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In this commentary I focus on Seppalainen’s discussion of Churchland’s take on the 
‘standard model’ (SM) of color experience. I argue that Seppalainen has misunderstood 
the argumentative goal of Churchland’s paper and not evaluated the SM properly in light 
of the data from Webster and Mollon (1994). This is a great example of the different 
reactions to a work that come about from people who are sympathetic (myself) as 
opposed to antagonistic (Seppalainen) to its main claim. Unfortunately Seppalainen’s 
article is also an example of the misunderstandings that can arise because of the 
‘serious demands’ Churchland’s works place on the ‘scientifically marginal reader’. An 
example of a confusion, which has little argumentative impact, is Seppalainen's claim 
that Churchland ‘creates novel colors by subjecting colored after-effects to simultaneous 
color contrast and perhaps other anomalous phenomena (e.g., assimilation).’ 
(Seppalainen 2011, p. 7). This is mistaken. Such after images are elicited by fatigue in 
opponent channels in the visual system.1 Although this error is not significant, there are 
others that do undermine Seppalainen’s claims.  In particular it seems that Seppalainen 
has misunderstood Churchland’s primary argumentative goal and has failed to 
appreciate that the sometimes oversimplified “standard model” of the neural basis of 
color experiences that Churchland presents can and has been elaborated to 
accommodate the putative falsifying data. 
 
Before looking at the putative falsification I want to examine some confusions that are 
more theoretical or conceptual in nature. One of Seppalainen’s main goals is to 
demonstrate ‘that some of Churchland’s predictions have already been falsified in 
experiments’ (p.1). This would be a valid criticism of the argument in the paper only if 
Churchland’s goal was to argue for the account by demonstrating it makes true 
predictions. However, it seems clear that this is not Churchland’s goal. Rather his goal is 
to show that it is possible to do the supposedly impossible: 

We began by confronting the philosophical claim that no physical theory 
could ever yield specific predictions concerning the qualitative nature of our 

                                                             
1 The effect is not due to simultaneous color contrast as contrast moves the appearance of the central 
color away from that of the surround. So if contrast were in play the e.g. blue afterimage on the black 
surround should be moved away from black in color space i.e. it should appear lighter than it does when 
viewed on a white background. The effect is in the right direction to be an example of assimilation, but 
assimilation is unlikely to be in effect here as it tends to occur in much more spatially complex stimuli. 



subjective experience. And yet here we have before us a theoretical initiative 
that yields precisely the sorts of predictions—in qualitative detail—that were 
supposed to be impossible.’ (Churchland 2005, p. 56) 

In other words, the point is not to argue for the identity of phenomenal space with 
neural activation space (and thereby phenomenal colors with patterns of 
activation). Rather the goal is to show that our current understanding of the neural 
basis of phenomenal colors demonstrates that it is possible for a physical theory to 
explain the phenomenal. Churchland’s argument here is with dualists. 

Seppalainen seems to acknowledge that Churchland’s goal could be conceptual. 
He writes: ‘For him [Churchland], it is enough that a physical theory can be shown to be 
able to yield predictions including novel ones about the qualitative nature of subjective 
experience (bid, 193-4)’ (p.8). But, he rules this out as the main goal of the article: ‘does 
this not degenerate the debate to a conceptual one consisting of conceivability 
arguments that Churchland and (us) other naturalists despise?’ (p.8). 

This view of the naturalistic method and goals seems mistaken. Naturalists often 
make conceptual points and in doing so are not violating their naturalism. After all, in 
theoretical work scientists also make many conceptual points and they aren’t thereby 
doing ordinary language philosophy (see for example Leslie and Thais’ 1992, work on 
theory of mind)). What distinguishes naturalists from conceptual analysts is that they 
believe that empirical discoveries can bring about radical conceptual change such that 
conceivability arguments tell us about our current understanding of a phenomenon not 
the phenomenon itself. Churchland’s article is a case in point. It has been claimed that it 
is inconceivable that a physical theory could make precise predictions about 
phenomenal experiences. In response Churchland draws on current scientific research 
to demonstrate that it is not only conceivable, but also possible for a physical theory to 
make precise predictions concerning the nature of our experiences. 

Another confusion seems to arise in the discussion of Churchland’s claim that the 
prediction of chimerical colors is novel. In response to this Seppalainen says that:  

Identifying the same structural relation(s) across even admittedly new color 
qualia is not a novel task with respect to the structural features of color 
phenomenology. Regardless of how novel the colors are with respect to 
everyday color experiences, they are not novel predictions for or from the 
psychoneural identity hypothesis. That is merely applied to new 
circumstances.’ (11) 

However, Churchland is not saying that the predictions are novel in that they go beyond 
previous applications of the theory; rather the claim is that they are novel in that the 
predictions would not have been made without this theory. This is clear in Churchland’s 
analogy with the case of light. The prediction that there is invisible light is “merely” an 
extension of the EM identity. That is, it is the identity ‘applied to new circumstance’. But, 
as Churchland points out, what is surprising and novel about the prediction is that it was 
only motivated by the EM identity and the prediction, when made, was conceptually 
“incoherent”. Similarly, the prediction that there can be an experience of a blue that is 



darker is a conceptual “incoherence” that does not follow from analytic intuitions about 
color experience. 

Moving on to look at the presentation of the theory itself, Seppalainen seems to 
suggest that the reasoning behind the identification is: Color space has an opponent 
structure, neural processing is opponent, so they must be identical (pp.4-5). This 
confusion is understandable because the neural side of SM is not stated clearly. But, it is 
clear that this is not the identity Churchland is presenting. In particular he is suggesting 
that individual phenomenal colors can be identified with patterns of activation in a neural 
network (which can be represented as coding vectors) because the activation space of 
the relevant neural network is isomorphic to phenomenal color space. Although the 
anomalous experiences are elicited via fatigue in opponent processing channels, the 
predictions about the sorts of experiences elicited arises from a hypothesis about the 
detailed structure of phenomenal color space, not merely its opponent structure. For 
example, the prediction that hyper-colors will occur arises from the fact that only the 
patterns of activation that are the unique hues are at the edge of the space.  

Appreciating that there is more to SM than opponency also enables us to see the 
richness of the explanations it affords. The account of phenomenal colors provided by 
the standard model (SM) is much more detailed and justified than that which is 
established in light cancelation experiments. Light cancelation experiments merely 
establish opponency, namely that red and green, and yellow and blue are opposite 
colors. Information regarding the detailed structure of phenomenal color space has been 
obtained by collating just noticeable difference judgments and similarity judgments more 
generally. It is because of such experiments that we have found, for example, 
asymmetries in color space. For example, the most saturated blue is darker than the 
most saturated yellow. Similarly it is because of such data that we know that 
phenomenal colors can be mapped in a (probably) three dimensional space in the first 
place. This is important to appreciate because simply focusing on the opponent 
channels established by light cancellation experiments can mislead one into thinking 
that there is not much relational data concerning color experiences to be accounted for 
in the first place. Obviously accounting for a richer space is a much more difficult task 
than accounting for a simple space. The ability of the SM to account for the fine-grained 
details of phenomenal color space is, as Churchland points out (p.538), the main reason 
for taking the identity seriously. 

 But perhaps Seppalainen’s focus on opponency arises because he thinks that our 
understanding of color processing in the visual system is entirely based on opponent 
processing. This is a mistake. For example, multi-voxel pattern analyses of fMRI data 
have demonstrated that neural activation space (as represented by similarities in the 
spatial distribution of voxel intensity) resembles phenomenal space (Brouwer and 
Heeger 2009; Weil and Rees 2010). This is clearly evidence for the proposed identity 
that clearly goes beyond opponent processing (for more examples see Schier 2009).  

What about the proposed falsification? To be fair, although Churchland’s goal is 
not to argue for the identity it is reasonably clear that he is at least sympathetic to the 



SM that motivates the identity. Although Seppalainen’s claim to have falsified the 
account does not undermine Churchland’s argumentative goal, it is certainly a claim that 
would not sit comfortably with Churchland. It is important to see that the data that 
Seppalainen presents is not at odds with the standard model, but actually explained by 
it. The problem is that it is a mistake to read the SM as presented by Churchland as 
being complete and detailed. In particular I think Churchland has presented a simplified 
sketch of the model that is sufficient to make his conceptual point. To be fair, if 
Churchland were trying to argue for SM, as Seppalainen thinks he is, then it would be 
reasonable to expect Churchland to present a fully detailed account. However, given 
that this is not his goal; the oversimplification is not only acceptable, but necessary to 
make the paper accessible. Nevertheless I will explain how a more detailed version of 
the position as presented by Churchland can easily accommodate the supposed 
problematic results. 

Seppalainen claims that SM predicts that after effects will always be in a direction 
that is directly towards (and usually through) the central grey point from the habituated 
color.  

‘For him, [Churchland] predictions are displacements of “coding vectors” in 
directions that are “directly opposite” in a standard color space; the color of 
the after-image “must always be located toward a point in the color spindle 
that is exactly antipodal to the original color stimulus.” (ibid, 176)’ p.7 

This is certainly how Churchland presents his examples. Seppalainen then rightly 
points out that (Webster and Mollon 1994) have shown that the effect of 
afterimages need not be directly antipodal to the original color. But this does not 
undermine the full version of SM. First of all, the way they diagram the 
transformations suggest that Webster and Mollon assume that color space is 
Euclidean. But it is far from clear that color space is Euclidean (Kuehni 2003b; 
Kuehni 2003a). Importantly the antipodal point in a Euclidean space need not be 
the same as the antipodal point in a non-Euclidean space. The problem is not be 
that the identification is false, but rather that the identified spaces are non-
Euclidean. Alternatively, as Webster and Mollon suggest (and as Seppalainen 
acknowledges), it need not be the case that there are no opponent channels in the 
cortex, rather it may simply be either that there are more than three channels or 
that they do not adapt independently (Webster and Mollon 1994, p. 2014). 
Importantly these details need not undermine the identity; they just change the 
nature of the spaces being identified. In other words, the very data that 
Seppalainen claims falsifies Churchland’s hypothetical identity are explained by 
the detailed SM which motivates the identity. 
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