Clurimuuta’s worry.
We will thus have to determine exactly how she conceives of the relationship between the
theories of color constancy and the conceptual assumptions endorsed by the researchers
defending those theories.

7 In addition, note that, if the reasoning I developed in chapter 3 is sound. then it may very well be the case that
Recovery 15 not necessary to defend reflectance realism. However, this does not mean that it is not a viable way
to defend the latter.
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Chirimuuta’s conception

The first main thesis of this second part of Clunnmuuta’s project 1s that it 15 impossible
to interpret color constancy data as speaking mn favor of Recovery if one does not subscribe to
reverse optics first. This 15, as we have seen, already an 1ssue in its own right. Color constancy
evidence should be neutral in a way which allows to adjudicate between rival approaches to
color vision. If it does not unequivocally rule in or out the thesis Recovery™, then it is not in a
position to do so. Secondly, Chinmuuta argues, things are even worse for if one subscribes to
reverse optics, it becomes impossible not to also subscmibe to a form of reflectance
physicalism. Were this the case, 1t would be circular to argue for RP on the basis of color
constancy data since one would have to first adhere to RP in order to judge this data as
speaking for Recovery and therefore for RP™.

As far as the first thesis 1s concerned, Chinmuuta argues that it 1s important to
consider the following facts. Both teams of researchers we discussed mnterpret what appears to
be very simuilar data in incompatible ways. Maloney’s team sees its data as speaking in favor
of Recovery, whereas Zaidi’s holds that its data are in conflict with 1t. But the only thing
which differs between the two teams 15 their respective stance on the nature of vision. On the
one hand, Maloney conceives of vision as the recovery of physical properties by the visual
system which 1s trying to solve an inverse problem. On the other, Zaidi endorses a heuristic
approach to vision according to which it 1s nothing but the most pragmatic processes and
“tricks” the visual system has found to deal efficiently with its environment™. But then,
Chirnmuuta concludes, the only factor which can explain their divergence in the mterpretation
of the data 1s their endorsement of those distinct conceptions of vision. There 1s nothing else
which relevantly varies between the teams.

Consequently, or so Chinmuuta argues, Maloney and his colleagues endorse a
particular interpretation of their data, one which speaks in favor of Recovery, because they
adhere to a reverse optics conception of vision. Simularly, Zaidi and lus colleagues reject that
mterpretation of the data for one which speaks agamnst Recovery because they reject that
conception and subscribe to a heuristic approach to vision. Clurimuuta motivates this thesis
by pomnting out the consequences of each conception of vision. As we saw, Zaidi and

™ Or theses which are part and parcel of reverse optics approaches.

¥ As we saw in chapter 3, if it is not the case that the empirical argument for RP requires the truth of Recovery,
then it cannot merely be said that it is an issue that one needs to endorse RP in order to interpret data as speaking
for Recovery. However, if the latter is true, this may become an issue if the theory of constancy which is
supposed to motivate RP entails that Recovery is false. In that case, the argument would entail that Recovery is
both true and false.

8 And with the rest of the neural machinery, of course. The visual system has to deal both with inputs from the
environment and with the demands of the cognitive system.
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colleagues believe “vision fo be the processing of sensory information i such a way as to find
the set of relations between ‘sensory qualities’ [...] that 1s most useful to the orgamism™
(Chirimuuta, 2008, p. 576).

On that view, there 1s no point in looking for a place in the bramn where the solution to
an inverse problem 1s given or for an algorithm capable of yielding that solution. Even 1f there
were such a place or algorithm, it would not be a proper part of vision’’. However, given the
cost of the necessary computations and the fact that alternative strategies exist, the heurnistic
conception of vision demes that we will find proof of reverse optics strategies bemng
implemented by the visual system Because it 1s possible to imnterpret their data in a more
parsimonious way, Zaidi and colleagues opt for the heuristic interpretation, which 1s the more
parstmonious one. Hence, they do interpret their data in a way consistent with this
mterpretation. Maloney’s team 1s looking for a fransformation capable of achieving the
mversion of the color signal to finally reach a conclusion regarding the physical properties
causing this color signal They see their results as proof that this 1s exactly what the visual
system is doing’®.

Chirimuuta also claims that endorsing reverse optics entails endorsing a theory very
similar to RP. In other words, one can subscribe to reverse optics only if one subscribes to an
ontology of color which identifies the colors which prominently figure in our perceptual
experiences with certain physical properties of the objects we encounter in our environment.
To see this, remember that, according to the reverse optics conception, color vision is the
visual system’s attempt at a solution to a series of inverse problems generated by the
ambiguity imnherent in the color signal By solving those problems, the visual system makes
judgments about the physical properties causally responsible for this signal, in our case, about
the SSR of objects. It then seems quite natural to say that judgments of color are actually
judgments of SSRs in disgmse. But this 15 very reminiscent of Hilbert claiming that colors are
estimates of reflectance:

“Our view that reflectance-types are represented mn color experience 1is

translated by Funt’s terminology as the claim that the color vision system
estimates certain reflectance-types.” (Byrne & Hilbert, 2003, p. 56)

77 Note that Chirimuuta sees this point as meaning that the two researchers are dealing with distinct issues. As
we saw in the last chapter, it is important that Zaidi’s opinion not be that there may be reverse optics processes
further down the line. Maloney could very well agree with the latter and then the two researchers would not be
interpreting the same data in incompatible ways. Zaidi mmst be of the opinion that there is no reflectance
recovery happening at any point in the process, be it at a wvisual or post-wisual stage. Or Maloney needs to argue
that it happens at the visual stage if anywhere meanwhile Zaidi disagrees on that very point.

™ Note that it is unclear whether those two teams ought to interpret their respective data in such a strong way.
More on this later.
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When our visual system attributes color to objects, according to Hilbert’s theory, 1t 1s trying to
determune what kind of reflectance (or reflectance-type) the object has. This 1s exactly the
output of the algorithmic process instantiated in color constant visual systems according to a
reverse optics approach to vision. It therefore appears that a reverse optics approach contains
a commitment to a form of reflectance physicalism This 15 an undesirable result for
remember that Hilbert’s appeal to color constancy data was supposed to justify RP. But if
such an appeal works only insofar as one already endorses RP, then it fails mn the most
circular way.

I discuss this second main thesis in the following chapter. For the time being, I wall
focus on dealing with the first one. More specifically, I will concentrate on one part of it,
namely, that the data we do have speak for Recovery only if we already endorse a reverse
optics conception of the nature of vision. There are a variety of ways in which one could start
putting pressure on this thesis. One could for instance try to show that some color constancy
theories whose success would speak m favor of Recovery are actually proposed by researchers
who explicitly or implicitly reject any realist color ontology. This 1s a direct way of
confronting Chirimuuta’s point that interpreting the evidence in a way which speaks for
Recovery requires endorsing a reverse optics approach to vision™

However, it 1s not always clear which ontology of color researchers in computational
color constancy endorse, 1f any. It sometimes seems that they either do not really care about
ontology or that they believe that it is not the time and place to address such issues™. A
second, more indirect strategy would try and show that the empirical results of color
constancy research are not open to the influence of preexisting conceptions in the way
Chirnmuuta’s argument requires. That 1s to say, the evidence accrued in color constancy
research 1s not ambiguous to the pomt that it can be interpreted in conflicting ways. More
specifically, Chirnmuuta appears to believe that whether an empirical result speaks m favor of
Recovery 1s open to interpretation in such a way that there needs to be a previous endorsement
of some conception of vision already in place to determine whether the result speaks for or
against that hypothesis.

In tlus chapter, I will argue agamst that pomnt of view. Although color constancy data
certainly are open to interpretation (as 1s any scientific result), it 1s not so open as to validate

™ Of course, one could also ask in what sense the two teams of researchers are interpreting “the same data™ in
different ways. After all, Zaidi and his colleagues are interpreting data coming from their experiments, whilst
Maloney and colleagues are doing the same with their own data. So it needs to be explained in which sense those
sets of data are “the same™.

¥ In addition to the researchers who just straight up claim that colors are subjective properties in some sense
(Land, 1983; Palmer. 1999; Zeki, 1983).
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Chirnmuuta’s pomnt. If it were the case, then there would be no clear implications of Recovery.
However, the latter has empirical consequences which can be assessed and most researchers,
mcluding those who argue against Recovery, agree that the latter stands or falls with those
consequences. Admuttedly, this thesis 1s inconsistent with Chinmuuta’s opimion, since if it
were true, there would be no need to endorse reverse optics to see whether Recovery 1s true or
not.

In the following, I will try and show that the hiterature on color constancy has already
identified one such consequence and put 1t to the test repeatedly. Consequently, the situation
15 more nuanced than what Clurimuuta assumes. It i1s possible to directly falsify even a
research program as she understands 1t or a particular conception of vision. As we shall see in
the next chapter, this has implications for how we can and should study color ontology. In the
next two sections, I discuss the notion of reverse optics. I will present how it 1s conceived to
extract two condifions that need to be satisfied if a model 1s to count as mvolving reverse
optics. I then test this proposal by seemg whether 1t correctly categornizes two promment
models in color constancy research. We will then see that one of the conditions 1s actually a
testable hypothesis which has repeatedly been studied. Thus 1s argued to be a counterexample
to Churimuuta’s opinion that 1t 1s not possible to provide evidence for or against a particular
conception of the nature of vision.

In addition, note that Chirnmmuta’s picture entails that there can be no experiment able
to unequivocally compare the two conceptions of vision at 1ssue. That 1s, there cannot be a
study comparing the predictions of the reverse optics approach to those of the heunstic
approach without there being the need to endorse one or the other in order to interpret the data
as favoning one or the other. If there were such a study, it would be possible to directly
confront the two models of color constancy, something which should not be possible, or so
Chirnmuuta argues:

“Note also that Zaidi and Maloney’s groups are using different hightness
constancy paradigms which, arguably, amounts to an exploration of
different problems. [...] Crucially, one group’s model cannot be tested with
the other group’s data. With the current state of the ewidence, the two

models—and therefore, the two stances with respect to lightness recovery—
cannot be compared directly agamnst each other ™ (Chunnmumta, 2008, p. 572)

Although there may not have been data comparing the two models at that pomt in time
(although this 1s by far not clear, as we shall see), we now have some studies which mtend to

compare color constancy models adhering to distinct conceptions of vision. In the final part of
the chapter, I present those studies and argue that this counters Chinmuuta’s picture further.
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Color constancy theories with distinct conceptions of vision are not as experimentally 1solated
as she appears to claim. On the contrary, 1t 1s possible to have them go head-to-head and
compare their predictions regarding the very same experiment. But, without further ado, let us
for the time being dig into the notion of reverse optics and 1ts empirical consequences.

The notion of reverse optics
The conception of reverse optics understands wvision as the recovery of distal

knowledge on the basis of the impoverished retinal stimulus. Here 1s a classic textbook
description:

“The early stages of visual perception can be viewed as trying to solve what

is often called the inverse® problem: how to get from optical images of

scenes back to knowledge of the objects that gave nse to them From this

perspective, the most obvious solution 1s for vision to try to mnvert the

process of image formation by undomng the opfical transformations that
happen during image formation ™ (Palmer, 1999, p. 23)

Based on this quote, one can deduce that a reverse optics approach to vision comprises
at least two distinet assumptions. First, the end goal of the visual process 1s knowledge of the
environment it 1s performung in. More specifically, the visual system 1s portrayed as striving
to acquire knowledge of the objects which are, in a certam sense, the cause of the wisual
processes themselves.

One could argue that the most clear-cut cause of visual processes 1s the bidimensional
proximal array of hght hitting the retina or a configuration of light in the observer’s
environment. However, mformation regarding this array of hight 1s not very useful on its own
since 1t conflates so many factors. It 1s usually thought that what the visual system 1s trying to
do 1s acquire knowledge about the relevant objects in its environment. Those objects are
relevant insofar as the observer can interact with them or if knowledge of their properties
allows the observer to navigate her or his environment®_ In the case of color constancy, for
mstance, the visual system will try and compute estimates of the SSRs of the surfaces present
in the scene because it is these properties that are deemed relevant for the observer™. As
Helmbholtz famously argued, “colors have their greatest sigmificance for us m so far as they

¥l “Inverse optics” and “reverse optics™ are used inferchangeably.

¥ This is why “objects”™ can be understood quite broadly here and cover the illuminant itself However,
remember that knowledge of the properties of the illuminant is not the same as knowledge of the color signal
The illuminant is only partly causally responsible for the color signal.

% Note that it is usually left out of the discussion exactly how those properties would be relevant to the observer.
Helmholtz™ quote does not help us much since it does not tell us in which way and to what extent colors aid in
identification.
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are properties of bodies and can be used as marks of identification of bodies™ (Helmholtz,
1896, quoted m (Bramard & Maloney, 2011, p. 4)).

Note that this 1s already an assumption about the function of the visual system. One
mught argue that the final function of vision is, alongside other forms of perception, to
confribute to behavior regulation. To argue that acquinng knowledge of the distal world
causing the visual processes (or a subset of 1t) 1s the function of vision 1s already a proposal as
to how 1t effects this final function of guiding behavior. Of course, it could be objected that
any proposal as to how the wvisual system fulfils this final function will ultimately include
some kind of knowledge acquisition related to the environment of the observer (but see Akins,
1996 for some nuance regarding how to understand this knowledge n at least certain sensory
systems).

Alongside this assumption comes a second one regarding how the wvisual system
acquires knowledge of the distal world. Vision consists in mverting “the process of image
formation”. To recover knowledge of, e g_, the 3D properties of the objects at the source of
the visual process, the visual system uses any clues at lus disposal to reverse the physical
processes that compressed a 3D scene mnto a 2D refinal image. This 1s called an “imnverse
problem™ and David Marr, a leading proponent and developer of the reverse optics approach,
argued that vision was nothing but the solving of a series of mverse problems. Note here again
that this 15 an assumption as to how the visual system recovers knowledge of the distal world.
One might envision alternative ways of acquining this knowledge.

However, if one assumes that the visual system performs an mversion of the retinal
image, we can see why the problem 1s, m a mathematical sense, ill-posed. For a given
configuration of the environment and one observer (that 1s, receptor such as a retina) situated
m that environment, only one retinal image will result whereas a given retinal image could
have been produced by a variety of configurations of the environment. That 1s to say, if we
define a 3D environment and a visual system situated in tlus environment (1.e. a person
looking at 1t from a particular vantage pomt), we can calculate the resulting retinal image
exactly. Similarly, in the case of color, the combination of a particular SPD (of the illuminant)
and a particular SSR (of a given surface) will yield one unique retinal image®* However, as
we previously saw, the opposite 1s not true. Given one refinal image, there theoretically 1s an
mfimty of combinations of SPDs and SSRs which could have produced it. As Palmer puts 1t,
“the inverse problem 1s underspecified (or under-constrained or underdetermined) by the

¥ Assuming we are in a flat-matte-diffuse environment. I shall come back to this point later.
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sensory data in the image™ (Palmer, 1999, p. 23) (origmal 1talics). There 15 no umque solution
to the problem, and this is what makes it hard to solve for our visual system®’.

Approaches which conceptualize vision as an inverse problem (or reverse opfics
approaches) therefore have to propose a strategy to reverse the equation so that the visual
system can compute an estimate of the properties of surfaces in the scene. They will propose
that the visual system proceeds in two stages, which gives those strategies their name fwo-
stage algorithms. First, the visual system will use an ensemble of visual cues at its disposal to
recover an estimate of the SPD of the illununant. It will then use this estimate 1n tandem with
the color signal to compute an estimate of the SSRs of the surfaces viewed.

To summanze, we can see that an approach employing reverse optics strategies in
color constancy research must fulfil at least the two following conditions: first, it must
conceive of the role of the wvisual system as that of recoverning information regarding the
surfaces in the field of view. In all likelihood, this information will concern infer alia the
surface spectral reflectances of those surfaces. Besides, the approach should presuppose that
the wisual system intends to acquire that information by reversing the process of image
formation, notably by computing an estimate of the scene illuminant’s SPD. Armed with this
analysis of reverse optics, we are now in a position to test how the two assumptions categorize
promunent positions m the field.

David Bramard, a leading researcher in color constancy research, has developed a
particular approach to color constancy over the years (Bramard et al , 1993, 1997; Bramard &
Maloney, 2011; Speigle & Bramard, 1996). According to the “Equivalent lllununant Model”
approach, the visual system proceeds using exactly two stages. First, and this 1s relevant to the
second of our assumptions, it will compute an estimate of the illuminant, called the equivalent
illuminant. This estimate will play the part of the actual illuminant in the visual process of
reversing the operations that led to the formation of the refinal image in order to compute an
estimate of SSRs in the field of view. If there are any mistakes made by the visual system in
the computations 1t effects in the pursut of color constancy, they will reside at the level of the
equivalent illuninant. That 1s, 1f the visual system computes estimates of SSRs which diverge

¥ Note that Palmer actually believes that we know that our visual system performs this feat of strength on the
basis of the fact that we can see, e g, in 3D That is, he presupposes that, since we are able fo see in 3D, the
visnal system must be performing an inverse optics operation It appears that he therefore argues from a given
performance of the visual system (in that case, 3D vision) fo a given strategy the visual system nmst employ to
display such a performance. However, if it is possible to explain our ability to see in 3D without resorting to the
notion of reverse optics, then the evidential relationship befween the performance of the visual system and the
strategy it employs to achieve this performance is also undetermined.
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from the actual SSRs, 1t will be because the equivalent illuminant itself diverges from the
actual 1lluminant (1.e., the actual illuminant 1s not as the equivalent 1lluminant portrays 1f).

Note that most if not all articles presuppose that, once there 1s a good illuminant
estimate available (a good equivalent illuminant, in Bramard’s terminology), the wvisual
system should have no issue computing SSRs estimates. That 1s to say, once a visual system
has successfully completed the first stage of the algorithm the second stage 1s essentially a
free meal To the best of my knowledge, this assumption 1s taken for granted by the entirety of
researchers®_ If we restrict ourselves to flat-matte-diffuse scenes (in which there is no depth
or illuminant onentation), this appears to make sense at a mathematical level In flat-matte-
diffuse conditions, for mstance, using Mondrnans as scenes, the color signal C(A) 1s the
product of the SSR. of the surface being viewed (S(A)) and the SPD of the illuminant hitting
this surface (I(A)):

C(A) =I(A)S(A)

As the visual system knows the color signal, 1f 1t has an estimate of the illuminant’s SPD, it 1s
mn a position to rearrange the equation to express the SSR as an estimate of the color signal
over the illuminant estimate:

SA) = CA) AW

Furthermore, regarding the first assumption we discussed, it 1s clear to the authors that
the function of color constant processes 1s to acquire knowledge regarding the properties of
the distal cause of the retinal image  As they put it:

“As Helmholtz emphasized over a century ago, an important value of color
appearance 1s to represent the physical properties of objects and to aid n
identification [...] For color appearance to be useful in this manner, the
appearance of any given object must remain stable across changes in the
scene in which 1t 1s viewed. To the extent that visual processing assigns the
same surface color percept to a given physical surface, independent of the
illuminant and the other surfaces i the scene, we say that the visual system
1s color constant ™ (Brainard & Maloney, 2011, p. 4) (my 1talics)

We can see that knowledge about the physical properties of objects 1s here deemed useful to
the orgamism in question. More precisely, they are thought to be useful for object
identification and re-identification. Therefore, the equivalent illuminant model satisfies the

¥ Even if some researchers do not agree that the visual system computes an estimate of the illuminant, they
agree that, if 1t did compute one. then estimating reflectance would be a very straightforward task afterwards.
Consider Foster's claim that “given the one estimate, the other is also implicitly available™ (Foster, 2011, p.
690).

¥ The caret is meant to show that we are dealing with an estimate of the illuminant rather than the actual one.
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first of our assumptions and Bramnard’s can be deemed a reverse optics approach to color
constancy research.

In contrast, we can see and check whether our two assumptions correctly categonize a
theory whuch 1s usually considered as eschewing reverse optics strategies, namely, the one of
David Foster, Sergio Nascimento and colleagues (Craven & Foster, 1992; Foster et al |, 1992,
1997: Foster & Nascimento, 1994; Linnell & Foster, 1996; Nascimento et al, 2002, 2004;
Nascimento & Foster, 1997, 2000), who, as we saw in the last chapter, have introduced the
notion of relational color constancy.

Remember that relational color constancy (RCC) 1s the constancy of the color relations
between two surfaces different in reflectance. So, for instance, a surface standing in a two-to-
one ratio of S-cones with another surface will be seen as conserving that ratio across an
illuminant change by a visual system displaymmg RCC, according to Foster’s theory of cone-
excitation ratios. This 1s distingmished from a more traditional conception of constancy
according to which the first surface will be judged as having the same color across the
illumination change, irrespective of whether it still stands in the same color relations with the
second one after the change.

First, note that RCC and the calculation of cone-excitation ratios (whether between
two surfaces or between one surface and a chromatic average, whether between cone channels
or between cone-opponent channels, etc....) need involve only calculations over
untransformed cone signals. Cone-excitation ratios (of any kind) cannot even compute an
estimate of the illuminant. We can therefore conclude that theoretical approaches based on the
notion of RCC and cone-excitation ratios do not satisfy the second of our assumptions,
namely, they do not view illuminant estimation as necessary or even feasible in achieving
color constancy.

Regarding the first of our assumptions, the situation 1s more unclear. Remember that a
reverse optics approach 1s supposed to conceive of the goal of the color constancy process as
the recovery of information regarding the surface properties of the objects in the field of view.
Traditionally, this information 15 thought to refer to the SSR of those objects. In that sense, 1t
is information that pertains to a non-relational property of visible objects®®. However, there is
no reason this has to be the only interpretation of the notion of surface properties. One could
argue that cone-excitation ratios actually track differences in the surfaces’ preferences for

% It could be countered that SSR is actually a relational property of surfaces as it is a property of a surface with
respect to how this surface relates to the ambient light However, it is non-relational if what counts as the other
relata are other surfaces or an observer.
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reflecting and absorbing lights of such-and-such wavelengths. In that sense, the visual system
would acquire knowledge of relative and relational properties of visible objects®. Or one
mught say that the visual system tracks the differences in the scene’s reflectivity of such-and-
such wavelengths. In that scenario, the object one acquires knowledge about 1s the scene in
front of one’s eyes.

Independently of the way we resolve this 1ssue, it 1s still the case that the relational
constancy approach to color constancy still fails to satisfy the second of our assumptions.
Subsequently, it cannot count as a reverse optics approach. This 1s a welcomed result as
Foster has repeatedly eschewed this kind of approach to color constancy (see, e.g., (Foster,
2003, 2011)).

Reverse optics and the albedo hypothesis

We saw m the last section that reverse optics strategies requure the visual system to
compute an estimate of the illuminant as a prerequsite to reflectance estimation. The
hypothesis that the visual system does indeed compute such an estimate has been called the
illuminant estimation hypothesis or albedo hypothesis. One might thus conclude that the next
step in our argumentation regarding the status of reverse optics strategies would be to check
and see whether the data we have 1s overall in favor or against that hypothesis.

Unfortunately, things are more complicated than we mmght think. The albedo
hypothesis has been conceived of in very different ways throughout its lustory and 1t 1s thus
hard to argue that evidence 1s for or against it. I first present the various claims which have
been proposed under the umbrella of “albedo hypothesis™ and then evaluate the evidence
according to which hypothesis 1t targets. In order to disentangle the complicated matter that 1s
the study of illumination perception, it 1s useful to consider Alan Gilchnist’s categorization of
the main positions within the field of lightness constancy (Gilchrist, 2006)*°.

First, there are those, led by Katz or Helmholtz, who think that lightness estimation 1s
derived from the estimation of the illumination’’. According to Gilchrist, this view entails
that, for a given luminance level, a change in perceived lightness should be accompanied by a
compensatory change in perceived illumination. For instance, if the luminance of a target

¥ For a thorough discussion of this idea, see next chapter.

% Most of the data we have on the albedo hypothesis come from research on lightness constancy rather than
color constancy.

! Remember that lightness is the achromatic counterpart of SSR in the sense that the lightness is equivalent to
the average reflectance of a surface across all wavelengths.
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stays the same but it 1s seen as highter than before, the illumination should be perceived as
darker.

Others, such as Koffka and Gelb, believe that the conditions associated with a
successful assessment of lightness are the same conditions that lead to a successful estimation
of the illumination but that there 15 no causal link between the two. In other words, an
estimate of the illuminant 1s not causally required to estimate lightness because both are the
results of parallel processes that benefit from the same conditions.

A thord category of scientists have rejected the dependence of those two factors.
Correct lightness estimates can arise in the absence of correct illumination estimation and
vice-versa. Finally, 1t has also been argued that illumunation perception actually precludes
estimation of lightness and vice-versa. According to these views, one can see only the
illuminant or the lightness of surfaces but not both®>.

The albedo hypothesis we are looking for 1s to be found either in the first or in the
second categories of views just presented. One mught argue that the albedo hypothesis 1s
obviously the one that postulates a causal link between illumunation estimation and
reflectance estimation, that 1s, the first position presented. This 1s a fair point. Nevertheless, 1t
may muss an important 1ssue. If the first view (let us call it the causal view) entails the second
(following Gilchrist, the invariance hypothesis), then an assessment of the latter 15 actually
necessary in order to fully assess the first. Any evidence agamst the mvanance hypothesis will
be evidence agamst the causal view.

Therefore, we shall have to determine exactly the nature of the relationship between
the invariance hypothesis and the causal view. Beforehand, however, we have to further
clanfy those views.

The causal view

Perhaps the most important point to clarify when 1t comes to the causal view 1s to
determine whether an estimate of the i1llununant 1s, m addition to luminance, the only element
used to compute an estimate of reflectance or whether 1t 1s only one element amongst others
which are all combined in order to compute this estimate of reflectance. We can call the first
thesis the exclusivity hypothesis and the second the partial cause thesis.

2 One may argue that the fact that we observe such diversity of opinion with regard to the link between lightness
estimation and illuminant estimation is proof that reverse optics is already in trouble. But not that this is not the
matter we are concemned with here. Rather, the thesis I will defend is the conditional one that, if endorsing
reverse optics is the correct way to approach lightness or color constancy, then the albedo hypothesis is true.
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If we come back to our understanding of reverse optics, the second of our two
requirements might come m handy. It stated that, in order to acquire knowledge about the
objects 1n one’s environment, one’s visual system has to reverse the optical process
responsible for our retinal images. Notably, we saw that computing an estimate of the
illuminant was a major element of this reversal However, tlus particular requirement, the
computing of an estimate of the illuminant, does not allow us to distingmsh between our two
theses smce both of them hold that the visual system does perform such computation. But we
can go back to the notion of inverting (reversing) the optical processes that yield the retinal
mmage. If those processes mclude more than just the product of an illuminant and a
reflectance, then these additional steps also need to be reversed, thus granting more weight to
the partial cause view than to the exclusivity hypothesis. Here it pays to consider the
properties of visual scenes.

A Mondnan scene, as we saw, 1s two-dimensional, 1s illuminated by a single
illuminant and contains only perfectly Lambertian (1.e., matte) surfaces which do not cause
any mterreflections (since they are coplanar). In this kind of scene, the color signal (that 1s,
the reflected light) 1s indeed the product of only the illuminant and the reflectance of the
surface viewed and 1t 1s thus impossible to distinguish between our two theses, which would
both predict the same outcomes. However, more complex scenes introduce additional
vanables whose effects need to be untangled from the color signal

As an example, consider the case of achromatic color constancy (lightness constancy)
m a three-dimensional setting. If directional lighting 1s mntroduced in a 3D scene, the amount
of light which will be reflected by a surface will depend not only on the surface’s reflectance
but also on the angle at which the surface faces the source of light. An algorithm that took into
account only the properties of the illuminant and those of the reflectance of a surface,
ignoring its angle relative to the light, would systematically misestimate the lightness of the
surface. Thus, a surface directly facing the directional hight will be mistakenly estimated as
lighter than the same surface facing away with an angle of 45° from the light®>. An algorithm
that did not take shading into account would also misestimate lightness mn 3D settings.
Imagine a pyranud casting a shadow onto itself because of directional highting. If an algorithm
subtracts only the influence of the illuminant (the combination of the diffuse and directional
one), 1t will mistakenly compute a lightness that 1s darker than it really 1s for the surface of the
pyranud in the shade.

% Provided the observer is occupying the same place as the light, ie_, facing the patch with the same 45° angle.
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In those complex situations, an algorithm trymng to compute an estimate of reflectance
must reverse more than just the product of illununant and reflectance. This 1s a consequence
of the fact that, in complex, realistic scenes, the reflected signal 1s the result of a vanety of
vanables. In addition to the angle of the surface in relation to directional lighting and shading,
such vanables mclude, amongst others, the presence of haze, transparent surfaces, and
interreflections™.

Consequently, our two theses, the exclusivity hypothesis and the partial cause thesis,
can only be distinguished for scenes which approximate the complexity we find in our natural
visual environment. In simpler environments, such as Mondnan scenes, the color signal 1s
mdeed a product of the illuminant and the reflectance of the surfaces i the scene and the
partial cause thesis essentially collapses into the exclusivity hypothesis.

The invariance hypothesis

An apparently less stringent view of the relation between illummant estimation and
reflectance estimation can be found in what has been called the lightness-illumination
invariance hypothesis (Gilchnist, 2006; Kozaki & Noguchi, 1976; Noguchi & Kozaki, 1985)
or the invariance hypothesis, for short. This hypothesis holds that the sum of the hightness and
the illumination estimate is invariant for a given luminance level®. In other words, given a
certain luminance for a test patch, a change in the lightness judgment of this test patch entails
a commensurate change in the illumination judgment and vice-versa.

For instance, if a test patch with a given luminance 1s judged as twice lighter than
another test patch with the same luminance, then the illumination falling on the first should be
deemed twice darker as the illumination falling on the second. This essentially means that
lightness and illumination estimation are closely correlated with the actual reflectance and
illumination of the test patch, respectively. At least under certain conditions, a test patch
having a reflectance corresponding to half the reflectance of another patch but the same
luminance® should be judged as being under an illumination that is twice as strong as the
second patch’s.

# “Interreflections™ refer to what is also called “mutual illumination™. For any object in the scene, the light
reflected is not only due to the illumimant but also to light reflected off of neighboring objects.

% Note that, although the chromatic version of the causal view in achromatic color constancy has been discussed
(Brainard & Maloney, 2011; Foster, 2011; Zaidi & Bostic, 2008)), I am not aware of any study investigating the
chromatic counterpart of the invariance hypothesis.

% Remember that in Mondrian scenes luminance is achromatic reflectance multiplied by the amount of incident
light. It 15 thus equivalent to the color signal in color constancy research and can be called the “light signal™
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The relationship between the invariance hypothesis and the causal view

Depending on how we understand the mvanance hypothesis, it can be compatible with
the causal view. If we hold that 1t only consists in the claim that there 1s an invanance
relationship between lightness and percerved illumination given a certain luminance, then it 1s
entirely compatible with the causal view. The latter would merely add that the invanance
relationship holds because illumination estimation 1s a causal prerequsite to reflectance
estimation. However, if, to the invanance claim, we add that reflectance estimation and
illumination estimation are distinct results of the same processes, and that neither of them
underlies the other, then the causal view becomes indeed incompatible with the invariance
hypothesis.

In addition, 1t 1s useful to consider the experimental results regarding the invariance
hypothesis if we care about whether the causal view 1s true. Certain consequences of the
mvariance hypothesis are also consequences of the causal view and an empirical rejection of
those consequences would therefore be a strike against both hypotheses, regardless of how we
concerve of the nvanance hypothesis. We thus have to be clear on the nature of the empirical
consequences of the two theses.

First, both hypotheses entail that the conditions which favor illumination estimation
also favor reflectance estimation. The mvanance hypothesis entails it because both
estimations are the results of the same processes. If those processes can be effected adequately
(1e. 1f the nght scene conditions are in place and the visual processes can use the available
cues), then the wisual system will estimate both the reflectance and the illununation
adequately. The mvanance hypothesis states that the visual system can detect, for a given
lunminance, that a change in lightness ought to be accompamed by a change mn perceived
illumination. That 1s, mn situations in which 1t can detect a change in lightness, 1t can also
detect a change mn illumination. Consequently, the conditions under which a change n
lightness can be detected are also the conditions under which a change in 1llumination can be
detected. It 15 also a consequence of the causal view because the latter states that a correct
estimation of reflectance presupposes a correct estimation of the illumination and thus
presupposes the conditions which favor the estimation of the 1llumination.

However, a liftle subtlety must be exercised in the case of the causal view since it can
be mterpreted 1n two different ways. The exclusivity hypothesis states that the only element
needed by the visual system in addition to the color signal 1s an estimate of the illuninant. In
that case, 1t 1s true that the conditions which favor illuminant estimation also favor reflectance



estimation because there 1s nothing to estimate but the illununant before the reflectance can be
estimated.

If we consider the partial cause hypothesis, things are a little more complicated. In that
case, 1llumination estimate 1s only one of the elements needed by the visual system to estimate
reflectance. The conditions for illununation estimation mmght be present in a scene which
lacks other features necessary for reflectance estimation. For imnstance, a particular scene
mught satisfy the conditions which favor illumination estimation but not those required for
shading or haze estimation. Consequently, conditions which favor reflectance estimation will
mclude, but will not be limited to, conditions which favor illumination estimation.

In those conditions, evidence that speaks against the invariance view might not speak
against the partial cause hypothesis. For instance, 1t has been argued that there 1s more than
one kind of lhightness constancy, that 1s, more than lightness constancy with regard to
illuminant changes:

“When the same piece of gray paper 1s viewed successively against
different backgrounds, the luminance ratio at the edge of the paper changes
dramatically, yet the paper appears to change very little 1n lightness [.. ]
This constancy of lightness with respect to changing background has been
labelled Type II constancy, to distinguish 1t from lightness constancy with
respect to changing illumination, or Type I constancy. W. Ross and L.
Pessoa [...] have proposed the more memorable terms illummnation-

mdependent constancy (Type I) and background-independent constancy
(Type II)."(Gilchrist et al., 1999)

A scene mught thus satisfy conditions which allow constancy with regard to illumunant
changes, that 1s, allow correct estimation of the illumination, but lack the features required for
background-independence constancy. Our performance in such scenes would be evidence
against the invanance hypothesis yet not against the partial cause hypothesis.

This 1s arguably what has been found by Rutherford and Brainard (Rufherford &
Bramard, 2002). They hypothesized that, in a two-stage algonthm framework (mn our case, a
reverse optics framework), the relation between the estimate of the illuminant and the
estimate of the lightness of surfaces i1s one-to-one. That 1s to say, for a given proximal
stimulus (1e. a given luminance), only one estimate of reflectance should correspond with a
given estimate of the illuminant and vice-versa. Moreover, they assumed that the perceived
illuminant (1.e. how we explicitly judged the illuminant to be) 1s determuned by the very same
estimate of the illumimnant that i1s used to estimate hghtness in a two-stage algorithm
framework Consequently, a change mn the perceived illuminant sipnals a change m the
implicit estimate of the illununant and, n furn, a change 1n the estimate of lightness.

91



Thus 1s renumiscent of Gilchrist’s comment that, according to the causal view, “if the
lunminance of a target 1s held constant, an increase m ifs percerved lightness should be
accompanied by a decrease in 1ts percerved illunination, and vice versa™ (Gilchnist, 2006, pp.
217-218). Ths 1s the second of the consequences shared by both the causal view and the
mvarniance hypothesis and thus 1s the reason Rutherford and Bramard’s article actually targets
both hypotheses®”. We shall later see how this conclusion needs to be refined. Following
Rutherford and Brainard’s assumptions, we can understand how they tested those hypotheses.
If two scenes are judged as having the same illuminant (1.e. if the perceived illuminants for
the two scenes are identical) and if two surfaces are estimated as having the same lightness,
then the light reflected from those surfaces should be 1dentical.

Subjects were seated in front of two experimental chambers which they could see in
alternation. One of the chambers, the standard chamber, contained a vanety of achromatic
objects and 1ts far wall was composed of two halves of different lightness (one darker than the
other). On one of these halves, a target patch was set. The other chamber, the “match”
chamber, contained the same vanety of achromatic objects, walls arrangement and patch set
up so that the two chambers were roughly mirror images of each other. However, whereas the
reflectances 1n the standard chamber were of high or medium reflectance, the reflectances in
the match chamber were of medium or low reflectance®.

Participants were first asked to adjust the illunination in the match chamber so that 1t
matched the illumination in the standard chamber. Once they judged the percerved illuminants
to be equal across the chambers, they were invited to adjust the lightness of the test patch in
the match chamber so that 1t matched the test patch in the standard chamber. If the albedo
hypothesis holds, then after both the perceived illuminants and the hightness of the two target
surfaces were equated, the luminance coming from such surfaces should be identical. This
was contradicted by the results of the experiment. Even though the subjects judged that the
illuminants and reflectances of the target patches were identical, the lights reflected from
those patches were not.

A second expeniment was designed fo challenge the albedo hypothesis somewhat
further. If the percerved illuminant 1s, in addition with luminance, the only element used to
compute the estimate of lightness, then 1t must not be possible to manipulate the estimate of

T Note that Rutherford and Brainard actually give the name “albedo hypothesis™ to what we called reverse optics
frameworks.

% The difference in reflectance of the objects across scenes was meant to avoid the possibility that subjects
would just match luminances from identical surfaces in the scenes. Including differences ensures that subjects
could not do so.
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lightness without also manipulating the perceived illuminant In this experiment, the two
different halves of the far wall were swapped for one another in the match chamber. This was
not supposed to have any effect with regard to the matches if the albedo hypothesis indeed
held true.

However, i1t did have an effect. The luminances of the target patches in the match
chamber were set ligher than the corresponding luminances in the first expernment. That 1s,
even though the percerved illuminants and percerved lightness were matched and were thus
identical with the first expeniment’s, the luminances from both experiments differed. This
should not be possible if, as the exclusivity hypothesis holds, the percerved illuminant
umgquely determines lightness given a proximal stimulus.

Rutherford and Bramard thus found an expenimental sifuation in which the subjects’
performance failed to be independent from the background’s properties. Even though an
estimate of the illuminant might have been involved in their judgments of the reflectance of
the target patch, other features of the scene, most noticeably other features from the
background, influenced those judgments. Thewr performance failed to be constant with respect
to the background (1.e., 1t did not display background-independent constancy). This clearly
represents evidence against the exclusivity hypothesis.

Nevertheless, this does not constitute evidence agamst the partial cause hypothesis.
That the subjects” performance varied in relation with factors distinct from the illuninant does
not speak against the estimate of the illuminant being one factor which 1s used in the
computation of the reflectance estimate. Those results may have been expected. It has been
known for a long time that there are simultaneous contrast effects at work in perception. How
light (or red or blue or what have you) a surface 1s judged to be depends on the surrounding
surfaces i a way that 1s inconsistent with the exclusivity hypothesis. The link between the
mvariance hypothesis and the causal view thus varies depending on how we understand the
latter, be 1t as the exclusivity hypothesis or as the partial cause hypothesis.

The evidence regarding the albedo hypothesis

Now that we have a better grasp on the various claims which have been proposed
under the label “albedo hypothesis”, we are in a position to assess the evidence which has
been stacked against or for them We already saw that Rutherford and Brainard’s results do
not actually count agamnst all hypotheses equally. Even if we adout that the perceived
illummant correctly represents the implicit illummant estimate used in the computation of
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lightness, the performance of the subjects 1s only mmcompatible with the exclusivity and the
invariance hypotheses®.

To begmn with, Kozaki and Noguchi (Kozaki & Noguchi, 1976) selected test patches
whose luminances were approximately equal. That 1s, although the reflectance and
illumination of the patches varied, the sum of a patch reflectance and the 1llumination falling
on 1t was the same throughout the set. Participants had to judge the lightness and illununation
of each patch on a scale of increments, gomng from “very black™ or “very, very, very dim”,
respectively, to “very white” or “very, very, very bright”, respectively.

The authors predicted that, if the invanance hypothesis holds, then the sum of the
lightness and perceived illumination should be the same for a given lumunance level. For
mstance, if a test patch 15 deemed pretty light, then the illumination on it should be judged
pretty dim. The subjects’ performance comncided with those predictions and thus supported the
mvariance hypothesis. However, Kozaki and Noguchi claim that their results are incompatible
with the albedo hypothesis understood as the causal view. If as the latter claims, the
computation of lightness requires an estimate of the illuminant beforehand, then illuminant
estimation should be better in the conditions in which lightness constancy 1s better. Though
those conditions occurred 1n the study, illuninant estimation was not better in these compared
to other conditions. If illunination estimation 1s the only variable used to compute lightness
(in addition with lumunance), then better lightness constancy should occur in tandem with
better 1llumination estimation.

Note, though, that the challenge would have been fiercer if distinct findings had been
observed. If illumunation estimation had been better under some conditions under which
lightness constancy was not improved, then this would have put more pressure on the albedo
hypothesis, since it would have shown that correctly esimating the illununant 1s not as
important as one nught think for correct lightness estimation. In the present case, however,
there are a variety of rejoinders available to the defender of the albedo hypothesis.

One could argue, in the same vemn as one could argue against Rutherford and Bramard
above, that the percerved illuminant 1s not the same as the estimate of the illuminant. That 1s,
one could argue that the estimate used to compute lightness 1s not i1dentical with, or does not
umquely yield, the explicit judgment of the illuminant. If one could measure the implicit

% Obviously, it would be important to see a replication of this study. The lack of replication is a fundamental
1ssue in science, especially in color and lightness constancy research. Another is the use of a very small number
of participants, an important part of which is the authors of the study (see, e g., Kelly et al , 2018; Logvinenko &
Maloney, 2006; Mornimoto et al | 2021; Morimoto & Smithson, 2018; Robilotto & Zaidi, 2004a; Zaidi & Bostic,
2008).
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estimate, one could see that the conditions under which 1t would be easier to compute would
be the same conditions under which lightness constancy would be better. However, tlus
answer presupposes that the percerved illuminant i1s not the same as the estimate of the
illummant and 1t 1s unclear what this comes down to.

Perhaps the most obvious rejoinder available i1s that the results actually only
undermune the exclusivity version of the causal view. If the illummant estimate 1s the only
vanable used to compute lightness, then situations m which lightness constancy 1s better
should indeed be the same ones i which illumination estimate 1s better. However, if one
considers the partial cause hypothesis, other vanables will be taken mto account and we nught
thus find a discrepancy between those two kinds of situations. This 1s especially true m this
study since Noguchi and Kozaki actually found pretty high correlations (above 977 for all
three backgrounds) between the estimate of the illumination and the illununation itself
Perhaps the small differences i lightness constancy that were found across background
albedos were not due to distinct illununant estimates, since those were already correct with
the backgrounds studied, but to other factors whose detection was betfter in the whate
background condition'®.

In another expennment, Noguchi and Kozaki fried to determine whether subjects could
display lightness constancy with regard not to the test patch itself but to its background
(Noguchi & Kozaki, 1985). Observers had to judge erther the lightness of the background or
the general illumunation (in a given tnal) on scales which were analogous to those of the
above expeniment. On the background were patches that were either white or black and the
backgrounds themselves vanied from dark gray to almost white. The illummation was vared
m 1ts mtensity so as to give five different illumination levels. If subjects showed lightness
constancy with respect to the background, then the lightness judgments of said background
should not vary with the illuninance of the display.

Subjects were found to be more constant with the backgrounds with the white patches
rather than with the black ones. However, independently of their lightness constancy score,
what 1s noteworthy 15 that there was a discrepancy in the vanables that affected lightness
judgments and those affecting illumunation judgments. Both kinds of judgments were
mdependently fitted with least-square straight lines across the five levels of illumination.
Those lines were then evaluated according to which factor influenced therr slopes or y-

mtercepts.

100 Or they were due to other factors which were more disruptive under certain conditions than others.
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Lightness judgments lines were affected by the color of the patches with regard to
their slopes (wiute patches yielded smaller slopes), whereas their y-intercept was dependent
on the background albedo (lugher reflectances (1.e. whiter backgrounds) yielded higher y-
mtercepts). In contrast, the slopes of illumination judgments lines were not influenced by
etther the patch color or the background albedo and were thus simply determuned by the
tlluminance of the display. Their y-intercepts were dependent on the background albedo
(higher albedo yielded judgments of higher 1lluminance) and on the mteraction between patch
color and background albedo.

The fact that there was a discrepancy between the factors influencing the hghtness
judgments and those influencing the illumination judgments 1s, according to the authors,
mcompatible with the albedo hypothesis. If the latter were true, hightness estimation would
depend entirely on illumination estimation and, consequently, factors influencing lightness
estimation should be identical with those influencing illumination estimation But this was
found not to be the case. The albedo hypothesis 1s thus undermined.

Again, note that those results only undernune the albedo hypothesis understood as the
exclusivity hypothesis, while the partial cause hypothesis remains safe and sound. If lightness
constancy depends on more than just the illuminant estimate, 1t 1s perfectly possible for there
to be a discrepancy between the factors influencing one and the factors influencing the other.
For mstance, i the study, simultaneous contrast effects could have had an impact on the final
lightness judgment, thereby explaiming why they were influenced by the color of the patches,
without having a similar impact on the illuminant judgments. Importantly, we need results of
a study i which there 1s an increase m the quality of the illuminant estimate without a
concurrent increase in lightness (or color) constancy'®’. Barring this, it is difficult for an
experiment to be relevant to the partial cause hypothesis.

In the present section, we have seen how reverse optics approaches to vision have
empirical consequences which can be tested for. The central aim was to argue that, although
testing them 1s arduous, the very fact that it 1s possible to do so appears to undermine
Chirnmuuta’s case that it 1s not possible to expenmentally falsify or confirm research
programs or abstract conceptions of vision or, more specifically, theses such as Recovery and
the albedo hypothesis, which are important components of those programs. In the next
section, I present data which take a different route. Rather than testing a specific empirical

101 1 ightness constancy or color constancy should not be close to perfect in that situation because it would make
it harder to detect improvements. Neither should illumination estimation be too good since this could preclude

meaningful improvements from happening_
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consequence of an approach to vision, some studies directly compare color constancy models
of distinct conceptual ancestry in a head-to-head match. Thus lends further weight to the thesis
that such models can be experimentally compared without the need for us to endorse one or
the other to read the data in one way or another.

Experimental comparison of color constancy models

Up until now, we have tried to delve mnto the notion of reverse optics to see whether
we could assess Chinnmuuta’s opinion that the conceptual assumptions at play mn color
constancy research are not expenmentally evaluable. We saw that adopting the notion of
reverse optics usually entails a commitment to the albedo hypothesis which itself appears to
make expenimental predictions. Those predictions were put to the test repeatedly in numerous
studies. We concluded that rejecting the albedo hypothesis would experimentally put pressure
on reverse optics frameworks in general and Recovery in particular. Thus observation mns
counter to Chirimuuta’s thesis that we cannot rule out models in research on color constancy
on the basis of expenimental falsification without previously endorsing a particular conception
of vision. The data in color science is not theory-laden in that strong a sense.

To advance our case further, there 1s another route available to put into question the
latter thesis. Remember that Clurimuuta holds that, when 1t comes to Boyaci, Maloney and
Hersh’s article (Boyaci et al., 2003) and Robilotto and Zaidi’s (Robilotto & Zaidi, 2004a):

“Crucially, one group’s model cannot be tested with the other group’s data.
With the current state of the evidence, the two models—and therefore, the

two stances with respect to lightness recovery—cannot be compared
directly against each other ” (Chimuuta, 2008, p. 572)

I believe that this amounts to the claim that a reverse optics model cannot be tested with
Robilotto and Zaidi’s data and that a heuristics model cannot be tested with Boyaci ef al.’s
data. This thesis 1s an important one m Chirnnmmta’s project to show that different lines of
research in color constancy are experimentally 1solated.

In this section, I will argue that certain experiments actually compare models of
distinct conceptual ancestry. That is, rather than deternuning whether a consequence of some
of the models (in this case, the reverse optics models and the albedo hypothesis) 1s bome out
by the data, those expeniments directly compare the predictions of those models without
making use of a particular hypothesis such as the albedo hypothesis. Notwithstanding which
model 1s declared the winner, if 1t 15 the case that we can directly compare those models, this
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constitutes a rejection of Chirimuuta’s claim that we cannot compare conceptually distinct
models directly in an experimental setup.

Robilotto and Zaidi

When we discussed Chinmuuta’s position, we encountered the work of Qasim Zaidi’s
team (Robilotto & Zaidi, 2004a, 2006 Zaidi, 1998, 2000; Zaidi & Bostic, 2008). Zaidi and
lis colleagues used real scenes and a forced-choice paradigm to mvestigate the performance
and strategies of observers regarding both lightness constancy and color constancy. Those
observers sat m front of a display contaiming two sides, each side independently illuminated
by a hight different than the other side’s. Each side contamned two cups wrapped m paper.
Three of the four cups were made of the same paper, the Standards, while the last one was of
a different color or lightness, the Test. One side thus contained two Standards while the other
one contamed one Standard and the Test. Observers had to select the cup that was made of a
different paper, that 1s, the Test. In order to do so, they first had to determine which side
contained the Test by comparing cups under the same illuminant. When they had chosen the
side, they had to compare both of the cups on this side to the cups in the other scene, that 1s to
say, they had to perform a comparnison across illuminants.

At least m their first experiment on the matter (Robilotto & Zaidi, 2004a), Zaich
modelled the results of observers according to three strategies. A first strategy, the
“photometer-based strategy™, has observers select the object that was most different in
brightness (here, total amount of light reflected). Observers would first determine which side
contained objects reflecting different amounts of light and then select the object most different
mn brightness. Observers using this strategy are only deahing with estimates of luminances and
not of reflectances, that 1s, they are using brightness estimates. The second model of Zaidi’s
team adds adaptation to 1t so that the brightness of a stimulus 1s adjusted as a function of the
mean mtensity of the scene. The third model has observers estimate reflectance and 1llununant
and thus counts as a reverse optics model.

Although Robilotto and Zaidi claim that a photometer-based strategy with adaptation
better accounts for their results, 1t 1s difficult to agree. Figure 1 plots the pattern of responses
of observers who would follow a photometer-based strategy with adaptation being set at a
certain value. Three such values are displayed, based on the amount of adaptation taking
place. The authors maintam that graph (b) actually mumics the actual answers of their

participants quite well.
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Figure 1. Normalized proportion of correct responses based on a model of brightness
dissimilarity plus adaptation. (a), (b), and (c) represent models based on three levels of gain
with decreasing adaptation x values. Standard reflectances are denoted by x. Reproduced with

permission.

Figure 2 represents the pattern of responses of observers who would follow an mverse optics
strategy with a particular estimation of the between-backgrounds luminance ratio. Consider
the graph which 1s second from the left. Thus strategy has observers slightly nusestimating the
ratio between the illuminants’ intensities. Instead of finding out the correct ratio of 2 to 1 (so
that the mtensity in the full illumination scene 1s twice that of the half illumination scene), this
strategy presupposes that subjects compute a ratio of 1.5 to 1 (1.e, the illunination in the full
illumination scene 1s deemed only 1.5 times higher than the one in the half illumination

scene).
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Figure 2. Normalized proportion of correct responses based on a model where the
illumination ratio between the two compartments 1s eshmated and used to factor out object
reflectance. Reproduced with permission.



Notice that this pattern of responses 1s indistinguishable from graph (b) in Figure 1. In other
words, observers would generate the same pattern of answers, regardless of which of the two
strategies they followed.

If this 1s indeed an accurate portrayal of what 1s going on, then it becomes hard to
agree with Robilotto and Zaidi’s claim that their results are better predicted by a photometer-
based strategy with adaptation than by an mverse optics strategy. Barning any evidence of a
different kind, any evidence in favor of one of the models 1s evidence for the other. That 1s,
the selection data alone underdetermine which strategy the perceptual system of the observers
follows.

Independently of which of the three models the authors presented better accounts for
the observers’ performance, the central point 15 that theirs 1s a study comparing a model
mvolving reflectance estimation as a central step to a model only using lununances, sitting
more comfortably on the “heuristical” side of strategies. Chinnwmta concurs with that
statement (Chinmuuta, 2008, p. 568). However, this 1s exactly what, she argued, cannot
happen: two conceptually distinct models experimentally compared.

A rejoinder available to her is that it 1s unclear that the inverse optics strategy the
authors model 1s indeed a strategy mvolving inverse optics. Remember that we understood an
mverse (or reverse) optics strategy as a strategy mnvolving the recovery of a physical trait
which was at the source of the sensory signal involved. Given the luminance of a cup as the
sensory signal, the recovery of the physical trait at the source of the signal would here consist
mn the recovery of the reflectance of the cup, 1.e., an estimation of its lightness. If, e g_, the cup
reflects .7 of the light it receives, then the visual system should fry to compute an estimate of
this value in order to be said to be applying an mverse optics strategy.

However, this 1s absolutely not what the visual system 1s thought to do according to
Robilotto and Zaidi’s proposed inverse optics strategy:

“Many models of lightness and color constancy assume that the wisual
system estimates the scene illuminant and uses this estimate to determine
material reflectance [...]. In terms of this illumination-estimation
hypothesis, the questions ansmg about this study are, what information 1s
available in the display, and what 1s the best any wisual system could
esttimate? Backgrounds in the ftwo boxes have smmlar statistics
Theoretically, a system could calculate the mean luminance of both

backgrounds, then measure the mean lununance of each of the four cups,
and take the ratios.”

According to this stratepy, the visual system computes ratios of luminance between
backgrounds and cups, respectively, and then tries to determune which of the ratio 1s not
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identical with the other three. But the 1ssue here 1s that, by doing so, the visual system does
not estimate the reflectance of any surface in the scene. It only deals with luminances and
luminance ratios. It therefore cannot be said to apply an inverse optics strategy. Comparing
ratios of luminance rather remunds us of Foster’s strategy of comparing color relations
between different surfaces across illuminant change (e g. Craven & Foster, 1992; Foster,
2011; Foster & Nascimento, 1994; Linnell & Foster, 1996), that is, of relational color
constancy'%?.

In addition, we understood reverse optics models as necessanly mvolving a recovery
of an estimate of the illununant. Here, however, the visual system 1s thought to try and
determine merely the ratio of the illuminants’ respective intensity. But this ratio can be
compatible with a number of pawrs of illununant mtensities. That is, the wvisual system
computing such ratios does not single out any illununant in particular; it just puts restrictions
on what the intensity of one illuminant could be, given the other one.

Finally, a reverse optics model’s output 1s that the reflectance of an object in the field
of view has such-and-such reflectance. Robilotto and Zaidi’s depiction of reverse optics
postulates that the model’s output 1s to “equate the reflectances of the standards across
compartments™ (Robilotto & Zaidi, 2004a, p. 784). That 1s, rather than reaching a conclusion
regarding which wavelengths a particular reflectance preferably reflects and which ones 1t
does not, the visual system 1s thought to reach a conclusion regarding which reflectance in the
scene 15 1dentical with which one in the other scene. This 1s a consequence of the intermediate
conclusion that a given reflectance in one scene stands m some relation with another
reflectance in the other scene that 1s identical to the relation of the backgrounds of the two
scenes with one another. More precisely, if one background 1s found out to reflect, e g, twice
the amount of light the other background reflects, this intermediate conclusion will be that
such reflectance in one scene also reflects twice the amount of light as this other reflectance in
the second scene. The conclusion of the visual system 1s thus not conceived as being that a
given surface or object in the field of view has such-and-such reflectance.

It could thus be argued that Robilotto and Zaidi’s experiment does not actually
compare a reverse optics model to a heuristics model. However, this conclusion does not lead
us as far as Chinmuuta would like to. Even though 1t can be argued that the model Robilotto

and Zaidi mamntain mvolves reverse optics does not actually mmvolve reverse optics, 1t still

103R emember that Foster has explicitly rejected inverse optics strategies (Foster. 2003, 2011).

101



represents a model that 1s different from the one they favor. The question which remains 1s
therefore whether this counts as the nght kind of difference.

If one restricts oneself to comparing models with different levels of adaptation, it
might be argued that they do not count as different models. This i1s because those two models
would conceive of perception in the exact same way. For two models to count as distinct
models n our case, the models must make distinct assumptions regarding the nature of
perception. We saw that reverse optics conceive of perception as the solution to mverse
problems and thus as essentially involving the recovery of properties of objects in the scene.

However, we must be careful regarding how we read “properties of objects” here. In
Zaidi’s team’s favored model, the visual system 1s thought to recover the brightness of objects
after adaptation to the illumunant. Though it would be a transient one, the brightness of objects
can be conceived of as a property of the objects of the scene. Both this model and a reverse
optics one would then see vision as involving the recovery of properties of the objects of the
scene and thus not count as distinct models, although they are clearly thought as so.

Maybe the key lies in the fact that the reflectance 1s, to speak roughly for the time
being, a more robust property of objects than their brightness'®_ The latter changes with the
illumination, conditions of viewing, adaptation of the visual system, and so on. In contrast, an
object will have a stable reflectance in most conditions'®_ Consequently, tracking objects by
using their brightness 1s much more suboptimal than tracking them by using their reflectance.
Of course, this worry could be assuaged by considering the relative brightness of objects. That
15 to say, although the brightness of a particular object will vary across viewing conditions,
illumination level, etc , the ratio between its bnghtness and a neighboring one will stay the
same. A model could aim at recovering those ratios mstead of the brightness (even after
adaptation) of objects. This 1s rerumiscent of Foster’s relational constancy (see, e.g_, Craven
& Foster, 1992; Foster & Nascimento, 1994; Linnell & Foster, 1996; Nascimentfo & Foster,
2000). However, this mught be an unwelcome change to the theory. Computing relative
brightness may be too smmlar to the computation of ratios involved m the “reverse optics™
model proposed by Zaidi

It 1s not clear that this 1s the nght way of thinking of “distinct models™ according to
Chirnmuuta. According to her, the important difference between the two models at 1ssue 1s
that the reverse optics model construes perception as the recovery of the physical properties at

103 1 here use the term “robust™ in order to avoid the debate around infrinsic and non-intrinsic properties.
104 Prolonged exposure to sunlight will change the reflectance of many objects but, over a short time span, this
does not impact 1t meaningfully.
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the source of the color signal, whereas Zaidi’s model sees perception as a way to “get by” mn
the world, a way to use the color signal in the most efficient way to deal with one’s
environment. As I do not have convincing answers to the present question, I shall leave the
matter aside, at least for the time being.

Robilotto and Zaidi actually replicated their experiment with achromatic patterned
cups (Robilotto & Zaidi, 2006) and Zaidi performed a sinular expermment with plain
chromatic cups (Zaidi & Bostic, 2008). In the first study, Robilotto and Zaidi argued that their
results agamn favored models based on perceptual heuristics (such as the one based on
perceived brightness with adaptation in thewr former study) because they were not well
accounted for by a reverse optics model. At first glance, it appears that we have here another
mstance of a study comparing two distinct models, which 1s what Churimuuta argued could
not happen.

However, 1t 1s worth looking more deeply into Robilotto and Zaidi’s comparison. Note
that, again, the reverse optics model they describe does not seem to be a reverse optics model
as traditionally understood. It 1s conceived in the same way as 1t was i theiwr former study
(Robilotto & Zaidi, 2004a). Contranly to this study, however, Robilotto and Zaidi did not
model the predicted results for this “reverse optics” strategy. This in turn makes it harder to
say with confidence that their results were better predicted by a perceptual heuristics model
than by the “reverse optics” one'®.

One of the reasons they assert such a conclusion 1s that their “results show that despite
naturalistic bmocular viewmng of information-rich situations, under many conditions,
observers cannot identify objects of the same reflectance across different illumination levels”
(Robilotto & Zaidi, 2006, p. 33). In order for this criticism to go through, it must be the case
that the use of reverse optics strategies entails a perfect performance in tasks similar to theirs.
However, 1t 15 something we do not have any reason to accept. Even if the visual system does
use a reverse optics strategy, it does not entail that its performance in color constancy tasks
should be perfect across the board. This 1s something Robilotto and Zaidi seemed to agree
with, albeit somewhat reluctantly, in their former study when they discuss reverse optics and
the possibility that their subjects employed perceptual strategies involving them i their study:

“In terms of this illumination-estimation hypothesis, the questions ansing

about this study are, what information 15 available in the display, and what
1s the best any visual system could estimate? Backgrounds in the two boxes

103 For the same reason, Maloney’s study was in a poor position to say that his model was beffer than other
models at predicting their results.
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have sinular statistics. Theoretically, a system could calculate the mean
luminance of both backgrounds, then measure the mean luminance of each
of the four cups, and take the ratios. According to this design, there 1s
sufficient information to perform the lightness identification task perfectly
[...]. but it 15 clear that observers are unable to do this. Observers can tell
which side has the bnighter illuminant, but either they are unable to

calculate the ratio exactly or else they cannot put it to use.” (Robilotto &
Zaidi, 2004, p. 792) (my 1talics)

Note that they admit that observers could be unable to calculate the ratio exactly'%. But the
very fact that there probably are no conditions in which color constancy could be perfect 1s
something that 1s well agreed upon (see e g. Foster, 2011; Snuthson, 2005). More specifically,
it 15 agreed upon that any mustake in the estimation of the illununant i reverse optics models
would lead to a distorted estimate of the reflectances.

It thus appears that this second study 15 somewhat less complete than Robilotto and
Zaidi’s first, especially because of the lack of modelling of the reverse optics strategy’s
results. Zaidi and Bostic’s study (Zaidi & Bostic, 2008) apparently suffers from the same flaw
and essentially replicated the 2004 study but used chromatic cups instead of achromatic ones.
The perceptual strategy they propose to account for those is that the visual system uses
relative colors of the cups to determine which one 1s the odd one.

Participants first completed the find-the-odd-one-out task which was analogous to the
task in the earlier studies, except that cups and illuminants varnied chromatically. They were
then seated in front of only one scene contamning two distinct cups and asked to rate whether
one of them was predomunantly greener, redder, yellower or bluer than the other one. It was
then analyzed whether the relative colors of the cups correlated with performance in the find-
the-odd-one-out task. For tests under the blue-green light, the proposed strategy predicts that:

“Tests perceived as bluer or greener than the Standard under the same lLight,
will be picked correctly as the odd object, but Tests perceived as yellower
or redder than the Standard under the same light, will not be picked as the
odd object, unless they are perceived to be at least as yellow or red as the
Standards under the yellow-red light in the other box. For Tests under the
yellow-red light [...] Tests perceived as yellower or redder than the
Standard under the same light, will be picked correctly as the odd object in
the identification experiment, but Tests percerved as bluer or greener than
the Standard under the same light, will not be picked as the odd object
unless they are percerved to be at least as blue or green as the Standards
under the blue-green light in the other box.” (Zaidi & Bostic, 2008, p. 2680)

108 The fact that one may argue that this is not properly speaking an illumination-estimation hypothesis that is at
issue here (such as the caunsal view we discussed) is not relevant. What matters is that Zaidi and colleagues
believe that it is.
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The response pattern of subjects who would follow this strategy predicted 88% of correct
identifications and 93% of nusidentifications actually found in the experiment.

Whereas the relative colors strategy well predicted the pattern of results of the subjects
m the find-the-odd-one-out task, the authors argue that a strategy using reverse optics could
not have done as well because of one particular result. In a cone opponent space, the correctly
identified and misidentified tests fell on opposite sides of the standard patch’s location and
switched side across illuminants (see figure 3). That 1s, the tests which were correctly
identified under one of the illuminants were misidentified under the other illuminant. Whereas
their favonte strategy, based on relative colors, could account for this qualitatrve result, there
15 no reason to expect it according to reverse optics strategies.
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Figure 3. Each panel represents identification results for each kind of standard cup under each
of the two lights for tests that could be rehably discnminated from the standard cup for
observer a and observer b. The color name at the top of each panel specifies the color of the
standard cup in that condition. The symbols “+” and “X” represent the chromaticity of the
standard cup in that condition under the bluish-green and yellowish-red lights, respectively.
Triangles pointing up are the chromaticities of the tests under the blwmsh-green light, whereas
those pointing down are the chromaticities of the tests under the yellowish-red lights. Dark
tnangles represent tests that were correctly identified, whilst gray tnangles represent those
that were musidentified. Reproduced with permission.

Unfortunately, it 1s not clear that this “result’ of theirs counts in fact as such. Without
any statistical test to determuine unambiguously whether correctly identified and musidentified
tests switch sides across illuminants, it 1s hard to agree that one can just see that this 15 so. If
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we consider figure 3, 1t 15 clear that some of the graphs do present such an asymmetry in the
results'”’. However, probably as many seem to present results which do not appear to be
easily coerced into that interpretation. The problem i1s that so much of their arpumentation
against most theories of color constancy in the field revolves around this supposedly obvious
result, which means it would be damaging for their case were 1t to tumn out spurious.

It still remains that, not unlike Robilotto and Zaidi’s second study, this study fails to
model any other strategy than their favorite ! This makes it harder to unequivocally
conclude that theirs 1s the only strategy which could well account for their results. Of the three
studies we just analyzed, only the first one modelled predictions of the subjects’ results
according to two different perceptual strategies. Even though it might yield a piece of the
puzzle, we can and ought to look somewhere else.

Olkkonen & Allred

More recently, there have been studies which try to determune the relationship between
the processes responsible for color memory and those responsible for color constancy. Most
of the time, 1t 15 assumed that color memory and color constancy are independent processes.
However, this independence assumption 1s rarely questioned. Olkkonen and Allred (Olkkonen
& Allred, 2014) performed an experiment designed to test whether 1t holds.

Subjects were seated in front of a rendered display which contained two squarish
stimuli, ranging from yellowish-green to bluish-green, each on their own background. The
stimuli were either presented with a 2-seconds delay or simultaneously and on different or
identical backgrounds. There were thus 4 distmct expennmental conditions. The delay was
meant to analyze the effect of memory, whereas the change n background was supposed to
mumic, and thus be interpreted as, a change in 1lluminant and represented the color constancy
conditions. The subjects executed a forced-choice task. They had to decide which of the
stimuli they had just seen was the bluer one. For instance, in the joint condition (that 1s,
combining memory and color constancy), the subjects would first see a stimulus under an
achromatic illuminant with the other empty scene under the blue illuminant next to it. The
stimulus would disappear and subjects would see the empty scenes for 2 seconds. The test

07 The reader is thus invited to focus on whether, for each panel, the triangles representing the correctly
identified tests under the bluish-green light end up musidentified under the yellowish-red light and vice versa. I
wager that this will be easier said than done.

108 Note, again, that this is not a trend that is restricted to studies favoring heuristic strategies. For studies which
favor reverse optics and fail to model anything else, see, e g, Boyaci et al | 2003.
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stimulus would then appear in the scene under the blue illuminant and the subjects would
have to determune which of the stimuli was bluer than the other one.

After the subjects completed the task, it could be determined what stimulus were
chosen as bluer in a given condition. For mstance, in order to be seen as bluer than the
reference on the grey background (1.e., under the achromatic light), a sttmulus on the blue
background (1.e., under the blue light) had to send back much more blue light than a stimulus
that would also have been on a neutral background. That is to say, the response of a color
constant subject 1n a given trial would involve a compensation for the bluer “illuminant’. In
that case, the stimulus that would be chosen as equally blue as the one on the neutral
background (1.e_, the one that would be chosen 50% of the time as bluer and the rest of the
time as less blue!®) would send significantly more blue light than the latter'!®. In that way, it
could be determined what amount of bias was applied to the reference stimulus in the scene
with the different background (or delayed, in the memory condition).

Olkkonen and Allred’s line of thinking was the following. If there 1s no interaction
between color memory and color constancy, then the bias in the experimental condition
consisting of both the delay and the change in illuminant (by a change of the background), the
“jont” condition, should amount to no more and no less than the sum of the biases in the
memory condition and the results of the constancy condition. However, this 1s not what was
found. The bias in the jomnt condition was much smaller than the predicted bias and was
actually not very far from the baseline value. That is to say, subjects were less constant in the
jomnt condition as compared to the constancy condition. The addition of a 2-sec delay
worsened color constancy. Therefore, 1t seems that there 1s an interaction between the
processes respectively responsible for color constancy and memory.

In addition, and most importantly for our purposes, Olkkonen and Allred maintain that
it 15 unclear how a model based on confrast coding, albeit able to account for stmultaneous
conditions, would explain memory effects!!!. They argue that a model based on a Bayesian
approach and essentially involving reverse optics could qualitatively account for all of their
results. However, as they do not model the predictions of those two strategies, it 15 unclear

10% That is, if forced to choose, a subject would select randomly, giving a percentage of 50% choice for each
stimulus.

10 Of course, subjects could have overcompensated for the simulated illiminant change but this was not
observed in this study.

1! The authors are not very forthcoming in what constitutes a model based on contrast-coding. However, if we
consider the source the authors gmve (Shevell & Wei, 1098), then contrast coding refers to the coding of
chromatic contrasts at the edges of a target with its background.
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whether this counts as a win for reverse optics strategies. Fortunately, a later study remedies
that disadvantage.

A few years later, Olkkonen, Saarela and Allred performed an experiment whose main
goal was not to determine the relationship between memory and perception but to directly
compare ftwo distinet models regarding how well they could account for human data
(Olkkonen et al , 2016). The experimental task essentially replicated their early article’s with
the nunor difference that stimuli and backgrounds were achromatic rather than blue-green.
Participants thus had to choose which stimulus appeared lighter n each condition.

The authors modelled two distinct strategies. The first one mvolved contrast-coding
and thus consisted in computing local contrasts, in that case, the ratios of the center and
surround luminance. That 1s to say, to which extent an object 15 seen as light or dark 1s
determined by the ratios of center-to-surround luminance. The higher the ratio (1.e, the more
light the center reflects in comparison to the surround), the lighter the object 15 seen. The
second strategy represented reverse optics models and involved computing an estimate of the
reflectance of both center and surround. In order to account for memory effects, both models
were formmlated probabilistically. That 1s, both of them used prior knowledge 1n combination
with sensory evidence to reach a verdict concerming the trait 1t 1s supposed to compute, be 1t
confrast ratios or reflectance estimates. This prior knowledge consists m information
regarding the likelihood of encountering certain stimulus values in the environment and,
combined with sensory evidence, yields a posterior probability of a given stimulus value. For
mstance, if a simulus has a very high occurrence m the environment but 1s not very likely
given the sensory measurement at hand, there 1s only an average likelihood of it being at the
source of the sensory measurement A second stimulus that 1s somewhat rare but has an
extremely high probability of giving nise to the measurement might have a higher posterior
probability (1.e. a higher likelihood of it being at the source of the measurement) than the first
stimulus.

There were two vanants of the contrast model, a simple and a complex one. The
simple vanant just learnt the value of the mean contrast across all experimental conditions and
used 1t as a prior probability (or “prior”) indiscnmunately, that is, regardless of which
condition 1t 15 in. The complex model adapted its prior in relation to the condition 1t was m_
The reflectance model had two prnors, one for the mean reflectance estimate of the
background and one for the mean reflectance estimate of the center, but, as the simple contrast
model, those did not change across conditions.
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All three models were able to predict relatively well the performance of human
subjects. However, there were a few interesting differences between those predictions. All
models reproduced the simultaneous lightness contrast effect seen in the human data'l?.
However, only the reflectance model was able to reproduce the magmitude of the effect. In
addition, the authors mnvestigated whether the independence condition for perception and
memory held for their human data. The bias of the jomnt condition (context change and
memory load together) was smaller than the bias predicted by the sum of the context change
bias and the memory bias. That 1s, adding a memory component to the context change
condition reduced the compensation effected by the visual system to offset the illununation
change Adding a memory component therefore reduced color constancy.

The simple contrast model did not display a reduction in bias for the jomnt condition.
Its bias m that condition amounted to the sum of the bias in the memory condition and the one
mn the context change condition. In other words, the simple contrast model did not display any
‘subadditivity’ (1.e, the fact that the bias in the joint condition was less than the sum of the
biases mn the memory and context change conditions). The complex contrast model did
display some subadditivity but the magmitude of the bias varied with the reference luminance
m a way distinet from the human data’s bias. Again, only the reflectance model qualitatively
and quantitatively reproduced the pattern found m the human data. Overall, the authors
concluded that the reflectance model better accounted for the human data.

It seems that we have here found an experiment which can compare distinct color
constancy models to see which one can better explain our performance mn color constancy
tasks. Although exploratory in nature, this study 1s a direct counterexample to Chinmuuta’s
doubt that we can experimentally compare models with distinct conceptual roots. It appears
that we do not need to endorse particular conceptions of vision to interpret at least some
results of color constancy research as speaking against or for a given model.

Summary

In tlus chapter, we have first examined Clurimuuta’s view of the relationship between
ontological assumptions regarding the nature of vision on the one hand and color constancy
data and expeniments on the other. On that view, 1t 1s in particular possible to subscribe to
Recovery m light of color constancy data only if one already adheres to a reverse optics

113 Note that this is relevant to the interpretation of Rutherford and Brainard’s study we touched on before. If
reverse optics models can account for simultaneous contrast phenomena, it is not a strike against them if one can
show that those phenomena occur by changing the background or anything else in the scene.
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conception of vision. In addition, 1t appears that such adhesion automatically entails a
commitment fo some form of color realism. If this 1s true, Hilbert’s argumentative strategy 1s
threatened by a vicious circle.

Nevertheless, this picture entails that there can be no clear empinical consequences of
reverse optics in general and of Recovery in particular which could be assessed
experimentally. I argued in the following section of the chapter that color constancy research
has already identified and experimentally studied one such consequence. The albedo
hypothesis 1s viewed by foes and friends of reverse optics as an entailment of reverse optics
models and any empirical results contradicting it would modus tollens stand in contradiction
with this kind of models.

Finally, we have seen that another consequence of Chirnmuuta’s picture is that there
can be no pitting against each other of the distinct conceptions of vision. At least in the recent
years, and probably even i Zaidi’s own work, there have however been such comparisons
and this observation puts further pressure on Chinmuuta’s thesis that those distinct
conceptions cannot be experimentally compared.

In the next chapter, I will address Chirimmmita’s pomt that reverse optics appears to be
committed to a form of color realism. In my view, this may be true but 1t 15 not an objection to
Hilbert’s strategy. Theories of color constancy (and color appearance in general) can be seen
as including operationalizations of various color ontologies' or, alternatively, color
constancy theories can be seen as motivating a particular account of color ontology or at the
very least certain ontological claims about color. I will try and show that we ought to revise
our methodological approach to color ontology 1n light of this finding.

13 Although talk of ‘operationalization’ may induce the impression that first there was the color onfology and
then and only then there was the theory of constancy. In practice, it may be frue sometimes but, in certain cases,
the opposite may well be the case.
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Chapter 5: On the methodology of color ontology

Introduction

In the last chapter, we saw how empirical evidence can infirm or confirm a particular
research program 1n color perception, such as reverse optics. Despite Chirimuuta’s worry, it 1s
possible to test the empirical consequences of reverse optics, here exemplified by the albedo
hypothesis, n a somewhat direct manner, thereby testing the validity of the research program
itself. We also saw that, pace Chirimuuta, 1t 1s possible to compare two distinct research
programs 1n a direct experimental way, thus showing that they are not experimentally 1solated
from one another.

In the present chapter, I would like to take a step back and consider the role color
constancy theories can play in color ontology. I will argue that not only is there a strong link
between the two but that an acceptable methodology for research on color ontology can start
with uneartlung the ontological claims motivated by color constancy theories. At certain
pomnts, I will draw on matenial of the two previous chapters to support the argument. This
chapter can be seen as an extension of chapter 3 and an argument to the effect that we ought
to pay attention to color constancy research if we want to do color ontology™*. I will thus
propose that color ontology could and perhaps ought to start with the study of color constancy
theories since the latter embodies constraints on what the comrect ontology of color could
ultimately look like.

In the following, I defend the central thesis of the chapter, namely, that there 1s a high
likelihood that by making progress on our understanding of color constancy, we are thereby
making progress in color ontology. I thus propose that there 1s a much stronger evidential link
between color constancy and color ontology than what may have been presupposed before.
More precisely, I argue that color constancy theories usually motivate, 1f not a definite theory
of color ontology, then at least a particular view on color ontology. In other words, a given
theory of color constancy sets constraints on what the correct color ontology could look like,

14 In appendix B, I provide another reason why philosophers thinking about color ontology ought to pay
aftention to color constancy research, a reason that to the best of my knowledge has not been pointed out before.
More specifically, I argue that we make assumptions regarding the form which perceptual processing takes in the
case of color vision in the course of making ontological arguments about color.
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especially when it comes to whether the latter will turn out to be a realist, eliminativist,
relationalist theory, or something else entirely' ">

In the following section, I consider three distinct color constancy theories, each of
which embodies distinct constramnts on what our ontology of color should look like. Note that
I will not be focused on whether the constrants would yield an ontology that 1s
phenomenologically plausible. I follow up by discussing how this novel approach to color
ontology can be applied. I end the chapter with some objections that could be made to this
approach and attempts to answer them.

The methodology in practice

It 1s now time to present what this methodology could come down to i practice. As
the current work 1s rather exploratory, the examples I shall give are presented in broad brush
strokes. The pomt of the following sections 1s more about giving an i1dea to the reader rather
than convincing her that a particular ontology 1s defimitely to be paired with a particular color
constancy theory.

I will thus present three color constancy theories and try and argue that those theones,
were they to be respectively correct, would constrain the form of the color ontology we may
endorse. That 1s, the truth of any one of those three theories would have repercussions for the
kind of color ontology which could be the correct one. Although the ontology might not be
defined all the way down, i1t would still be limited in important ways, such as whether 1t 1s a
form of eliminativism, relationalism or realism.

We already encountered two of those theornies i the third chapter when we discussed
Foster's and Zaidi’s respective work. Although the focus was there put on whether those
theories could accommodate some form of reflectance physicalism, we shall here pay
attention to which ontologies of color they most readily embody. The third theory we shall
discuss 1s Maloney and Wandell’s. Although Hilbert has famously argued that i1t essentially
justifies only lis ontological theory, we will try and see whether the constramnts it puts on
color ontology research may not be broader than what has been assumed. I shall start with this

theory.

113 If this is true, then a proper understanding of constancy will also constrain which arguments are receivable or
not. If the account of constancy we land on disqualifies, e.g.. color realism, then any argument which apparently
supports color realism will automatically look suspicious. That is, if the present reasoning 15 sound, then finding
out the nature of color constancy will not only constrain which kinds of color ontology are acceptable but also
shape the remaming debate in an important way.
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Later on, we shall point out some general features of the approach and answer some
objections. Note that the present chapter 1s thus essentially a continuation of chapter 3.
Although there we were trymng to determune which color constancy theory could represent
evidence for reflectance physicalism, and thus starting with the color ontology, we are i both
cases attempting to see the links between theores of color constancy and theones of color
ontology. In the present chapter, we are taking a different route by starting with the color
constancy theory and seeing where 1t leads us regarding color ontology.

The theory of linear models

Of course, there 1s already a famous appeal to color constancy theores in the literature
on color ontology. Starting 1n 1987, Hilbert notoriously argued that the truth of Maloney and
Wandell’s theory of linear models justifies the claim that colors are SSRs and this was and
arguably still 1s a central piece of his whole argument for reflectance physicalism (Byme &
Hilbert, 2003, 2020b; Hilbert, 1987). We will start by discussing the import of this theory of
color constancy as far as color ontology 1s concerned. Remember that the theory of linear
models 1s a proud example of the reverse optics approach put to work. That 1s, 1t conceives of
vision (and of perception more generally) as the visual system’s attempt at solving a series of
mverse problems. In the case of color constancy, the visual system 1s trying to determine the
causes of a given color signal.

More specifically, Maloney and Wandell’s theory aims at the recovery of the SSR and
SPD which jomtly yielded a given color signal. According to the theory, the visual system
decomposes the color signal mto two weighted sets of basis functions. The first set
corresponds to an estimate of SSR, whereas the second corresponds to the SPD estimate''®.
Each set 1s constituted by weighted basis functions which do not vary across scenes. In the
case of SSR, basis functions represent basis reflectances. The curb describing a basis
reflectance stipulates the amount of hght reflected per wavelength for the whole wisible
spectrum. Thus, each basis reflectance represents a dimension along which particular SSRs
can vary. Each SSR thus scores a particular number on each basis reflectance and, as the latter
15 fixed, knowledge of the weights pertaiming to a given SSR. represents complete knowledge
of the SSR 1 question. The same analysis 1s performed in the case of illununants® SPDs.

118 Of course, in more complex scenes. such as realistic ones, the visual system will also have to determine what
angle the objects sustain with regard to the viewer, whether haze is present, etc.... But the important point here is
that, in all scenes, the algorithm will have to estimate the SPD of the illuminant and the S5R. of the surfaces. For
more on the notion of linear models, see appendix A
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When it comes to color ontology, Hilbert has appealed to Maloney and Wandell’s
theory in order to defend reflectance physicalism (or RP) (Byme & Hilbert, 2003, 2020b;
Hilbert, 1987, 2005, 2008). According to RP, colors are sets of reflectances. That 1s, each
(determinable or determinate'!”) color we encounter in our color experiences, such as blue,
red and green, 1s actually a set of SSRs. Pairing RP and Maloney and Wandell’s theory thus
makes sense. The latter explains how the visual system can come to know about the surfaces’
SSRs 1t 15 presented with and RP is the further claim that those SSRs are the very colors we
encounter in our color experiences.

According to that reconstruction, can we really say that Maloney and Wandell’s theory
entails RP? We can say quite confidently that RP 1s a natural addition to their theory but this
by no means signifies that 1t 1s entailed by it. Chinnmuta nevertheless appears to say that 1t 1s:

“Interestingly, the theoretical commutments of a scientist such as Maloney
map smoothly onto a worked-out philosophical doctrine such as reflectance
physicalism. That 1s, it can be said that the Maman framework implies
colour realism, by positing that, since wision is the recovery and
representation of external world properties, there nmst be a physical
property that we see as colour. And tlus 15 entirely consistent with
Maloney’s explicit statements about the objectivity of colour.” (Chirimunuta,
2008, p. 579) (original italics)

Here she seems to clearly state that the Marman framework, more specifically, Maloney’s
theoretical commitment, entails if not RP itself then at least a form of color realism. In order
for tlus reading to go through, however, the representation of external world properties
mentioned must be understood as a conscious representation, that 1s, as part of our color
phenomenology'!®.

Barmming a solution to this 1ssue, 1t 15 hard to understand how Maloney and Wandell’s
theory could be made to entaill RP. From the fact that wvision i1s “the recovery and
representation of external world properties™, 1t does not follow that such representations are
part of our color experiences. This recovery and this representation could be entirely
subpersonal Note that Hilbert and Byme especially take pains to emphasize that their theory
does not operate at a subpersonal level:

“The representational content of a subject’s experience specifies the way the
world appears fo the subject. So the content of an experience 1s content at

U7 Determinable colors are general families of colors such as red, green, yellow and blue, whereas determinate
colors are particular shades such as cnmson, lime, canary yellow and azure.

1% Here it seems that ] am saying that phenomenology involves representation. However, note that the use of the
concept of representation in psychology is not identical to the one involved in philosophy. The former is in all
likelihood a mmich less loaded concept.
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the personal level — 1t 15 not subpersonal content. If the proposition that
there are such-and-such edges, blobs, and bars 1s part of the content of an
early stage of visual processmg, 1t does not follow that that proposition 15
part of the content of the subject’s visual expenience ™ (Byrne & Hilbert,
2003, p. 5) (original italics)

Therefore, if we hold that Maloney and Wandell’s algorithm works at the level of “edges,
blobs and bars”, then it cannot be concluded that its output will also be the content of our
color experiences. Yet the authors give us no reason to conclude that their algorithm does not
work only at that subpersonal level.

Indeed, Chinmuuta points out elsewhere that Maloney has actually distanced himself
from RP:

“Maloney (personal commumication) has emphasized that an important
difference between his own understanding of inverse problems and
Hilbert’s reflectance physicalism is that Maloney sees no requirement for
explicit representation of recovered properties (reflectances), or of any of
the estimates of illummant chromaticities used to recover them™
(Chirimuuta, 2008, p. 574)

Here 1t seems that we ought to read “explicit™ as “conscious” and that Maloney 1s thus saying
that the outputs of his and Wandell’s algorithm may not be the colors we encounter in our
color experiences. The algorithm may work only subpersonally, that 1s, without ever yielding
a conscious percept!’’. But if Maloney holds that his theory does not necessarily entail the
“explicit representation of recovered properties”, then it cannot entail RP either 1if the colors
are thought of as figuning in such representations.
The outputs of the algonthm may indeed be quite different than what 1s assumed by

Hilbert:

“Maloney (personal communication) notes that the goal of hus work, strictly

spealing, has not been to devise algorithms to reconstruct reflectance, but

rather to assign invanant colour descriptors to surfaces, and these
descriptors are correlated with SSR_™ (Chirimuuta, 2008, p. 566)

Colors are here construed as descriptors of surfaces but Maloney does not appear to endorse
the claim that they are 1dentical with SSRs, only that they are correlated with them If there 1s
theoretical space for the claim that something can be a descriptor of a mind-independent
property or object without being that property or object, then indeed it seems that we have
identified a reason why Maloney and Wandell’s theory does not strictly speaking entail RP or

1% This is mot to say the outputs of the process are not used further down the line to determine our color
phenomenology (whatever that may mean).
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some other form of color realism. It 15 because more than one color ontology can be paired
with RP and the latter cannot therefore entail only one.

If there 1s indeed theoretical space for that claim, then it seems we have identified
another color ontology which 1s compatible with Maloney and Wandell’s theory. According
to this ontology, colors would be descriptors of surfaces without bemng mind-independent
properties of those surfaces (such as reflectances). To grasp this point, consider road signs.
The road sign “bear left” points towards some action that 1s required of the driver. However,
the sign itself 1s distinct from the mstruction 1t points towards. On the theory of color we are
considering, colors would be i1dentical with the road signs, not the action 1t pomnts towards or
the mstruction associated with it. Or, to motivate the point further, consider labels. Colors
could be like labels attached to objects (or surfaces) that would covary with some of the
properties of those objects but also with certain properties of the scene (such as the presence
of mutual 1llumination). The point bemng that labels are so to speak useful tools designed with
some practical purpose in mind but not necessanly coextensive with nund-independent
properties.

However, we need to be careful at this pomnt. There are two ways to understand this
notion of descriptor. One may conceive of descriptors as part of the outputs of subpersonal
algonnthms which would consist in the ascription of a color descriptor to a surface. Those
outputs are not identical with the contents of our color phenomenology. Or descriptors can be
understood as figuring in the contents of our color expeniences. In that sense, color descriptors
would be the blues, greens and reds of our color experiences. If some perceptual process
yields a descriptor in the first sense, then 1t does not thereby mean that this descriptor will be a
descriptor in the second sense or that it will entail the presence of a descriptor m the second
sense. In other words, 1t 15 not necessary that a perceptual process yielding a descriptor in the
first sense will be at least partly mvolved in explaining color phenomenology, although it
may.

To sum up, one could thus devise an ontology mm which colors are descriptors of
surfaces which are correlated with SSRs but also with other things. This would allow for
colors to change with factors unrelated with SSRs. For imstance, a situation in which
simultaneous contrast occurs 1s one in which the colors objects are judged to have vary with
the background or neighboring objects. If colors are descriptors of surfaces which are only
partly correlated with SSR. but also with other varables of the scene, then simultaneous
contrast does not constitute a counterexample to that claim.
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One version of that view would have colors consist in mental, mund-dependent
properties™*®. This theory would distinguish between a SSR and the color descriptor, the latter
being part of the output of the perceptual process and not the SSR itself Those descriptors
could be construed either as parts of outputs of mere algonthms, that 1s, as subpersonal, or as
parts of our color phenomenology. Depending on which interpretation we opt for and
depending on the link we postulate between those subpersonal processes and our color
phenomenology, this theory of colors as descriptors may or may not explam this
phenomenology.

This mentalist ontology would probably count as a form of eliminativism if the latter
consists in the claim that ordinary objects like raspbermes, balloons and leaves are not
colored. In that case, the visual system would really create a fiction when 1t attributes color
descriptors to objects. It may be a useful fiction (to categorize objects and remember them
more easily later on) but a fiction nonetheless. Alternatively, the ontology may also be
construed as a form of relationalism where colors are properties of the outputs of perceptual
processes which are deternuned by a varnety of factors such as the SSR of surfaces, the
presence of simultaneous contrast, illumination, etc.'*'. Here the visual system would detect
regularities in the environment and attribute color descriptors to them Those regularities
would consist in covarying properties. For mstance, green would be attributed to particular
objects (e_g_, leaves) under a particular illuminant (e g, dappled sunlight) with other variables
being present in varying amounts (e.g., a particular amount of interreflections from the other
leaves).

However, there 1s a feature of the theory of linear models which seems to speak
against this relational reading of the descriptor theory. Note that, if all goes well, the estimate
of SSR 1s supposed to be independent of the estimate of the illununant’s SPD. In situations
approximating natural environments, it will also be independent from estimates of other
confounding variables, such as the detection of haze, mufual illununation, etc.. But then the
estimate of SSR. does not really appear to be a relational property. It may be a mental one but
it 15 not determined by anything else than the SSR of the surfaces at 1ssue.

However, the very fact that the color descriptor 1s determined by other vanables of the
scene beyond SSRs was one of the reasons we postulated that the descriptor theory was a
viable alternative to reflectance physicalism. If we then back-pedal and state that, actually, the

120 Another version we will not concern ourselves with has colors consist in relational properties of objects. We
will see a similar theory when we consider Foster’'s theory of constancy.

121 Note that this is reminiscent of Chirinmmta’s adverbialism, according to which colors are properties of
perceptual processes constituted by objects, observers and viewing conditions (Chirinmmta, 2015).
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descriptor 1s correlated only with the SSR of a surface, then this puts pressure on the idea that
we have identified a theory which 1s distinct from RP. If colors are descriptors correlated
umgquely with SSRs, then 1t 1s not clear that the theory of descriptors 1s distinet from RP. The
only difference between the two would appear to be that the former does not 1dentify the color
with the SSR. The descriptor theory has the colors identified with estimates of SSRs but does
not follow up with an identification of the colors with the SSRs. It 1s not clear that this 1s a
viable alternative to RP in the present context, even though it 1s possible.

Nevertheless, we are now 1n a better position to answer Chuinnmuuta’s remaming worry
to the effect that reverse optics, and more specifically Maloney and Wandell’s theory,
presuppose some form of reflectance physicalism First, it 1s not at all clear that it does. We
may have identified a distinct theory which 1s very distant from any sort of color realism. It
seemingly cannot be true that we need to endorse RP imn order to believe that the evidence
speaks 1n favor of Maloney and Wandell’s theory. Secondly, even if 1t 1s true that their theory
only represents justification for RP, and 1f 1t 1s therefore wrong that the descriptor theory we
identified 15 a viable option, then it 15 not clear that this 1s an 1ssue.

Thus 1s where the resources developed in chapter 4 come m handy. We saw there that
color constancy theories, such as Maloney and Wandell’s or, more generally, frameworks
such as reverse optics, have empirical consequences which can be tested. The fact that they
have certain consequences 1s accepted by all theorists alike, whether or not they endorse
reverse optics or any other framework. It 1s therefore possible to empinically falsify a theory
of color constancy or the framework which it 1s an operationalization of without first
endorsing any color ontology. This means that there 1s no nisk that we will enter a
methodologically vicious circle.

The original theory of cone-excitation ratios

We can now turn to a second theory of color constancy, namely, Foster’s theory of
cone-excitation ratios (or CER). In chapter 3, we saw how Foster’s theory can be interpreted
as requuring what Gilchrist calls an anchoring rule. Supplemented with the latter, I tried and
argued that the empirical success of this modified theory would constitute evidence for
reflectance physicalism As pointed out above, the aim of the present chapter 1s to examune
which ontological consequences could be motivated by distinct color constancy theones, not
whether reflectance physicalism itself can be shown to be motivated by certamn (modified)
theories. In order to do so, we will now consider Foster’s unadulterated theory.
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Remember that Foster argues that asymmetric matching experiments actually measure
a different ability than color constancy as traditionally understood. Rather than relying on the
latter, asymmetric matching relies on our ability to perceive constant chromatic relations
across scene variation (including, but not limited to, illumination variation). Color constant
behavior 1s supposed to be achieved not through the ability to recover estimates of SSR. to
objects mdependently of factors such as the illumunation but through the fact that our
perception preserves the color relations of the surfaces in the field of view across scene
changes such as illuminant changes.

In order to more precisely capture the difference between traditional approaches to
color constancy (such as Maloney and Wandell’s) and Foster’s, let us consider color spaces.
Color spaces are color order systems. That 1s, they order colors according to certain variables.
For mstance, one of the most famous color order systems still in use 1s the Munsell Color
System. According to the latter, colors are ordered on the basis of three vanables: their hue,
their value (simular to lightness) and their chroma (related to the notion of saturation). Each
color will score a particular number on each of the three vanables, situating 1t in the space.
The positions of the colors are usually represented on an oval shape (similar to a rugby ball),
with the center axis representing hightness, horizontal distance from the axis representing
chroma (saturation) and each direction from the axis representing a different hue All
achromatic hues, mumng from white to black, are on the center axis, whereas, eg., a
particularly dark purple stands on the periphery of the color solid, on the particular direction
representing that hue of purple.

More importantly for our purposes, colors are ranked on the Munsell system (and most
if not all other color systems) according to how they rank on each of the three variables. That
15, their ranking reflects their absolute position on the three vanables and not their relations
with regard to the other colors!*?. This is arguably how we conceive of traditional color
constancy. Although the varables encoding the colors in our visual system are without a
doubt of a different nature than those of the Munsell Color System, we conceive of this
encoding as a particular value in a nmltidimensional space. That value ought not to depend on
the particular 1lluminant at 1ssue, nor on any other variable which changes across scenes (such

122 Of course, ranking in a particular way on the three variables will entail particular relations with regard to the
other colors. But this is not how colors are ranked on the order system.
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as the presence of haze). Crucially, a particular color being encoded 1n a particular way does
not depend on its spatial relations to other colors'*.

Thus 1s where Foster departs from the traditional understanding of color constancy. He
proposes that the encoding necessary to perform (at least) asymmetric matching be realized in
a space in which surfaces are situated according to their relations with other surfaces. The
space in question 1s supposed to be a space defined by the excitations of within-cone-channel
excitations ratios'**. That is to say, rather than there being an absolute scale on each of the
axis, those axes encode ratios of excitations. For instance, being on a certain point on the axis
representing the excitations ratios corresponding to the L cones channel would not mean that
the surface excites the L. cones to a certain degree (1.e., on an absolute scale), but would
mdicate that it excites the L cones to a greater or lesser extent than another surface. The two
surfaces could be positioned on the L. dimension in such a way that the first surface 1s encoded
as exciting the L cones to an extent which 1s twice the amount of L cones excitations
corresponding to the second surface. If all the surfaces of the scene viewed were classified on
the space, we would obtain a map of the differences of excitations pertamning to each pair of
surfaces for any cone channel But this map would not indicate whether a given surface scores
high or low on any of the dimension, only whether 1t scores higher or lower than any other
surface by a given proportion.

Note that the point of this exposition 1s not to say that there 1s a conflict between the
Munsell space and a space based on cone-excitation ratios. Nor 1s it to say that the Munsell
color space 1s deficient in some regard or other or not fit for some purpose. It 1s rather to point
out the way colors could be conceived of if one endorsed Foster’s theory of constancy. The
difference between the Munsell space and one based on cone-excitation ratios which we thus
need to focus on 1s that in the latter case but not in the former the position of one point in the
Munsell space 1s determuned by its relations with other points, not by its absolute positions on
each of the axes'”>. With that understanding in mind, we can turn to the consequences of the
theory of cone-excitation ratios for color ontology.

113 Note that some may argue that this encoding is actually relative encoding in disguise. That is, it may not be
possible to specify, e g, the hue, saturation and lightness of a surface independently of the hue, saturation and
lightness of other surfaces. However, as far as lightness is concerned, this does not appear to be true. Encoding a
surface according to which portion of the incident light it reflects does not appear to imply a comparison with
other surfaces.

I¥ Or any space which depends in one way or another on those excitations. A space of cone-opponent
excitations would fit the bill. Note, in addition, that the values in such a space would not depend on factors such
as illumination or the presence of haze, similarly to the Munsell color space.

123 Of course, there are many other similarities and differences between the two spaces but this is the one we
need to focus on for our purposes.
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Followmg our discussion of Foster’s theory in the third chapter, we may first note that
this relative encoding of within-cone-excitation ratios does not necessanly mmply that Foster’s
theory cannot be paired with some form of color objectivism like reflectance physicalism As
we saw, 1t 1s not clear that the theory as presented by Foster can account for all our color
constancy-related abilities. Neither 1s 1t clear that 1t can account for our color phenomenology,
more specifically, for our phenomenology of color constancy'*®. Nonetheless, those issues can
be remedied once an anchoring rule 1s provided. Once the latter 1s done, the map of ratios we
have presented can be fixated on a non-relative map of cone excitations which 1s going to
strongly correlate with the map of SSRs of the surfaces viewed'?’. SSRs can be measured
with Foster’s proposed algorithm once an anchoring rule 1s added to it.

Thus 1s, however, only one way ontological questions about color could be mformed
by the theory of CER. If we reject the thesis that an anchonng rule must be added to the
theory, there is another way the latter can inform us about ontology'®®. Consider again this
quote from Foster we touched on m the third chapter:

“For example, 1n Fig_ 3, the scene 1s illuminated by different daylights, with
correlated color temperatures (a) 17,000 K, (b) 4000 K, (c) 6500 K, and (d)
4000 K. The color of the light reflected from the sphere in the bottom left
corner in a— 15 clearly different. Nevertheless, [._.] it can be seen that the
sphere has the same or stmilar surface color in each image by comparing 1t

with the nearby foliage and by looking over each image as a whole.”
(Foster, 2011, p. 680)

In this passage, Foster does not appear to deny that objects have colors. In particular, he talks
of objects having surface colors'?’. He explicitly talks about the surface color of a sphere and
of 1t bemng “the same or simlar” across scenes with distinet 1lluninants. Although 1t 1s not
directly addressed by Foster in lus wnitings, the theory of CER may motivate a form of color
objectivism, at least under certain conditions.

126 Note that an advocate of RCC may argue that the phenomenology of color constancy is not part of the
explanandum of RCC. In that case, not being able to explain it would not represent a counter-argument to the
theory. Alternatively, the advocate of RCC could claim that phenomenology is actually newtral with regard to
whether colors are presented as relational or not in our color phenomenology (for a similar sirategy, see
Chirimmita, 2015).

137 This non-relative map of cone excitations could involve, for instance, cone excitations from objects under an
achromatic illiminant Those cone excitations would strictly correlate with a map of metameric sets of S5Rs.
For the impact the choice of this non-relative map would have on ontology, see the discussion of Zaidi's theory
below.

128 This would be required by Occam’s Razor if we believed that Foster's theory in its unadulterated state was
able to account for all relevant color phenomena

1% For more on the notion of surface color and its distinction with perceptually unasserted color, please see the
next section.
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Note that what 1s lacking from the above explanation of relational color constancy if it
15 to motivate a form of objectivism 1s that a visual system employing the corresponding
algonithm would only generate a map of excitations ratios. This 1s where, as we saw, the
anchonng rule came in handy by helping fixate this map of ratios on a non-relative map. But
there 1s another way the theory could explain the phenomenological fact that we do not appear
to see mere color relations'*” and, at the same time, provide grounds for another kind of color
ontology.

For ease of exposition, let us for the time being restrict our attention to pairs of scenes
which share the same sum of color relations. In such scenes, for any color relation such as
e.g ., an object enutting twice the amount of longer wavelengths than another object, 1f that
relation obtains in one of the scenes, 1t obtams m the other. The paragon of such scenes 1s
obviously the same scene under distinct ambient illuminations. If it used Foster’s proposed
strategy, a visual system exposed to such scenes would be able to determune the sum of
chromatic relations a surface enters mto under some 1llununant and use that information to re-
identify that very surface under another illuminant. That 1s to say, across those scenes, the
sum of chromatic relations of an object 1s constant. If this 15 the case, then it becomes quite
easy to identify this sum of color relations with the color of the object.

According to this line of thinking, an object being a certamn color 15 equivalent to its
entering into certain chromatic relations with other surfaces. That 1s to say, bemng a certain
color 1s identified with a relational property of the object. However, the latter does not consist
m a relation obtaimming between an object and a subject but between an object and other
objects. It 1s thus a form of relationalism of color which 1s quite distinct from the traditional
relationalism found i the literature on color ontology (see e.g. Avenll, 1992; Cohen, 2004,
2009; Thompson, 1995), where one of the factors determuning color 1s the subject herself
According to the relationalism we are considering here, colors are relational properties which
do not require a subject. Let us call that theory objectual color relationalism (or OCR, for
short). Perhaps more interestingly, OCR can also count as a form of color realism

Consider that, although this has been disputed (see, e g., Churimuuta, 2015), one of the
hallmarks of color realism 1s the claim that colors are deemed to be mind-independent
properties. A second hallmark, of course, 1s the thesis that colors are non-relational properties.
Nevertheless, it may be important to point out two things. First, it 1s entirely possible that the
non-relationality clause of traditional color realism 1s at least in part a way to avoid making

130 If we take for granted such a fact, at least for the time being.
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reference to munds, perception or experience in the definition of color. That 1s, 1t 15 possible
that 1t 1s another, additional way to ensure nund-independence. Second, although it may be
considered fair to count a theory as a form of color realism only 1f that theory fulfills the non-
relationality condition, note that it 1s also question-begging against theories which have the
theoretical resources to count as a form of color realism but mmply that colors are mndeed
relational*!.

However, some may complain that OCR. secretly refers to observers in its defimition of
color. Since chromatic relations will be encoded by cone excitation ratios and those ratios
obviously imply reference to an observer, those relations actually involve reference to an
observer and are thus not mind-independent relations. OCR, according to the argument, could
not count as a form of color realism We already tackled this issue in chapter 3 when we
discussed objections to construing Foster’s theory as a potential justification for reflectance
physicalism. In order to report facts of the outside world, a perceptual system has to encode
mformation in one way or another. Argung that such encoding represents a bar to that
perceptual system representing facts 1s mndeed asking for perceptual systems to perform an
impossible feat.

Nonetheless, this complaint prompts another, more interesting question: what 1s,
mdeed, the information encoded by cone excitation ratios? In other words, 1t encourages us to
determine what sets of relational properties the colors are supposed to consist in according to
OCR. As we just saw, the answer will not be that the information encoded are facts
concerning the cones excitations. Those excitation ratios will track differences between the
preferences of objects for reflecting certain wavelengths over others. For instance, if an object
O reflects ten times the set of wavelengths captured by the activity of the L cones than another
object P does, then part of the information encoded by the visual system regarding O will be
that O possesses the property of reflecting ten times the amount of longer wavelengths
reflected by P. Obviously, 1t will also encode the corresponding differences for the shorter and
middle wavelengths. O may be encoded as reflecting half the amount of shorter wavelengths
reflected by P and reflecting twice the amount of middle wavelengths reflected by P. In
addition, the visual system will encode O’s preferences relative to the other objects n the
scene.

Another possibility 1s that a visual system displaying relational color constancy will,
according to Foster’s theory, encode O’s preferences for certain wavelengths relative to the

131 Although the reasons for her saying so are slightly distinct from the reasons presented here, Chirimnmta has
also claimed that relationalism is “realism enough™({Chinmmmta, 2015, p. 118).
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scene chromatic average (see, e.g., Amano & Foster, 2004). That 1s, the visual system will
first determune the chromatic average of the scene by calculating the mean amount of light
reflected according to its wavelength_ It will then situate O 1n relation to that average. O might
then be judged as reflecting 0.7 times the amount of shorter wavelengths the chromatic
average would reflect, reflecting 1.4 times the amount of middle wavelengths the chromatic
average would reflect and reflecting 2.2 times the amount of longer wavelengths the
chromatic average would reflect’*_ In a scene with a different chromatic average, the visual
system will identify an object as similar or identical in color with O if and only if this object 15
similarly related to the new scene chromatic average.

We are now 1 a position to consider how the information encoded by the wvisual
system differs depending on whether objectual color relationalism or some more common
form of color realism, such as reflectance physicalism, 1s considered. According to reflectance
physicalism, judging an object’s color boils down to judging to which class of SSRs the
object belongs to. According to OCR, it comes down to deternuming which types of
wavelengths 1t reflects relative to the other objects in the scene. That 1s, reflectance
physicalism has color consist in a sum of proportions of light reflected relative to the incident
light, whereas OCR. has 1t consist in a sum of proportions of light reflected relative to the
same kind of light reflected by neighboring objects. So reflectance physicalism has color
consist m a ratio of reflected hight to incident light, while OCR has it consist in a ratio of
reflected light to reflected light (of other objects). Here we can see that OCR really quahfies
as a form of color realism. Even though the properties which are identified with the colors are
relational properties, the latter are properties which refer to other objects beyond the object
itself. There 1s no reason to believe that those properties could not be instantiated 1 a world
devoid of observers.

If we consider the version of OCR which states that the attribution of colors entails
reference to the chromatic average of the scene instead, the above conclusion still follows.
Rather than referring to other objects’ propensity to reflect the same kind of light, this version
of OCR. would state that the color of an object 1s its preferences for reflecting certamn types of
wavelengths relative to the scene chromatic average’s preferences for reflecting those same

132 Note that it could be argued that it is possible to design an experiment to distinguish between attributions
referring to other objects’ color and attributions refermming to the chromatic average. In an asymmeiric matching
paradigm_ participants could be set the fask of matching a center patch in a Mondnan scene constituted by
different patches but with the same chromatic average as the standard test. If the participants’ performance is not
affected by the change in neighboring patches, then it could be argued that the attnbutions involved in Foster’'s
theory refer not to particular colored patches but to the chromatic average of the scene. See Brown & MacLeod,
1997 for a similar experiment which seems to motivate the claim that the distribution of colors around the
average is also a factor to take into consideration
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types of wavelengths'**. Here the relational property which OCR identifies with the color of
the object 15 a relational property involving not a pair of objects but an object and a statistical
or mathematical construct.

However, note that we have been restricting our discussion to pairs of scenes which
share the same set of color relations for ease of exposition. There may be important
differences to our conclusions if we now consider scenes which do not. For mstance, let us
focus on pairs of scenes where the difference between the two consists in a change of the
surfaces’ SSRs. As the SSRs change, the color relations which can be seen to obtain in the
scene will change An object that has in the first scene the relational property of reflecting ten
times the amount of longer wavelengths reflected by P, where P 1s another object with a
particular SSR, will not be seen as possessing that property m a scene which does not include
P

Let us call the sum of the color relations a particular object O 1s seen as entering into
mn the first scene as the sum S and the sum of the color relations O 1s seen as entening into in
the second scene as the sum T. S and T are themselves subsets of the whole set of color
relations O can enter into when we consider all possible scenes. A question here anses: if S
and T are mnsufficiently similar that the visual system cannot come to the conclusion that they
are subsets of the same set, how will it attribute colors to O in the two scenes? If the visual
system’s attribution of a color to O just 1s its attnbution of the sum of color relations S to O n
the first scene and its attribution of T in the second scene, then one cannot help but conclude
that the colors we see objects as having change as scene change in important ways.

One way to construe the resulting ontology would be to say that, when scene changes
are so dramatic that a completely different set of color relations 1s attributed to an object
following such a change in the scene, the resulting color attnbution is actually a nustake on
the part of the visual system. Thas 1s equivalent to holding that the visual system tells us about
the true colors of objects only under certain conditions. When those conditions do not obtain,
it 15 unable to do so and we should see the colors attributed as systematically wrong. An
important task of this theory would be to tell us under which conditions are true colors
experienced and to do so in a way which seems principled enough. As the literature on
standard conditions and standard perceivers has told us (see e.g. Avenill, 1992, 2005; Cohen,
2004, 2009; Hardin, 1988, 2014), this may be easier said than done.

133 Of course, the scene chromatic average does not reflect wavelengths per se, as it is an abstraction. This is just
a simpler way of saying that the relational property is between an object and another abstract object reflecting
the same color signal as the scene chromatic average consists of.

126



Perhaps a way out of this conundrum 1s to consider what would happen if the wvisual
system actually had one of the relata of the color relations be the chromatic average of the
scene rather than a given object. If one construes color properties as relational properties
between an object’s preferences for reflecting certain wavelengths compared to the scene
chromatic average, then objects may be conceived as possessing only one color. As long as
the object can stand in the same color relations with regard to the chromatic average as 1t can
m any other scene, any surface will always occupy the same location with respect to the
average. In other words, 1t will only have one color (the property consisting in its color
relations with the average) and the latter will not change'**. In that case, the visual system will
be seen as trying to recover that color by using the color relations it has access to. If those are
sufficiently representative of the relational property the object has with regard to the global
135

chromatic average

To sum up, any variety of OCR will have the following characteristics:

, then the visual system will manage to estimate the latter.

a) Colors are sums of relational properties.

b) The relations which determine those relational properties are relations between an

object and other objects or between an object and a chromatic average.

c) Those relations consist mn differences of preferences for reflecting certain (types of)

wavelengths_

One might want to add that OCR entails that colors are mind-independent properties. A good
case can be made for this claim If objects have preferences for reflecting certain types of
wavelengths (which we know they do), then this entails that there are differences between
objects regarding those preferences. But then each object or surface will automatically mnhent
a set of relational properties regarding those differences. According to OCR, this set of
properties 1s the color of the object. Nowhere in that argument 1s an appeal to observer, minds
or perception required'*®. We can thus add the following feature of OCR:

d) Colors are mind-independent properties.

However, 1t could be argued that neither a), b), c¢) or d) nor a combination of some of these
would seem to imply that objects can have at most one color. OCR. 1s compatible with the
claim that objects have numerous colors. But this may be too hasty. If the “other objects™ mn b)
mclude all possible objects, then objects can have at most one color. The visual system would

13 In scenes in which the color relations the surface has with respect to the average do not reflect accurately the
relations it would have in the average scene, it could be said that the visual system is here unable to correctly
estimate the color of the object.

33 The global chromatic average need not be the chromatic average of all possible scenes. It may refer to the
chromatic average of the natural scenes found m our actual environment.

138 Note that the same argument can be run in the case of the color mvolving a relation to the chromatic average.
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then be seen as trying to determune the overarching set of relational properties of an object
(that 1s, 1ts color) by relying on, hopefully, a representative subset of this overarching set. We
can thus add a final feature to our hst:

e) For each object O, 1f O has an SSR_ O has one and only one color.

According to OCR, then, the red of a tomato 1s actually not a non-relational property
of the tomato, as traditional color realists would have 1t. On the contrary, this red 1s equivalent
to the tomato’s preferences for reflecting certamn wavelengths as compared with the
preferences of other objects (or with the chromatic average of the scene) for reflecting those
same wavelengths. That is, it is identical with a relational property of the tomato™*’.

The sensed and concluded color of Zaidi

We can now turn to a last color constancy theory, namely, Zaidi’s. Remember that the
core of Zaidi's theory consists m a set of algorithms wiuch would, were they to be
implemented, allow the wisual system to identify simular objects across illuminants. More
precisely, those algonthms allow the wvisual system to conclude that a particular object seen
under an 1lluminant 1s of the same material or has at least the same surface as another object
seen under another illummant. But, most importantly, those algorithms are silent on the nature
of the surface properties of the objects in question. That 1s, although the photoreceptors
excitations corresponding to the color signal from the objects are used m the algorithms, a
visual system implementing them would not go on to separate those excitations into the
aspects corresponding to the SSR of the objects and those corresponding to the SPD of the
tlluminant. This 1s consistent with Zaidi’s rejection of reverse optics models of color
constancy.

In other words, Zaidi’s core theory merely explains our ability to identify objects
across illuminants, not our color expeniences or the apparent stability of the colors we think
we see when we have those experiences. That 1s, his theory explains what we may call
corresponding color constancy. In that sense, the possession of corresponding color constancy
does not strictly entail the possession of the ability to attribute colors to objects, at least not in
a non-relative sense (such as “this is blue”)!*®. Neither does it involve the ability we discussed

U371 here avoid saying “the set of relational properties™ since “relational property” can be understood as already
involving a set of relations.

L% Tt may involve the ability to draw conclusions regarding whether objects have the same or distinct color
without telling you anything about those colors. Conclusions such as “those objects have the same color”™ without
a further specification of which color it 1s would fit the bill
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when we touched on Foster’s theory, namely, the ability to attribute color relations to pairs of
objects (such as “this 1s x times bluer than this™). As Zaidi puts 1t himself:
“The present paper, however, suggests that the problem for the wisual
system to solve 1s not to bring about stable color appearance under different
illuminants by discounting them but to recognize that objects are indeed

being viewed under different illumnants and to discover what the
illuminant properties are ™ (Zaidi, 1998, p. 1767)

Here we can see that Zaidi’s approach 1s not concerned with a supposed phenomenological
constancy of color but with a performance-oriented view of the phenomenon, understood 1n a
particular sense. If there are any to be found, we have to look for ontological consequences
elsewhere. Since I believe that the rest of Zaidi’s theory concerning essential colors 1s not
fully developed yet, the following 1s more of an exploration of what it could be rather than
what 1t defimtely consists .

Remember, first, that Zaidi appears to side with Lichtenberg n holding that there
needs fo be a distinction made between the sensed color and the concluded color. One can
refer to the color mconstancy of a tomato placed under skylight and then under a lightbulb by
pomnting out that the tomato appears to have a different color in both situations. When one
uses the term “color” m that sense, one 1s actually refernng to what Zaidi calls the sensed
color of the tomato. As the illumination falling on the tomato changes in SPD, so does the
sensed color.

But one can talk of the tomato as having the same color under both 1lluminants. In that
sense, the term “color” refers to what Zaidi calls the concluded color’*®. The concluded color
of the tomato remains constant across illumination changes. Having a particular concluded
color 1s equivalent to displaying a certain set of sensed colors under the appropriate viewimng
conditions. Two objects therefore have the same concluded color if and only if, for any
illuminant, they display the same sensed color under that illuminant'*’. According to Zaidi,
the concluded color 15 not part of our phenomenology. It 15 a cognitive achievement based on

3% This is consistent with Chirimuuta’s emphasis on the fact that Zaidi and other similarly minded theorists,
contrarily to Maloney and his team  actually embrace the distinction between sensation and perception, where
sensation is an immediate response fo, here, the color signal whereas perception is the result of subpersonal
inferential processes (Chirimmuta, 2008, p. 577). According to this picture, finding out the sensed color of an
object is a matter of having a sensory response to the objects, whereas determining its concluded color is done by
inferential non-sensory processes.

40 1t is interesting to point out that using this criterion to determine whether two objects have the same
{concluded) color implies that metamerism is not a sufficient condition to determine whether they do. Metameric
objects are indistingnishable under a given illuminant but they may differ in sensed color, and thus be
distinguishable, under another. According to the present criterion, those objects would not have the same
(concluded) color. Note furthermore that this criterion is not in conflict with the thesis that colors are visibilia,
i.e, the thesis that we can determine the color of an object only by looking at it. If we use that criterion, we just
have to look a lot more than we thought we did.
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a processing of the sensed color'*!. In other words, we do not have a visual phenomenology of
color constancy, but rather of color inconstancy’* . Our phenomenology is inconstant
because only the sensed colors are part of it. As the sensed colors change with viewing
conditions, our color phenomenology is inconstant’*.

Note that this distinction between sensed and concluded color 1s remumiscent of
Cohen’s way of understanding color constancy (Cohen, 2004, p. 459). Considering a red cup
half in shadow, Cohen argues that the two distinctly illuminated regions of the cups have
distinct colors. At the same time, both regions also have a color that they are not mamifesting
right now, namely, the color of the other region. For instance, the illuminated region of the
cup will have the property of being light red under the current illuminant. But 1t will also
have another property, that 1s, the property of being dark red under the illuminant I, where the
illuminant I 15 the illuminant found in the shaded region of the cup. According to Cohen, color
constancy consists i the ability to determine which color a particular surface would have
under another illuminant. One difference between Cohen’s and Zaidi’s conceptions 1s that the
former reserves the name of color to what Zaidi calls the sensed color'*’. However, both
authors would probably agree that the concluded color in the case of Zaidi or, alternatively,
the judgments regarding which colors would be instantiated under other illuminants in the
case of Cohen are firmly located on the post-perceptual side of things.

Gomg back, Zaidi links the notion of the concluded color with that of the essential
color. The latter refers to the cone excitations corresponding to an object under an equal-
energy illuminant. One may understand the essential color as a criterion for determiming

which concluded color an object has whereas the possession of the same concluded color 1s a

141 Note that the concept of concluded color is explained by the concept of sensed color.

142 The distinction between sensed and concluded color is reminiscent of another distinction we touched on in
chapter 3, namely, the distinction between perceptually unasserted color and surface color (Arend et al | 1991;
Arend & Reeves, 1986). The latter is somehow equivalent to the notion of conchided color as it is supposed fo be
invariant under illuminant changes, whereas the perceptually unasserted color (or “unattributed™) roughly
corresponds to the sensed color in the sense that it is supposed to change with illuminant changes. However, note
that perceptually unasserted color and surface color are both supposed to be part of the content of perceptual
judgments. Although the concluded color is also conceived of as the result of a perceptual judgment (more
specifically, an inferential process), the sensed color is deemed a sensory response in that it is thought an
immediate, non-inferential response to stimuli.

143 Importantly, since Zaidi denies that there is color constancy on a (visual) phenomenological level, his theory
does not have to explain it Of course, he may have to provide in due fime a reason as fo why certain people
believe that there is such a phenomenology of constancy. One such reason may for instance be that people
mistakenly view the constancy of the concluded color as an element that is present at a phenomenological level,
whereas it is actually only something they judge.

1% Note that we are talking about visual color phenomenology. If there is such a thing as a cognitive
phenomenclogy of color. color constancy may well be a part of it.

43 Of course, there are other differences at play here. For instance, as we shall see below. sensed colors are
conceived by Zaidi as a creation of the visual system, a fiction that has no counterpart in the mind-independent
world. Cohen believes that colors are real albeit relational properties.
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criterion for determuning that they have the same essential color. In other words, to determine
which color an object has (in the sense of a stable, unchanging color), we have to put that
object under an equal-energy illuminant and see how 1t appears. That 1s to say, we have to
determine the sensed color of that object under this illuminant. To determune whether another
object has the same color as the first object, we have to see whether they display the same
color (in the sense of a changing, unstable color), 1e, whether they appear the same
colorwise, under all illuminants'*. Under that construal, an equal-energy illuminant reveals
which concluded color an object really has. A surface may appear for example blue under a
certain illuminant, that 1s, it may display a blue sensed color under that illunuinant but this
surface’s concluded color is blue only if the illuminant in question is equal energy'*”.

An equal-energy illuminant 1s here construed as a special illuminant That 1s, 1t 15
thought to be authontative when 1t comes to determuning the concluded color of an object.
This 1s obviously remumscent of the much discussed notion of standard conditions (Avernll,
1992, 2005; Boghossian & Velleman, 1991; Hardin, 1988; Johnston, 1992; Levin, 2000). In
the research on color ontology, 1t 1s usually pomted out that an object may appear of various
colors depending on the type of illuminant 1t falls under, the neighboring objects’ colors, the
observer doing the viewing, etc *®. If one wants to preserve the thesis that objects have at
most one color, then 1t needs to be determined under which viewing conditions 1s the object
supposed to appear with 1ts “true’ color.

One common solution 1s fo argue that certamn viewing conditions are special n that
they reveal this true color. Those conditions are dubbed ‘standard’!*’. Although it has been
pointed out that there are numerous 1ssues with this notion, it 1s here mentioned only to draw a
parallel between it and Zaidi’s approach to color constancy and color ontology. One 1ssue
repeatedly mentioned 1s that there can be no non-arbitrary criterion to identify standard
conditions. For instance, conditions in laboratory settings are chosen based on the kinds of
tasks subjects are asked to do. The nght conditions of viewing for makeups may just be the
conditions under which the makeup at 1ssue 1s more likely to be seen. It 1s thus interesting to

146 What if two objects appear to have the same sensed color under an equal-energy illuminant but not under
other illuminants? According to the notion of essential color, they would have the same essenfial color but the
fact that they hawve distinct sensed colors under at least another illuminant seems to point in the direction that
they do not. There thus appears to be a tension if we analyze the notion of concluded color in terms of essential
color. To the best of my knowledge, Zaidi and his team have not explicitly addressed this issue in their writings.
47 Note that “blue™ and other color terms can refer either to the sensed or the concluded color under that
construal. An object may appear blue under a certain illuminant (sensed color) but not be blue, i e appear blue
under an equal-energy illuminant (concluded coler). Color terms are according fo this understanding always
ambigunous.

14¢ For more on the notion of standard conditions, see appendix B.

4% And the observers which are supposed to be authoritative are called “standard™ or “normal” observers.
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note that Zaidi does have an answer to this question. Under an equal-energy illuminant, the
cone quanfum catches from an object for an observer are 1dentical to the scalar products of the
function describing the SSR of the object and the spectral sensitivity functions of that
observer’s photoreceptors. In other words, an equal-energy illuminant does not distract from
the SSR of an object".

When we consider color ontology within the context of Zaidi’s approach to color
constancy, we have to keep in mind the distinction between sensed and concluded color. Our
ontological account of sensed color may be quite different from the corresponding account of
concluded color. Sensed colors are supposed to be fransient properties whereas concluded
colors are stable properties.

Let us then first consider the ontology of sensed color’®!. As we saw, sensed colors
depend on a number of variables. Once the illuminant’s SPD 1s changed, so will the sensed
colors associated with the scene. Interreflections added to the scene will automatically impact
sensed colors. As a final example, consider that color contrast cannot be changed without
mfluencing the sensed color associated with the target surface. However, it 1s unclear whether
we ought to consider those factors as merely causally relevant to sensed colors or whether
they are constitutive of sensed colors. For instance, are sensed colors merely causally
determined by the illuminant or are they constituted m part by the illuminant? According to
the latter, a sensed color subjectively indistinpmishable from another one would not be
identical with 1t if they are constituted by illuninants with distinet SPDs. On the former view,
sensed colors are non-relational mental entities or properties and it may be possible (or even
necessary) for two indistingmishable sensed colors to be identical.

In addition, although it may or may not mnclude the claim that sensed colors are
relational properties, this ontological account will not mclude dispositionalist elements.
Sensed colors are occurrent properties. If I see an object as having a red sensed color, I am
seeing this object as appearing red right now. That 1s, the sensed color red 1s a property of the
object only as long as 1t stays under the relevant illummant. If I were to say that this object
does not appear red night now but has the potential to appear red under other circumstances, I
would merely be talking about concluded colors.

130 Note that this strategy does not deal with interpersonal variation such as variation in the cones” sensifivity.
Furthermore, accepting this construal of standard conditions would essenfially entail that colors almost never
appear as they really are (1.e.. of the sensed color which gives them their name, namely, their essential color),
since equal-energy illuminant is essentially only found under laboratory conditions.

151 That is, at least as far as we can go with the schematics we have drawn of Zaidi's theory. None of this is
supposed to be a definitive analysis of the ontology accompanying his theory.
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Note that we have not yet addressed the question of whether sensed colors are
properties of objects or mere projected properties. According to the way we construe them
here, projected properties are subjective properties which are not seen as such. In fact,
experiences represent mind-independent objects as having those properties. They are
“projected” onto material objects and this projection is thought to be a mistake'*?. Zaidi
clearly seems to want to endorse some sort of projectivist account when he says that “by
selectively absorbing wavelength bands of electro-magnetic radiation i specialized
photoreceptors and performing neural operations on the resulting signals, the human brain
creates the percept we call color” (Zaidi, 2000, p. 192}153(my italics). If one decides that a
projectivist ontology 1s the one best fitted to Zaidi’s (completed) theory of sensed colors!**,
then they would have to argue that sensed colors are, n some sense or other, properties
fipuring in the content of color experiences. For instance, they could argue that they are
properties mistakenly represented by color experiences as belonging to matenal objects. This
theory would then count as a type of error theory.

When 1t comes to our account of concluded color, the first important point we have to
mention 1s that 1t will require an understanding of sensed colors. Concluded colors are indeed
defined by sensed colors. As Lichtenberg puts it, and Zaidi seems to concur (Zaidi, 1998,
2000):

“People certamnly know what color it 1s that they call wiite, but how many
have ever been confronted with a pure, white colour? In ordinary hife we
call white, not what looks white, but what would look white 1f it was set out
m pure sunlight, or m a light whose quality did not differ much from
sunlight. It 1s more the potential to be white and become white, m all its

gradations, that we call white in some object, rather that the pure white
colour itself ” (Joost et al_, 2002, p. 302)'*

In other words, 1f we want to talk about a stable property when we talk about the dark blue of
the blueberry, we have to hold that being dark blue 1s actually the dispositional property of the

132 For a projectivist theory defended by philosophers see e g. Boghossian & Velleman, 1989.

13 However, note that it is a risky project to just take such quotes at face value. For one, color scientists
sometimes write them as a preamble (such as in the case of Zaidi), without really putting nmch stock into them
Secondly, it 15 not clear that they express their real opinion about ontology with those claims.

13 Alternatively, one might say that an eliminativist theory fits Zaidi’s picture better. Of course, this issue will
involve determining whether projected properties need to be properies which are instantiated by other things
(such as the wisual field) but are then wrongly attributed to objects. For a theory which does require this
instantiation, see Boghossian & Velleman 1989 If they need not be instantiated anywhere, then some
eliminativist theonies will count as projectivist as long as they also endorse the claim that our color experiences
represent objects as colored. That is to say, they will count as projectivist if they endorse an error theory of color
experience.

153 Note that one issue with this quote is that sunlight is not strictly speaking an equal-energy illuminant.
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blueberry to appear dark blue under certain conditions. Being dark blue, as a concluded color,
entails looking dark blue (1.e., having a dark blue sensed color) under those conditions®®.

A consequence of this 1s that the blueberry does not need to look dark blue m any
other conditions. In the proper circumstances, it nught look black, more reddish or more
greenish That 1s, the sensed color associated with 1t may be dramatically different than dark
blue if one takes pains to change the viewing conditions enough If we take Lichtenberg’s
quote at face value, we might even say that, even 1f we can conclude, based on our perceptual
experiences, that blueberries are dark blue, 1t 1s entirely possible that we have never seen it as
dark blue, that is to say, as displaying a dark blue sensed color’’.

Our account of concluded colors will thus be a dispositional one and concluded colors
will be analyzed as the dispositions of objects to cause particular sensed colors under certain
viewing conditions. The ontology of concluded colors would thus have to be paired with an
ontology of sensed colors in order for the former to be complete. For instance, 1f sensed colors
are thought of as projected properties, then concluded colors would be idenfified with
dispositions of objects to be (mustakenly) represented by color experiences as having
particular sensed colors under certain viewing conditions’*®.

Note that tlus discussion of Zaidi does not fit the structure of our other two
expositions. In the latter case, we tnied to determine what could be said at an ontological level
on the basis of an approach to color constancy. However, it 1s not clear that this 15 what we
have been doing in Zaidi’s case. Here 1t seems that we are delving into Zaidi’s direct opinion
on ontological matters. If this 1s indeed what we have been doing, then 1t 1s not clear that this
represents an example of the proposed methodology in action. However, note that the
similanity of Zaidi’s opimion with Cohen’s opinion on color constancy may actually indicate
that we are indeed talking about Zaidi’s approach to constancy. The discussion would be at a
very abstract level but 1t would still be a discussion about color constancy and not about color
ontology. If this 1s true, then 1t has to be adnutted that Zaidi owes us an explanation regarding
both how the wisual system comes to know about sensed colors and how the rest of the
neurological machinery comes to know about concluded colors.

136 Note that this is reminiscent of Cohen’s understanding of color constancy (Cohen, 2004). According to the
latter, color constancy is achieved through our ability to tell what color an object would have under another
illuminant, that is. by a counterfactual judgment.

157 This would entail that we have the ability to correctly imagine what dark blue would look like under those
conditions in which it would look dark blue.

158 Note that many will deem this view a pretty cumbersome one.
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The methodology and its objections
The relationship between the color ontology and the theory of constancy

We now have a few examples of what it would mean to tease out the ontological
consequences of a particular color constancy theory. This process 1s argued to be the first step
of the methodology for color ontology we are here discussing. Before we move on to address
some obvious and less obvious objections, I would like to take some time to explain the
methodology further and, most importantly, discuss the nature of the evidential relation there
may be between the ontological consequences of the color constancy theory and the theory
itself. I start with the latter task. As this chapter 1s exploratory, the following should not be
seen as the last word on the matter On the contrary, it 1s to be seen as the start of the
reflection.

If color constancy theories have ontological consequences, one may rightly ask what
the nature of the relationship between the theory itself and its consequences 1s supposed to
consist in. That 15 to say, we can ask whether the consequences are logically entailed by the
claims made by the theory of constancy or whether the confirmation of the latter would only
represent empirical evidence for the ontological claims. In the second case, color constancy
theories would motivate certain views of color ontology, respectively, but they would not
logically entail them

I believe it can be argued that the first of these options 1s a non-starter, as long as we
limit ourselves to current scientific knowledge. The thesis that color constancy theones on
their own logically entail claims about color ontology seems impossible to defend. In order to
show that it does not hold, we have to show that a particular theory of constancy does not
logically entail the ontological view of colors we have associated with i1t. Of course,
demonstrating this pomt 15 not equivalent to demonstrating that ontological claims about color
never logically follow from a color constancy theory. But I would argue that the latter would
be more the exception than the rule.

In order to demonstrate this, I therefore suggest that we consider one of the pairs of
color constancy theory and color ontology we have examined in the current chapter, namely,
Maloney and Wandell’s theory and its associated color ontologies. Of course, 1t may be noted
at the outset that the very fact that two distinct ontologies have been i1dentified as justified by
Maloney and Wandell’s theory 1s already proof that the claims a color constancy theory
makes do not logically entail a given color ontology. However, the fact that we have
identified two theories of color ontology and not one i1s mostly due to taking mfo
consideration Maloney’s comments on his theory and not strictly speaking the theory itself.
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To be fair, we may want to check whether the claims made by the theory itself logically entail
claims about color ontology.

The core of the theory can be summed up as follows. First, it openly embraces a
reverse optics view of vision (and thus also of color vision). Remember that, according to
reverse optics, the final phase of the visual process will consist in visual judgments regarding
the causes of the retinal image More specifically, in the case of color constancy, the visual
system 1s thought to reach conclusions regarding inter alia the nature of the SSR. and the SPD
causing the color signal in question'” Maloney and Wandell’s theory is a particular
implementation of the framework of reverse optics. It proposes that the visual system uses an
algonithm which decomposes the color signal into two weighted sets of basis functions
representing the visual system’s knowledge of the relevant SSR and SPD of the scene,
respectively.

As we already discussed above, from the outset, it appears difficult to understand how
we could derive RP from this theory. It 1s opaque how we are meant to identify the colors we
supposedly see, the preens, blues, reds and so on we are faimhar with, with the SSRs as
recovered through the proposed algorithm It seems that we would need some sort of claim to
the effect that, when we see a particular surface as, e g_, yellow, the yellow we see 1s actually
the visual system’s representation, through a particular weighing of the fixed basis functions,
of the SSR of the surface. For instance, we would need to argue that the color content of the
yellow experience 1s actually that a particular surface has a certain weighted set of basis
functions. The output of Maloney and Wandell’s algorithm would here be the content of the
yellow experience which corresponds to its yellow aspect. Nevertheless, 1t 15 not clear how we
are supposed to motivate such a claim on the sole basis of Maloney and Wandell’s theory.

If 1t 15 indeed the case that we need an additional hypothesis so as to identify the colors
we see and the representation of SSRs effected by the wisnal system according to Maloney
and Wandell’s theory, then 1t seems fo be undenmiable that RP does not logically follow from
this theory on its own. At the very best, RP would follow from a combmation of the color
constancy theory combined with a particular assumption linking the colors of our color
experiences (the °‘colors-as-experienced’) and the representations of SSR. For imnstance, a
causal claim to the effect that the colors-as-experienced are a direct effect of our subpersonal
representation of SSR may be enough Or it 1s possible that our understanding of the

1% The visual system should also reach conclusions regarding the angle of viewing of particular objects, the
presence or absence of particular atmosphere (such as haze or fog), efc....
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relationship between our phenomenology and its neurological implementation 1s wanting. In
that case, discovering the links between the two would bridge the gap.

But this 1s just to say that more scientific advancements would help in this situation
What 1f Hilbert and Byme want to defend their theory with Maloney and Wandell’s model of
color constancy right now'™? Are there any philosophical claims they can make to make RP
follow from the theory of linear models? It 1s difficult to imagine such a claim, given that the
link we are nussing at this point lies between a particular set of weights, that 1s, an output of
the algorithmic process described by Maloney and Wandell, and the particular colors we
supposedly see when we are having color experiences. Once thus link 15 provided, 1t seems to
follow logically that those colors are indeed SSRs.

Regarding the particular claim needed, one could argue that, in having a color
experience, we are becoming aware of the outputs of some perceptual processes's'. This could
represent the roots of a claim that we need to bridge the gap between reflectance physicalism
and Maloney and Wandell’s theory. We could specify this claim further and hold that the
outputs we are becoming aware of are the outputs of an algorithm which 1s correctly described
by Maloney and Wandell’s theory. Having an experience that an object 1s red would then be
equivalent to being aware of the output that thus object has such-and-such reflectance. By
having an experience of redness, I would thus be having an experience of a particular SSR_ It
would then seem to follow that the red 1s the reflectance. And so on for the other colors.

However, it does not look as if thus 1s a philosophical claim One could marshal
distinct reasons to show that 1t 1s not. First, 1t 1s unclear how we could establish it using the
traditional methodological tools of philosophy. Neither phenomenological reflection nor
appeals to mtwmtion could seem to establish a thesis which involves reference to estimates of
surface spectral reflectance or subpersonal perceptual processes. The fact that it involves
reference to such scientific objects of study 1s another reason why one may hold that it 1s not a
philosophical claim'?.

Regardless, note that the important point 1s that, even if we had reasons for a claim
Hilbert and Byrne could add to the conjunction of RP and Maloney and Wandell’s theory
which would make the first a logical conclusion of the second, this still entails that the color
constancy theory 1itself, on its own, does not imply a particular color ontology.

180 For starters, it may be noted that, as Chirimuuta rightly emphasizes in her work, Maloney and Wandell's
theory has not been shown as clearly superior to other theories in explaining our color constancy abilities.

181 For more on this particular claim, see appendix B.

182 However, note that arguing that it is not a philosophical claim may force us to also argue that Hilbert's
ontological theory is not a philosophical theory either.
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Considering Hilbert and Byme’s onginal arpument from color constancy for RP does
not help us erther. According to 1ts most recent form (Byrne & Hilbert, 2020a), colors are
experienced as illumination-independent properties of objects. Moreover, we have reason to
believe our color experiences are generally veridical. Therefore, colors are illumnation-
mdependent properties of color. More precisely, they are ways of altering the light, that 1s,
surface spectral reflectances. Although it would need to be unpacked quite extensively, note
that the argument in tlus form does not license the conclusion that RP 1s true. Since the
immediate conclusion 1s that colors are illumination-independent properties of color, many
relevant properties of objects could fit the bill. If we put aside the relational properties we
discussed 1n the case of Foster’s theory, note that, for instance, the categorical bases of SSR
could be the colors according to this argument. Those bases are after all illumination-
mdependent and are obviously causally related to our color experiences since they realize the
SSR at 1ssue. Therefore, Hilbert and Byrne’s arpument from constancy does not logically lead
us to RP!&.

We are effectively moving further and further away from a simple logical relationship
between Maloney and Wandell’s theory on the one hand and a form of color realism such as
RP on the other. The same conclusion could have been drawn had we looked at the other
color constancy theories discussed in this chapter. Whether it be Zaidi’s corresponding color
constancy theory or Foster’s theory of CER, both of them only provide defeasible justification
for the respective color ontology'®*. We therefore have to conclude that color constancy
theories provide empirical justification for ontological claims about color but do not logically
entail them A piven ontological claim will be empincally motivated but not logically
mandated by a color constancy theory's.

Objections and replies

Now that we have a better grasp of the proposed methodology of color ontology, we
can fry and answer some objections regarding its viability. We shall first address the objection
that the present approach seems to have too narrow a focus. It can be asked why we restrict
ourselves to color constancy when there are so many other parts of color science which may

183 However, that very fact actually constitutes a reason to endorse the thesis that constancy theories constrain
but do not logically entail ontological claims about color.

18¢ Subsequently, when it is said that some color ontology or some ontological claim about color is a
consequence of a color constancy theory, this is not o be read as a logical consequence.

165 Note that this is in concordance with Hilbert and Byme’s opinion. Nowhere in their work is it claimed that
their theory of colors follows logically from Maloney and Wandell’s theory. They have always strived to show
that recovering reflectance is a possibility according to color constancy research and that, if we then identify
colors with reflectances, it cannot be said that colors are perceptually inaccessible.
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be relevant to color ontology. Secondly, we shall touch on what I call 4kins and Hahn's
challenge, according to which 1t has to be explained why in the case of color we consider
evidence comung from research on the perception of color when we would obviously not do
that in the case of other properties such as shape or size. Finally, we shall determine whether
the present approach can be reconciled with the thesis known as Revelation, according to
which the nature of colors 1s revealed i perceptual expenience. Answering those objections
will allow not only to alleviate any doubt one may have regarding the methodological point at

1ssue but also to be even more precise in our specification of its traits.

‘Why color constancy ?

One astute reader may wonder about the reason the methodology proposed m the
current chapter was restricted to the use of color constancy research when there are so many
other fields in color science. For instance, research on color afterimages aims to determine
why color aftenmages occur, how they are neurologically implemented and whether they
serve a function or are a mere byproduct of “such a complex and superb machinery known as
the human visual system” (Gori, 2015, p. 12). Other researchers have tried for decades to
determine why there 1s such a thing as simultaneous color conftrast, where surfaces with
identical SSR. appear to have distinct colors depending on the SSR of the background on
which they are Plac&dlﬁﬁ (see, e_g, Soranzo, 2016).

The astute reader may thus ask “why 1s 1t that 1t 1s theories of color constancy and not
theories mn some other area of color science which can empinically motivate ontological
claims about color?”. There may indeed be theories in other fields of color science which
could also be seen as motivating such claims. So our methodology should either embrace
those other areas or explain why 1t 1s only color constancy that should be the focus of color
ontology.

It may be answered that color constancy theories have a form which make them
suitable to represent justification for certain ontological claims about color. In the
phenomenally-characterized conception of constancy, the role of the wisual system 1s to
“stabilize™ the color percept attributed to a surface in the face of varying unrelated factors.
This process can be effected through an mversion of the optical processes responsible for the
refinal image, as 1s found mn theories embracing reverse optics. Or 1t can be realized by other
kinds of strategy, such as described by Foster’s theory. The important point 1s that the stable

188 For a striking example of simultaneous contrast, see appendix B.
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percepts which are attnibuted to objects in the course of this process have the highest claim to
the title of color since we tend to think of colors as stable across scene changes.

Of course, as we have seen, there are exceptions to this. Zaidi appears to reject the 1dea
that colors are stable at least if we are talking about sensed color and restricting our focus to
our color phenomenology'®’. Some other researchers have embraced this idea and rejected, in
one way or another, the notion of phenomenally-charactenized constancy (Logvinenko, 2013;
Logvinenko et al., 2015; Logvinenko & Denudenko, 2016; Valberg & Lange-Malecki, 1990).
In other words, Zaidi and those authors hold that there i1s no color constancy at a
phenomenological level If this 1s true, then color constancy research cannot be about finding
out an algorithm which can “stabilize’ the color percept.

Moreover, our behavior and performance in asymmetric matching, color naming or
achromatic adjustments may be explained by strategies which do not involve the attribution of
stable percepts to objects by our visual system, contranly to the theories which, as we saw 1n
chapter 3, mnvolve a measurement of SSR. Furthermore, there are other phenomena which
push aganst the hypothesis that there 1s such a thing as phenomenally-charactenized color
constancy. For instance, the existence of simultaneous color contrast (and assimilation, which
15 the opposite phenomenon) appears to sustain the claim that colors are not stable across
scene changes'®®. For those reasons, it cannot just be claimed that there is a feature shared by
all color constancy theories but not by theones outside of the field which explain why the
former and not the latter are smted to support ontological claims about color.

An alternative answer would be to draw on Davies” defense of color constancy as the
necessary and sufficient component of color vision (Davies, 2018). According to Davies, an
orgamism possesses color vision if and only if that orgamism possesses color constancy.
Therefore, 1f we believe that the ontological questions about color can be mmformed by an
answer to the question regarding what a visual system with color vision 1s doing, then it 15
only towards the phenomenon of color constancy that we ought to turn to. It would thus be
justified to say that 1t 1s only color constancy research that can provide justification for

various ontological claims about color.

187 When it comes to concluded colors, Zaidi may be on board with the idea that post-perceptual judgments
regarding them involve an element of constancy.

188 Of course, one may counter the relevance of these observations by arguing for a more nuanced view of
constancy, according to which color constancy is more or less present in certain conditions. Following that line
of thinking one could argue that the theories of constancy all point towards the existence of color constancy as a
phenomenological phenomenon However, this does not answer for the numerous researchers which fruitfully
approach constancy from a non-phenomenological perspective.
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However, Davies’ argumentative strategy 1s qute unclear. Through vanous
expositions that span ethological studies, psychophysics and other areas of color science,
Davies aims at showing that color constancy 1s constitutive of color vision in the sense that it
15 both a necessary and a sufficient feature of color vision. But to show that the possession of
feature F 1s necessary and sufficient for the possession of feature G, it should be possible in
principle to determune which objects possess G independently of whether they possess F. For
mstance, if we want to determine whether all birds can fly, we ought to have a criterion to
determine what counts as a bird besides having the ability to fly. In the case at hand, one
ought to be able to identify orgamisms possessing color vision through a criterion that does not
refer to color constancy. But 1t 1s unclear that Davies can do this. The term “color vision™ 1s
used m various and conflicting ways throughout the literature and, barring a defimtional
project, 1t 1s thus bizarre to say that there 1s a set of orgamisms which can be said to have color
vision and can be mdependently picked out. It would be akin to saying that every piece of
gold 1s shiny by picking out pieces of gold only 1f they shine_

A more ecumenical answer to the objection could actually be to just bite the bullet and
accept 1ts conclusion. There are many other theories in the field of color science and theories
which have ontological import regarding color need not necessarily concern color constancy.
In that sense, the present work uses color constancy research as an example i which (at least
some) theories have such import. But this does not mean that there are no other examples to
be found. There are few downsides to biting the bullet here. The only one we may think of 1s
that the importance of research on color constancy 1s downplayed to some extent if we allow
other fields of color science to play an evidential role in color ontology. I believe we can live

with that.

Akins and Hahn’s challenge

Byme and Hilbert, in one of their most important papers on the subject (Byrne &
Hilbert, 2003), argue that “the problem of color realism 1s primanly a problem in the theory of
perception™®_ They therefore view the question at hand as a question concemning our
perception of the external world. The methodology proposed in this chapter appears to
endorse a simular view of the 1ssue. By encouraging us to first determune which ontological
claims are justified by color constancy theories, it stands alongside Byrne and Hilbert in
claiming that one needs to consider color perception in order to answer ontological questions

188 More specifically, they hold that the problem lies with the representational content of color experiences but,
regarding the present objection, we do not need to discuss that further precision.
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about color, even if this 1s not by far the whole story. That 1s, addressing ontological questions
about color requires an understanding of our perception of color' ™.

Philosophers who have expressed concern regarding an approach to color ontology
which necessarily mvolves such extensive consideration of color perception and color
experiences mclude Akins and Hahn (Akins & Hahn, 2000, 2014). They hold that the
contemporary framing of the problem of color has been bequeathed to us by Hardin 1n Ius
semunal book (Hardin, 1988). According to their reading of Hardin, the problem of color
realism boils down to the 1ssue of explaiming why the relationships between color experiences
on the one hand and their physical causes on the other are so unruly'’’.

If one can do so while showing that our color space 1s actually matched by the space
of their physical causes, then color realism is saved!’?. Otherwise, one can endorse
eliminativism but then has to explain why color perception 1s such an important part of our
perceptual apparatus even though 1t does not frack any real property of the outside world.
Independently of the answer we favor, the road to be followed 1s clear. On the one hand, we
should have a firm grasp on the nature of SSRs and the part of physics which concerns them
On the other, we should have a clear picture of our color space and its properties, that 1s, of
the relations which hold between the various colors we see.

Alkins and Hahn state that this way of conceptualizing the tasks of color ontology 1s a
peculiar one:

“The framing of the problem ought to give us pause. There are goat
experiences and size and shape expeniences too. But 1t would be very odd to
claim that whether or not goats or shapes or sizes are real features of the
world 1s to be determined by whether we can find anything in the world
which 1s related systemically enough to the content of our goat, shape, or
size experiences. Odder still, to claim that what goats, or specific sizes and
shapes are, 1s constituted by whatever appears to be goats or specific shapes
or sizes in standard conditions. [...] And should there be a section [in this
book] on shape or size, one would expect it to be about shape and size
perception and not expect to find anything there about whether shapes or
sizes are real properties of the world " (Akins & Hahn, 2000, p. 17)

1" However, the methodology argued for in this chapter distances itself from Hilbert and Byme's by
acknowledging that the questions we may have regarding color perception can and probably definitely will
include questions regarding the subpersonal processes involved in color perception. Again given the present
objection, we can just ignore this difference in outlook.

"l Those relationships are unruly especially because of the phenomenon of metamerism, the existence of
perceptual variation, the particular properties of our color space (which include the existence of similarities and
differences between the colors), and so on.

2 Or, at least, it is saved for Hilbert and Byme, who endorse representationalism about our perceptual
experience. According to this theory, if an object appears blue to me, then this is analyzed as this object being
represented as blue. Representationalism ensures that the blue of the object, when the content of my experience
is true, 1s an actual property of the object.
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Akins and Hahn here compare the usual understanding we have of color ontology with our
attitude regarding other properties such as shapes and sizes (and, quite conucally, goats) and
notes that the two differ quite starkly. While we do not look to perception, its mechanisms or
the resulting experiences for pmidance on matters pertaining to the ontology of size or shape,
we do precisely so in the case of color.

Alkins and Hahn’s challenge 1s thus the following. Why 1s 1t that we adopt such an
attitude with regard to color when we would promptly reject 1t in the case of other properties
such as shape or size? We are starting our investigation by asking about color perception
when the investigation itself 1s about color, not the perception of it. The question we ask
ourselves 1s What is color?, not How do we perceive color?. This calls out for an explanation,
according to Akins and Hahn I believe that this 15 a serious objection to the methodology of
color ontology I present in this chapter. If we do not find a suitable answer to this objection,
then the whole project will appear very dubious. Fortunately, I also belhieve that there are ways
to deflect the objection and here I lay out two of them. I start with the more optinustic one and
end with the one which concedes the most to the challenge.

The first answer we can have to this 1ssue holds that the proposed methodology 1s a
viable way to do color ontology, that 1s, one which 1s worth pursming. To begin with, consider
this quote from Hardin:

“When someone tells me that she has a theory about colors, I expect it to be
a theory of yellow and green and the like, and if T get a story about spectral
luminance or reflectance profiles, or whatever, I want to know how all of
that relates to those qualities that I know and love. If a pusher of chromatic
theory can’t spell out these relationships particularly well, I am
disappomted, but if she tells me that colors as she understands them don’t

include the hues, I feel cheated. No matter how brilliant her discourse, she
has changed the subject.” (Hardin, 1988, p. xx)

Hardin 1s here pointing out a very common desideratum of an ontology of colors, one which 1s
accepted by many 1f not all philosophers working on the subject (see, e.g ., Byme & Hilbert,
2020; Cohen, 2004; Hilbert, 1987; Johnston, 1992; Wright, 2019). A theory trying to explain
the nature of the colors has to explain why we see the hues which we do see, what those hues
are and, depending on the nature of the theory mvolved, what the relationship between those
hues and spectral reflectances consists . That 1s to say, the theory has to tell us about green,
blue, red, yellow, and so on'”.

173 Even though Hardin only mentions the supposed four unique hues, he does include all the remaining hues, as
is made clear in the paragraph following the quote.
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We can understand Hardin’s poimnt in the followmng way. Whereas we may have
theonies of what physical magmtudes could explain the brightness and saturation of colors
(respectively explained by the absolute intensity of the light and the predomuinant wavelengths
of that light), 1t 15 not so in the case of hue. Hues seem not to be correctly explained by any
physical magnitude. Therefore, we have to look elsewhere and where would we turn ourselves
to 1f not to the science on color perception?

Another way to understand this requirement 1s to see it as demanding that the theory of
colors put forward should make theoretical contact with the hues (or colors) as wvisual
qualities. To say that hues are visual qualities 1s not to say that they are mental entities. It only
means that we encounter or come to know about hues through vision!’*. An investigation of
what 1t 1s our visual system 1s doing when we see a given hue thus seems a promising start in
order to establish the explanandum If we understand what our visual system 1s trymg to do
when 1t processes the retinal information in order to generate our perceptual experiences of
hues (or colors), we may be able to determune whether it 1s trymng to track a particular
property when 1t does so or whether 1t 1s creating an arbitrary classification to ease later
recognition and identification of the object.

Other options exist For instance, if Clinmmuuta’s recent opimon 1s correct
(Chirimuuta, 2015), what our visual system 1s doing when we have perceptual experiences of
color 1s to present us objects or some of their properties in a particular way. According to this
line of thinking, which Clurimuuta argues 1s motivated by the recent color science, seeing an
object 1 color 1s equivalent to seeing that object (or some of its properties such as its shape
and texture) in a certain way. Colors are ways objects (and their properties) appear to us. The
important point here 1s that, in investigating color perception at the outset, we are effectively
trying to determune why we came to have it and color experiences in the first place and this
will motivate an answer to the ontological question'™. Accordingly, the question about
ontology is subsumed under the question about perception'”.

A more pessimistic answer to the challenge concedes to Akins and Hahn that the
proposed methodology 1s not the ideal one. However, 1t also holds that there is no better

174 The issue with the latter phrase is of course that it may imply that hues are real, mind-independent properties.
The expression “encounter” may here be more neutral.

173 Alternatively, a very likely possibility is that. in studying color perception, we may come to realize that the
ontological question as we have formmlated it is a bad question and the only way to put it to rest is not to solve it
but to dissolve it.

176 Another potential issue with Akins and Hahn’s challenge is that it may beg the question for non-realist
theories. If we study color directly rather than the perception of it (whatever that means), we are effectively
saying that there are colors and eliminativism and theories which hold that colors are perception-dependent
properties are automatically discredited. Starting with perception avoids that issue.
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option available. If we are to do color ontology, we have to start here, with color vision, and
especially with color constancy. To see why this answer 1s actually a live one, we have fo
consider the alternative and show that it does not seem more frutful but quute the opposite. To
see this point, consider the way this alternative 1s phrased by Akins and Hahn themselves:

“Contrary to the facts of our phenomenal space, we could find out that

purple qua a colour of the distal world 1s not equudistant between blue and

red, that brown and orange are extremely closely related to one another, that

red 15 closer to heat than 1t 1s to violet (no matter how nonsensical that

sounds to our ears). There are facts about colours, and then there are facts

about how we perceive colours. And there 1s no a prion relation between

them, although there are many empinical ones.” (Akins & Hahn, 2014, p.

19) (original italics)
That 1s to say, we ought not to study color expeniences if what we want an answer to are
ontological questions about color. We ought to study color itself, not the way we perceive
them, regardless of whether this last expression is supposed to refer to color experiences or
the perceptual processes responsible for color vision.

However, 1t 1s methodologically unclear how this proposal i1s supposed to be
implemented. How exactly would we find out the things we could find out according to Akins
and Hahn? For instance, consider the question as to whether purple i1s equdistant between
blue and red. If studying color experiences is out of the question, what are the experiments we
should perform, the results of which would motivate one answer over the other? Barring any
identification of purple, blue and red with certain SSRs or other physical properties, it 1s a
mystery how we ought to proceed. Even if we were to perform such an identification, we
would also need to know what 1t means for an SSR (or a set of SSRs) to be equdistant
between two other SSRs (or sets of SSRs).

Or consider the question as to whether red 1s closer to heat than it 1s to violet. We
could see whether surfaces with SSRs biased towards the longer end of the visible spectrum
are more similar (whatever that means) to heat than they are to SSRs on the lower end of the
spectrum. If they were, would we conclude that we have shown that red 1s closer to heat than
it 15 to violet? Agam barrng any identification of the longer-end SSRs with red, it seems
impossible to conclude such a thing It thus appears difficult to follow the methodology
proposed by Akins as long as we do not have any clanfication on how 1t 1s supposed to be
implemented.
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It 15 my hope that one of these answers, either the optimistic or the pessimistic one, 1s
enough to answer this challenge, which 1s, I reckon, an mmportant counterargument to the
methodology proposed in this chapter.

Revelation

Another objection to the methodology of color ontology presented in the current chapter rests
on the much-discussed epistemological thesis of Revelation. This thesis appears in its formal
expression mn Johnston’s work:

“Revelation. The mtrinsic nature of canary yellow 1s fully revealed by a
standard visual experience as of a canary yellow thing ™ (Johnston, 1992, p.
223)

And so on for the other colors. If Revelation 1s true, then color expenences reveal to us what

colors are!”" 178

Of course, there 1s a number of precisions which can be offered to clanfy Johnston’s
idea. Revelation, as stated, seems to imply that 1t 1s sufficient to have a single experience of a
color to then know 1ts nature. However, 1t 15 more likely that a somewhat repeated exposure
would be necessary if any amount 1s. In addition, just having the experiences of color will
usually not be enough to then know the nature of the color at 1ssue. Rather, the experiences
put one m a position to know (Allen, 2011). So a young child, who might not be able to
carefully reflect on their experiences, night not come to know about the nature of the relevant
colors. It 1s usually thought that careful reflection on the expeniences 1s an implicit element of
Revelation.

Moreover, 1t 1s not clear exactly what Johnston meant by the “intrinsic nature’ of color.
For our purposes, however, it 1s enough to understand this phrase as refernng to the set of
properties which are necessary for the color at 1ssue to have in order to be that color. In other
words, if a property P 1s such that it 1s necessary for a color C to have P, then having P 1s part
of the nature of C. For instance, 1t may be in the nature of yellow to be more sinular to red
than to blue. A color that would be more similar to blue than to red could simply not be a

177 This talk of ‘revealing” could be fleshed out in distinct ways. For instance, one can say that an experience
reveals the property P if and only if P is part of the content of the experience. Of course, the thesis is to be
understood in a nuch stronger way. More on this below.

178 If color experiences are identical with certain brain functions or states, someone might argue that Revelation
is ambiguous in that careful reflection on the corresponding brain functions or states could reveal to us what
colors are. But note that it 15 having color experiences from the first person point of view that is supposed to
reveal to us what colors are.
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shade of yellow. In contrast, 1t 15 not in the nature of blue to be someone’s favorite color. Blue
could fail to be anyone’s favonite color but still remain blue.

Another important distinction 1s the one brought by Byrne and Hilbert between two
versions of Revelation (Byme & Hilbert, 2007). According to the weak version of Revelation,
color experiences reveal the nature of colors but the latter 1s not revealed as such in the
experience. For instance, if a property P 1s part of the nature of what it 1s to be blue, then 1t 15
revealed in an experience of blue that blue has P but not that having P 15 essential to what it 1s
to be blue. On the confrary, a strong reading of Revelation entails that P is revealed in the
experience of blue as an essential property of what it 1s to be blue. In other words, P 1s
revealed as part of the nature of what it 1s to be blue.

As 1t 15 the strong reading that 1s usually assumed in the literature, Byrne and Hilbert
analyze 1t as the conjunction of the two following theses:

“SELF-INTIMATION If 1t 1s in the nature of the colors that p, then after
careful reflection on color expenience it seems to be in the nature of the
colors that p.

INFALLIBILITY If after careful reflection on color experience 1t seems to
be in the nature of the colors that p, then it 15 in the nature of the colors that

p.” (Byme & Hilbert, 2007, p. 77)

As can be seen quite easily, Self-infimation raises an issue for many theories of color. For
mstance, if colors are reflectances (or reflectance sets), then by Self-intimation this should be
revealed in color expeniences. But 1t clearly 1s not. So reflectance physicalism 1s false.

Crucially for our purposes, Revelation 1s also in conflict with the methodology
proposed 1n the current chapter and this for at least two reasons. First, if we manage to find
out how color constancy 1s achieved, that 1s, 1f we find out the correct theory of color
constancy, this theory could motivate claims about the nature of color which are not apparent
after reflecting on our color experiences. This would contradict Self-infimation. Secondly,
Revelation entails that scientific investigation, including the whole of color science, will be at
the very best superfluous and in all likelihood useless when 1t comes to discovering the nature

of colors. This worry is best put by McLaughlin! ™

“There 15 much that we’ve learned about light and how 1t interacts with
matter. We’ve mvestigated how the chemical properties of surfaces and
volumes made up of various matenials dispose them to interact with light;

1" We also owe to McLaughlin the distinction between Revelation regarding the nature of colors and Revelation
regarding what it is like to see colors. According to McLaughlin the former appears so intmifively true because
the latter is so infuitively appealing (even though McLaughlin will end up rejecting both of them).
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how rods and cones respond to light; how electrochemical impulses are
propagated along the optic nerve to the visual centres of the brain, and
resulting patterns of neural activity theremn. From an information-theoretic
perspective, we've investigated how the wvisual system mught process
mformation about the scenes before our eyes [_..] While there 15 much that
we still don’t know, we've leamed an enormous amount; and research in
vision science 15 moving apace. It 1s a consequence of the doctrine of
Revelation, however, that all we've learned and, indeed, all we can ever
hope to learn by scientific investigation will contribute not one what to our
knowledge of the nature of colours themselves. For Revelation entails that
there 1s nothuing more that we can learn about the nature of colours than
what visual experience teaches vs. [...] As concerns knowledge of [colors],
there 15 no substitute for experience.” (McLaughlin, 2003, p. 477)

The last sentence actually expresses a component of Revelation that 1s usually assumed but
not explicitly acknowledged. Note that Self~infimation and Infallibility do not together entail
that experience 1s the only source of knowledge we may have regarding the nature of
colors'®®. However, this is exactly how Revelation is supposed to be read. As McLaughlin
explains it, our scientific investigation mto, e g, how color constancy 1s aclhueved or the kinds
of properties which determnune how objects will react to light shined on them will not n any
way advance our understanding of colors themselves.

But this last assumption 1s at the core of the present methodological advice for color
ontology. According to the latter, there may be empirical discoveries which can lead to a
better understanding of the nature of colors, discoveries which could not be made through an
examination of our color experiences. In our particular case, it was argued that the correct
theory of color constancy could motivate a particular view regarding the nature of colors. This
15 exactly what 1s demied by the thesis of Revelation. Subsequently, in order for the
methodology at 1ssue to be a viable path to tread, we have to reject Revelation.

Of course, a very easy way to reject it would be to say that 1t does not fit with the
project of the present work. The methodology proposed here hopes to be part of a naturalistic
approach to color ontology. But note that the conception of perceptual experiences that 1s
brought with Revelation 1s just not one which can fit within this kaind of approach. The latter
will probably endorse a view of perception and perceptual experiences where those are seen
as tools biological orgamisms use to navigate their environment. Perception 1s seen as a mean
to an end and this end does not require us knowing about the nature of the properties we find

180 1t is possible, although very unlikely. that we would reach the same conclusion regarding the nature of color,

independently of whether we reached it through a careful examinafion of our color experiences or through
empirical study of color vision. Self-intimation and imfallibility do not strictly speaking entail that this could not

happen.
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m color experiences. So there 1s no reason to belhieve that this nature 1s revealed mn such
experiences.

However, we can probably do better than this blunt response to the proponent of
Revelation. I believe that the best way to reject this thesis 1s to be found in Allen’s defense of
naive realism (Allen, 2011). According to the latter, which counts as a form of prinutivism,
colors are sui generis mind-independent properties. In the course of defending this theory,
Allen develops an argument to show that Revelation 1s actually not tenable. This argument 1s
mn fact independent from Allen’s naive realism and may be accepted by theoreticians from any
board.

In a nutshell, Allen’s reasoming 1s the following If Revelation 1s true, then by
defimtion Self-intimation and Infallibility are true. But if the latter are true, then for any
proposition p that 1s such that it appears after careful reflection on color expeniences to be in
the nature of the colors that p, then 1t should be relatively obvious to everyone carefully
reflecting on their color expenences that p 1s in the nature of the colors. However, this 1s
exactly the opposite of what we find Instead of widespread agreement or superficial
disagreement, we find that philosophers, scientists and artists who have considered their color
experiences very carefully disagree in a pretty profound way with regard to what 1s essential
or accidental to colors. Therefore, by modus tollens, Revelation 1s false.

To motivate his argument, Allen focuses on the questions of whether colors are
causally efficacious and which higher-order properties are essential properties of colors. For
the sake of brevity, I shall only develop the latter question, noting that the reasoming regarding
the causal efficacy of colors 1s structurally simlar to the one concerming the higher-order
properties of color.

As instances of higher-order properties, Allen focuses on the elemental-compound
distinction. Elemental colors are thought to be phenomenally uncomposed, whereas
compound colors are phenomenally composed. Phenomenal composition i1s distinet from
physical composition. For instance, mixed pigments can give rise to a color distinct from the
color of the original pigments. The resulting color can be said to be physically composed but
it does not entail that 1t 1s phenomenally composed from the two onginal pigments’ color. In
confrast, a color that 1s phenomenally composed somehow looks like the colors which
compose 1t.

Take orange as an example. Orange 15 usually thought to be a compound color, that 1s
to say, a color that 1s phenomenally composed. In this particular case, the composing colors
are red and yellow. Every shade of orange 1s supposed to look both reddish and yellowish to
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varying degrees. But yellow appears to admmt of a shade that neither looks reddish nor
greemsh. That 1s, 1t admits of a shade that 1s umque, 1e., phenomenally uncomposed. The
same appears to be the case for green, red and blue.

That red, green, blue and yellow are the only colors which admit of umque shades 1s
supported by the fact that, when people are asked to describe various shades using only those
color terms, they can do so pretty well and without felt loss i the description (Sternheim &
Boynton, 1966). This 1s not so when they are restricted for instance to red, yellow and blue or
when the color terms mclude one or two elemental colors (say, red and blue) and
phenomenally composed colors (like orange and teal).

As Allen argues, the elemental-compound distinction will be part of the nature of the
colors 1f 1t applies at all to them. So 1t should be in the nature of, e g, red that 1t adouts of a
umque shade, whereas the opposite 1s true of the nature of orange. If there are only umque
hues of red, green, blue and yellow, then it 1s in the nature of those shades that they are
umque. Issues arise when we consider that the extension of the distinction has been much
debated. Even worse, the very existence of the distinction has been put into question.

Even though 1t 1s not pomted out by Allen, note first that even naive subjects can
behave in a way which indicates that they may see some shades of orange as unique. One
experiment found that there were twice as many subjects that were willing to describe some
shades as orange without also describing those colors as reddish or yellowish than those who
were not so willing (Sternheim & Boynton, 1966)'®!. However, if orange was a compound
color (1.e., if all shades of orange were a phenomenal composition of red and yellow), then
there ought not to be any shade of orange which does not look both yellowish and reddish.

Nevertheless, 1t may be argued that naive subjects are not the best source of evidence
regarding the extension of the elemental-compound distinction. It could be said that they are
not experts at carefully reflecting on their color expeniences to determine whether the shade
they are having an experience of 1s an elemental or compound one. Thus 1s the reason Allen
actually focuses on whether there were deep disagreement regarding the extension of the
distinction at the level of researchers who can perhaps be said to be experts in this particular
domain.

Allen thus points out to a tradition of thinkers who rejected the idea that green was an
elemental color. Those included Berkeley, Goethe and Brentano. In addition, many thought

181 Unfortunately, Sternheim and Boynton do not really comment on this finding of theirs and still end up
conchiding that “the hues associated with the long wavelength part of the spectrum can be adequately described
without the orange category” (Sternheim & Boynton, 1966, p. 776).
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that brown suffered from the opposite 1ssue. It did not seem evident to many that brown was a
compound color that could be entirely described without using the word “brown™ (Fuld et al.,
1983). It was seen as necessary fo design an expeniment that showed it was, in fact, a
compound color (Quinn et al, 1988)!%2. Furthermore, contrarily to the dominant opinion,
some researchers have argued that orange and purple must also be considered as elemental
colors (Beare & Siegel, 1967; Padgham & Saunders, 1975)!%3. This matter was also
apparently put to rest with the desigmng of new expeniments showing that those colors do not
behave as elemental ones (see, e g, Fuld et al , 1981).

It 1s not only the extension of the elemental-compound distinction that has been
fiercely debated. At the end of the nineteenth century, the existence of the distinction was also
put into question. Whereas Brentano was mamtaming that green was phenomenally
composed, “other participants, including Kiilpe, Titchener and Ebbinghaus, denied that any
colours are phenomenally composed, even orange or purple” (Allen, 2011, p. 165). Allen
quotes Boring which “describes an attempt to settle the question of whether there 1s an
elemental-compound distinction at a meeting of the American Psychological Association:

Ladd-Franklin [a proponent of the view that some colours are phenomenally
composed] appealed to the consensus of expert opmion by exhibiting
[differently coloured] disks and asking for the judgements of psychologists.
The problem was never settled. It sumply disappeared.” (Boring, 1942, p.
131 in Allen, 2011, p. 166)

It does not even appear clearly to everyone involved that there 1s such a thing as a compound
color.

Those deep disagreements represent an issue for the proponent of Revelatfion.
Remember that Self-intimation states that if it 15 in the nature of the colors that p, then after
careful reflection on color experience it seems to be in the nature of the colors that p. Take the
1ssue of whether there 1s a shade of green that 1s elemental. Let us say that there 1s. In that
case, after careful reflection on color experience, 1t should seem that there 1s such a shade. But
Brentano, Goethe and others have defended quite strongly the opposite thesis. Now let us
imagine that it 1s false and that all shades of green are compound colors. It should then seem

182 This already puts pressure on Revelation. If the latter were true, we should not need to design experiments to
prove that some property is or is not an essential property of a color.

153 Note that an issue with those studies. as well as with the one of Sternheim and Boynton (Stemheim &
Boynton, 1966), is that they all use a method which involves applymng color terms to lights. Yet, if there are
qualitative differences between our perception of colored lights and our perception of colored surfaces, if is not
clear that those results will generalize. For instance, it is unclear what could be said in the case of contrast colors
(brown, black, olive, ..} which can only be seen with surfaces set on a visible background and not with mere
lights projected directly on people’s eves.
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after careful reflection that it 1s so. As we saw, however, there are many psychologists who
rejected the whole notion of compound color, arguing that all colors, even orange and violet,
are elemental Either way, it seems like Self-infimation 1s falsified by the fact that there are
deep disagreements running.

Infallibility 1s also in trouble. Remember that it claims that 1f after careful reflection on
color experience 1t seems to be in the nature of the colors that p, then 1t 15 in the nature of the
colors that p. Consider now the question of whether there even i1s an elemental-compound
distinction when 1t comes to the nature of the colors. We know that it has seemed to many that
it 15 obvious that there 1s such a distinction. Therefore, by Infallibility, it 1s in the nature of the
colors that an elemental-compound distinction applies to them But to others it has seemed
that the distinction does not apply to colors. By Infallibility, then, 1t 15 not in the nature of the
colors that the distinction applies to them. Thus, 1f Infallibility 1s true, then 1t both 1s and 1s not
m the nature of the colors that such a distinction applies to them, which 1s an unwelcome
result.

Both components of Revelation therefore appear to be falsified by the presence of
strong disagreement with regard to inter alia the elemental-compound distinction and how or
whether 1t applies to the colors. Another way to make the same point 1s to consider what
ought to have happened if Revelation were true. If it were frue, then we ought to have
discovered the nature of the colors by merely carefully reflecting on our color expeniences. By
the use of the term “merely”, I want to pomnt out that Revelafion entails that scientific
discovenies and technological advancements should be of no help whatsoever in finding out
the nature of the colors. In fumn, this should entail that we could have found out about their
nature at any pomnt m history since we have begun theornzing about our expenences.
Arguably, it means that we should have found this out at least since the time of philosophers
from Ancient Greece. It can indeed be argued that they were amongst the first to theorize on
the basis of their expeniences.

But 1f this 1s true, then 1t 15 cunious that we still find important disagreements regarding
the nature of the colors more than two thousand years later. If Revelation were true, 1t would
be very bizarre to argue that it should take us more than two nullenma to come to an
agreement regarding the nature of the colors'®. Our inability to agree on central matters
regarding this subject appears to be evidence that Revelation cannot be true. However, if
Revelation 1s not true, then 1t 15 quite normal and even expected to find such disagreements.

1# A lot more, since the current philosophy of color is contemporary evidence that we still have not come up
with a shared conclusion on the subject.
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Even worse for the proponent of Revelation, it appears that some of those
disagreements may have been settled by the use of experiments. As Allen puts 1t:

“To the extent that these 1ssues have been resolved [...] it was not by colour
experience. These i1ssues were resolved by the discovery of neural
mechamsms that implement the opponent-process pathways which predict
two sets of opponently organised hues: red/green and yellow/blue [...]. Far
from being revealed by colour experience, the elemental-compound
distinction was a discovery.” (Allen, 2011, p. 167) (ongmal 1talics)

If those disagreements were resolved, it should have been through the use of reflection on
color experiences, not by experimental study of the neurological bases responsible for color
vision'®’.

Of course, there are ways for the proponent of Revelation to counter the argument.
However, in any case, it seems that she will be forced to maintain that the mentioned
disagreement does not constitute a falsification of her thesis. Admuttedly, the only way to do
so 1s to hold that at least some of the proponents on either side of each debate have not
carefully reflected on their color experience and that this 1s the reason we observe such a
disagreement. The disagreement 1s merely superficial and, were those thinkers to be more
careful when considering their experience, would evaporate quite quickly.

Consider the case of whether green admuts of an elemental shade. The
counterarpument of the proponent of Revelation would here consist in the claim that
Brentano, Goethe and Berkeley have failed to carefully reflect on their color expenience or in
the claim that their opponents on the i1ssue have. And she would have to use that strategy
wherever any disagreement regarding the nature of the colors anses and say that all of the
thinkers on one side of the disagreement have failed to carefully reflect on their color
experiences. As both components of Revelation require such a careful reflection, the observed
disagreement would thus not count as evidence falsifying those components.

The 1ssue with this answer 1s that 1t seems quite hard to mamntain, e g , that Brentano,
Goethe and Berkeley and all similarly-minded thinkers failed to reflect on their color
experiences in the manner which 1s mentioned in Self-infimation and Infallibility. Why 1s 1t
that those thinkers, well-versed in both philosophy and psychology (or their dissenting
comrades) have failed to do so? Not only should the proponent of Revelation have an answer

153 Note that it cannot be said that issues regarding the elemental-compound distinction and the more general
structures of hues (such as color opponency) have been resolved. Indeed, a few years after it had been proposed
that color opponency was explained by cone opponency, we realized that the perceptions of the unique colors
that were supposed to be opponent (red versus green and yellow versus blue) did not align with the cone-
opponent excitations when only one of the systems is balanced For more information on this subject, see
Wuerger & Xiao, 2016.
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to this question but she must also explain which procedure 1s the one which constitutes the
right way to carefully reflect on one’s color experiences'®®. Barring this information, her
argumentative strategy appears as an ad hoc maneuver destined only to save Revelation.

Another way to answer what we may call for lack of a better name Allen’s challenge 1s
to dilute down Revelation. Remember that we saw that Byrne and Hilbert distinguished
between a weak and a strong version of Revelatfion. According to the latter version,
Revelation entails that the nature of colors 1s revealed as such in color experience. The weak
version, on the contrary, only consists in the claim that their nature 1s revealed but not as
such. Thus, for any property that 1s an essential property of a color (such as being elemental,
being more similar to yellow than to blue, etc.), that property will be revealed in color
experiences. However, careful reflection on the experience will not reveal that 1t 1s an
essential property of the color at 1ssue.

Allen’s challenge only applies to the strong version of Revelation and thus endorsing
the weak version sidesteps it. Indeed, weak Revelation entails neither Self-infimation nor
Infallibility. However, the 1ssue now becomes that reflecting on our expenence 1s not enough
to find out about the nature of colors. To see this, note that under weak Revelation our
experience will attribute many properties to colors. Some of those will be essential to them,
some won’'t. But the expenience itself does not tell us which 1s which. So the proponent of
weak Revelation has to come up with a criterion to help us distingumish between the essential
and non-essential properties of color. Without this criterion, it 1s unclear how weak Revelation
can help us come to a conclusion with regard to the nature of colors!®7 188

However, weak Revelafion 1s still incompatible with our methodology. In all
likelihood, the ontological claims motivated by a particular color constancy theory will not be
part of the content of our color expeniences. That 1s, for any proposition p that 1s such that it 1s
n the nature of the colors that p according to the color constancy theory, p will not be part of
the content of any of our color experiences. But if weak Revelation 1s true, then those
propositions should be part of the content of our color experiences. So weak Revelation 1s still
a claim we ought to reject.

156 Tig the best of my knowledge, there has been no work on answering those questions. At the point of writing, it
does not seem that anyone has risen up to Allen’s challenge.

157 Note that denying Revelation, either in its strong or weak form, is entirely compatible with holding that the
particular knowledge we acquire by having color experiences is knowledge by acquaintance. In that case, by
having color experiences, I would know the colors themselves but I would not thereby know anything about their
nature (which would amount to knowledge by descrniption). For more on this issue, see Allen, 2011, p. 173.

1% However, note that the criterion in question cannot come from phenomenoclogical reflection. Indeed. the
proponent of weak Revelation admits that the answer to the question “is this property that I am seeing this object
as having an essential property or an accidental one of that object?” is not to be found in the experience itself
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For instance, if Foster’s theory 1s correct and we i turn accept that colors are
differences of preferences for reflecting certain wavelengths over others, then this will not be
part of the content of our expenience. It 1s arguably not the case that our color experience 1s
such that 1t reveals that such a theory 1s true. This phenomenological claim 1s in all likelihood
false. Perhaps the canonical example 1s the one of Bymne and Hilbert. If it 1s indeed true that
colors are sets of SSRs, then this 1s something that 1s not revealed by a careful consideration
of our color experience.

To the best of my knowledge, there has not been any discussion of weak Revelation.
This could be explained by the fact that this thesis somehow cripples our efforts at finding out
about the nature of colors. Although the strong reading of Revelation does give us a way of
finding this out (by carefully reflecting on our color experiences), this 15 not so in the case of
weak Revelation. If the latter 1s true, then although the essential features of colors are present
mn experience, there 1s no way for us to determune which ones of all the features so presented
they are._ I take 1t that this 1s an unwelcome result of the thesis and potentially the reason it has
not been more discussed or embraced in the literature'®®.

Summary

In tlus chapter, I have defended a methodological pomnt about the study of color
ontology, namely, that the latter could start with an exploration of what our best theory of
color constancy tells us about the nature of colors. I first presented a few examples of this
pomnt m action, focusing on the cases of Maloney and Wandell’s, Foster’s and Zaidi's
respective theories.

I tried and showed that Maloney and Wandell’s theory may motivate an ontology of
color which 1s distinet from Hilbert’s. This ontology would have colors consist in potentially
mental descriptors attributed to objects by the visual system Importantly, those descriptors
would thus not be equivalent to physical properties of objects. However, it was not clear that
the theory 1s wiable as it seems to require Maloney and Wandell’s algonthm to function
poorly.

I arpued that Foster’s theory could motivate what I called objectual color
relationalism (or OCR for short). According to the latter, colors are relational properties of
objects constituted by their preferences for reflecting certain wavelengths compared to the

1%% Note that what we may call the argument from perceptual function, presented above, also shows weak
Revelation to be untenable. If the function of perception is fo be an effective guide fo action in our natural
environment, there is no reason to expect that the nature of what we see need to be revealed in experience (even
if not as such nature). In that sense, weak Revelation is not part of naturalistic research.
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preferences of other objects i the scene or its chromatic average. Interestingly, OCR. can be
seen as a form of realism as it does not need to involve references to munds in the
specification of the nature of colors.

Thirdly, we touched on Zaidi’s theory and the kind of ontological claims it could
motivate. Most importantly, the claims at 1ssue would probably mnvolve a distinction between
a transient property (the sensed color) and a stable one (the concluded color), where the latter
notion 1s explained by the former one. The account which would here be motivated 1s one
according to which colors are fictional or mental properties, created by the visual system to
bring order to a messy visual world.

We then reflected on the link between on the one hand the color ontology and on the
other the theory of color constancy at 1ssue. I argued that the link between the two had to be
concerved as one of empirical motivation from the theory of constancy to the color ontology
(or for some ontological claims), rather than as a logical entailment. As an example, we
considered Maloney and Wandell’s theory. It was shown that their algorithm could not, on 1its
own, logically entail RP. If successful, the theory of linear models would represent empirical
and thus defeasible justification for RP.

Fimnally, I addressed a few objections which could be made regarding the general
approach. First, I touched on the fear that our approach mught be too narrow in focus by
avoiding other fields 1 color science. It was concluded that this fear 1s appropriate and that
we ought to accept that color science theories in general may have evidential import for color
ontology. We then considered Akins and Hahn’s challenge, according to which it 1s unclear
why we ought to consider color perception research when our interest lies with color
ontology. I argued that, at the very least, it 15 unclear how any other methodological practice
would get off the ground. To end up, we discussed the thesis known as Revelafion, which
states that the nature of colors 1s revealed in color experniences. It was shown that this thesis 1s
mcompatible with the proposed methodology. As Allen shows us, it appears to entail that we
ought to widely agree on matters of color ontology. However, since we find exactly the
oppostte to be true, we can by modus tollens reject 1t.

In the next chapter, I say a few words to conclude the present project. I start by
summarizmng each chapter and then move on to some points which have not been discussed
yet.
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Chapter 6: Conclusion

Summary of the present work

Now that we have come to the end of the present work, I believe 1t would be frtful to
summarize the main pomts of the critical chapters. In the second chapter, we dissected a
particular debate around the evidence for Hilbert and Byme’s favonte theory of colors,
reflectance physicalism (or RP). The argpumentative strategy of Hilbert and Byrne was
described in the following way. As commonsense would have 1t, colors are mind-independent
properties of objects such as tomatoes, leaves and flowers. However, Hilbert and Byrne argue
that we can find motivation for such a view or, more specifically, for reflectance physicalism,
in color constancy research. The expenimental success of Maloney and Wandell’s theory
represents a powerful motivation for the identification of colors with reflectances. In that way,
the authors provide an empinical justification for a philosophical theory.

However, we saw Chinmuuta has actually expressed a pretty dissenting opinion
regarding this 1ssue. Her case rests on two distinct points. First, she argues that the consensus
around the theory of Maloney and Wandell which we would need for Hilbert and Byme’s
argument to go through is nowhere to be found Secondly, this absence of consensus is
explammed by the presence of diverging conceptions of wision which influence the
mterpretation of the data in conflicting ways.

Chirimuuta first focuses on the question of whether there 1s a consensus to the effect
that Maloney and Wandell’s theory correctly describes the perceptual processes responsible
for color constancy. She motivates her point by considering the question of whether
reflectance recovery 1s held to occur by all authors in the field. For various reasons, she
concludes that 1t 1s not the case. First, it 1s not even clear that our visual system could perform
reflectance recovery m theory. Remember that Maloney and Wandell’s algorithm has the
color signal decomposed into two weighted sets of basis functions, one corresponding to the
SSR of surfaces, the other to the SPD of the illununant. One condifion which must be met for
the algorithm to function 15 that this number not be greater than two (that 1s, the number of
cones munus one). Nevertheless, it seems that to comrectly render the complexity of visual
scenes more than two basis functions would be needed. According to the requurements of the
algonthm, it seems that our visual system could never recover reflectance (1e., Recovery
would have to be false).
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In addition, Clurimuuta shows that many researchers in the field of color constancy
research have opted fo study distinct visual strategies, in particular, ones which do not portray
reflectance recovery as a viable or even desirable step in visual processing. As an example,
the work of Zaidi and his team 1s presented. According to this point of view, the goal of the
visual system 1s to use the color signal in such a way that the organism at 1ssue can “get by’
the world. The means to this end are argued to consist in heunistical strategies which involve
simple treatments of the color signal Most notably, those strategies eschew reflectance
recovery.

Furthermore, Chinmuuta argues that the lack of consensus we can observe 1s due to
researchers adopting distinct research programs. The latter in turn naturally bring along
distinct conceptions of the nature of wision. Those conceptions motivate different
mterpretations of the data mn such a way that it cannot even be claimed that the latter speaks
unequivocally for or against Recovery. As an example, we saw that researchers adhering to
the framework of reverse optics construe vision as the recovery of distal information through
a reversal of the color signal Ideally, that reversal would yield a reconstruction of the color
signal into the distinct components which generated it, notably, the reflectance of the surface
and the SPD of the illuminant. For researchers rejecting that conception of vision, evidence
which may have spoken in favor of 1t 1s allegedly interpreted in a way which does not.

Chapter 3 consisted 1n a discussion of the first of Chinmuuta’s claim Even though
Chirnmuuta 1s right regarding the absence of consensus concerming whether Recovery 1s true,
it 15 argued that the question of whether there 1s such a consensus is not relevant in assessing
the viability of RP. A theory of color constancy which has the resources to justify RP 1s not
necessarily one which requires the truth of Recovery. The pool of theories which could justify
RP mcludes but 1s not limted to theonies which require Recovery. The relevant criterion 1s
rather that the strategy described include a measurement of SSR, where the latter 1s a broader
notion than the one of recovery.

To motivate this thesis, I suggested that we consider a theory of color constancy based
on the work of Foster. The theory in question has the visual system use the color relations
between the distinct surfaces in the scene, expressed as cone-excitation ratios, to achieve color
constancy'®". I argued that, with the addition of an anchoring rule, this theory could represent
justification for RP. It thus appears that there are counterexamples to Chinmuuta’s claim that

190 Or, rather, something very close, namely. relational color constancy.
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there mmst be a consensus regarding Recovery in order for color constancy research to justify
RP.

I then addressed a few objections. Most notably, I discussed the question of whether
we have a notion of measurement of reflectance which 1s clear enough to categorize theores
of color constancy according to whether they can justify RP. To answer it, I used the list of
criteria Akins described in her charactenization of veridical sensory systems. According to the
latter, a sensory system which can be rightly said to track, measure or detect a property of the
mind-independent environment is one that exhibits constant correlation between the
properties tracked and the signals corresponding to those properties, preserves the structure of
the tracked properties’ domain and 1s servile by only reporting on the properties tracked and
not mterjecting its own 1diosyncrasies m its reports. I then showed that both Maloney and
Wandell’s and Foster’s theories describe visual processes in a way which would fulfill those
three criteria.

I ended the chapter by describing Zaidi’s theory. Contranily to Maloney and Wandell
but mn concordance with Foster, Zaidi eschews reverse optics. According to the author, we
ought to adopt a performance-onented view of color constancy. The latter encourages us to
view color constant behavior, and not color constancy as understood phenomenologically, as
the goal our visual system strives to aclueve. In that sense, the aim of the visual system 1s to
deal efficiently with its environment, even 1if this entails that there 1s no constancy at a
phenomenological level Remember that the theory’s central element 1s the strong correlation
within cone-opponent channels® excitations across illuminant change. With the help of this
correlation and simple operations such as rank ordering, the visual system would be able to
achieve identification of sinular matenals across scene changes.

I tried and showed that, since the strategy at issue does not in any way mvolve a
measurement of reflectance, 1t cannot justify RP. Indeed, since this strategy does not mnvolve
the determination of some of the properties of the visible surfaces but only whether there are
pairs of 1dentical surfaces which are present, there can be no measurement or tracking of some
of the surfaces’ properties. But then it 15 a wonder how the theory could justify the
identification of colors with SSRs.

If the material presented in this chapter is reasonably wiable, then thus represents a
counterarpument fo Chirimuuta’s claim that it 1s central that there be a consensus regarding
Recovery 1n order for color constancy research to support RP. On the contrary, I tried and
showed that the pool of theories which can be appealed to in support of RP include but are not
limited to theories according to which Recovery 1s true. This opens up the door to new
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possibilities. For mnstance, if our final contenders for explaiming color constancy are theories
which all include a measurement of reflectance in the sense discussed, then this would count
as strong motivation for RP.

The aim of chapter 4 was to discuss Chinmuuta’s assertion that there are distinct
conceptions of the nature of wision at play mn color constancy research and that those
differences explain why researchers interpret common data in incompatible ways. I argued
that this claim entails that there can be no unequivocal consequence of the framework of
reverse optics in general and of Recovery m particular. However, 1t seems that some of such
consequences have been identified in the field. In addition, some experiments have directly
compared color constancy models endorsing distinct conceptions of the nature of wision,
which should be impossible according to Churnimumita’s claim.

I started by discussing the notion of reverse optics and what 1t takes for a theory of
color constancy to be counted as endorsing this framework According to the analysis, a
theory endorsing reverse optics ought to (a) consider that the goal of visual processing 1s
acquring knowledge of the environment it 1s currently functioming mn and (b) achieve this
goal by computationally inverting the processes responsible for the formation of the retinal
mmage. To validate the analysis, I tried to determune whether it correctly classified a theory
which 1s thought to endorse reverse optics and one which explicitly rejects them The first was
Bramard’s “equivalent i1lluninant model” and 1t was shown that it does fulfill both conditions
and thus counts as endorsing reverse optics. In contrast, the theory of Foster and colleagues,
relymg on cone-excitation ratios, fails to fulfill eriterion (b). This theory does not involve an
mverting of the color signal and thus does not count as a reverse optics model of color
constancy.

It was then shown that criterion (b) requures that the illuminant be estimated in order to
then use that estimate in conjunction with the color signal to estimate the reflectance of
surfaces. That the visual system performs such an estimation of the illuminant has come to be
known as the albedo hypothesis. We combed through the various meamings which have been
ascribed to this hypothesis. For example, some authors saw it as entailing that there was a
causal relation between the illuminant estimate and lightness estimate so that the former was
causally required for the latter We dubbed thus position the causal view. Others merely
viewed the albedo hypothesis as specifying an mvanant relationship between both estimates.
For imnstance, for a surface with a given luminance, estimating that the illununant 1s now
lighter should lead to an estimation of the surface as darker than 1t was before. This mvariant
relationship was not necessarily seen as compatible with the causal view.
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After reviewing the various construals of the albedo hypothesis, I suggested that we
focus on the causal view. The latter can be cashed out in various ways, depending on whether
the illuminant estimate 1s considered the sole factor necessary to compute the reflectance
estimate (the exclusivity hypothesis) or whether the visual system has to know about other
vanables to do so (the partial cause hypothesis).

Various studies testing those hypotheses were presented and discussed. For mstance,
Kozaki and Noguchi performed two experiments on the subject. In all conditions, the
luminance was kept levelled (1.e_, the amount of light emitted from a test patch or background
wall held constant) as the reflectance (of the patch or the background) and illuminant varied in
compensating ways (so as to preserve luminance). Participants had to judge how light and
bright the figure (or background) and illuminant were, respectively. The results were
consistent with the existence of an invamant relationship between the estimate of the
reflectance and the estimate of the illuminant The authors argue that they were inconsistent
with the albedo hypothesis understood as the causal view. But it 1s not clear that the results
were relevant to the partial cause hypothesis, as opposed to bemg relevant only to the
exclusivity hypothesis.

Although they were no defimite conclusion, the very fact that this hypothesis is seen by
foes and friends of reverse optics as a prerequusite of the wiability of the framework and the
fact that 1t has been tested quite extensively in numerous experiments put pressure on
Chirnmuuta’s claim that there can be no unequivocal testable consequence of research
programs in color constancy research.

In addition, Chinnmuuta appears to claim that there can be no experimental comparison
of, e g, theories endorsing reverse optics and theories rejecting the framework, I showed that
such experiments have been conducted. In one of Zaidi’s experiments, four cups wrapped 1n
paper were presented to participants, one of them having a differently achromatic color of
paper. Two of the four cups were presented under a light illuminant, the other two under a
darker one. Participants had to determine which cup was wrapped in the different paper. The
authors modelled possible responses according to three models, one of which supposedly
being a reverse optics model. They argued that the latter did not account for their participants’
results as well as a model based on heunistics. However, we saw that their data actually
underdetermine which model 1s correct. This issue, in addition with conceptual ones,
prompted us to look elsewhere.

I thus presented the work of Olkkonen, Saarela and Allred which directly put to the
test various models of color constancy. In their experiment, two displays, simulating either a
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lighter or darker illuminant, each contained a square of a particular lightness on a simple
background. The displays were either presented sumultaneously or with a delay. The latter
case, the “jont” condition, allowed the determination of the effect of memory on color
constancy. Participants had to choose the lightest square. The authors modelled the possible
results according to three distinet models, two of them based on confrast coding and the last
one being an example of reverse optics strategies. Their results were only accounted
qualitatively and quantitatively by the reverse optics model This work seems to present a
counterexample to Chirimuuta’s claim that models adhering to distinct research frameworks
cannot be directly compared.

The last chapter was the most exploratory part of the present project. I there laid out
what I hope can be a foundation for a methodological stance regarding color ontology. It 1s
argued that research on color ontology could and perhaps ought to start with an exanunation
of our best color constancy theory (or theories). Were the latter to be empinically successful, it
could indeed be shown to represent justification for certain ontological claims about color.

The chapter started with a few examples of that methodology m action. As it 1s
perhaps the most famous example, Maloney and Wandell’s theory of linear models was the
first theory considered. Remember that, according to this theory, the wisual system
decomposes the color signal into two distinct weighted sets of basis functions corresponding
to an estimate of the illuminant and an estimate of the reflectance of the object,
respectively'®!. Although it is usually assumed that the truth of Maloney and Wandell’s theory
would only represent justification for RP, 1t 1s not clear that this i1s the case. The theory may
also represent justification for an ontology of color according to which colors are descriptors
correlated with the objects’ reflectance but also with other vanables of the scene. If this 1s
true, colors would be akin to mental markers, probably used by the wisual system for
bookkeepmg purposes and not designed to track a physical property of surfaces (such as their
SSR). Nevertheless, it was not clear in the end that this theory was a viable alternative as it
seems to presuppose that Maloney and Wandell’s algorithm 1s not correctly implemented by
the visual system.

Foster’s theory of relational color constancy was next considered. Remember that,
according to this theory, the visual system tries to recover the chromatic relations standing
between the objects of the scene, expressed as cone-excitation ratios within cone-channels,

%1 That is the case in flat-matte-diffuse conditions as we saw. In more complex scenes (such as natural
conditions), the wvisual system will also have to determine whether haze, interreflections, shading etc. are
present.
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rather than the SSR of surfaces. Whereas in the third chapter we tried to determune whether
the theory could be modified so as to represent justification for RP, we here focused on the
unadulterated theory. It was argued that the latter could motivate what I called objectual color
relationalism (or OCR, for short). According to OCR, colors are relational properties of
objects determined by the chromatic relations between objects in the scene or between objects
and the chromatic average of the scene. For mstance, an apple being red would consist in the
apple reflecting more longer wavelengths than the other objects in the scene but much less
short and middle wavelengths.

We then touched on Zaidi’s approach to color constancy and his distinction between
sensed and concluded color. Remember that the latter refers to two distinct ways of
understanding the notion of color. When one speaks of the color of the maple leaf as changing
when 1t 15 taken inside and put under a lightbulb, one 1s referming to the sensed color of the
leaf’ If I mnsist that the leaf has not changed color when the illuminant has changed, I am
referring to the concluded color of the leaf. Finding out about sensed colors 1s argued to be a
part of perception, whereas the processes responsible for determining concluded colors are
thought to lie beyond perception. In that sense, Zaidi argues that color constancy 1s not part of
our visual phenomenology but 1s a cogmitive achievement On the confrary, our
phenomenology 1s one of inconstancy.

In addition, the notion of concluded color was linked with that of essential color. The
essential color of an object corresponds to the cone quantum catches of the object under an
equal-energy illuminant. Under such an illuminant, the color signal emitted from the object 1s
proportional to its reflectance. Zaidi therefore argues that seeing an object i this condition
counts as special m the sense that it defines the concluded color the object really has. For
mstance, if a leaf appears dark green under an equal-energy illuminant (that 1s, displays a dark
green sensed color), then the leaf 1s dark green, notwithstanding its appearing differently (1e_,
not dark green) under other illuminants.

When 1t comes to the ontological import of this account, 1t was concluded that sensed
colors were mental properties which wrongly appear as relational properties of objects.
Although objects appear to have sensed colors, the latter are a mere construction of our
perceptual system and, depending on how we construe projectivism, can be seen as properties
projected onto objects but are actually either properties of our mental states or are properties
which are not instantiated at all. With regard to concluded colors, the first important point was
that our ontology of concluded colors would depend on an account of sensed colors. Having a

particular concluded color 15 indeed analyzed as displaying certain sensed colors under certain
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conditions. Subsequently, having a particular concluded color 1s being disposed to appear a
certain way under certain conditions. In that sense, our theory of concluded color looks
simular to dispositional theories of color.

However, this way of talking may be musleading Dispositional theones of color
usually state that 1t 1s the object that has the disposition. Yet 1t 1s at the very least unclear that
this 15 a claim Zaidi wants to be associated with. It seems very cumbersome to say that an
object being a certain concluded color 1s identical with its appearing to have a property (1e., a
sensed color) 1t does not really have. Nevertheless, 1t was not clear that there were resources
in Zaidi’s work which would be sufficient to resolve this 1ssue.

In addition, 1t was unclear that our discussion of Zaidi’s theory’s ontological import fit
the structure of our discussions of the two other theories. Whereas in the latter case we were
able to identify a theory of constancy which could motivate certain claims about ontology, it
15 not clear that this 1s what we have done in the case of Zaidi. Barning further explanations on
how the wisual system determines the sensed colors 1t attributes to objects and how the
perceptual-cognitive system determunes the concluded color of objects on the basis of the
sensed colors attributed to them, 1t 1s possible that what we have been doing 1s just discussing
Zaidi’s direct opinion on ontology.

The next part of the chapter was dedicated to a discussion of the way the proposed
methodology sees the relationship between the theory of color constancy on the one hand and
the ontological claims it may justify on the other'®*. Two options were canvassed. First, it is
possible that the truth of the constancy theory’s central claims entails certain ontological
claims about color. Alternatively, the truth of those central claims may empinically justify the
ontological claims. In the first case and only there 1s the relationship such that the ontological
claims cannot fail to be true if the theory of color constancy 1s true.

Through an exanunation of the relationship between Maloney and Wandell’s theory
and reflectance physicalism, 1t was shown that the first option 1s a non-starter. Remember that
the theory of linear models construes the output of the visual process responsible for color
constancy as an attribution of a set of weighted basis functions to a wisible surface. The
process itself does not overtly refer to colors at any point and 1s argued to operate
subpersonally. However, reflectance physicalism 1s about the colors we seem to see when we
look, e g_, at fruts and vegetables. It 1s unclear how Hilbert and Byme are supposed to bndge

1% Remember that the caution exercised by the word “may” or by phrases such as “could represent justification™
and so on is needed because it is not the existence of the theory that justifies ontological claims. Rather, it is the
empirical confirmation of the central claims of the theory which would in due course perform such justification.
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this gap and a few options were discussed. Nonetheless, note that the fact that we need an
additional element to “bridge the gap™ seems to be evidence that the theory of linear models
on 1ts own does not entail reflectance physicalism.

A few objections were then considered. First, it can be wondered why it 1s color
constancy research, rather than any other part of color science, which 1s relevant to color
ontology. Secondly, we surveyed Akins and Hahn’s challenge, according to which 1t 1s at the
very least unclear why we ought to focus on color vision when our primary focus 1s the nature
of colors. Finally, Revelation was mtroduced as the thesis that the nature of colors 1s revealed
to us m our usual color experiences, thesis which may very well be mcompatible with the
methodological proposal at 1ssue.

To begin with, we saw that an astute reader may wonder about why our discussion 1s
restricted to color constancy research when there are so many other theories out there in the
field of color science. Those other theories may also have import for color ontology. We
considered and rejected Davies’ proposal, according to which color constancy 1s the central
feature of color vision. In the end, 1t was clear that we ought to accept that other theones in
color science besides those found in color constancy research could provide justification for
particular ontological claims about color.

We also considered Akins and Hahn’s challenge. The two authors argue that it 1s
unclear why we ought to care about what color vision has to say when our primary focus 1s
the ontology of colors. “Why not focus on colors themselves?”, they say. There were two
answers available to us. First, 1t could be claimed that, since we encounter colors through the
exercise of color vision, it 1s expected that our account of the nature of colors will be able to
explain why and how we come to have color experiences. A more pessimistic answer was that
it 15 unclear what alternative there 1s. Barnng an identification of color with SSR, and thus
presupposing an answer to our research question, it 1s unclear how we could focus on colors
themselves rather than our perception of 1t.

Fimnally, I addressed an objection to the effect that the proposed methodology i1s
mcompatible with the thesis known as Revelation. According to the latter, the nature of color
15 revealed to us m ordinary color experiences. We construed the thesis as the conjunction of
two distinct ones, Self-intimation and Infallibility. The former states that, if 1t 15 in the nature
of the colors that p, then p will seem true after careful reflection on color expenence.
Infallibility 1s essentially the converse and holds that, if after careful reflection on color
experience, it seems to be in the nature of the colors that p, then 1t 1s in the nature of the colors
that p.
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Revelation 1s usually thought to entail that experience 1s the only source of evidence
regarding the nature of colors. This 1s why it stands i conflict with the newly proposed
methodology. According to the latter, empinical study of the phenomenon of color constancy
could tell us about the nature of colors. But this possibility 1s precluded by Revelation. If the
methodology at 1ssue 1s to be viable, we have to reject Revelation.

I presented and endorsed Allen’s cniticism of the thesis. If Revelation 1s true, then, for
any proposition p which 1s such that it 1s in the nature of the colors that p, it ought to be
relatively obvious to everyone carefully reflecting on their own color expenence that p.
However, we found many deep disagreements concerming such propositions in the history of
the field As an example, I focused on the existence and extension of the umique-binary
distinction. It was made clear that some hues which are thought unique (1.e., phenomenally
uncomposed) by some researchers i color science or philosophy are considered bmary by
others. If Revelation were true, we ought not to find such deep disagreements.

Remaining issues

One aspect of the present methodological advice that has not been addressed in the last
chapter concerns its relation towards the traditional methodology already mn place in the field
of color ontology. Such methodology notoriously includes inter alia the use of thought
experiments, phenomenological reflection on color experiences and appeals to nfuitions
regarding the nature of the colors. For instance, Jackson’s prime intuition 1s that red “is the
property objects look to have when they look red” (Jackson, 1996). Alternatively, we are
sometimes asked to pay attention to how our experience changes (or doesn’t) when colored
objects are brought indoors under a different illumination. For ease of discussion, let us call
this methodology Orthodoxy and the methodology presented in the last chapter New Proposal.
The question we now have to ask ourselves 1s whether New Proposal 1s supposed to replace
Orthodoxy or whether it is to be seen as an element to be added to it!**.

At the outset, it seems that there 1s nothing in the present work which seems to speak
to this 1ssue in one way or another. Nowhere i1s 1t argued that there 1s something at fault with
Orthodoxy or that some part of it should be deleted'®*. The minimal claim which is defended

193 Of course, as Orthodoxy already appeals to color science as evidence for certain colors ontologies (evidenced
by the Hilbert case), then New Proposal can be seen as propounding a change of focus that is of degree and not
of kind. That is to say, New Proposal would involve the claim that we ought to focus more on color science and,
in particular, on color constancy research and not that we should start focusing on it (which we have presumably
already done). More on this below.

1% Barring at least one exception. See below.
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15 that it at the very least cannot represent the whole picture methodologically speaking. This
claim 1s consistent with New Proposal replacing or being added to Orthodoxy.

One possibility 1s thus that New Proposal will replace Orthodoxy. In thus case, there 1s
of course the issue that the best of our color constancy theory will not be able to answer
certain questions we may have regarding color ontology. For instance, let us say that this
theory tells us that colors are either relational properties or fictional ones. If there 1s no other
source of evidence than color constancy theories!**, then our investigation into color ontology
would just end up there. It would be known that colors are either relational or fictional
properties. We would have narrowed down the options but would not have come up with a
defimte ontology of color.

Of course, some philosophers will be quite fine with that prospect. Others will not and
it 15 open to them to argue that this 1s why we need the usual tools of Orthodoxy. The latter
help us determine which of the remaiming contenders 1s 1n all likelihood the correct one. In
that case, although color constancy research (and perhaps color science as a whole) will
represent one source of evidence with regard to color ontology, it will not be the only source
of evidence. The likelihood that we will thus only narrow down the options i1s therefore
reduced. Barning further arpuments, 1t would seem adwvisable to opt for this weaker reading of
New Proposal. Our tentative conclusion 1s therefore that color ontology research should
evaluate the ontological claims motivated by the various main contenders in color constancy
research but that this i1s not the end-all-be-all of our mmvestigative endeavor regarding the
nature of colors.

Naturally, 1t may be argued that philosophers mn color ontology already pay attention
to color constancy research. The best example 1s to be found in Hilbert and Byme’s work but
other authors have also considered if not necessanly the research itself then at least the
phenomenon of color constancy itself and how best to explain 1t (see, e.g., Cohen, 2004). So 1t
may be claimed that New Proposal 1s actually not that new and there 1s nothing that 1s really
added to the current methodology 1f we accept 1t.

First, 1t may be conceded that New Proposal does not bring anything categonically
different to the table. It 1s a difference of degree, not of kind. Even though Hilbert and Byme
already believe that Maloney and Wandell’s theory is relevant to the truth of reflectance
physicalism, they believe that 1t 1s commonsense that first prompts us to accept color realism.
However, the proposed methodology first puts the emphasis on the color constancy theory, in

195 And maybe other fields in color science. As we saw in the last chapter. it is entirely possible that other areas
of research besides color constancy research (such as ethology) may have implications for color ontology.

167



this case, Maloney and Wandell’s, rather than on commonsense. Therefore, it asks us to focus
more on the theory of constancy itself rather than on other potential sources of evidence, at
least as a first step in research.

However, it has to be noted that the current methodology has actually 1gnored most of
the field of color constancy research. Barmng Chirimuuta’s article we discussed in chapter 3
and 4, philosophers have concentrated on the one theory of Maloney and Wandell’s theory,
leaving out important theories, such as Foster’s theory of cone-excitation ratios, and their
potential consequences for color ontology. This i1s also ewvidenced by the fact that some
philosophers act as though it was accepted by all the scientists mvolved that color constancy
15 to be understood phenomenologically, when there are a lot of dissenting voices m the field
(see, eg., Foster, 2003; Logvinenko et al , 2015; Valberg & Lange-Malecki, 1990; Zaidi,
2000). Consequently, New Proposal 1s also revisionary to current practice and perhaps not
only as a matter of degree.

In addition, New Proposal 1s not compatible with certain claims found in the current
research on color ontology. One main example 1s Revelation. Remember that, according to the
latter, the nature of colors 1s presented to us in standard color experiences. We saw in the last
chapter that, if Revelation 1s true, then New Proposal cannot be a viable methodology for
color ontology and vice versa. Revelation entails that, if some claim C 1s i the nature of the
colors, then upon careful consideration on our color expeniences, we should come to the
conclusion that C. However, if, say, Maloney and Wandell’s theory 1s correct and justifies
reflectance physicalism, then colors are (sets of) surface spectral reflectances. But this 1s not a
conclusion we could come to upon consideration of our color experiences. So New Proposal
does not entail that, mn research on color ontology, ‘anything goes’. Nevertheless, I would
argue that rejecting Revelation 15 a small price to pay to endorse New Proposal and the
various insights into color provided by color constancy theories.

We have arnived at the end of the present work. To conclude, I would like to pomnt out
that this project has been meant as an mvestigation of the methodological relationship there
may be between color science, especially color constancy research, on the one hand and color
ontology on the other. As has been said already (see, e g, Hardin, 1988, 2014), the latter field
has been more and more mformed by color science in the last decades. However, we do not
seem closer to an agreement than before we were thus informed. As Ross puts it, “the
traditional divisions remain because, although constraints from visual science have recently
been brought to bear on the problem of the constituting nature of color, this problem 1s not yet
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well constramned™ (Ross, 2001, p. 43). It 1s my hope that the theoretical resources developed in
this work help us see how to constrain the 1ssue further.
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Appendix A : linear models in color constancy research

In this appendix, I will explamn the fundamental pomnts of linear models as they are
used 1n color constancy research, most notably in the work of Maloney and Wandell (Brainard
et al, 1993; Maloney, 1986, 1999; Maloney & Wandell, 1986). This presentation may help
the reader get a better grasp of why their theory has been used by Hilbert and Byrne to
motivate reflectance physicalism 1f the material to be found mn the main body of the present
work 1s not enough to do so.

There are various points we have to cover in order to render justice to the theory of
linear models. First, there are various assumptions which need to be mn place in order for the
algonithm described by the theory to function correctly. Secondly, the processes the visual
system needs to perform to solve for constancy need to be described in a sequential way
which allows for a clear understanding of the dynamucs of the model. I address these points in
turn below.

Maloney and Wandell’s theory 1s set to describe a way to achieve color constancy in a
very simplified environment That environment 1s sometimes called a “flat-diffuse™
environment i the sense that 1t 1s bidimensional and that the 1lluminant within 1t 1s diffuse so
that there 1s no shadow or specular reflection present in the scene. As the complexity of the
environment increases, the theory will have to be modified to accommodate the
accompanying phenomena.

The theory also assumes that surface spectral reflectances can be approximated by a
linear combination of a small number of basis functions. Algebraically, this gives us:

k

RQ\) = Z?} B,()
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Where R(2) is the SSR of a surface, {B;(A)} are the basis functions and 7; are the coefficients
respectively assigned to those functions.

Simularly, the theory assumes that the same can be said for the scene illumunant’s
SPD:
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Where L(A)is the SPD of an illumunant, {E;(A)} are the basis functions and [; are the
coefficients respectively assigned to those functions. Although the following explanations wall
also apply to this modelling of illuminants, we will restrict our attention to the case of
reflectances.

The basis functions represent the fundamental dimensions along which an SSR can
vary. For any wavelength A along the visible spectrum, a basis function B;(A) specifies how
much light 1s reflected at that wavelength by a theoretical surface which would be correctly
described by that basis function. Basis functions are fixed for all scenes and assumed known
by the visual system. We can think of them as the building blocks from which more complex
SSR can be constructed. Later, we shall see an example to make this notion clearer.

Linear models also assume that the number of basis functions needed to roughly
approximate SSR. for achieving color constancy 1s quite low. Of course, a model which
presupposed an infinity of basis functions would perfectly replicate an overall reflectance. But
an infinity, or even a large number, of such functions would be totally unmanageable by our
visual system.

The coefficients or “weights” r; stipulate how much of each basis function B;(2)
contributes to the overall reflectance R(A). Simply put, they are numbers which scale the basis
functions and thus indicate their preponderance in the overall reflectance. As the basis
functions are known by the visual system and are fixed throughout scenes, knowledge of the
coefficients represents complete knowledge of overall reflectance.

The equation above thus says that a reflectance 1s approximated by scaling each basis
function (1.e., attributing a coefficient to it) and then summing all those functions together. Let
us take a simple example to make all of 1t crystal clear. Let us say that we have three basis
functions which are:

B; (1): reflects mainly in the longer wavelengths (roughly 600 to 700 nm).

B3(A): reflects mainly in the middle-length wavelengths (roughly 450 to
600 nm).

B3(A): reflects mainly in the shorter wavelengths (roughly 380 to 450 nm).
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Those three basis functions can be thought as the fundamental dimensions along which our
real, complex reflectances can vary or, alternatively, as the building blocks out of which we
can construct those reflectances.

Let us then imagine a surface whose reflectance we want to approximate. This surface
reflects, say, 60% of longer wavelengths, 48% of middle-length wavelengths and only 12% of
shorter wavelengths. We can thus express our real reflectance as:

R(A) = 0.6B;(A) + 0.48B,(A) + 0.12B;(A)

The coefficients in this case arery = 0.6, 13 = 0.48 and 3 = 0.12. We have therefore
reconstructed the real reflectance R(A) using a sum of weighted basis functions.
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Appendix B: A novel reason to pay attention to color constancy research

Introduction

In this section, I would like to spell out a reason we may have to consider color
science in general and color constancy research in particular if what we are interested in are
cenfral arguments and claims mn the field of color ontology. I will argue that a certam claim
regarding the perceptual processes involved i color vision 1s required by many pronunent
arguments i color ontology. More specifically, the claim at i1ssue concerns the form of the
outputs generated by color vision processing according to many color constancy theories. The
1ssue I will raise 1s that thus claim entails that certan theomes of constancy cannot be true,
which 1s a problematic consequence of the arguments resting on the claim In addition, strong
evidence for one of those theories could make us retlunk whether we want to accept those
arguments m the first place. This strong relationship between color ontology and color
constancy theories 1s n itself a reason to pay close attention to color constancy research as
philosophers, or so I will argue.

To be clear, the goal of the following reasoming 1s not to defend any given theory in
color ontology. Neither 1s it to defend a particular theory of visual processing. The aim 1s
rather to argue that philosophers who are mterested in usmg certain very prominent arguments
and certain central claims made in color ontology ought to pay attention to what 1s happeming
m color science and more specifically m color constancy research. Of course, many
arguments have been provided to that effect (see, as an important example, Hardin, 1988,
2014). However, to the best of my knowledge, the following reasoning 1s not one which has
already been defended.

Color ontology and a very commeon assumption
Cohen’s argument from perceptual variation and color contentfulness

The arguments we shall now look at are the argument from perceptual vanation and
the argument based on the existence of metamers, both of which are supposed to put pressure
on color realism'?®. The strategy will be as follows. After presenting the arguments, I will try
and show that they require a particular view of color experiences. In turn, the latter will be

196 More specifically, the latter is usually directed at reflectance physicalism specifically. This feature will not be
relevant for our current purposes.
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argued to require an explanation and the best explanation we can come up with is that the
perceptual processes responsible for color vision take a certain form Finally, 1t will be argued
that, 1f those processes actually take this form, then at least one particular theory of color
constancy cannot be true, which 1s a problematic consequence of the arguments discussed.

The argument from perceptual variation 1s Jonathan Cohen’s main tool for lus attack
on color realism and his defense of color relationalism (Cohen, 2004, 2009). In a nutshell, the
argument 1s as follows. First, Cohen mtroduces the notion of perceptual variation when it
comes to color and argues that it 15 widespread. In a second step, it 1s argued that color
realism could be compatible with this phenomenon only by making some ad hoc stipulations.
Since we ought to refrain from making such stipulations, by abductive reasoning, color
relationalism 1s true. We will now dig deeper in order to get a very precise formulation of the
argument. This will allow us to identify which claim it entails regarding color experiences.

To begin with, consider figure 1, which 1s thought to illustrate a case of simultaneous
contrast'®”_ If we were looking at a paper version of the figure, the two central strips would
have the same SSR. However, we admittedly do not see those strips as having the same color.
As far as I am concerned, the central strip on the left half of the figure appears greemsh
whereas the one on the right half appears mustard yellow. If we were to say that the two strips
are really just one strip moved around (which you could do, armed with a pair of scissors),
then we would conclude that the same strip looks greenish under certain viewing conditions
(here, a certain background) and looks mustard yellow under other viewing conditions (here, a
different background).

Figure 1. The two sirips appear to have
distinct colors, although they are in fact
identical

Cohen’s first point 15 that those cases of simultaneous contrast are not i1solated, rare
occurrences. On the contrary, simultaneous conftrast 1s ubiquitous. In addition, it represents

197 If the figure does not “work™ for her, the reader is invited to look at other examples of simultaneous contrast
on the web.
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only one example of variation in color perception and many other cases can be engineered
depending on whether you compare distinct color experiences of the same individual
(intrapersonal perceptual varation), of distinet individuals (mterpersonal perceptual vanation)
or even of distinct species (interspecies perceptual vanation). The bottom line in all three
cases 15 the same. There are distinct color experiences of the same object, each of those
mvolving the object appeaning a certan color and the latter varying with the experience in
question.

If colors were nonrelational properties of objects, Cohen argues, then we would have
to determune in which one of those experiences the object appears with its real color. That 1s
to say, we would have to choose one expenience as mvolving the correct appearance of the
color of the object. To understand this point, note that, if colors were nonrelational properties
of objects, then which color an object has would not involve factors beyond the object itself.
In the case of the colored strips above, their colors would be determined by the strips on their
own and not also by factors such as the properties of the background. Since the object 1s the
same object 1n all experiences, the factor determuning 1ts color, 1.e_, the object itself, does not
vary and so the color appearing in all experiences should remain stable. Yet it does not.

We therefore have to choose mm which of those experiences the color of the strip
appears as it truly 1s. In other words, 1s the strip green or mustard yellow? Unfortunately, there
15 no principled cnterion by which we could make that choice, or so Cohen argues. That 1s to
say, there 15 no unarbitrary set of reasons which could point in the direction of one experience
rather than the other. Choosing one of the two backgrounds as the background against which
the strip ought to be viewed would seem entirely unmotivated and ad hoc, for instance. If we
can avoid 1t, we should avoid ad hoc stipulation.

We thus face a hard choice. Whatever we say regarding one of the experiences of the
strip, we have to say regarding the other. For any of the two experiences, we could either say
that the color the object appears in 1t 15 a color of the object or that it 1s not. That 1s, we can
either say that the object has that color or does not have it. But then we have to say the same
for the other experience. Subsequently, either the object has both colors or 1t has neither. The
choice we face 1s thus between color eliminativism and color relationalism.

Although Cohen favors relationalism, the important point here 1s that color realism 1s
not an option. As construed here, color realism 1s commutted infer alia to the thesis that colors
are nonrelational properties. As we saw above, 1f colors are nonrelational properties, then, if
an object 1s colored, then this object has one and only one color. But the arpument from
perceptual vanation entails that this can be so only if we are ready to arbitranly stipulate
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under which conditions objects appear with their true color. As far as its first step 1s
concerned (1e., the one before selecting between eliminativism and relationalism), this
argument 1s thought to be a pretty strong attack on color realism.

In order to more precisely focus on some elements later on, let us display the argument
mn a more formal fashion. Given two color expeniences A and B mvolving a single object O:

1. In A, O appears a particular color C (say, green), in B, O appears a particular color D
(say, mustard yellow) and C 1s not identical with D (green 1s not identical with
mustard yellow)

2. O1s both C and D (the strip 1s both green and mustard yellow).

3. If color realism 1s true, O 1s either C or D but not both (the strip 1s either green or
mustard yellow but not both).

4. Therefore, color realism 1s not true.

We can see here that premuse 3 restates the notion that the truth of color realism entails that
color properties are nonrelational and that objects can therefore have only one color. Premuse
1 1s the description of a particular case of perceptual vanation. As an example, we focused on
the case of the strips against distinct backgrounds. The color experiences mentioned in
premuse 1 constitute a reason to accept premise 2, according to Cohen More specifically,
Cohen believes that if we do not have a reason to suspect that one of the expenences 1s
deficient in some regard, then we ought to accept them both as presenting color correctly'®®.
This 1s a consequence of the claim that we should avoid ad hoc stipulations whenever
possible!®.

At this pomnt, 1t 1s important to poimnt out that we are not to focus on whether the
argument goes through or on the truth of any particular premuse. I would rather like to
concentrate on the requirements of the argument if 1t 1s to work. That 1s to say, i1f we admut
that the arpument goes through, what does it require to be true and, more specifically, what
kind of account of color experience does 1t require to be true? As the latter notion 15 really
only used in the first premuse, this 1s the prenuse we shall now focus on. So we have to ask
ourselves how we ought to understand the notion of color experience used in premuse 1 n

order for the latter to represent a very good reason to accept premise 2°%.

1% Ag far as the option of rejecting them both is concemed, Cohen has a distinct argument to evade that
possibility and thus counter eliminativism.

1% Combined with the claim that eliminativism is inferior to relationalism_ which we will not cover here.

0 In conjunction with Cohen’s argument to the effect that we have no principled criterion to choose one
experience over the other as contaiming fhe correct appearance of the object.
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In order for Cohen’s argument to work, I take it that 1t 1s safe to assume that there
must be some kind of conflict between the color experiences at 1ssue and color realism. The
argument asks us to choose between the two experiences the one which correctly portrays the
object. But 1t could not ask us to do so if the expeniences did not purport to tell us anything
about the object. In turn, that they tell us something about an object means that they have a
content that 1s assessable for truth or falsehood. That 1s, in order for the argument to work,
color experiences must have a content®!.

However, 1t will not be enough that color experiences have a content. The color part of
the experience must consist 1 an attribution of a property, namely, the color, to an object. In
other words, in a color experience, an object appears fo be a certain color. Let us call this
requuirement color confentfulness (or CC, for short) My pomt here is that, if Cohen’s
argument goes through, then CC must be true. If CC were not true, no conflict could emerge
between the color experiences at 1ssue and the statement of color realism In that case, it
would be possible for color experiences to have a content n such a way that the color aspects
of the experience do not purport to attrbute a property to an object. Subsequently, Cohen’s
argument can go through only 1f CC 1s true.

The argument from metamers and color contentfulness

Before we analyze this requirement further, I would like to make a detour and argue
that CC 1s also a main ingredient of another central argument m the philosophy of color,
namely, the argpument from metamers. According to the latter, color realism 1s incompatible
with the existence of metamers, roughly, surfaces with distinct SSRs which appear to have the
same color. Since we have very good empirical reasons to believe that metamers exist, we
have to give up color realism. I suggest that we now take a closer look to the argument in
order to see whether, like the arpument from perceptual varation, it presupposes CC.

Remember that metamenism 1s a perceptual phenomenon that results from the fact that
we have but a small number of kinds of photoreceptors. Because we are trichromat, the color
signal our eyes recerve 1s ultimately reduced to a three-value signal the cone signal
Consequently, if two color signals result i the same cone signal, that 15, have the same three
values of cone activations, they will be mdistinpgmshable.

More specifically, light metamerism refers to the fact that hights with different SPDs
will be indistinguishable as long as they result in the same color signal. In our case, the latter

201 T will henceforth assume that, if an experience has content, then that content is the kind of thing which can be
true or false. In other words, I will assume that experiences which have contents have veridicality conditions.
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will be a three-value signal but it will vary according to the number of cones present in the
species under consideration (e.g., five for pigeons which are pentachromats, two for most
mammals). Light metamensm 1s a very well-documented phenomenon (Jameson & Hurvich,
1989; Kuehni, 2013; Luo, 2016; Shevell, 2003; Worthey, 1985).

The argument from metamers does not rest on light metamerism and we shall thus not
consider this phenomenon any further We will therefore focus on the notion of surface
metamenism. Surface metamerism refers to the fact that two surfaces with different SSRs can
be mdistingmishable 1if the color signals reflected from their surfaces result in identical cone
signals. However, if the viewing conditions change, the respective cone signals mught then
differ and the surfaces no longer be indistinguishable*®*.

Whereas in the case of light metamenism there 1s no sense in talking about a scene or
background (the lights are directly projected in the observers’ eyes and thus they do not see
anything but the lights), surface metamerism requires that the surfaces be perceived under the
same viewing conditions and mn particular against a single background under the same
illuminant. If a surface S 1s 1 a scene illuminated by a given illunminant, another surface T 1n
a scene lluminated by another illuminant (that 1s, a spectrally different one) and both S and T
yield the same cone signal, they will not usually be indistinguishable. This 1s due to the fact
that the wisual system, m supposedly ascribing a color descriptor to a surface, takes into
account the spectral properties of the neighboring surfaces in the scene (and, probably, other
scene statistics, such as the chromatic scene average) as well as the surface under
consideration. Two identical cone signals in differently illuminated scenes will thus not
usually be mdistinguishable.

To understand how the 1ssue for color realism arises, let us consider a simple case of
metamenism. You are looking at two pieces of textiles under artificial light, perhaps part of a
t-shurt and part of a shirt. Both 1tems appear 1dentical m color as far as you are concerned and
appear a very vivid shade of green. Unbeknownst to you, however, the dye which has been
applied to the t-shirt consists of different pigments than the one of the shirt. That 1s to say,
even though both pieces of textile appear vivid green, their SSRs are different.

However, according to reflectance physicalism (RP, for short), colors are SSRs. In that
case, if two SSRs are distinct, then they are distinet colors and vice versa. But this seems to be
confradicted by our textile example. The t-shirt and the shirt appear the same shade of green
but their SSRs differ. As RP entails that this ought not to occur and we have strong empirical

2 Surfaces which are indistingnishable under any illuminant are called isomers and have the same SSR.
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reasons to believe that surface metamerism 1s a common phenomenon, we have to abandon
RP. Surface metamerism seems to represent a counterexample to the central claim of RP.
Again, the point here 1s not to determine whether the argument 1s sound or whether its
premuses are true or false (but, for the interested reader, see Byme & Hilbert, 2003, 2020;
Hilbert, 1987, Kalderon, 2008). We want to concenfrate on the requirements of the argument,
more specifically, on what its premuises tell us about color expenience. To do so, I suggest we
use a more formal rendering. If we stay with the features of the textile example descnibed
above, we can put it in the followmng way. Given a color experience A of an object O and
another color experience B of another object R-
1. In A, O appears a particular color C (say, a particular shade of vivid green) and m B, R
appears C.
2. If RP is true, if O and R have the same color, then O and R have the same SSR (if the
shirt and the t-shirt are both vivid green, then they have the same SSR).
3. O and R do not have the same SSR (the pigment of the shirt and that of the t-shurt are
spectrally different).
Therefore, if RP is true, O and R do not have the same color.
If O and R. do not have the same color, then etther O 15 not C or R 1s not C.
O 1s C and R 1s C (both the shart and the t-shurt are vivid green).
Therefore, RP 1s false.
Premise 1 1s the description of the particular case we have described above. Premuse 2 1s a

NS A

consequence of the way we have construed RP here. Premise 3 1s a stipulation and with
premuse 2 yields premuse 4. The fifth premise merely represents the fact that if the shirt and
the t-shirt do not have the same color, then only one of them can be vivid green. However, as
far as we can tell, the evidence we have that the t-shirt 1s vivid green 1s the same kind of
evidence we have in the case of the shirt. That 15, premuse 1 1s a reason to accept prenuse 6.
We thus ought to accept this last premise.

We can tell here again that if CC 15 required by the arpument, 1t will be through the
usage of the first premise that 1t will be so. So the question then comes down to how we are
supposed to understand the color experiences mentioned in that premise in order for the
argument to work. If we can show that the understanding of color experiences which was
required for the argument from perceptual vanation to work 1s the same which 1s needed here,
then we will have demonstrated that CC 1s also a central presupposition of the argument from

metamers.
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In order to do so, we can look at the role which premuse 1 1s supposed to play in the
argument. As we saw, it 1s supposed to motivate prenuse 6. Or, rather, 1t 1s supposed to do so
m conjunction with the fact that we have no reason to select one of the two objects, O and R,
as the one which ought to appear C. We should thus focus on the conditions required for there
to be a need to perform that selection. To do so, I suggest we try and understand where the
pull of the arpument comes from.

As we understood RP, it entails that two objects with distinct reflectances have distinct
colors. However, our color experiences in the textile example seem to be telling us that two
such objects have the same color. So the choice 1s thus to either reject RP or claim that one of
the experiences does not correctly portray the relevant object. In the latter case, either O or R
would mncorrectly appear as C. The pull of the argument comes from the fact that we have no
reason to favor one color experience over the other. In a simmlar fashion to the argument from
perceptual vanation, there 1s no principled criterion by which we could make that choice.

I take 1t that it 1s clear by now that the argument from metamers requires the truth of
CC. If the content of color experiences was not that an object (or some objects) appears fo be
a particular color, premuse 1 could not motivate us to endorse premuse 6. Appearing red
means, n a color experience, appearing to be red. If this 1s true, then we mndeed have to
choose between characterizing one of the experiences (or both) as one mm which an object
appears to be a color which 1t in fact does not have or reject RP. The argument from metamers
requires that CC be true.

Before we dig deeper mnto CC, I would like to suggest that, m all likelihood, 1t 15 found
m many more arguments in the field of color ontology. In a nutshell, any argument which
requires that appeanng colored in a color expernience just means appeaning to have a particular
color will automatically require CC. That 1s to say, the content of color experiences must be
analyzed as “this object 1s C”, where C 1s a color. Of course, CC will also be found in certain
mfuitions regarding color and particular conceptions of the problem of color. For mstance,
Jackson argues that our prime mtuition about color 1s “sumply that red 1s the property objects
look to have when they look red™*® (Jackson, 1996). Similarly, Boghossian and Velleman
concerve of the problem of color in a way which essentially entails CC. It 1s best to quote

them at length:

“The role in which colors command attention, of course, 15 their role as the
properties attributed to objects by a particular aspect of visual experience.
They are the properties that objects appear to have when they look colored.

3 And so on for the other colors.
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What philosophers want to know 1s whether the properties that objects thus
appear to have are among the ones that they are generally agreed to have in
reahity ” (Boghossian & Velleman 1991, p. 68)

Here 1t 1s clearly stated that, if a color appears to one 1n one’s experience, then it does so as a
property of an object. In another article, the two authors go as far as saying that “to say that
the phrase 'seeing a thing as red' describes a seeing event as having some adverbial property
rather than as having the content that something 1s red [...] does unacceptable violence to the
concept of visual experience” (Boghossian & Velleman, 1989, p. 82). The nght way to
concerve of a red experience, they continue, 1s as an experience whose content 1s that “the
object m question 1s red; and so the expenence represents an object as having a property.” A
color experience 1s an experience with the content that an object has a color. CC therefore
appears to run deep in central debates in the ontology of color.

The explanation of color contentfulness
The attributivity of color contentfulness

We are now 1n a position to try and determine whether CC entails any particular view
of color vision, understood as the object of study of (part of) color science. Note that the point
here 1s not to determine whether CC 1s true, false or which kinds of reason we could have for
holding it. The point 1s rather to determune whether 1t imphies particular claims regarding the
perceptual processing responsible for color vision. The following should thus not be seen as
an attack on CC or a defense of it

At the outset, 1t has to be admutted that there does not appear to be any logical
consequence of CC which directly concerns color vision as understood. There 1s no logical
route from CC to a particular claim regarding color vision, its function or the perceptual
processing responsible for it. A consequence of this is that there 1s no entailment from CC to
the explanation we provide for color constancy. However, I would like to argue that, when we
consider how to explain 1t, the best available explanation 1s one which mvolves a substantive
claim regarding those subjects. Moreover, this claim may actually put pressure on certain
theories of color constancy, which makes CC a heavy burden for whomever endorses it.

The first step, then, 1s to argue that, if CC 1s true, then 1t does not count as a brute fact.
There 1s an explanation for CC. In other words, there 1s an explanation as to why color
experiences are such that CC 1s true. Later on we shall restrict ourselves to only one of the
properties color experiences have were CC to be true and to the explanation of color
experiences having that property. However, for the time being, I believe that this point would
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be quite the uncontroversial one. CC would not count as the kind of facts which i1s an
unexplainable element of our world. If 1t 1s true, 1t 15 frue in virtue of other facts, and the latter
represent an explanation as to why 1t 1s true.

I would like to argue that those facts concern the perceptual processes responsible for
color vision. The phrase “perceptual processes responsible for color vision™ refers here to the
array of processes studied by vision scienfists and which mvolve the use of the discovered
chromatic pathways (such as the cones and their opponency due to the arrangement of retinal
ganglion cells). For mnstance, when scienfists propose an algorithm to account for our ability
to be color constant or a mechanism explaiming simultaneous contrast, they are studying those
perceptual processes’® My proposal, then, is that CC could only be explained by those
processes having certain properties.

More specifically, in order for CC to be true, at least some of those processes must
have outputs which have a certain form, namely, one which mimics the form of the content of
color experiences. If we consider CC carefully, we can see that it entails that the content of
color experiences 1s of an attributive form. The content of a color experience 1s attributive iff
that content 1s that an object (or a plurality of objects) has a particular property. To see this,
note that CC claims that the content consists in an attribution of a property to an object. In the
case of color experiences, that property 1s obviously thought to be a color but what I would
like to focus on here is that, according to CC, the experience’s content is attributive®®.

Note that, if CC entails that color experience are attributive, this 1s not a negligible
entailment. In that case, it would run counter to some theones of color. Most notably, the
attnbutivity of color experiences would be incompatible with adverbialism about color.
According to the latter theory, colors are ways of seeing objects. For mstance, even though we
may think that we see an object as purple, our experience 1s better characterized as seeing an
object purply. Purple 1s a way of seemg the object, not a property of the object itself If this 15
true, then 1t appears that color experiences are not attributive after all.

It may smularly be claimed that the attmbutivity of color experiences would be
mcompatible with naive realism. According to naive realism, having a color experence
consists 1n being directly presented with a color. The color i1s not represented in the
experience, nor 1s it being seen mdirectly through the mediation of a sense datum. The color

24 Of course, if luminance vision is intertwined with color vision, then it is likely that many tasks which involve
luminance vision will also involve color vision (Akins, 2014; Akins & Hahn 2014). In that case, many if not all
visual tasks would mvolve color vision. Even if that were true, the present argument would not be significantly
affected.

205 T will use “the content of the experience is attributive™ and “the experience is attributive™ as interchangeable
in the present context.

182



itself 1s part of the experience. It might thus be thought that, since the experience involves the
object 1tself and its properties, there 1s no attrnibutive content in addition to the object itself
However, note that naive realism can be conceived as an explanation of the fact that, m
experiences, objects appear to us in particular ways. If one of those ways of appeaning to us
mclude appearing colored, then naive realism may not be incompatible with CC, since the
latter could be formulated in a way which implies that perceptual experiences do not have
content. Naive realism 1s therefore seen as an explanation of infer alia the fact that objects
appear colored. In addition, naive realists may want to claim that not only are the color and
the object part of the experience, the color 1s presented as pertaining to the object. In that
sense, the attributive component of the experience would be presented to the subject. If this 15
true, then this 15 another reason CC 1s not incompatible with naive realism.

Color contentfulness and perceptual processing

When 1t comes to the perceptual processing of color vision, it can also readily be seen
that some processes are argued to possess an output which is also attributive’®_ For imstance,
Maloney and Wandell argue that the output of the algorithmic process responsible for color
constancy consists in an attribution of a particular set of weighted basis functions to a
particular object (Maloney, 1986, 1999; Maloney & Wandell, 1986)*°"_ Or if a process’ output
15 that a particular edge m the scene viewed 15 of a certain degree, then that output would have
an attnbutive form. Anytime the output of a perceptual process 1s that an object viewed has
such-and-such property, the output 1s attributive.

A qute straightforward proposal at this point would be that the attributivity CC claims
color experiences display 1s explained by the presence of attnbutivity in the perceptual
processes responsible for color vision. Color experiences would be attributive because some
parts of those processes are attributive. More specifically, they would be attributive because
the outputs of certain of those processes are attributive. One way this explanation could be
fleshed out would be to say that, in having a color experience, I am becoming aware of some
of the outputs of those processes. The content of color experiences 1s none other than (a
particular set of) the outputs of certamn perceptual processes. Or one may say that those

06 Even though it might be said that it is the content of the output that is of an attributive form, I shall restrict the
term “content™ to experiences only.

27 Note that Maloney and Wandell's theory does not address the difficult question of what it means for a neural
process to refer to a particular object and to say of that object that it has such-and-such property. As their work
does not operate at this level (ie., the level of neurological implementation), this matter still remains to be
elucidated.
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outputs are co-opted in the creation of the content of color experiences and that the
attnbutivity of the latter 1s based on but not identical with the attnbutivity of the former.

This would be one way to explain CC>®_ If that explanation were true, CC would
follow from color processing having a certain form and an awareness of the output of this
processing. However, as a reductio, consider what would happen if the perceptual processes
responsible for color vision did not display any attnbutivity. In that situation, there i1s no
perceptual output in color vision of the form “object O has property Q”. No object 1s
categorized or described as having a certain property’”. For instance, Maloney and Wandell’s
theory 1s incorrect and no weighted set of basis functions 1s attributed to an object.

In addition, suppose we accept the very common assumption that color experiences are
mstances of perceptual experiences. It 1s usually admutted that such experiences occur prior to
any belief formation. In that way, 1t can be understood how they come to justify beliefs, and
not the other way round. I believe that the cat 1s on the mat because I have a perceptual
experience with the content that the cat 1s on the mat, and not vice versa. If this 1s true, then
the properties of perceptual experiences do not depend on the properties of the resultng
beliefs since I could have a perceptual experience without the corresponding behief. In tumn,
the eventual attributivity of perceptual experiences cannot be explained by the attnbutivity we
commonly think beliefs display.

If perceptual processing does not display any attributivity and the attributivity of color
experiences cannot be explained by that of beliefs, then I would argue that it 1s utterly
mysterious how CC could be true. If CC entails that color experiences are attnibutive in the
sense at 1ssue, and this attributivity 1s not explained by a smmilar property of perceptual
processes, 1t 1s entirely unexplainable. However, I argued that CC 1s not a brute fact. So 1t
must have an explanation. The outputs of the perceptual processes responsible for color vision
must therefore be attributive.

If perceptual processing 1s attributive, then this constrains the form our theornes of it
can take In particular, I would like to argue that it constramns the form our theories of color
constancy can take since, if there 1s attributivity in perceptual processing, then 1t 1s most likely
to be found in the processes responsible for color constancy. It 1s indeed sometimes assumed
that color constancy consists in the constancy of the color descriptor which 1s atfributed to an
object. If a particular descriptor 1s attributed to an object under all scenes regardless of their
composition (regarding, e g, the illumination at 1ssue), then that attribution 1s determined only

208 Or at the very least, the attributivity of CC.
0% This is not to say that there are no processes that will do so, only that they will not be at a perceptual level.
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by the unchanging properties of the object and is therefore constant®'? *!!. Here it is clear that
the outputs of the processes responsible for color constancy would be attnbutive.

However, this 1s only one way of conceiving of color constancy. There are other ways
which do not mvolve the claim that descriptors are attributed to objects in the course of
achieving constancy. For mstance, Zaidi’s orginal theory, which we touched on in the last
two chapters, states that color constancy 1s achieved through the direct identification of the
same object across illumination changes (Zaidi, 1998, 2000). The output of the processes of
color constancy 1s not that an object has a particular property which does not change with,
say, illumination. On the contrary, it 1s that one object mn a given scene 1s qualitatively
identical with another object in another scene, where this identification 1s not mediated by the
determination of the unchanging properties of either of the objects.

Remember that Zaidi’s theory only had the wvisual system operate on chromaticities.
The latter refer to individual color signals and thus conflate information pertamning to the
illuminant and the surface at 1ssue. For mnstance, a blue surface under a white light would emut
the same chromaticity as a white surface under a blue light?'?. In the case of two scenes with
the identical number of chromaticities mvolved, the wvisual system would just order the
chromaticities of the two scenes according to their cone-opponent excitations and match the
chromaticity that scores the lowest on those excitations to the chromaticity scoring the lowest
in the other scene, the second lowest with the second lowest, etc ">

In the case i which the set of chromaticities in one scene 1s a subset of the set of the
other scene (and the number of chromaticities 1s thus less in the first than in the second
scene), the visual system will first perform a hypothetical matchmng of one chromaticity in one
set with some other chromaticity in the second set. Having done so, 1t will be able to make an
estimate of the shift in illuminant chromaticities®'*. Using this estimate will allow for the
transformation of the other chromaticities mnto the relevant chromaticities under the second
tlluminant. The wisual system will estimate the distance between this transformed

A0 Of course, this is consistent with the fact that, in situations in which we are not perfectly constant. the
attribution does not only depend on the unchanging properties of the object. The attribution is so to speak
“infected” by other variables. The important point here is that, even in cases of imperfect constancy, a descriptor
is still attributed fo an object.

A1 The term “unchanging” is used here instead of the more contentious “intrinsic™ although they do not differ in
spirit.

2 Provided the SSR of the blue surface is described by a curb that is indistinguishable from the curb of the
white illuminant’s SPD and similarly for the white surface and blue illuminant.

13 This is quite effective since there is a very strong correlation between the respective cone-opponent
excitations of an object across illuminant changes. For more information on this, please see the discussion of
Zaidi’s theory in chapter 3.

214 This shift being equivalent to the shift in chromaticities.
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chromaticity and the corresponding actual chromaticity observed. The sum of the distances
for all chromaticities will represent the error of the model. As this sum increases, so does the
error of the model. The visual system will then iterate this procedure by matching the same
chromaticity m the first set to another one in the second for all possible combinations. The
model mimnuzing the error will be chosen as the one describing the correct equivalence of
chromaticities.

I take it that 1t 15 clear that this procedure does not involve the determination of the
unchanging properties of any object in the two scenes’’>. Even when it comes to the
illuminants, the only conclusion the visual system reaches concerns the relative shifts in cone-
opponent excitations due to the illuninant change. Zaidi’s theory therefore does not appear to
mvolve attributive processes.

However, it may be countered that Zaidi’s algonithm does include attributivity. The
first step actually consists in the attnbution of a chromaticity to a given object. Moreover, the
rest of the process will refer to objects by using the respective chromaticities which have been
associated with them So the process mvolves attributive elements. However, this reasoning
assumes that we can be aware of not only the outputs of our perceptual processes (the end
products) but also of the inputs and/or intermediate steps.

But this 1s not usually believed to be the case. Smce Helmholtz (Peddie, 1926), it has
usually been adnutted that, 1f we are aware of any part of our perceptual processes, then we
are aware of their conclusions. This 1s the traditional thinking behind the notion of
unconscious inference. According to Helmholtz’s original idea, all of the inferential steps of
visual processes are parts of subpersonal functioning to which we are not privy. When the
mference 1s completed, however, we become aware of the conclusion of the process,
unconscious of the complexity of the steps leading up to it. If this 1s an accurate picture of
what 1s going on, then the attnbutivity found in the processing steps prior to the outputs of
Zaidi’s algorithm cannot be used to explamn the attmbutivity color experiences display
according to CC.

If CC 1s true and 1t 1s explained by the attrbutivity of color constancy processes, then
this at the very least puts pressure on Zaidi’s theory, making it an unlikely candidate for the
explanation of color constancy’'®. I take it that this is an unwelcome result of our
mvestigation mnto some central arguments in color ontology. Since those arguments appear to

215 For more information on this particularity of Zaidi’s theory, please see chapter 5.

218 Of course, there might be ways to modify or add to Zaidi’s theory in a way that this becomes a non-issue. But
this is exactly my point: the best explanation we can have of a central requirement of prominent arpuments in
color ontology (that is, CC) constrains what answers we are allowed to get in our research on color constancy.
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require that our explanation of color constancy takes a certain form (namely, involves an
attnbutive element as part of some of its outputs), this represents a very good argument for
philosophers working on color ontology to pay close attention to the scientific research on
color constancy and how 1t turns out.
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