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Statement of thesis 

The purpose of this dissertation is to explore varieties of visual perceptual 
representations that have not previously been considered properly part of perception. 

In particular, I focus on two varieties of anticipatory visual representations: visual 
perceptual expectations and visual feature-based attentional states.1 

I say that these states have not been previously considered part of visual 

perception, but the reality is that anticipatory states have been, as a whole, under-
examined in the philosophical literature on perception. I think that this is because it is 

natural to think of visual perception as representing what one sees (consciously or 

otherwise), and to think of what one sees as a representation of some subset of what is 

before one’s eyes now. 2 That is, it is natural to think that visual perceptual 
representation, and likely perceptual representation generally, is going to be 

constitutively stimulus-dependent. Anticipatory representations, on the other hand, 
almost by definition represent what is not currently present to one, but what is (likely) 

about to be present.3 So if perception is definitionally stimulus-dependent, then 
anticipatory representations are ruled out of perception by fiat. 

A central claim of my thesis is that this plausible understanding of visual 
perception is false: a full understanding of visual perception must include certain other 

sorts of representations that are not stimulus-dependent; sorts of representations that 

are not formed from current sensory stimulation and do not represent the here-and-
now. It must include representations that anticipate the perceptual future. 

 
1 It is of course unnatural at this point in psychological science to call attention a state, 
or an instance of attending a representation, rather than considering attention as 
primarily a process. But see the Chapter II proposal for a complication of the process 
view for feature-based attention. 
2 I am assuming representationalism about perception. There are plenty of defenses of 
representationalism, so I will not rehash them in the dissertation. 
3 By “present to one,” I do not mean any sense that requires the represented object to 
seem present to the subject – I mean only that the thing represented is currently 
impinging in some way on the sensory organs. 
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A similar argument has been advanced about perceptual memory by Munton 
(2021).4 However, it is a truism of memory research that representations of the past are 

not useful unless they can be brought to bear on the present and future (e.g., Boyer, 
2009). So a characterization of perception that considers past- and present-facing but 

not future-facing representations will be likewise incomplete. 
The notion that anticipatory representation is related somehow to perception is 

not itself new. In psychology and neuroscience, there is fairly widely shared 

acceptance that at least sometimes, what one expects can alter what is perceived 
(e.g., de Lange et al., 2018; Snyder et al., 2015). There is also the well-known 

‘predictive coding’ account, which posits that all perception just is inference from prior 
expectation (Clark, 2013a). But for the most part, the psychological and neuroscientific 

research lacks a discussion of what expectation is, focusing on a statistical rather than 
a mentalistic characterization (de Lange et al., 2018): a characterization in terms of 

general sensitivity to statistical environmental properties, rather than in terms of mental 
states and representations. Given this focus, the sciences approach the topic from a 

broad enough scope that they no longer isolate a unitary kind that can function in 
explanation. And predictive coding as an account of mental activity (versus as an 

account of neural activity) faces numerous issues, not the least of which is its hyper-
intellectualization of perception. 

Consider first the psychological and neuroscientific perspective on expectation, 
which I call in the sample chapter the deflationary notion of expectation. This account 

requires only that inputs that are somehow about regularities (for instance, perception 

of some regularly occurring feature, written or symbolic information about the 
probability of a feature’s occurrence, and so on) are processed in a way that is 

sensitive to those regularities. The regularity-sensitive processing is (or produces – it is 

 
4 Munton’s focus is conscious seeing; it is unclear what (if anything) is supposed to be 
going on at the level of perceptual representation. That is, is ‘seeing the invisible,’ as 
she puts it, proprietary of consciousness? On another similar note, recent work 
suggests that even mental imagery—which of course does not represent what is 
present to one—is part of perception, such that it alters what is perceived (Dijkstra et 
al., 2021). 
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unclear) the expectation. This allows the set of expectations to include everything from 

the low-level sorts of visual biases that transform the 2D array into the 3D percept (for 
instance, that zero-crossings indicate physical boundaries (Marr, 1982, Ch.3)) to high-

level conscious predictions (for instance, that there will be mustard in the fridge 
(Anderson & Chemero, 2013)). Among other disjunctions, some of these expectations 

will function in the production of perceptions, and some (arguably) will not. So, more is 
needed than a barebones operationalization or deflationary statistical characterization. 

Predictive coding faces more serious issues. There are three ways we might 
understand the predictive coding hypothesis. One is as an implementation-level theory 

about a canonical cortical computation; that is, a theory about how the brain processes 
information. This is plausible, but it is not informative about any happenings above the 

neural-implementational level. It tells us nothing about mental states and processes. 

The second is as positing full-blown rational inference at the perceptual level (this is 
explicitly Clark’s view; see the sample chapter). This is a hyper-intellectualization of 

perception: we should not attribute these rational processes to perception unless 
absolutely necessary for explanation. The third way is to take ‘inference’ as a black box 

for some sort of interaction between states that then produces some separate state, 
where the details of that interaction are yet to be filled in (granted, it is not clear to me 

why one would want to call this inference). I find this third interpretation 

unobjectionable but uninformative. If you like, part of the aim of this dissertation could 
be taken as a filling-in of the black box. 

Given the paucity of work in this particular area, a primary aim of this 

dissertation is to characterize these mental states. That is, this project is not an 
overview of the psychology of expectation and attention made lucid to philosophers, 

though this will certainly be an important component. Rather, it will be to home in on 
two particular sorts of perceptual representations, to characterize them in novel ways 

(in mentalistic but not hyper-intellectual terms, and as kinds of perceptual 
representations that can function in the explanation of one’s perceptions), and to 

critically examine them in context of more general issues of perception. 
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Project proposal (chapters and summary) 

 
I. Perceptual expectation (sample chapter) 

This chapter introduces the notion of perceptual expectation specific to my view: 
perceptual expectations are perceptual representations which have entirely attributive 

contents (i.e., the contents do not contain singular reference) and which function to 
represent some unobserved objects or states of the world (whether future 

states/objects or temporally present states/objects that are absent from stimulus-
dependent perception). This marks perceptual expectations as a proper subset of what 

are called ‘expectations’ in psychology (i.e., deflationary expectations; see above); as a 
proper subset, they merit study in their own right. I further distinguish perceptual 

expectations from the notion of expectation in predictive coding. I distinguish what I 
call ‘weak’ and ‘strong’ predictive coding hypotheses: where weak predictive coding is 

the hypothesis that predictive processing is a canonical cortical computation, strong 
predictive coding is the hypothesis that all mental activities, including perception, 

constitutively involve induction. Because my account is implementation-neutral, it is 
entirely compatible with weak predictive coding. But because strong predictive coding 

hyper-intellectualizes perception, my account is incompatible with, and preferable to, 
strong predictive coding. I review experimental evidence for the existence of 
perceptual expectations as I define them. Lastly, I argue that perceptual expectations, 

in contributing representational content to current perception, function to produce 
accurate perceptions under suboptimal conditions (conditions that produce perceptual 

uncertainty). 
 

II. Expectation and attention 

Attention and expectation are often conflated in the psychological literature, 
because of their similar enhancing effects on perception (Wyart et al., 2012). However, 

one type of attention in particular threatens to blur the boundary between attention and 
expectation as I conceive it: feature-based attention. Feature-based attention is 

selective enhancement of processing for certain features (e.g., color, shape) of a target 
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(Maunsell & Treue, 2006). The reason this is threatening to the expectation account is 
that, unlike other forms of attention such as spatial and temporal attention, feature-

based attention appears to, in some intuitive way, have perceptual content. That is, it is 
not just enhancement of processing at a location in time or space. Rather, it’s 

enhancement of processing specifically of certain perceptual contents (attributives 
such as color and shape). 

Why is this a threat to expectation as a unique type of representation? For one, 
feature-based attention is often discussed hand-in-hand with so-called “attentional 

templates”. An attentional template is specific to the features relevant to the task, may 
be realized by an additive baseline shift of firing rate in feature-selective neurons, and 

can be observed both prior to stimulus onset and in the absence of a stimulus (Hillyard 
et al., 1998). These templates are often taken to be representations sustained in 

working memory and then compared against incoming information (Carlisle et al., 
2011). 

There are some differences between the two. For one, feature-based attention 
requires a task, or at least some kind of motivational state, and so it can only be 

endogenous (Donovan et al., 2020). For another, feature-based attention must come 
along with more than just an additive baseline shift in firing rate. That is, just an additive 

baseline shift would cause more false alarms for stimuli that have similar features to the 
relevant feature. But it seems attention must do more than this, in order to actually 
enhance performance. This sort of difference in neural firing that would increase false 

alarms and hits versus increase d’ is what Wyart and colleagues (2012) find as the 

difference in effect between probability and relevance cues, respectively. 
Feature-based attention is also an interesting candidate for a for a form of 

attention in the first place. Attention is typically, and most productively, thought of as a 
type of processing rather than as a type of state. That is, attention will be a type of 

processing—whatever type of processing this ends up being—that increases the 
signal-to-noise ratio for whatever is relevant. But we don’t think of attention as having 

contents; that is, as being an intentional state. Feature-based attention, however, could 

plausibly have contents. It’s thought of as being (or involving – it is unclear) some type 
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of sustained representation of the relevant features. But if feature-based attention is a 
contentful state, this threatens a unifying notion of attention as a certain type of mental 

process (though cf. (Taylor, 2018) for skepticism about this sort of unifying account). 
Though feature-based attention can be explained with certain processing models of 

attention (for example, the normalization model (Reynolds & Heeger, 2009)), it still 
seems to differ from other forms of attention in this way. 

This both requires some work within my view (either distinguishing perceptual 
expectation from feature-based attention or subsuming it; and if subsuming it, 

explaining why the perceptual expectation account is more than just a name-change of 
feature-based attention), but also raises some questions about the assignment of 

mental/perceptual content generally. Can a process be interpreted as having contents? 
If so, does this add anything to our understanding, or is it just a convenient way of 

speaking? And when do we assign mental contents? Should we be conservative in our 
assignments, and attempt to explain everything we can without positing content? If 

there’s no reason for conservatism, is there reason for liberalism? 
 

III. Attributive perception and conceptual content 
This chapter will be the first of two discussing conceptual content in perception. I 

have been assuming thus far that there are, in general, two elements in a perception: 
referential and attributive. I make this assumption because the two elements can fail 

separately; a failure of the latter constitutes an illusion or misperception (we attribute a 
certain property to a particular that it does not have), and a failure of the former 

constitutes a hallucination (we seem to perceive a particular when no such particular 
exists). I have also been tacitly assuming that it is possible for a perceptual state to 

have solely attributive content: both perceptual expectation and feature-based 
attention are (I argue) perceptual, and both (I argue) have content that does not single 

out a particular (i.e., no referential content). The question is whether a capacity for 
solely attributive content indicates a capacity for conceptual content. The plan for this 

chapter is to look at a few specific debates in the conceptual content literature as they 
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apply particularly to the types of perceptual states discussed in previous chapters, 
rather than to canvass the field of conceptual content generally. 

One reason we might think solely attributive content is conceptual is the following. 
Conceptual content is generally thought of, I take it, as the sorts of contents that can 

figure in thought. One thing that (we might think) is unique to thought is that the 
content of a thought can include an attribute without that attribute applying to any 

particular token instantiation of it (e.g., Burge, 2010b). For example, I can have a 
thought about the color red that isn’t about a particular token red thing; perhaps red is 

my least favorite color. This is not to say that I cannot have a thought about that red 
square, but rather that I can use that same concept red in a way that either refers to a 

token or does not refer to a token. The thought is that perceptual contents cannot act 
in this way; they must refer to particular tokens that instantiate those attributes. I 

cannot perceive red is my least favorite color, nor can I perceive that square is not red. 
I can perceive that red square. So if it is proprietary of thought that its contents (i.e., 

conceptual contents) can include attributes without attributing them to a particular, 

what are we to say about perceptual states like perceptual expectation and feature-
based attention? We can say some subset of three things: (1) I am mistaken about their 

status as perceptual; (2) this view of conceptual content is mistaken or needs 
clarification; or (3) perception contains conceptual content. Obviously I do not find (1) 

appealing, but I am currently agnostic between (2) and (3), and they are of course 
compatible. 

Another reason to think that attributive content—even in perception—
unquestionably makes for conceptual content is that we might have a very deflationary 

notion of concepts, perhaps such that any repeatables are ipso facto conceptual (this 
is more of a view of concepts as abilities, rather than as mental representations per se). 

This seems on its face like a sensible position: one thing we take conceptual content to 
involve is an abstraction away from any particular, such that if I cannot re-apply that 

content to a new particular then I do not have the relevant concept. This route raises a 
number of interesting possibilities. First, it does seem as though not all attributive 

content will be repeatable: for instance, subjects cannot re-identify all the colors and 
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pitches they can discriminate (Raffman, 1995). If our notion of concepts comes in 
terms of repeatables, then here is non-repeatable and thus non-conceptual content in 

perception; non-conceptual content that exists alongside conceptual content. That is, 
only some, but not all, attributive perceptual contents will be conceptual contents. 

Perhaps this is a convincing way to separate perceptual contents into conceptual and 
qualitative (in the sense of Rosenthal, 2010): qualitative content is about the 

discriminations we can make, and these are what Raffman claims are more fine-
grained than the (re)identifications we can make. 

Another notion of concepts that requires less than the first notion is that concepts 
are basic units of meaning, such that any state that means or is about something (i.e., 

any representational state) will have conceptual content. Then, because perceptual 
states are representational states, their content will be conceptual. One issue is that it 

seems to me that conceptual content has to be content occurring within an intensional 

context, not just a representational state; and not all representational states are 
intensional. I take it that for there to be conceptual content in perception, it must 

involve seeing x as F; for instance, seeing that dog as a Chihuahua. If I see that dog as 

a Chihuahua, then it may not be (and probably isn’t) true that I see that dog as the AKC 

2020 prize-winning Chihuahua. But it’s not clear to me that seeing will necessarily 
introduce an intensional context: if I see that dog, and that dog is a Chihuahua, then I 

see a Chihuahua, whether or not I see that dog as a Chihuahua. So my perceptual 

state when I see that dog is representational, but not intensional. And if we’re skeptical 
in the first place that an attribute like dog can even be in perception, then it seems 

more straightforward that perceptual attributes can be substituted with their co-
referents. Say I see a square: it seems true that I see an equilateral rectangle. Say I see 

red: it seems true that I see my least favorite color. So long as I don’t see as my least 
favorite color, there’s no issue of substituting co-referents. And it seems to me like if 

we can explain what’s happening in seeing without recourse to intensionality, we 
should prefer that explanation. 

One further thing that makes the foregoing notions of conceptual content 
interesting is their relationship to the arguments about indeterminacy of content. One 

Becky Keller
This is another place to bring in the idea of conceptual content as functionally defined, rather than defined in terms of a sort of content. Qualitative and conceptual contents in perception can be the same contents (e.g., red) but have different functions (discrimination vs. reidentification).
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view of perceptual content is that it cannot be conceptual at all, because its grain 
outpaces the grain of our concepts (e.g., Tye, 2006). That is, one might think that 

where perceptual content is entirely determinate (we cannot perceive a determinable 

like ‘red,’ as opposed to a determinate shade of red; e.g. (Block, 2018)), our concepts 

simply are not this fine-grained. But if we think of conceptual content in a deflationary 
way—as the smallest unit of a representational state; even as a disposition to sort 

things in certain ways—then grain of content is no longer an issue. This may be a 
viable alternative to demonstrative concepts (McDowell, 1994). But defending these 

deflationary notions is the challenge. 
 

IV. Anticipatory perceptual states and state-conceptualism 

A final way of thinking about concepts that I find particularly interesting is the state 

view, rather than the content view. Several authors have pointed out that arguments for 

content nonconceptualism about perception really at best only support a claim about 

perceptual states, not their content (Byrne, 2003; Heck, 2000). The state claim is just 

that conceptual states are those types of states that, to be tokened, require the subject 
to possess the specifying concepts, and nonconceptual states are those types of 

states that do not require concept possession to token. That is, the distinction is 
between states that are concept-dependent and those that are concept-independent. 

Consider the richness argument, that we simply cannot have all the requisite concepts 
to specify what we perceive: all this tells us, so the state argument goes, is that these 

concepts cannot be necessary for the subject to possess in order for that subject to be 
in such a perceptual state. But it does not tell us what sort of content that state has. 

Still, though, the distinction between concept in/dependent states is often taken to 
fit on to the perception-cognition distinction; where perceptual states are taken to be 

concept-independent and cognitive/belief states to be concept-dependent. However, 
the discussion of anticipatory states in previous chapters raises questions about this 

classification. In particular, if I am right that these anticipatory states are perceptual 
states, then there can be endogenously produced perceptual states: endogenously-

cued perceptual expectations and the always-endogenous feature-based attention 
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(Donovan et al., 2020). And endogeneity—voluntariness—seems to be just that sort of 
property of a state that would require concept-possession. For instance, say you are 

cued with a high tone that you ought to anticipate an upcoming red square, and in 
response to that cue you produce an anticipatory state about a red square. It is hard to 

see how one could token that state in response to that cue if one did not have the 

requisite concepts: how else would one know what to anticipate? 
This particular take on the state view also allows a reply to a notably strong 

objection to it; namely, that the only reason to think that there is a difference between 
concept in/dependent states is precisely because there is a difference in content, and 

so the state view collapses on to the content view (e.g., Bermúdez, 2007). But here, 
concept in/dependent perceptual states have the same type of content. For instance, 

an endogenously produced anticipatory state about a red square will have the same 

content as a stimulus-dependent perception of a red square. These states are different 
from each other not in content, but in functional profile (i.e., present-facing versus 

future-facing). 
In fact, both Byrne and Heck note that the state view is entirely consistent with 

there being no difference in the sort of content between concept in/dependent states. 
Of course, it is also consistent with there being a difference (in which case, it likely 

collapses on to the content view). But an upshot of my analysis of anticipatory 
perceptual states is that, at least sometimes, there is in fact no difference in contents. 

Because there are concept-dependent perceptual states, concept-dependent states 
and putatively concept-independent states can and often do have the same contents. 

This means (perhaps) that conceptuality is a matter of a state’s functional profile, rather 
than its contents. 

A second consequence is that we should view perception as a heterogeneous kind, 
containing state types that are both concept-dependent and concept-independent. 
That is, we ought to have a more fine-grained classification of types of perceptual 

states. Considering the differential concept-dependency of various perceptual state-

types is informative in the overarching project of the dissertation: giving a more 
fleshed-out taxonomy of perception. 
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Sample chapter: Perceptual Expectation 

Introduction 

Each day, the sun rises. In cognition, I can inductively generalize from these past 

data to the belief that the sun rises. In other words, I expect that the sun will continue to 
rise. This sort of expectation is the conclusion of an inference from memory. Because I 

so expect—because I inductively generalize from past data—I can be highly confident 
that the sun rose today, even if I did not witness it or if my evidence for its having risen 

is weak. 
Something we might describe in a similar manner happens in perception: we are 

sensitive to, and make good use of, data about perceptible environmental regularities. 
Perceptual memories consist in pieces of information about the perceptible properties 

of objects in the world. When there is some regularity in that information, we can 
transform that past perceptual data into a generalized template of the way things 

perceptually are: we perceptually expect things about the world. I argue that this sort of 

generalization, in perception and about perceptible features, is what it is to perceptually 
expect. And I argue that, because we perceptually expect certain features of certain 

objects, we perceive them that way even when the information about those objects 
hitting our retinae is impoverished. 

Our capacity as perceiving creatures to track statistical environmental 

regularities—the presence of such a capacity in perceivers is an empirical and possibly 
conceptual fact—relies on memory providing data about the world’s perceptible 

features. Thus, I take both perceptual memory and sensitivity to regularities to be given. 
Rather, my focus here is on the existence of perceptual expectations, and their 

contribution to our visual world. There are three claims critical for this focus: (1) that there 

is such a psychological representational kind as perceptual expectation, and that this 
claim provides us anything more than, or preferable to, extant ‘predictive coding’ 

accounts; (2) that perceptual expectations contribute content to one’s current perceptual 
state; and (3) that when these perceptual expectations are veridical, they tend us towards 

veridical perception despite impoverished perceptual information. 
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In §1, I defend claim (1). I first differentiate my notion of perceptual expectations 
from the deflationary notion of expectation in the psychological and neural sciences. I 

further differentiate perceptual expectation from predictive coding: I argue that 
perceptual expectations are a helpful complement to what I call weak predictive coding, 

and conflict with the hyper-intellectualization of what I call strong predictive coding. The 

foregoing discussion allows me to argue that perceptual expectations are properly 

perceptual representations; I cash them out in terms of their etiology, function, and 
content. I review some evidence from neuroscience to support these latter claims; in 

particular, I look to evidence about perceptual templates. 
In §2, I defend claim (2). The psychological sciences are rife with evidence that 

expectation—at least in its deflationary sense—alters overall perceptual representations. 

Given my narrower representational notion, I first clarify what it means on my account 
for perceptual expectation to alter perception. I claim that perceptual expectations, when 

present, contribute perceptual representational content to perception. This 
representational contribution changes what is perceived whenever the perceptual 

expectation is more informative than, or conflicts with, stimulus-dependent 
representations. When a perception is produced partly on the basis of current sensory 

stimulation, and partly on the basis of perceptual expectation, I call this an enformed 

perception. Its contrast class is pure perception, which is formed entirely of stimulus-

dependent perceptual representations. Lastly, I turn to empirical evidence. And given 
that the deflationary notion dominates the scientific evidence, I explore more speculative 
cases of three types: (i) where veridical perceptual expectations produce nonveridical 

perceptions of contrived stimuli; (ii) where nonveridical perceptual expectations produce 
nonveridical perceptions; and (iii) where the lack of perceptual expectations allows the 

formation of pure perceptions. 
I note in particular that cases of type (iii)—cases of pure perception—are often 

nonveridical, due to inherent constraints on the visual system. This leads me, in §3, to 
claim (3). I argue that when stimulus-dependent content is nonveridical in virtue of being 

informationally poor, the contributions of veridical perceptual expectations produce 
veridical (enformed) perceptions. I look in particular to peripheral vision as a canonical 



 24 

case of perceptual informational impoverishment, and argue that perceptual 
expectations allow veridical perception of the periphery. That is, when perceptual 

expectations are appropriately informed by memories of past encounters with some type 
of object, they are partly what produces accurate perceptions of the world currently 

around me. 
 

§1 Perceptual expectations as perceptual representations 

The notion of perceptually expecting requires that there be regularities that the 

perceptual system can track. The things around me in my normal environment regularly 
have certain properties: plants tend to be green; color boundaries tend to indicate object 

boundaries. This gives us the deflationary statistical account of expectation in the 
psychological literature (for review, see de Lange et al., 2018). On the deflationary 

account, inputs that are in some way about regularities are processed in a way that is 
sensitive to those regularities; that regularity-sensitive processing just is the expectation. 

In this way, expectations can range from low-level heuristics in the visual system to high-
level conscious predictions. As an operationalization, this deflationary notion is 

invaluable for setting up cueing conditions in the lab. But it is unsatisfying for explanatory 
purposes. My project is explanatory, and so my notion is narrower than this and, in de 

Lange et al.’s terms, described mentalistically rather than statistically. That is, rather than 
conceiving of expectations as, for instance, whatever prior probability it is that will go 

into one’s Bayesian calculations, I define perceptual expectations in terms of mental 
states that have a content and a function and so bear a unique relation to other mental 

states. 
It may well be that deflationary expectations are themselves a kind, or that at least 

the sorts of deflationary expectations that function in the production of perceptions (a 
set including, e.g., hard-coded perceptual biases that transform the 2D retinal array into 

the 3D percept, but plausibly excluding conscious predictions) form a kind, individuated 
by their functional role. Nevertheless, perceptual expectations at least form a proper 

subset of that kind, individuated by their function, content, and etiology, and so having 
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distinctive properties. For this reason, I set aside innate or representationally implicit 
expectations to focus on a thorough fleshing-out of this proper subset. 

 
However, any account calling itself perceptual expectation will immediately call to 

mind two charges. The first is that perceptual expectation is no different from predictive 

coding. The second is that a non-deflationary account of perceptual expectation will risk 
hyper-intellectualizing perception. I see these two charges as related, and responding to 

them as helpful for clarifying the endeavor, so I begin here. 
 

§1.2 Perceptual expectation, predictive coding, and hyper-intellectualization 

The general shape of predictive coding accounts is the claim that, rather than just 

feedforward or bottom-up processing, the brain is also constantly making top-down 
predictions about what is occurring at lower levels of processing, performing some 

Bayes-approximating calculation of the goodness of those predictions, and using the 
result of that processing to update higher levels (e.g., Keller & Mrsic-Flogel, 2018). This 

type of processing is called predictive processing. There is one sense in which my 
account is entirely compatible with predictive coding; there is another sense in which it 

is entirely opposed to it. These senses correspond to what I will call weak predictive 

coding and strong predictive coding, respectively. 

Weak predictive coding is the claim that predictive processing is a canonical 
neural computation. This view puts predictive processing in a similar class as divisive 

normalization, exponentiation, and linear filtering (Carandini & Heeger, 2012). That is, 
weak predictive coding is only the claim that predictive processing is widespread 

throughout the brain and thus provides a useful way to understand the computations 
underlying various mental activities. For weak predictive coding, any talk of ‘inferential 
reasoning’ or its ilk will be as a convenient way to describe what is going on in the brain, 

rather than an attribution of reasoning to populations of neurons. Perceptual expectation 

is entirely consistent with weak predictive coding, because perceptual expectation is 
entirely implementation-neutral: whether perceptual expectation is a true account of 

perceptual representation will not turn on whether weak predictive coding is a true 
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account of neural computational activity. Moreover, as a theory of the types of 
perceptual representations one has, perceptual expectation is a helpful complement to 

weak predictive coding: questions of representation are hard if not impossible to settle 
at the level of implementation. 

Strong predictive coding, on the other hand, takes the claim that predictive 
processing is a canonical computation in the brain to indicate that predictive processing 

is a unifying theory of the mind. For instance, Clark claims that the flow of information in 
the brain as described by weak predictive coding, if a correct description of brain 

processing, “fully warrants the ‘Helmholtizan’ description of perception as inference” 
(Clark, 2013b, p.199). Strong predictive coding thus claims that perception is constituted 

by inferential reasoning: perceiving just is inferring the most likely distal cause of one’s 
proximal response. That is, predictive processing is not just a feature of how neural 

signals are processed, involving something merely observer-relatively describable as 
inference. Rather, predictive processing is constitutively a form of inferential reasoning, 

and therefore, reasoning is constitutive of perception. 
 

The issue is that, by positing that reasoning partly constitutes perception, strong 
predictive coding hyper-intellectualizes perception. By ‘hyper-intellectualizing,’ I mean 

that predictive coding claims that in order to perceive, we must have as a constitutive 
condition certain cognitive capacities (Burge, 2010a, especially pp.13-17): all perceivers 

must have the capacity for inference. 

Anderson and Chemero make a similar point in their reply to Clark (Anderson & 
Chemero, 2013). They note that there are two senses of ‘prediction’ we might mean 

when we say that the brain ‘predicts’ some input. The first, which they call prediction1, 
is model-free and involves simple correlation; the kind of prediction we mean when we 

say that ‘height predicts weight.’ The second, prediction2, is prediction of the model-rich 
sort, where inference and hypothesis testing come into play. They claim that strong 

predictive coding posits prediction2 even when this posit is not mandated by the data. 
This is hyper-intellectualization. 
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Take, for instance, Clark’s (2013b) explanation of binocular rivalry, which he draws 
from Hohwy et al. (2008). Binocular rivalry is a phenomenon in which each eye is 

presented with a different stimulus; experience shifts back and forth between seeing one 
stimulus and then the other. Clark claims that we see alternating percepts rather than a 

single merged percept because “it is part of [our] general knowledge that, for example, 
houses and face are not present in the same place, at the same scale, at the same time” 

(2013b, p.185). That is, we know that houses and faces cannot merge in this way, and 
so we infer that there must be two separate things before us. There are, however, a 

number of explanations of binocular rivalry that do not posit any sort of knowledge-rich 
inferential processing (e.g., Li et al., 2017; Tong et al., 2006). Moreover, binocular rivalry 

also occurs for stimuli about which we simply have no knowledge, such as orthogonal 
diffraction gratings (Anderson & Chemero, 2013). The addition of knowledge, and 

inference from such knowledge, adds nothing to the explanation of the phenomenon; 
instead, they hyper-intellectualize it by positing implausibly and unnecessarily 

sophisticated cognitive capacities. 
There is nothing hyper-intellectualizing about positing something observer-

relatively describable as inference; Searle’s wall could be described as inferring without 
thereby entailing that it has a capacity for reasoning (Searle, 1990). And observer-relative 

inference is all that perceptual expectation requires. That is, perceptual expectation 
claims merely that some transition is made from memory data to a generalization about 

the way the world looks. This could certainly be described as a process of inferential 

generalization, but this description would tell us nothing about the actual nature of the 
transition. On the perceptual expectation account, perceiving does not consist in 

inferring the likely distal cause of the proximal stimulation; perceptual expectation does 

not make it a condition on perceiving that we have a capacity for cognition at all. So 
perceptual expectation avoids the pitfalls of hyper-intellectualizing perception, and by 
so doing, is preferable to strong predictive coding. 

 

§1.2 Etiology, content, and function 
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I suggested in the Introduction that we come to have specific perceptual 
expectations because of our previous perceptual interactions with the world. Unlike 

innate or representationally implicit expectations, perceptual expectations are formed on 

the basis of memory over the organism’s lifetime. For instance, I have perceptually 
interacted with a multitude of plants over my lifetime. For the sake of simplicity, say that 

every particular plant with which I have interacted has been roughly the same shade of 
green.5 I have the following data in perceptual memory: that1 green plant; that2 green 

plant; and so on. That is, I have a set of references to particular members of a type (thatn 

plant), to which I attribute a property (green). I make a transformation from all of my 

individual data points about particular plants to the generalization: a green plant. I 

perceptually expect a green plant; that is, I perceptually expect that plants are green. 
This transition from the particular to the general occurs starting with the first perceptual 

encounter; further encounters enter into this generalization and strengthen it or make it 
more precise (see §3). 

This is a primary distinction between perceptual expectations and stimulus-
dependent perceptual representations. Stimulus-dependent perceptual representations 

are those representations formed entirely from current sensory stimulation (plus the 
relevant visual biases or assumptions that transform sensory stimulation into objective 

representation of the distal environment). Stimulus-dependent perceptual 
representations, by virtue of their stimulus-dependency, refer to particulars in the world. 

Perceptual expectations are not stimulus-dependent and do not refer to particulars. 
Stimulus-dependent perceptual states can of course bring it about that we make 

occurrent some specific perceptual expectation; this is part of what it is to be 
expectation-cued (see §1.3 and§2). But an occurrent perceptual expectation does not 

have the content that it does on the basis of current stimulus-dependent states. The 
content is thus not tied to a particular. For example, my stimulus-dependent perceptual 

 
5 This is, of course, unlikely to be the case. It is equally possible that, given differences 
in percepts, perceptual expectations have as their content probability distributions as it 
is that they have point estimates (say, the mean color of all instances). Cashing this out 
would involve recourse to the probabilistic perception debate (e.g., Block, 2018; Ma, 
2012), so I set this issue aside. 
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representation of the plant in front of me refers to—is about—that particular token plant. 
My perceptual expectation, on the other hand, is not about a particular plant; it is a 

generalization about plants. 
Nonetheless, stimulus-dependent perceptual representations and perceptual 

expectations share attributive content. My stimulus-dependent representation of that1 

green plant and my perceptual expectation of a green plant share the attributive contents 

green and plant. So where the content of a stimulus-dependent representation is a 
perceptual attributive or attributives applied to a particular; the content of a perceptual 

expectation is a perceptual attributive or attributives that can be applied to a particular. 

Perceptual expectations represent attributive content like stimulus-dependent 
perceptions do, but without simultaneously singling out a token in the world. 6 

 
As states with representational content, perceptual expectations constitutively 

have veridicality conditions. However, given that their content is solely attributive, it 
becomes difficult to spell out these veridicality conditions. It is clear that the stimulus-

dependent perceptual representation of that1 green plant is veridical when and only when 
that particular plant is indeed green. But perceptual expectations share a problem of 

veridicality endemic to generalizations of every sort: cases at either end of the spectrum 
are easy to classify as veridical or not, but the middle is vague. For instance, think of 

how we would confirm or undermine even very simple generalizations such as Anderson 
and Chemero’s (2013) prediction1 that height predicts weight: it is clearly true when 

height always predicts weight, and clearly false when height never predicts weight. But 

 
6 At this point, readers may have noted a similarity to Tyler Burge’s notion of anticipations 
(see particularly Burge, 2010a, pp.378, pp.447-50, pp.465-6). Generally, I take my 
proposal to be complementary to his, not competitive. But we differ here. For Burge, 
only capacities that are “causally controlled by present sensory stimulation” and that 
function “to represent by processing present sensory stimulation” are perceptual (2010a, 
p.378). Note that he explicitly rules out anticipations as perceptual; they are instead 
some other sort of objective sensory representation by the individual. 
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in a mixed sample, the specific number of instances of height not predicting weight that 
we would need before we could say that height does not predict weight is vague.7 

Likewise, there are clear cases at both extremes for perceptual expectation: a 
perceptual expectation of a 45° oriented patch is clearly nonveridical when I have been 

cued to perceptually expect those properties of the next stimulus I see but they do not 

obtain (see §1.3 and §2); a perceptual expectation of a green plant is clearly veridical 

when my past experiences have been with green plants, and so will be my future 
experiences. And like vagueness about when someone is bald does not mean there is 

no such thing as being bald or being hairy, so vagueness about when a perceptual 
expectation is veridical does not mean there are no such veridicality conditions. 

I turn now to the function of perceptual expectations, which is a second distinction 
from stimulus-dependent perceptual representations. Stimulus-dependent perceptual 

representations function to represent the world currently around us; thus, they represent 
their objects as here and now. Perceptual expectations do not share this function. 

Rather, they function to represent some way the world will be, regardless of the way the 

world is now; they function to orient us towards what we will see. This is critical for action 
in an ever-changing world: one needs to expect how the world will be at a future moment 

in order to plan one’s actions for when that moment arrives. 
There are two ways in which a state of the world may be unobserved in 

perception: it may be a future state, or it may be a present state of the world not currently 
represented by stimulus-dependent perception. We can perceptually expect that in a 
few moments we will see a red square, but there is no red square before our eyes now. 

We can also perceptually expect that the thing currently in peripheral vision—which I will 
later argue is represented by stimulus-dependent perception as some sort of texture—

will be a red square. In either case, the way the perceptual expectation represents the 
world is as a way that is yet unobserved. So perceptual expectations function to 

veridically represent what will be perceived: to prepare us for what we are potentially 

about to observe. 

 
7 Of course, we can test the strength of a correlation; but whatever degree of strength 
we require before affirming the correlation is likewise arbitrary or vague. 
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Critically, the future-oriented function of perceptual expectation does not entail 
that perceptual expectations have future-tensed content; they do not. The future-

oriented nature is entirely a feature of the function, not of the content. The content is 
always world-oriented in the following sense: unless we are subject to some sort of 

massive illusion, such that our perceptions tend not to latch on to the world, an 
expectation that I will see a red square just is an expectation about a red square. 

It may seem implausible that a species of perceptual representation could 
function to represent the future. That is, representing anything but the present may seem 

like it could only occur in cognition. But consider mental imagery: plausibly, mental 
imagery shares a representational format with perception, and thus is not cognitive 

representation (for a review of the evidence, see Block, 1983). But mental images do not 
represent their content as here and now. Moreover, whether or not mental images turn 

out to be perceptual per se will not turn on whether or not they represent the present. In 
fact, there is concrete evidence for the claim that perceptual expectations are indeed 

perceptual representations. 
 

§1.3 Empirical evidence for perceptual expectation 

I claim that perceptual expectations are realized by what neuroscience calls 

‘perceptual templates.’ Perceptual templates are patterns of neural activation selective 
for the expected stimulus. That is, a token perceptual expectational state is realized by 

visual neurons responding as if what is perceptually expected were already present in 
the scene. Experimentally, these token perceptual expectations are produced by an 

expectation cue: the standard method is to use auditory pre-cues that signal to the 
participant the orientation, direction of motion, or other property that the upcoming 
stimulus is likely to have (Kok et al., 2013, 2014, 2017; Kok & Turk-Browne, 2018). 

Studies using fMRI or MEG and decoding techniques demonstrate that expectation cues 
about the properties of upcoming stimuli produce perceptual templates resembling that 

neural activity evoked by the actual presentation of the stimuli.  
There are several findings worth highlighting. Recall that perceptual expectations 

are functionally future-oriented representations of perceptual attributives. Take ‘future-
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oriented’ first. What it means for a representation to be functionally future-oriented is 
that it functions to represent what will be the case, not the here-and-now. Perceptual 

templates have this property. First, we can look to their time course. Kok et al. (2017) 
find that decodable perceptual templates arise 40ms before the presentation of the 

target stimulus. In this case, they cannot be functioning to represent the here-and-now, 
because there is nothing here and now. Instead, they represent what is likely to be the 

case shortly: that a grating with such-and-such an orientation will appear. Second, we 
can look to what occurs when no stimulus is ever presented (an ‘omission trial,’ as 

opposed to a ‘stimulus trial’). Kok et al. (2014) find decodable perceptual templates 
during omission trials as well. Once again, they cannot be functioning to represent the 

here-and-now, but rather the future there-and-then. In both cases, they are 
representations of how the stimulus will look, so they are future-oriented in the requisite 

sense. 
Second, consider the claim that perceptual expectations are perceptual. 

Perceptual templates are decodable from early visual areas like V1 and V2 (Kok et al., 
2014; Kok & Turk-Browne, 2018). At their highest processing level, perceptual templates 

are decodable from areas like the hippocampus (Kok & Turk-Browne, 2018) and the 
fusiform face area (Trapp et al., 2016). The fusiform face area is involved in the perception 

of faces (e.g., Kanwisher & Yovel, 2006), and though the hippocampus is classically 
considered a memory area (e.g., Bird & Burgess, 2008), recent work suggests that it is 
involved in vision (e.g., Turk-Browne, 2019). In certain cases, the decoding became non-

significant as early as area V2 (Kok & Turk-Browne, 2018) or V3 (Kok et al., 2014). Clearly, 
it is unknown where exactly—if an exact location exists—perceptual templates’ home in 

the visual processing hierarchy is. Nevertheless, it is clear that their location is within 
visual perceptual processing. Further, valid expectation cues (where what is expected 

matches the actual stimulus) cause perceptual templates that facilitate stimulus 
representations in V1 and V2, and invalid expectation cues (where what is expected 

mismatches the actual stimulus) cause perceptual templates that compete with and 
attenuate V1 and V2 stimulus representations (Kok et al., 2017; Kok & Turk-Browne, 
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2018). Those skeptical of perceptual expectations’ perceptuality will need to explain how 
a non-perceptual representation could itself cause this facilitation and attenuation. 

Lastly, perceptual expectations represent unattached perceptual attributives. The 
time course and behavior on omission trials of neural templates provides evidence for 

the claim that perceptual expectations are unattached; that is, that they do not single 
out perceptual tokens. This is straightforwardly because there is no perceptual token for 

the expectation to be singling out when there is nothing, and has been nothing, before 
the subject’s eyes.8 Perceptual templates’ feature of property specificity also provides 

evidence for the representation of attributives. The decodable content of perceptual 
templates is specific to the properties the subject was cued to expect: if the auditory 

pre-cue signals to the subject that they will shortly see a grating with a 45° orientation, 
the patterns of neural activity in the relevant visual areas are as if a 45° grating were 

present. That is, perceptual expectations share attributive content with stimulus-
dependent perceptual representations, but perceptual expectations’ attributive content 

does not refer to a token. Where the stimulus-dependent perceptual representation 
would represent that1 45° oriented grating, the perceptual expectation would represent 

a 45° oriented grating; they share the attributive contents 45° oriented and grating. 

In sum: perceptual expectations are generalizations of how the world will look. 
They represent attributive perceptual content that does not refer to particulars, and, 

though they have no future-tensed content, they function to prepare us for future 
perceptual content. I turn now to their effects on perception. 

 

§2 Perceptual expectations produce perceptions 

I claim that perceptual expectations alter perception by contributing perceptual 
representational content to one’s current perceptual state. That at least some 

expectations in the deflationary sense can alter perceptions is now widely believed in 
psychology and neuroscience (for reviews, see de Lange et al., 2018; Snyder et al., 

 
8 One could perhaps claim that there is a mistaken or somehow illusory or hallucinatory 
token, but given the prevalence of perceptual expectations, this would entail that our 
perceptual world is massively illusory. I take this as reason to modus tollens. 
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2015).9 For instance, consider the classic ‘light from above’ illusion. A two-dimensional 
circle with a luminance gradient that darkens towards its bottom it will appear convex; if 

the luminance gradient lightens towards its bottom it will appear concave. Vision 
scientists explain this illusion by way of a prior (statistical) expectation that light comes 

from above. The ‘light from above prior’ and other low-level biases or assumptions in the 
visual system, such as the ‘spatial coincidence assumption’ (that zero-crossings indicate 

physical boundaries (Marr, 1982, Ch. 3), and perhaps some low-level types of filling-in 
(e.g., at the blindspot (Komatsu, 2006)), are deflationary expectations that function in the 

production of visual perceptual representations in that they are causal antecedents of 
visual perceptual representations. The role these expectations play is in transforming the 

proximal patterns of stimulation occurring when light impinges on the visual system into 
representations as of the distal environment (Burge, 2010a, pp.396-400).  

This is not the sort of production of perceptions that I have in mind. Perceptual 

expectations are themselves representations, not merely transformation principles that 

guide the formation of representations. And as an entirely stimulus-independent species 
of representation, perceptual expectations are not necessary to perceiving generally; we 

could imagine a creature that has and exercises a capacity for perception—
representation as of the distal environment—in the absence of future-oriented 

perceptual representations. Further, unlike transformation principles, having a particular 
perceptual expectation cannot be necessary for perceiving some particular token object 

as having some particular attributes; after all, there are surely tokens in the world about 
which we have no expectations and yet perceive veridically. 

Instead, when one has a perceptual expectation, it contributes content to one’s 
overall perceptual state, such that the perceptual state would have been different had 

the perceptual expectation not been present. One does not always have a perceptual 
expectation; when one does, that perceptual expectation functions in producing the 

 
9 Researchers often refer to all varieties of deflationary expectations, from innate biases 
to conscious predictions, as ‘prior knowledge.’ But in fact, the claim that prior 
knowledge—insofar as knowledge is a type of belief—can affect perception is much 
more controversial than the claim that other sorts of deflationary expectations like innate 
visual biases can. I thus qualify this statement with ‘at least some.’ 
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overall perceptual state that one actually has. Perceptual expectations are likely 
widespread, but nothing about this requires that perceptual expectations are always 

present in perception, or that they are required for perception to come about. 
Given that perceptual expectations are not a necessary component of perception, 

I make a further distinction between perception without and with perceptual 
expectations: pure and enformed perception, respectively. In a pure perception, light 

comes in through the eye and produces a certain pattern of stimulation on the retinal 

array, which is then subject to various sub-representational transformation principles to 
produce a stimulus-dependent perceptual representation of some object(s) in the 

environment, ultimately resulting in an entirely stimulus-dependent perceptual state. In 
enformed perception, light comes in through the eye, produces a pattern of retinal 

stimulation subject to those same various transformation principles, which then likewise 
produces a stimulus-dependent perceptual representation. The critical difference is that 

the stimulus-dependent perceptual representation is further affected by the contribution 
of the representational contents of perceptual expectation, resulting in a perceptual state 
that is not entirely stimulus-dependent. 

This contribution of content changes what is represented by the overall perceptual 
state when the perceptual expectation is more informationally rich than, or conflicts with 

the content of, the stimulus-dependent representation. That is, the content of the 
perceptual state changes whenever perceptual expectation contributes something that 

is not yet contributed by stimulus-dependent perception. This contribution is made 
possible by the fact that perceptual expectations represent unattached perceptual 

attributives. If I represent stimulus-dependently that1 plant, and perceptually expect a 

green plant, the perceptual expectation can make a straightforward contribution of the 

attributive green. I then represent in enformed perception that1 green plant. If my 
perceptual expectation were already attached to another particular—that2 green plant—

then it is unclear how the attributive content could contribute to the representation of the 

original particular. Thus, when one does have a perceptual expectation, it can affect what 
one perceives by contributing perceptual attributive content to one’s overall perceptual 

state. 
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§2.1 Empirical evidence of perceptual expectations’ effects 

§1.3 previewed some empirical evidence for the claim that perceptual 

expectations— distinguished from deflationary expectations—affect what one 
perceives. Generally, the perceptual templates evoked by valid expectation cues 
facilitate performance on perceptual tasks: they allow one to make more fine-grained 

orientation distinctions (Kok et al., 2012; Van Ede et al., 2018) and decrease reaction 
times (Kok et al., 2014). Perceptual templates evoked by valid cues facilitate target 

representations in early visual areas, and those evoked by invalid cues compete with 
target representations (Kok et al., 2017; Kok & Turk-Browne, 2018). 

However, as mentioned, my notion of perceptual expectation is narrower than the 
deflationary notion; absent neuroimaging, it thus becomes more speculative to claim that 

observed effects are proprietary of perceptual expectations. Nonetheless, it will be 

informative to consider in particular three putative cases: where perceptual expectations 
that are veridical of ordinary scenes produce nonveridical perceptions; where cue-

induced nonveridical perceptual expectations produce nonverdical perceptions; and 
where we form nonveridical perceptions because we have no perceptual expectations. 

 

§2.1.1 Veridical perceptual expectation, abnormal stimulus. In the first scenario, we 

are faced with abnormal stimuli but have strong perceptual expectations about what we 
are looking at because the stimuli are otherwise of normal scenes. For instance, 

participants experience natural-scene images that are desaturated in the periphery as 
fully colored (Balas & Sinha, 2007). Participants also fail to notice when the periphery is 
desaturated or even color-shifted (Cohen & Rubenstein, 2020).10 I suggest that this is 

due to perceptual expectations. Because these are normal scenes with familiar objects, 

 
10 In the case of not noticing the desaturated or color-shifted periphery, a claim could be 
made that subjects fail to notice the oddity not because they perceive the periphery as 
normally colored, but because they do not experience the periphery at all. But this seems 
unlikely. As the authors note, subjects viewed the images for 300ms, “long enough to 
identify and describe them” (2020, p.1). And the tasks were known to be undemanding 
of attention (face/no face and indoor scene/outdoor scene). 
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we perceptually expect that the objects present in them will be colored in normal ways. 
But the perception produced on the basis of this expectation is inaccurate; the stimuli 

are not so colored. Stimulus-dependent perceptual representation represents objects in 
the natural scene; that1 tree, say. Perceptual expectation represents a green tree. The 

perceptual expectational content is more informationally rich, so it adds to the overall 

perceptual state, which represents that1 green tree. 

Consider also context effects on perception (for review, see Oliva & Torralba, 
2007): for example, when viewing an extremely blurry picture of a street scene, one still 

perceives it as a street scene with specific objects (pedestrians, cars) precisely because 
one is familiar with—has perceptual expectations about—street scenes. This is, of 
course, a nonveridical perception of the picture of the scene; it in fact contains only 

vague patches of color.11 Oliva and Torralba note that one mechanism of context effects 
might be that they are “mediated by memory representations by preactivating stored 

representations of objects related to the context” (2007, p.522). While on the perceptual 
expectation account the stored representations of the expected features are not 

themselves memories, this is otherwise exactly as the perceptual expectation account 
would claim. Stimulus-dependent perception represents that1 patch of such-and-such 

color; perceptual expectation represents a pedestrian, a car, and so on. The perceptual 

expectational content is informationally richer, so it changes what one perceptually 

represents: that1 car of such-and-such color. 
 

§2.2.2 Nonveridical perceptual expectation. In the second scenario, an invalid 

expectation cue induces nonveridical perceptual expectations about what will be seen. 

For instance, expectation cues increase subjects’ false alarm rate: when subjects expect 
a certain stimulus to appear, something that looks like what is expected will cause them 

to respond as if that stimulus is present when it is not. Critically, this is not just the effect 
of a response bias, it is an effect on what is perceived (Summerfield & Egner, 2009; Wyart 

et al., 2012). An increase in false alarm and hit rates is not diagnostic of there being a 

 
11 Most strikingly, the ‘pedestrian’ and the ‘car’ in Oliva and Torralba’s blurry image are 
identical objects, but rotated 90° from each other. 
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change in what is perceived; the subject could just be biased in some post-perceptual 
manner (e.g., towards tending to choose the cued stimulus).12 However, Wyart and 

colleagues use reverse correlation, a psychophysical technique that allows adjudication 
between decision- or response-level effects—that is, post-perceptual biases—and 

perceptual effects via comparisons across stimulus contrast levels. A post-perceptual 
bias would have the same effect regardless of contrast level. But a genuinely perceptual 

effect, because it involves the response of visual neurons to stimuli, would, like those 
neurons’ responses, depend on contrast level: it would follow the sigmoidal contrast-

response function of visual neurons. The latter is indeed what the authors’ model 
comparison finds. So expectation cues can produce inaccurate perceptions. If stimulus-

dependent perception represents that1 45°ish oriented white noise patch and perceptual 

expectation represents a 45° oriented striped patch, subjects perceive the patch as 
having properties more like those that the perceptual expectation attributes. 

In another case of the second sort, invalid expectation cues evoke perceptual 
templates that alter neural and perceptual representations of the target. In a direction-

of-motion task, decodable perceptual templates correlated more strongly with subjects’ 
responses about motion direction than with the physical motion direction of the stimuli 

(Kok et al., 2013). This effect increased over time, suggesting that the compounding of 
past data strengthens the perceptual template – as we would expect would occur with 

the realizer of perceptual expectations, which take their contents from perceptual 
memory. This is a similar case to the previous one, with stimulus-dependent perception 

representing that1 random dot motion and perceptual expectation representing, for 

example, a rightward dot motion. 
 

§2.2.3 No perceptual expectation. The first and second scenarios are all cases of 

enformed perception, where perceptual expectations affect what is perceived. A third 

possible scenario, where have no perceptual expectations, will instead be cases of pure 

 
12 That is, on conventional signal detection theoretic analysis, an increase in hits and 
false alarms is reconstructed as a liberalized detection criterion. A shift in criterion, 
though, cannot decide between a change in what is perceived and a bias. 
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perception. Often when we are in the lab, we will be faced with stimuli about which we 
just have no perceptual expectations, and we will not be cued to expect. Outside the 

lab, we do not contend with things like random dot motion, Landolt shapes, or orientation 
textures. But these are common psychophysical stimuli. Having no prior experience with 

these stimuli—in particular, being properly naïve subjects with no prior experience of, 
say, the exact degree of gap size in the Landolt shapes we will be viewing—we fail to 

have perceptual expectations about what they will look like. Of course, we may have 
deflationary expectations; for instance, we will differentiate the Landolt shape from its 

background via the deflationary expectation—the visual processing bias—that zero-
crossings indicate object boundaries. But we have no perceptual expectations in the 

non-deflationary sense about that Landolt shape: we do not perceptually expect that a 
Landolt shape will have a 15° gap instead of a 10° or 20° one.  

I claim that, in the absence of perceptual expectations, we are forced to contend 
only with the information that the retinal cells can actually take in. Based on retinal 

physiology, at least 99% of the human visual field is highly capacity-limited, compared 
to the density of retinal cells in the fovea (e.g., Curcio et al., 1990). There are fewer retinal 

cells in the periphery, and less cortical real estate dedicated to the processing of 
information from the periphery.13 The size of the pooling regions—populations of neurons 

over which neural responses are averaged during visual processing—increase with 
eccentricity from the fovea (Banks et al., 1991). As a consequence, the size of stimuli in 
the periphery must be increased relative to degrees from the fovea in order to maintain 

spatial acuity (Levi et al., 1985) and color perception (Tyler, 2015). Outside of particular 
experimental contrivances such as illusory optic flow, however, the same object at the 

same viewing distance will not get bigger as it moves to the periphery; so it will be 
represented with less acuity. 

Instead, when we are reliant only on pure perception, we represent in a manner 
best construed as lossy and textural (Freeman & Simoncelli, 2011; Rosenholtz, 2016, 

 
13 Limitations in retinal capacity are directly proportional to cortical magnification factor 
(mm on the cortex taken up by each degree of visual angle (Pelli & Tillman, 2008)). 
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2011)14 This explains why laboratory performance is so poor on peripheral tasks requiring 
visual acuity (Carrasco et al., 1995; Nugent et al., 2003; Rosenholtz, 2016): stimulus-

dependent perception of most of the visual field is informationally poor. 
Thus, a pure perception of a peripheral object will be less veridical, in virtue of its 

informational impoverishment, than an enformed perception involving veridical 
perceptual expectations about that object. By ‘less veridical,’ I mean to remain agnostic 

about accuracy versus precision: conceptually, one representation could be less 
veridical than another in terms of accuracy or precision. Nothing here hinges on whether 

what is represented peripherally by stimulus-dependent representation can or cannot be 

imprecise or determinate.15 Even if these representations are fully determinate, the fact 
remains that they are different from foveal representations in such a way as to be less 

true to the world: they contain less information overall. 
Consider now the contrast between nonveridical pure perceptions and the 

veridical perceptions we are apt to form of the world around us ordinarily. This is 
suggestive of a role for perceptual expectations in our everyday vision. I turn to this now. 
 

§3 Perceptual expectations produce accurate perceptions 

An obvious point is that expectations tend to be borne out in situations with which 
we are familiar. This is true of any sort of expectation, no less perceptual expectation. 
One clear reason for this is that we have a greater number of memories—and so are apt 

to form more veridical generalizations—about familiar situations. In other words, we 
expect more veridically in familiar scenarios. 

I claim that this is what makes the difference between the veridical perceptions 
we are apt to form in familiar environments and the nonveridical perceptions we are apt 

to form in unfamiliar settings like the lab. What is common between the two cases is that 
inherent constraints on the visual system—retinal cell density, pooling region size—mean 

 
14 ‘Lossy’ compression uses few ‘bits,’ and the original information cannot be fully 
restored on the basis of those bits. Think for example of the quality of an audio file in 
.mp3 (lossy compression) versus on a vinyl record (lossless compression). 
15 For instance, one may deny that perception could ever represent a determinable like 
‘red’ as opposed to a determinate shade of red (e.g., Block, 2018). 
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that any purely stimulus-dependent representation of the periphery will be sparse and 
low-fidelity. That is, peripheral stimulus-dependent representations contain very little 

information compared to their foveal counterparts, thus producing nonveridical, or at 
least less veridical, perception. 

So if perceptual states are exhausted by entirely stimulus-dependent perceptual 
representations, there is a problem for the veridicality of perception. If stimulus-

dependent peripheral representations are so information-poor, how is it that we can form 
veridical perceptions of the periphery? If the only information available to peripheral 

perception is lossily compressed, then without something to counteract that 
compression, we would always form peripheral percepts that were nonveridical in virtue 

of their lossy compression. 
In other words, the contents of stimulus-dependent perceptual representations 

are insufficient to produce the perceptual states that we often actually have. I suggest 
that perceptual expectations function to produce veridical perceptions in that their 

contents counteract the effects of lossy compression in the visual system. The 
perceptual expectation will contain more information than will a lossily compressed 

stimulus-dependent representation, so the visual system makes use of the more 
contentful representation in forming the overall perceptual state. And when that 

perceptual expectational content is veridical, it will function in the production of a 
veridical perceptual state. 

Say I am viewing a forest scene. The contents of stimulus-dependent perception 

in the periphery will be, loosely, that1 texture. Natural scenes have certain highly 

consistent statistical properties (e.g., Ruderman & Bialek, 1994), so my representation 
of that1 texture will contain these properties. I claim that these properties act as 

perceptual cues in that they call up the relevant perceptual expectations.16 I might 

perceptually expect, for example (and to oversimplify), that trees are green: I perceptually 
expect a green tree. The stimulus-dependent representation is information-poor; the 

perceptual expectation is information-rich. I veridically perceive green trees. 

 
16 I avoid making claims here of any specific time course; that is an empirical question. 
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Say I am seeing the window of a building out of the corner of my eye. I am highly 
familiar with buildings and their windows, having lived in and around buildings with 

windows for my entire life. The overwhelming majority of these windows have been 
rectangular; specifically, they have all been more or less vertical golden (in proportions, 

not color) rectangles. I claim that my familiarity with the setting I am in likewise acts as a 
perceptual cue in calling up the relevant perceptual expectation. The contents of my 

stimulus-dependent perception will not be high enough in information to represent the 
window as a rectangle; instead, it may represent that1 texture of jumbled vertical and 

horizontal edges. I perceptually expect a vertical golden-rectangular window.17 The 

stimulus-dependent representation is information-poor; the perceptual expectation is 
information-rich. I perceive a vertical golden-rectangular window. 

When present, perceptual expectations function to produce one’s enformed 
perceptual state. When perceptual expectations are veridical, they aid in the formation 

of a veridical enformed perceptual states; and vice versa when they are nonveridical. 

Thus, because familiarity tends us towards veridical generalizations, perceptual 
expectations play an indispensable role in producing the veridical perceptions that we 

have of familiar objects under less-than-ideal viewing conditions. 
 

Conclusion 

I have posited a new species of perceptual representation: perceptual 

expectation. Perceptual expectations are observer-relatively describable as inductive 

generalizations, in that they are formed on the basis of past data and predict what future 
data will be. However, the perceptual expectation account makes no commitment to 

perceptual expectations in any way requiring inductive reasoning, making it preferable 
to strong predictive coding accounts. Perceptual expectations are wholly perceptual 

representations, representing how the world will look. They represent perceptual 

 
17 Or, to avoid talk of high-level concepts like ‘window,’ and ‘golden rectangle,’ a vertical 
quadrilateral object with side length ratio of 1:1.618 and with such-and-such other 
window-specific properties. 
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attributives, unattached to perceptual particulars. And perceptual expectations alter 
perception by contributing perceptual representational content. Just like a good 

induction better prepares us for the unknown, so does a veridical perceptual expectation 
prepare us for the unseen. 
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