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Foreword

Here is a story the French photographer Henri Cartier-Bresson liked to tell:
during the Second World War, he was hiding in a shed in the middle of the
nondescript German countryside surrounded by a mountain range. He spent
weeks there, fearing for his life. Then one day he visualized the ocean behind
the mountain range. And this completely transformed his experience. Not
only his experience of the mountain range, but also of his general situation
and of himself." Mental imagery does have a huge influence on the way we
perceive, and on our mental life in general.

This book is about mental imagery and the important work it does in our
mental life. It plays a crucial role in the vast majority of our perceptual epi-
sodes. It also helps us understand many of the most puzzling features of per-
ception (like the way it is influenced in a top-down manner and the way
different sense modalities interact). But mental imagery also plays a very
important role in emotions, action execution, and even in our desires. In sum,
there are very few mental phenomena that mental imagery doesn’t show up
in—in some way or other. The hope is that if we understand what mental
imagery is, how it works and how it is related to other mental phenomena, we
can make real progress on a number of important questions about the mind.

I wrote this book for an interdisciplinary audience. As it aims to combine
philosophy, psychology, and neuroscience to understand mental imagery, I
have not presupposed any prior knowledge in any of these disciplines. As a
result, readers with no background in any of these disciplines can also follow
the arguments.

The book has many short chapters, organized into five parts. Part I is about
mental imagery, whereas the rest of the book is about the role it plays in per-
ception (Part II), multimodal perception (Part III), cognition (Part IV), and
action (Part V). The chapters are (almost) all self-standing, so the reader can
jump around freely, but it probably makes sense to read Part I first.

A lot has been written about imagination in the philosophy of mind and
beyond. Mental imagery is a much more basic (and also conceptually less
problematic) concept than imagination. Nonetheless, much less attention has

! Theard the story from Marine Franck, Cartier-Bresson’s widow in 2004 in Locarno.
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been devoted to mental imagery. The aim of this book is to fill this gap and
put mental imagery at the forefront of our thinking about the mind.

David Hume memorably said that “the memory, senses, and understanding
are, [...], all of them founded on the imagination.”* My aim is to convince the
reader that “the memory, senses, and understanding are, all of them founded”
on mental imagery.

I started working on the topic of mental imagery in the Fall of 2006, when,
fresh out of PhD, I gave my first graduate seminar at Syracuse University. And
mental imagery has been the primary focus of my research in the last eight
years or so. As a result, it is difficult to enumerate all those who helped me to
think through these issues and also the venues where I presented the material
of the book, but I'll try it anyway.

I gave talks that were directly related to mental imagery at various confer-
ences of the American Philosophical Association (one Eastern, one Pacific,
two Central) as well as the University of Manchester, the University of British
Columbia, Simon Fraser University, University of Geneva, various confer-
ences of the American Society of Aesthetics, University of Cardiff, University
of Sheffield (twice), University of Porto, University of Warwick, various con-
ferences and talks at Ruhr Universitidt Bochum, University of Bergen, Berlin
School of Mind and Brain (twice), various conferences of the Association of
the Scientific Study of Consciousness, University of Leeds, Institut Jean
Nicod, Courtauld Institute, University of East Anglia, University of Urbino,
University of Milan (twice), University of Exeter, University of Oslo, Barnard
College, University of Salzburg (twice), University of Aix/Marseilles, Oxford
University (twice), Southern Society of Philosophy and Psychology, University
of North Carolina, Chapel Hill, Hebrew University, Jerusalem, Kirschberg
Symposium, University of Southampton, University of Nijmegen, University
of Toronto, University of Ghent, University of Torino, NYU Abu Dhabi,
Bilkent University, various online talks during the COVID-19 pandemic,
Washington University, Saint Louis, University of Kent, Humboldt Universitat,
Berlin, University of Krakéw, University of Bristol, City University of New
York, Universita Svizzera Italiana, LMU Munich, University of Lisbon.

Some versions of the arguments I presented in this book were published
in the following journals: Philosophical Transactions of the Royal Society B,
Cognition, Cortex, Philosophical Studies, Pacific Philosophical Quarterly,
Analysis, Journal of the American Society of Aesthetics, Ergo, Synthese,

> Hume: Treatise of Human Nature 1.4.7.3-4. 1 want to leave open the possibility that what Hume
meant by “imagination” is in fact closer to what I mean by “mental imagery”
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Multisensory Research, Thought, Perception, i-Perception, Consciousness and
Cognition, The Monist, Frontiers in Psychology, Mind & Language, Journal of
Consciousness Studies, as well as in various edited volumes.

There is no way I can enumerate everyone who gave excellent feedback to
some of the material in this book, but I am especially grateful to those who
read and commented on either the entire book or almost the entire book:
Dustin Stokes, Neil Van Leeuwen, Jake Quilty-Dunn, Robert Briscoe,
Dominic Gregory, Amy Kind, Peter Langland-Hassan, Santiago Echeverri,
Geraldo Viera, Alma Barner, Adam Bradley, Bras Saad, Laura Silva, Jason
Leddington, Nicolas Porot, Peter Fazekas, Carlota Serrahima, Brandon Ashby,
Sarah Arnaud, Kris Goffin, Francesco Marchi, Stephen Gadsby, Alex Kerr, Oli
Odoffin, Amanda Evans, Anna Ichino, Alex Geddes, Lu Teng, Manolo
Martinez, Denis Buehler, Anya Farennikova, Jonathan Cohen, Mohan
Matthen, Thomas Raleigh, Kevin Lande, Nick Wiltsher, Chris McCarroll,
Dan Williams, Margot Strohminger, Craig French, Maarten Steenhagen,
Patrick Butlin, Jacob Berger, Dan Cavedon-Taylor, Chiara Brozzo, Laura Gow,
Andrea Blomkvist, Julian Bacharach, Jeremy Pober, Andrea Rivadulla, Grace
Helton, as well as an anonymous referee for Oxford University Press.

Finally, I am grateful to the team at Oxford University Press, especially
Peter Momtschiloff, Jo Spillane, Jen Hinchliffe, and to Andrea Blomkvist for
supplying the index. The work on this book was supported by the ERC
Consolidator grant [726251], the FWF-FWO grant [GOE0218N], the ENS-
FWO grant [G025222N] and the FWO research grant [GOC7416N].
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PART I
MENTAL IMAGERY






1
Mental Imagery in Psychology

and Neuroscience

Close your eyes and visualize an apple. Got it? This is an example of mental
imagery. It would be tempting to use this example to anchor the reader’s
intuitive understanding of mental imagery instead of spending some time
trying to figure out how we should understand mental imagery. William
James famously started his discussion of attention with the sentence: “Everyone
knows what attention is” (James 1890, p. 403). So it would be tempting to start
this book by saying that “Everyone knows what mental imagery is” and just
leave it at that.

This strategy would be extremely problematic for a number of reasons. The
most important of these is that there are very significant and well-documented
differences between individuals when it comes to mental imagery: some peo-
ple do not experience mental imagery at all—I will say a lot more about the
philosophical significance of this in Chapter 3. Some others have very vivid
mental imagery. So trusting that we all know intuitively what mental imagery
is, is just lazy.

“Mental imagery” is a technical term. The concept of mental imagery was first
consistently used in the, then very new, discipline of empirical psychology at the
end of the nineteenth century by psychologists like Francis Galton, Wilhelm
Waundt, or Edward Titchener (Galton 1880; Titchener 1909; Wundt 1912).

Technical terms are supposed to be used in a way that maximizes theoreti-
cal usefulness. In this case, theoretical usefulness means that we should use
“mental imagery” in a way that would help us to explain how the mind works.
My aim is to use a vast amount of empirical data in order to understand age-
old and deep philosophical issues. But in order to do so, we need to start with
the empirical sciences. So how do the empirical sciences of the mind use the
concept of mental imagery?

My starting point is the definition used in a review article on mental
imagery in the leading journal Trends in Cognitive Sciences: “We use the term
‘mental imagery’ to refer to representations [...] of sensory information

Mental Imagery: Philosophy, Psychology, Neuroscience. Bence Nanay, Oxford University Press. © Bence Nanay 2023.
DOI: 10.1093/0s0/9780198809500.003.0001



4 MENTAL IMAGERY: PHILOSOPHY, PSYCHOLOGY, NEUROSCIENCE

without a direct external stimulus” (Pearson et al. 2015, p. 590)." This
definition aims to capture how the concept of mental imagery is used in a
number of empirical disciplines, including psychiatry, neuroscience, and psy-
chology. It is also consistent with some famous characterizations of mental
imagery; for example, the one by the all-star team of Stephen Kosslyn,
Marlene Behrmann, and Marc Jeannerod, who write that:

Visual mental imagery is “seeing” in the absence of the appropriate immedi-
ate sensory input, auditory mental imagery is “hearing” in the absence of the
immediate sensory input, and so on. Imagery is distinct from perception,
which is the registration of physically present stimuli.

(Kosslyn et al. 1995a, p. 1335)

It is not entirely clear what those scare-quotes mean around the word “seeing”
and “hearing” (we’ll come to that). But one thing to note already is that mental
imagery, in spite of the connotations of the word “image,” is not necessarily
visual: mental imagery can be auditory, olfactory, and tactile as well: it can
happen in all sense modalities, not just in vision.

Another influential, albeit somewhat picturesque, characterization of men-
tal imagery comes from the pioneer of mental imagery research, Roger
Shepard:

The relation of a mental image to its corresponding object is in some ways
analogous to the relation of a lock to a key. [...] the lock can be externally
operated only by its corresponding key [...] It may also be possible to oper-
ate the lock, at least partially, by direct manipulation of its mechanism from
the inside, in the absence of its external key. (Shepard 1978, p. 130)

I am not entirely sure how much experience Shepard had with locks (as pick-
ing a lock would also involve external intervention), but the spirit of this
characterization is clear: mental imagery lacks external input. I will follow the
usage of the concept of mental imagery in the empirical sciences and define
mental imagery as perceptual representation that is not directly triggered by
sensory input.” This definition needs some unpacking.

! The part of the definition I edited out is “and the accompanying experience.” I will come back to
why this is a fair omission (and also in line with the consensus in psychology and neuroscience) in
Chapter 4.

? Ishould add that there is no crystal-clear consensus in the empirical literature on the exact defi-
nition of mental imagery. However, the Pearson et al. definition that I appropriate (with some minor
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By sensory input or sensory stimulation I mean the activation of the sense
organ by external stimuli Sensory stimulation is an event. So, in the visual
sense modality, sensory stimulation amounts to the light hitting the receptors
in the retina. Some perceptual processing starts with sensory stimulation.
But not all. Some perceptual processing is not directly triggered by sensory
stimulation.

By triggering a perceptual representation, I mean a simple causal process:
our perceptual system can get activated by the event of sensory stimulation
(for example, by the light hitting our retina). But it can also get activated in
the absence of sensory stimulation. It needs to be emphasized that even on
those occasions when it is sensory stimulation that directly triggers perceptual
representations, the sensory input gets elaborated and embellished in the
course of this perceptual processing—but what triggers this processing and
what gets elaborated and embellished is the sensory stimulation. In the case
of mental imagery, this perceptual processing (already very early cortical
processing, see, for example, Slotnick et al. 2005) is not directly triggered by
sensory stimulation, so whatever gets elaborated and embellished is not the
sensory stimulation.

By perceptual representation, I mean a representation in the perceptual
system. Some of our perceptual representations are triggered directly by
sensory input—this amounts to perception, or, as I will say, to “sensory
stimulation-driven perception.” And some others are not triggered directly by
sensory input—this amounts to mental imagery. Note that I am making a dis-
tinction between perception and perceptual representation. Perceptual repre-
sentation is representation involved in perceptual processing, which is just
processing in the perceptual system. Perceptual representations get activated
when we perceive. But they also get activated when we have mental imagery.
Perceptual representation that is triggered directly by sensory input is sensory
stimulation-driven perception. Perceptual representation that is not triggered
directly by sensory input is mental imagery.

I characterized, and will continue to characterize, mental imagery as per-
ceptual representation not directly triggered by sensory input. But some may
complain that, strictly speaking, representations are not the kind of things
that get to be triggered by sensory input. Perceptual processing is the kind of
thing that may or may not be triggered by sensory input. And perceptual

changes) is as representative as it gets. Some empirical researchers work with a narrower conception
(where some additional constraint of being top-down generated or being conscious is added). I will
address the plausibility of such constraints in Chapters 3, 4, and 5.



6 MENTAL IMAGERY: PHILOSOPHY, PSYCHOLOGY, NEUROSCIENCE

representation is the representation used in perceptual processing. I am
perfectly happy with this way of formulating mental imagery as perceptual
representation that is used in perceptual processing that is not directly trig-
gered by sensory input. But for the sake of simplicity, I will continue to talk
about perceptual representations not directly triggered by sensory input.
I also think that my characterization of mental imagery is equivalent to saying
that mental imagery is perceptual processing not directly triggered by sensory
input, as long as we take this perceptual processing to be representational
processing. I will use these two ways of characterizing mental imagery (per-
ceptual representation not directly triggered by sensory input and perceptual
processing not directly triggered by sensory input) interchangeably, as the
perceptual representation in question is the representation used in perceptual
processing and as the perceptual processing is representational. Either way,
these perceptual representations that are not directly triggered by sensory
input are bona fide representations that higher-level processes (perceptual
and non-perceptual ones) can use and process further. I will say more about
the kind of representations that constitute mental imagery in Chapter 6.

But defining perceptual representation in terms of perceptual processing,
and defining perceptual processing in terms of the perceptual system, leaves
open how we should think about the perceptual system. Some parts of the
processing of sensory stimulation are more clearly perceptual than others.
Take the visual sense modality as an example—I will use mainly visual exam-
ples in the next couple of chapters before turning to the importance of the
complex interaction between the sense modalities. In humans and nonhuman
primates, the main visual pathway connects neural networks in the retina to
the primary visual cortex (V1) via the lateral geniculate nucleus (LGN) in the
thalamus; outputs from V1 activate other parts of the visual cortex and are
also fed forward to a range of extrastriate areas (like the secondary visual cor-
tex (V2), V4/V8, V5/middle temporal area (MT), and so on) (Bullier 2004;
Grill-Spector and Malach 2004; Van Essen 2004; Katzner and Weigelt 2013).

While there may be some debates about whether some later stages of this
line of processing would count as perceptual, we can safely assume that early
cortical processing (that is, the earliest stages of processing following the
input) counts as perceptual processing.’ Throughout the book, I will take
early cortical processing as sufficient for perceptual processing and most of

* It is important to emphasize that perceptual processing here is understood functionally and not
neuroanatomically. Given the enormous neural plasticity of the mind, activation of the primary visual
cortex is neither necessary nor sufficient for visual imagery (see, for example, Bridge et al. 2012). Even
if there is no activation in the primary visual cortex, but there is activation of some other early visual
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the examples I will talk about involve early cortical processing. But I want to
leave open the possibility that non-early perceptual processing that is not
directly triggered by sensory input would also count as mental imagery.

Finally, the concept of directness in my definition of mental imagery may
need some further clarification (and the same goes for the concept of “appro-
priate immediate sensory input” (Kosslyn et al. 1995a, p. 1335; see also
Shepard and Metzler 1971) that has also been used to specify what mental
imagery lacks). The perceptual processing is triggered directly by sensory
input if it is triggered without the mediation of representations involved in
some top-down or lateral (perceptual or extra-perceptual) processes.

If the perceptual representation is triggered by something non-perceptual
(as in the case of closing our eyes and visualizing), it is not triggered directly
by the sensory input.

If the perceptual representation in the visual sense modality is triggered by
sensory input in the auditory sense modality (as in the case of the involuntary
visual imagery of your face when I hear your voice on the phone with my eyes
closed), the visual processing is triggered indirectly. It is triggered with the
mediation of some kind of auditory representation—I will call this form of
mental imagery “multimodal mental imagery;” see Chapter 13. A direct trig-
ger here would be visual input, but there is no visual input in this case. The
auditory input leads to an auditory representation and this auditory represen-
tation laterally triggers the visual representation. This process is mediated
by the auditory representation. Hence, it is not direct. It counts as mental
imagery.

And if the visual representation of the center of the visual field is triggered
by input in the periphery of the visual field (say, because the center of the
visual field is occluded by an empty white piece of paper), then the visual
processing at the center of the visual field is, again, triggered indirectly, that is,
in a way mediated by the visual representation in the periphery (see
Chapter 8). A direct trigger would have to be sensory input at the center of
the visual field, but there is no such direct trigger in this case. The visual input
in the periphery leads to the visual representation of the contours in the
periphery. These visual representations trigger, laterally, the visual representa-
tion of the contours at the middle of the visual field. This process is mediated
by the visual representation in the periphery. Hence, it is not direct. It counts
as mental imagery.

cortical areas (for example, of MT/V5+ in the case of imagery of a moving object, we can still con-
clude that there is visual imagery; see Kaas et al. 2010). See Chapter 14 for further details on this.
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All these three different examples of perceptual processing count as mental
imagery as the perceptual processing is not triggered directly by the sensory
input. Thus, all of these count as mental imagery.

The directness or indirectness of the causal link between sensory input and
perceptual processing plays a crucial role in the definition of mental imagery,
so here is a quick and dirty way of keeping direct and indirect causal links
apart in this context. In all sense modalities, we have a fairly clear idea of the
hierarchy of processing. We have seen that, for example in the visual sense
modality, information from the retina is processed in the lateral geniculate
nucleus, then in the primary visual cortex (V1), the secondary visual cortex
(V2), and then V4/V8, V5/MT. If the processing of a feature in, say, the pri-
mary visual cortex is triggered in an entirely bottom-up manner, this is not
mental imagery. If it is triggered in a top-down manner or laterally, it is men-
tal imagery. Lateral triggering can happen from a different sense modality
(say, audition) or from the same sense modality (when the V1 processing of a
feature at the middle of the visual field is triggered by the V1 processing of
other features on the left- and right-hand side of the visual field). It is impor-
tant that while we get mental imagery when the perceptual processing is
triggered laterally this way, we do not get mental imagery if the perceptual
processing of the input is merely influenced or modified laterally as in this
case, the perceptual processing is still directly triggered by the sensory input.

We can also get mixed perception/imagery cases. For example, if seeing
the purple paper makes me visualize a purple dinosaur, this perceptual repre-
sentation may be directly triggered by the sensory input with respect to color,
but not in any other respects. In this case, we see the color purple, but have
mental imagery of the dinosaur. As we shall see in Chapter 9, these mixed
cases are very important in everyday perception.

In some of my earlier writings on mental imagery, I characterized mental
imagery as perceptual processing not triggered by corresponding sensory
input. While there is an obvious difference between these two ways of think-
ing about mental imagery (in one it is the lack of directness, in the other it is
the lack of correspondence that sets mental imagery apart), I take the two
definitions to be co-extensive for the vast majority of cases. The official defini-
tion of perceptual representation not directly triggered by sensory input is
more general and that is why I am sticking with it, but thinking of mental
imagery as perceptual representation that lacks correspondence with the
sensory input can be helpful in some contexts.

In the case of shape perception, for example, correspondence is easy enough
to measure, given the retinotopy of the primary visual cortex. Correspondence
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here is simple spatial correspondence. The sensory stimulation is a fairly
straightforward event: light hitting my retina in a certain pattern. And what is
supposed to correspond to (or fail to correspond to) this pattern of sensory
stimulation is the patterns in early cortical perceptual processing. In the visual
sense modality, this would be the retinotopic primary visual cortex. The
primary visual cortex (and also many other parts of the visual cortex; see
Grill-Spector and Malach 2004 for a summary) is organized in a way that is
structurally homomorphic to the retina—it is retinotopic. If you are looking
at a triangle, there is roughly a triangle-patterned activation of direction-
sensitive neurons in your primary visual cortex. So we can assess in a simple
and straightforward manner whether the retinotopic perceptual processing
in the primary visual cortex corresponds to the activations of the retinal cells.
In the case of mental imagery, we get no such correspondence.

The retinotopy of the early visual cortices (and their equivalent in the other
sense modalities, see, for example, Talavage et al. 2004) makes spatial corre-
spondence an extremely convenient way of gaining evidence about whether a
given perceptual representation is mental imagery or not. For many kinds of
stimuli (for example, shape), if there is no spatial correspondence between
the processing in the visual cortices and the input, then the former could not
have been triggered directly by the latter. Direct triggering would mean ret-
inotopic triggering and this would guarantee spatial correspondence. But, of
course, we can get such correspondence even if the processing in the visual
cortices is not triggered by the input directly (for example, if there is a corre-
spondence by accident without any causal link between the corresponding
features). And with stimuli other than very simple shapes, the concept of cor-
respondence is not entirely clear (or not easily measurable).

For all these reasons, I use the presence or absence of a direct causal link
between input and perceptual processing as the mark of mental imagery,
while acknowledging that the presence or lack of correspondence can be used
diagnostically. The same goes for temporal correspondence (again, something
easy to measure by assessing whether the activation of the early cortices
follows the sensory stimulation quickly enough), a topic I will come back to
in Chapter 12.

The definition of mental imagery as perceptual processing that is not
directly triggered by sensory input is noncommittal about a number of differ-
ent points. It is silent on whether this perceptual processing is conscious
or not, voluntary or not, and so on—I will return to these distinctions in
Chapters 3 and 4.
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But I want to emphasize, even here, a crucial point that this definition of
mental imagery is neutral about. The definition of mental imagery as percep-
tual processing that is not directly triggered by sensory input is an entirely
negative definition. It does not tell us what it is that the perceptual processing
of a certain feature is directly triggered by. If it is triggered, albeit indirectly, by
sensory input in the same sense modality, this still counts as mental imagery,
because the direct causal link is missing (mental imagery of this kind will play
an important role in Chapter 8). If it is triggered laterally, by another sense
modality, it counts as multimodal mental imagery (see Chapter 13). Finally, if
the perceptual processing is triggered directly by higher-level mechanisms
(not necessarily cognitive processes or beliefs or knowledge, but mechanisms
that are higher up than early perceptual processing in the perceptual hierar-
chy, see Chapter 11 for details), we also get mental imagery (this is what hap-
pens when you close your eyes and visualize an apple).

One helpful metaphor used by neuroscientists is that of an “active black-
board” (Girard et al. 2001; Bullier 2001, 2004; Sterzer et al. 2006; Roelfsema
and de Lange 2016). The general idea is that the early visual cortices (and
especially V1) function as a blackboard. Various processes can write on this
blackboard. Sensory—that is, retinal—stimulation automatically leaves traces
on this blackboard, and does so in a retinotopic manner. To simplify a bit,
what is on the retina is copied onto the blackboard.

When the retina is copied onto the blackboard, it is sensory stimulation-
driven perception. When any other mental process draws on the blackboard,
it is mental imagery. Some of these mental processes are determined by the
sensory stimulation that shows up on other parts of the blackboard. Some are
determined by perceptual processing in a different sense modality. And in
some other cases the drawing is done by mechanisms further up in visual
processing (Mechelli et al. 2004; Dentico et al. 2014).

This is a very helpful metaphor, but it should be added that this is only
one aspect of what happens in visual cortical areas (see Chapter 5 for more
nuances about the layers of the early visual cortices on this). Nonetheless, the
psychological/neuroscientific definition of mental imagery as perceptual pro-
cessing that is not directly triggered by sensory input can be understood as
those processes that add to the already existing (retinally drawn) drawing on
the blackboard of early cortical areas.

The question I will address in the next chapter is what this concept has to
do with our everyday concept of mental imagery (if there is such a think).



2
Mental Imagery in Philosophy

The concept of mental imagery is not devoid of colorful connotations: it
brings to mind imagination, little images, pictures appearing before the
“mind’s eyes,” and so on. This is especially confusing as mental imagery is a
technical term and, as we have seen, we should use it in a way that is maxi-
mally theoretically useful. Hence, in order to arrive at a workable conception
of mental imagery, we should carefully remove these unwanted connotations
of the concept—a task not entirely trivial, given that throughout the history of
philosophy people have often used terms like “imagination,” “visualizing,’
“seeing in the mind’s eye,” or “images” interchangeably.

It is not my aim here to give a comprehensive history of the concept of men-
tal imagery in the history of philosophy—I'm sure this would be an interesting
project, but it is not my project. It would be an interesting project because the
technical term of mental imagery was not systematically used until the end of
the nineteenth century, and throughout the history of philosophy people often
used the term “imagination” to refer to what we now would describe as mental
imagery. Thomas Hobbes, for example, talked about “retaining an image of the
seen thing,” which comes very close to at least a subcategory of the current use
of mental imagery in psychology and neuroscience, but he referred to this men-
tal phenomenon as imagination (Hobbes 1651, chapter 2). More generally, both
the (British) empiricists and the (German) idealists used the term “imagina-
tion” at least sometimes in the sense that would be captured by the concept of
mental imagery nowadays (see Yolton 1996 for a summary). If we want to
understand the evolution of philosophical thinking about mental imagery, we
would need to go through all the historical texts about imagination and sepa-
rate out references to voluntary acts (imagination proper) from references to
perceptual representations that are not triggered directly by sensory input
(mental imagery). Again, this is not something I intend to do here.

Mental imagery has been surprisingly ostracized in the last few decades of
philosophical thinking about the mind." It is not clear why this is—maybe it

! There are, of course, important exceptions (Richardson 1969; Currie 1995a; Kind 2001). A less-
obvious one is David Kaplan’s use of “images” in his way of characterizing “vivid names,” a crucial
aspect of understanding propositional representation (see Kaplan 1968, esp. p. 411).
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is one of the side-effects of the “linguistic turn” of analytic philosophy. If we
are trying to understand how the mind works by focusing on language, then
mental imagery (a non-linguistic mental representation par excellence) is
likely to fall by the wayside.

I want to focus on two approaches that were both highly influential and
also particularly helpful for showing that the philosophical concept of mental
imagery is not too far removed from the one I zeroed in on in Chapter 1.

Here is a famous and classic definition from more than half a century ago:

Mental imagery refers to all those quasi-sensory or quasi-perceptual experi-
ences [...] which exist for us in the absence of those stimulus conditions that
are known to produce their genuine sensory or perceptual counterparts, and
which may be expected to have different consequences from their sensory or
perceptual counterparts. (Richardson 1969, pp. 2-3)

Although I'm not sure that what Richardson means by stimulus condition is
the same as what I mean by sensory stimulation (the former seems to be a
state and something external, the latter is an event and happens to our sense
organ), it seems that the general gist of Richardson’s definition is not that far
away from the way psychologists and neuroscientists think about mental
imagery—with one exception. Richardson talks about “quasi-sensory or
quasi-perceptual experiences.”

So mental imagery, according to Richardson, is by definition conscious (as
experiences are supposed to be conscious mental states). And many other
philosophers agree (see, for example, Thompson 2007). Here is Peter Kung’s
definition, which is just one example of what I take to be the standard way of
characterizing mental imagery in philosophy: “a sight or ‘picture’ in your
mind’s eye, a sound in your mind’s ear” (Kung 2010, p. 622). This way of
thinking about mental imagery seems to imply that mental imagery is neces-
sarily conscious.

In contrast, if we understand mental imagery the way it is used in psychol-
ogy and neuroscience, there is no such restriction. If you have perceptual
processing that is not directly triggered by sensory input, you have mental
imagery, regardless of whether this perceptual processing is conscious. I will
say (much) more on unconscious mental imagery in Chapter 4.

Further, it is notoriously unclear how one should interpret the phrase
“quasi-perceptual” in this context. Gregory Currie’s definition is a helpful
development in this respect:
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Episodes of mental imagery are occasions on which the visual system is
driven off-line, disconnected from its normal sensory inputs and experien-
tial outputs. (Currie 1995a, p. 26)

Currie cashes out the “quasi-perceptual” nature of mental imagery in terms of
a common mechanism: visual imagery and visual perception both use the
visual system, but the latter does so “on-line,” whereas the former does so “off-
line” While “on-line” and “off-line” are metaphors, if we try to substantiate
them, what we get is something very similar to the psychological/neuroscien-
tific definition, as a straightforward way of understanding the difference
between “on-line” and “off-line” perceptual processing is that the former, but
not the latter is directly triggered by sensory input. As Currie says, this differ-
ence is whether the perceptual processing is “disconnected from its normal
sensory inputs”

For Currie, mental imagery is the functioning of our visual system discon-
nected from its normal sensory inputs. For psychologists and neuroscientists,
mental imagery is perceptual processing not directly triggered by sensory
input. Substitute “disconnected from” for “not triggered by” and “normal” for
“direct” and it may seem that we get almost the same definition.

On the other hand, Currie (1995a) makes it clear (although not in the defi-
nition I quoted above) that he takes mental imagery to be a kind of
experience—that is, as something necessarily conscious, as does Richardson
(and, as we have seen, also some other philosophers).

This emphasis on conscious mental imagery may remind one of the way
the concept of mental imagery was used at the time when it was first intro-
duced at the end of the nineteenth century. At that time, psychologists like
Francis Galton, Wilhelm Wundt, or Edward Titchener (Galton 1880;
Titchener 1909; Wundt 1912) thought of mental imagery as a mental phe-
nomenon characterized by its phenomenology—a quasi-perceptual episode
with a certain specific phenomenal feel. This stance led to serious suspicion,
and often the outright rejection, of this concept in the following decades
when behaviorism dominated the psychological discourse (Kulpe 1895; Ryle
1949; Dennett 1969). It was not until the 1970s that mental imagery was again
considered to be a respectable concept to study in the empirical sciences of
the mind—by cutting the ties with the conscious phenomenology of imagery.
This opened the door to the possibility of unconscious mental imagery and,
as we shall see in Chapter 4, we have strong empirical and conceptual reasons
to maintain that mental imagery can indeed be unconscious.
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Mental imagery is a psychological phenomenon. And, as is normally the
case with psychological phenomena, introspecting is not a very reliable guide
to them. As we have seen at the beginning of Chapter 1, it is tempting to take
mental imagery to be something we all know about—all we need to do is close
our eyes and visualize an apple and then introspect what is going on in “our
mind’s eye” And much of the philosophical research (and much early psycho-
logical research) on mental imagery followed this methodology.

I don’t want to do that. I think closing our eyes and introspecting will give a
very limited insight into what mental imagery is and how it works. So I want
to move away from the introspective concept of mental imagery to the psy-
chological concept of mental imagery, which would be something we can
characterize in a way that does not rely on our introspection or our experi-
ence in general. And the definition that psychologists and neuroscientists use
does exactly this: it refers to perceptual processing and sensory stimulation
and the relation between the two.

I should add that when we move away from our introspective concept of
mental imagery towards a psychological concept, we should not throw the
original introspective concept out of the window. Introspection is often unre-
liable, but it is also what makes us care about the phenomenon in question
(mental imagery in this case) to begin with. And all things considered, it
would be preferable to have a psychological concept of mental imagery that is
not in conflict with the introspective concept of mental imagery.

I defined mental imagery as perceptual representation not directly trig-
gered by the sensory input. Some attractive features of this definition need to
be pointed out. First of all, psychology and neuroscience have a lot to say
about mental imagery. If we philosophers want to be able to communicate
about these issues with empirical scientists, it is a good idea to use their ter-
minology. Understanding mental imagery the way psychologists understand
mental imagery can give us a lot of ammunition in our philosophical argu-
ments about mental imagery—in fact, the aim of this book is to do just that.

Second, according to this definition, mental imagery does not have any-
thing to do with looking at tiny pictures in our mind (an idea behaviorists,
and especially Gilbert Ryle, were making fun of; see Ryle 1949, chapter 8).
Mental imagery is not something we see: it is a certain kind of perceptual
processing. So it is in no way more mysterious than other kinds of perceptual
processing (like perception proper). Nor do we need to postulate any onto-
logically extravagant entities (like tiny pictures in our head) to talk about
mental imagery any more than we need to postulate these entities in order to
talk about perception.
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Third, mental imagery is much richer than the sketch we would draw if we
had to draw the image that we see in the mind’s eye. One argument about the
relation between mental imagery and imagination, which I will return to in
Chapter 22, is about how different imaginative episodes may use the very
same mental imagery. Here is one often-cited example (originally from
Peacocke 1985, pp. 19-20; see also Kung 2010, esp. p. 626): Visualizing a suit-
case and visualizing a cat hiding behind a suitcase brings up the very same
mental imagery: that of a suitcase.” But what we imagine is very different.
This is not a very helpful way of thinking about mental imagery, partly
because there are enormous interpersonal variations about whether these two
imaginative episodes in fact bring up the same conscious mental picture, and
partly because it conflicts with what we know about the neuroscience of men-
tal imagery. We have strong empirical reasons to think that the perceptual
processing in the early visual cortical areas, when we visualize a suitcase and
when we visualize a cat behind a suitcase, are very different (Kosslyn et al.
1995a; O’Craven and Kanwisher 2000). From the point of view of this defini-
tion of mental imagery, it is irrelevant that the philosopher conjures up the
same image consciously. It gives us no reason whatsoever to conclude that the
mental imagery is the same.

Finally, this way of thinking about mental imagery makes it possible to talk
about the mental imagery of a subject without having to rely on her (notori-
ously unreliable) introspective reports. Suppose that I put you in an fMRI
scanner and map out your early visual cortices. I then detect the direction-
sensitive neurons firing in a triangle shape in your primary visual cortex, but
your retina has nothing on it as your eyes are closed, or maybe there are just
some parts of a triangle on your retina, as in the case of looking at the Kanizsa
triangle (see Figure 1). In this case, I can conclude that you have mental
imagery of a triangle. It does not matter what you are introspecting. This gives
us a concept of mental imagery that picks out a publicly observable phenome-
non. It is as scientifically solid a concept as it gets.

Nonetheless, and this is the fourth attractive feature of my definition, the
psychological/neuroscientific definition of mental imagery is not completely
unrelated to the philosophical (and introspective) one. As I will argue in the
next chapter, it is continuous with, and could be considered to be a straight-
forward extension of, our everyday (and philosophical) conception of mental
imagery. Just as the concept of time in the theory of special relativity is an
extension of our everyday conception of time (in the sense that our everyday

* See Wiltsher (2016, pp. 267-8) for some dissent on this.
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Figure 1 Kanizsa triangle

conception of time could be thought of as a special case of the concept of time
in the theory of special relativity), the same is true of mental imagery: our
everyday conception of mental imagery could be thought of as a special case
of the concept of mental imagery outlined here.



3

Varieties of Mental Imagery

Lets go back to the example of closing your eyes and visualizing an apple.
This is undoubtedly one way of exercising our mental imagery: one that many
philosophers and non-philosophers consider the standard and stereotypical
way of having mental imagery. But it is not at all representative, in at least six
respects.

First, it is visual mental imagery. And vision is not the only sense modality.
So if we can perceive auditorily, olfactorily, and so on, we can also have audi-
tory, olfactory, tactile, etc. mental imagery. I call all these “mental imagery”—
it should be clear that the word “imagery” does not here denote anything that
has to do with pictures (which would usually be something visual): mental
imagery exists in all sense modalities.

Second, when I ask you to visualize an apple, it is something you do volun-
tarily and intentionally. But mental imagery does not have to be voluntary
(Pearson and Westbrook 2015). One can have flashbacks of some unpleasant
scene—this is also mental imagery, but it is not voluntary mental imagery.
And some of our mental imagery is of this involuntary kind—this is espe-
cially clear in the auditory sense modality, as demonstrated by the phenome-
non of earworms: tunes that pop into our heads and that we keep on having
auditory imagery of, even though we do not want to. As Darwin says in
Descent of Man (where it is clear from the context that he is talking about
what I call mental imagery), “The Imagination [can] unite former images and
ideas, independently of the will” (Darwin 1871, chapter 3).

Third, when you visualize an apple, you tend to do so in a detached nonac-
tual visualized space: you close your eyes and visualize an apple in this nonac-
tual space that has nothing to do with the space you occupy.' But this is not
necessarily so. One can also visualize the apple in one’s egocentric space, for
example, in one’s hand or next to one’s laptop. Mental imagery can localize the
imagined object in one’s egocentric space or in some detached nonactual

' As Wittgenstein says, “what is imaged is not in the same space as what is seen” (Zettel, (Oxford:
Blackwell, 1967, 628, see also Chomanski 2018 for a good discussion of the relation between perceived
space and the space of mental imagery).

Mental Imagery: Philosophy, Psychology, Neuroscience. Bence Nanay, Oxford University Press. © Bence Nanay 2023.
DOI: 10.1093/0s0/9780198809500.003.0003



18 MENTAL IMAGERY: PHILOSOPHY, PSYCHOLOGY, NEUROSCIENCE

space. In fact, having mental imagery of something in our egocentric space is
not something unusual—we use mental imagery this way very often. When
you are looking at your empty living room, thinking about what kind of fur-
niture to buy, you're likely to try to form mental imagery of, say, a sofa not in
a detached space “in the mind’s eye,” but in your living room. And when
youre trying to figure out whether this sofa would fit through the main
entrance, again, you are having mental imagery of the sofa in the very con-
crete space of the main entrance of your house (see Briscoe 2018 and many of
the chapters in Kind and Kung 2016).

Fourth, visualizing an apple is not normally accompanied by any feeling of
presence. You are not fooled by this mental imagery into thinking that there is
actually an apple in front of you so that you could reach out and grab it. But,
again, this is not a necessary feature of mental imagery. There is no prima
facie reason why mental imagery could not be accompanied by the feeling of
presence (Simons et al. 2017). In fact, lucid dreaming (extremely vivid dreams
where we seem to be able to control the dream content), which is widely con-
sidered to be a form of mental imagery (see Hobbes 1655; Walton 1990 for a
summary), is very much accompanied by the feeling of presence. And hallu-
cination, which is, arguably, also a form of mental imagery, is also clearly
accompanied by the feeling of presence (see Nanay 2016a for more discussion
of hallucination as mental imagery).

The fifth distinction is about how mental imagery is triggered. As we have
seen in Chapter 1, our definition of mental imagery was a negative one: per-
ceptual processing that is not directly triggered by sensory input. This defini-
tion tells us what perceptual processing that constitutes mental imagery is not
triggered by, but it is silent about what it is triggered by.

When you close your eyes and visualize an apple, this is top-down trig-
gered mental imagery. The imagery is triggered by higher-order mental states.
No bottom-up trigger (as your eyes are closed) and no lateral trigger either
(assuming that you have sound canceling earphones on and you get no other
sensory stimulation from other sense modalities either).

But this is not the only way in which mental imagery can be triggered. It
can also be triggered by the sensory input in the very same sense modal-
ity—as long as this sensory input triggers the perceptual processing indirectly.
I will argue in Chapter 8 that this is exactly what happens in many familiar
cases of amodal completion: visual mental imagery is triggered by retinal sen-
sory stimulation around the amodally completed region, which means that
perceptual processing in this amodally completed region is not directly trig-
gered by the retinal sensory input.
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Finally, mental imagery can also be triggered laterally, by perceptual pro-
cessing in another sense modality. For example, visual mental imagery can be
triggered in the absence of any visual sensory stimulation and also in the
absence of any top-down influences by auditory perceptual processing. I will
go through a number of examples of laterally triggered multimodal mental
imagery in Chapter 13.

I made five distinctions within the category of mental imagery: (a) visual
versus auditory versus olfactory versus gustatory, etc. (b) voluntary versus
involuntary, (c) egocentric space versus non-egocentric space, (d) feeling of
presence or no feeling of presence and (e) top-down versus lateral. We can add
more distinctions that will be important in the discussion to follow, for example
one between determinate and determinable imagery (as mental imagery is very
often not at all determinate, see Chapter 10). But there is yet another distinc-
tion, which is much more controversial than the ones I have discussed in this
chapter. It is between conscious and unconscious mental imagery and I will
spend the entirety of Chapter 4 giving empirical arguments in favor of uncon-
scious mental imagery. I will get into these debates soon. But for the purposes
of this chapter, I will assume a much weaker and completely uncontroversial
claim only, namely, that mental imagery may be more or less vivid (Kind 2017).

There is a recent body of research on subjects who report not having
any conscious mental imagery whatsoever. This condition is called aphantasia
(Zeman et al. 2007, 2010, 2015; Dawes 2020; Blomkvist forthcoming). A sur-
prisingly large proportion of the population (according to some measures 5-8
percent) have this condition: they lack conscious mental imagery: when they
close their eyes and try to visualize an apple, no image is conjured up (aphan-
tasia is identified in terms of self-report—as we shall see in Chapter 4, it
covers a diverse set of underlying phenomena).

Aphantasia is one end of the spectrum. On the other end of the spectrum
we find people with extremely vivid imagery experiences—a condition often
called hyperphantasia. Most of us are somewhere in between. And we know a
fair amount about the neuroscience of what the vividness and precision of
mental imagery depend on. There is a linear correlation between the vividness
of mental imagery and some straightforward (and very easily measurable)
physiological features of the subject’s brain (such as the size of the subject’s
primary visual cortex and the relation between early cortical activities and the
activities in the entire brain; see Cui et al. 2007; Bergmann et al. 2016).

But these findings about aphantasia and hyperphantasia and the interper-
sonal variations in the vividness of mental imagery should also give us some
reasons to be suspicious about any kind of reliance on phenomenology and
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introspection when thinking about mental imagery (see also Kozhevnikov
et al. 2009 for some evidence on cross-cultural variations in the vividness of
mental imagery).

The interpersonal variations in imaginative phenomenology—the extreme
case of which is demonstrated in the aphantasia research—highlight just how
unlikely it is that anyone, even the most astute observer possible, could read
off a plausible account of mental imagery from their own experiences as these
experiences are very different from the experiences of many others.

The same goes for other philosophical debates where mental imagery plays
a role, like the cognitive phenomenology debate (Pitt 2004). According to the
proponents of cognitive phenomenology, some conscious non-perceptual
states have distinctive phenomenal character in the sense that it is “different
from what it is like to be in any other sort of conscious mental state” (Pitt
2004, p. 4). So the phenomenal feel that accompanies my belief is different in
kind from the phenomenal feel that accompanies my perceptual states. Others
argue that cognitive phenomenology is not distinctive—it really just derives
from the phenomenology of quasi-perceptual states like mental imagery
(both visual and auditory, see, for example, Carruthers 2005, esp. pp. 138-9).

Many (not all) arguments on both sides are firmly grounded in introspec-
tion: when you have a belief and you introspect, what kind of mental imagery
(if any) is conjured up? If we take the interpersonal variations in terms of the
vividness of mental imagery seriously, then this philosophical debate may not
be as theoretically interesting as it may sound. People with less-vivid mental
imagery will be likely to come down on the distinctive cognitive phenome-
nology side as they will not be able to discern (sensory) mental imagery when
they introspect their non-perceptual mental states and these people will not
be drawn to explain the non-perceptual phenomenology in terms of the
phenomenology of this sensory mental imagery. But others, with more vivid
mental imagery, would be more likely to give an explanation of this kind.?

The method of just introspecting and coming up with a philosophical
account of mental imagery (and of other mental phenomena) has had a good
run in the history of philosophy. But given the interpersonal variations in the
phenomenology of mental imagery (and in fact, of all kinds of other mental
phenomena), it is just not a very promising option.

* It needs to be noted that this debate is in fact even more complex, as some of those who are
skeptical of the idea of cognitive phenomenology would deny that occurrent beliefs have any phe-
nomenology at all (not just that their phenomenology is distinct from perceptual phenomenology). I
am not sure that the vividness of mental imagery has a lot to do with this aspect of the debate (but see
Lennon forthcoming on the potential relevance of the apahantasia research here).
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There is no carefully controlled psychological research about how philoso-
phers’ intuitions on cognitive phenomenology vary as a result of the vividness
of their mental imagery. But there is carefully controlled psychological
research about how psychologists’ (and philosophers’) intuitions vary as a
result of the vividness of their mental imagery when it comes to the so-called
Imagery Debate of the 1980s (the debate about whether the format of mental
imagery is imagistic or propositional; see Kosslyn 1980; Pylyshyn 1981; Tye
1991; see also Chapters 6 and 18). A fairly large study showed that the vivid-
ness of imagery has significant impact on theoretical commitments in this
debate (Reisberg et al. 2003). Researchers with less-vivid mental imagery
were more likely to take the propositional side and those with more vivid
mental imagery tended to come down on the imagistic side.

Note that these considerations about the limits of introspection when it
comes to mental imagery and imaginative phenomena in general are very dif-
ferent from the familiar line in the empirical sciences (and in philosophy of
mind) about the unreliability of introspection in general (see Schwitzgebel
2008; Spener and Bayne 2010). Even if we take introspection to be fully reli-
able, what we are introspecting in the case of mental imagery is very different
in the case of different individuals. Someone closer to the aphantasia end of
the spectrum and someone closer to the hyperphantasia end of the spectrum
will (reliably) introspect something very different.

These arguments are complimented nicely by Ian Phillips’s (empirically
based but philosophical) argument that the reason why there is a significant
variation in people’s reports on their use of imagery is not that some of them
use imagery and others don’t but that the imagery of some people tends to be
conscious and the imagery of some others tends to be unconscious (Phillips
2014; but see also Schwitzgebel 2002 and Chapter 4 for more on unconscious
mental imagery).

I want to go back to the many distinctions within the category of mental
imagery and the great variety of mental imagery that these distinctions
provide us with (T’ll set aside the one about the feeling of presence for now).
These distinctions are orthogonal to one another, so we get a lot of internal
distinctions within this category. Mental imagery can be voluntary and vivid,
that localizes its object in a non-egocentric space. Visualizing an apple is of
this kind. But it can also be involuntary and not at all vivid (or maybe even
unconscious), that localizes its object in an egocentric space (which would be
the polar opposite of the kind of mental imagery that we have when we close
our eyes and visualize the apple). This latter kind of imagery is what will play
a crucial role in the next chapters.
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One way of seeing the relation between the concept of mental imagery
I use and the introspective concept is that we get the former from the latter
by lifting some irrelevant restrictions—exactly those restrictions discussed in
this chapter. So if we lift the restriction of voluntariness, no egocentricity and
no feeling of presence (and consciousness), we end up with the psychological/
neuroscientific concept of mental imagery.

Finally, it is very important to emphasize that my aim here is not to capture
what the general public means by mental imagery. I do not want to give an
ordinary language analysis of the term “mental imagery.” Even fans of ordi-
nary language analysis (I am not among them) should have strong reason not
to do so, as “mental imagery” is not an ordinary language term. In fact, none
of the languages I am familiar with, other than English, has a term that would
mean mental imagery (as distinct from “imagination” or “mental picture”).
The term “mental imagery” is a technical term. I don't think there are any
pre-theoretical considerations that should persuade us to use the term one
way or another. As a result, we should use it in a way that is theoretically
fruitful. My aim was to show that using it in a way that is consistent with
psychological/neuroscientific consensus is the most theoretically fruitful use
of the term.

Having said this, if you, the reader, mean something very different by men-
tal imagery, this is not a reason to stop reading this book. My aim is to show
that a certain mental phenomenon, namely the perceptual representations
that are not directly triggered by sensory input, would play an important role
in a variety of mental processes. I call these perceptual representations mental
imagery.

But if you don’t want to, call it something else. Call it mental imagery*. Or
maybe off-line perception. Or phantom perception. Or use some other label.
This book is not about how best to label such perceptual processes. It is about
these perceptual processes, which I happen to label mental imagery.



=

Unconscious Mental Imagery

There are three kinds of reasons to think that mental imagery may be con-
scious or unconscious: conceptual, methodological, and empirical reasons.

First, the conceptual reason. Perception can be conscious or unconscious.
If the stimulus is masked or presented for a very short period of time, the
subject still perceives it, but has no conscious experience of it (Kentridge et al.
1999; Goodale and Milner 2004; Kouider and Dehaene 2007; Weiskrantz
2009; there is some dissent on this, see below). But if perception per se can be
unconscious, it would be completely ad hoc to postulate that mental imagery
can't be. Remember that mental imagery is a form of perceptual processing:
perceptual processing that is not directly triggered by sensory input. If per-
ceptual processing that is directly triggered by sensory input can be uncon-
scious, it is difficult to see why perceptual processing that is not directly
triggered by sensory input (that is, mental imagery) would have to be
conscious.

The second reason is methodological. Most behavioral or neuroimaging
experiments on mental imagery—including the most famous ones—often
don’t actually take the conscious experience of the subject into consideration.
Take, for example, the famous mental rotation tasks, one of the most widely
used paradigms in the study of mental imagery. There is a linear correspond-
ence between the time required for deciding whether two three-dimensional
shapes are the same and the degree of rotation between these two shapes
(Shepard and Metzler 1971). Your task is to decide whether two complex
three-dimensional shapes are the same. And you are quicker to respond (with
a yes or no answer) if the two shapes are oriented in such a way that less men-
tal rotation is required between them.

Whatever these experiments say about mental imagery (and we can stay
away from this question), it must be a claim that is silent about whether men-
tal imagery is conscious. These experiments are response time experiments
and the reasons for inferring the exercise of mental imagery are not intro-
spective ones, but come from the timing of the subjects’ responses, for which
they did not have to be conscious of any kind of mental imagery (although
they obviously needed to be conscious of the task they were performing). The
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mental imagery involved in this task may or may not be conscious. Therefore,
the concept of mental imagery that mental rotation experiments are con-
cerned with shouldn’t (and can’t) have consciousness as a built-in feature.*

The third reason is empirical: positing unconscious mental imagery can
explain a number of empirical findings better than not positing unconscious
mental imagery. I will give two arguments for this claim.

The first one takes influential paradigms for studying unconscious percep-
tion and modifies them in such a way that they are applicable to unconscious
mental imagery. I will focus on priming studies and argue that we can use the
same experimental paradigm to show that not only perception, but also men-
tal imagery can be unconscious.?

Some have recently expressed general doubt concerning the standards for
when we can be absolutely certain that perception is unconscious (see Block
and Philips 2017 for a summary). These skeptics would not go along with the
claim that perception can be unconscious. These worries would be inherited
by my arguments. If the skeptics were right (I don't think they are) that the
priming studies fail to establish that perception can be unconscious, then my
arguments wouldn’t establish that mental imagery can be unconscious either.
My second empirical argument from aphantasia is not susceptible to these
worries.

The first argument for unconscious mental imagery is from priming studies.
An important set of findings that shows that perception can be unconscious
involves unconscious priming: the subject’s behavior is altered by the uncon-
sciously presented stimulus. The general structure of the argument here is
that we can infer that the subject perceived something unconsciously if (a)
the subject has no conscious awareness of the stimulus presented perceptually
to her and (b) this unconscious presentation of the stimulus primes her (often
in very similar ways as conscious presentation of the stimulus does).

There is a large number of findings that follow this general pattern when it
comes to showing that perception can be unconscious (Kentridge et al. 1999;
Goodale and Milner 2004; Kouider and Dehaene 2007; Weiskrantz 2009).
But the same general argument could be modified to show that mental

! There are, of course, experiments that do consider the subjects’ conscious experience, but the aim
even in these experiments is to find correlations between conscious experience and publicly observ-
able features of the subjects’ behavior (see, for example, Cui et al. 2007; Dijkstra et al. 2017a).

* There are additional important and influential considerations for unconscious perception, from
unilateral neglect and from dorsal vision, both of which could be modified to show that there is
unconscious mental imagery. I will not talk about these considerations here, but will instead focus on
what I take to be stronger arguments for unconscious mental imagery (see Nanay 2021a for how the
argument from unilateral neglect and the argument from dorsal vision would go).
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imagery can be unconscious. In this case, we could infer that the subject had
unconscious mental imagery if (a) the subject has no conscious awareness of
her mental imagery, and (b) this unconscious mental imagery primes her in
the same way conscious mental imagery does.

We have seen the general complications with (a) three paragraphs ago. But
in the case of unconscious mental imagery, (b) is also more complicated than
it looks. In the case of unconscious perceptual priming, as long as the subject’s
behavior is altered by the unconsciously presented stimulus the same way as it
is altered by consciously seeing the stimulus, we can conclude that it was her
unconscious perception that primed her behavior. But in the case of mental
imagery, it is much more difficult to find behavior that would be primed by
mental imagery, let alone unconscious mental imagery.

Here is one experiment that could provide all the ingredients for the kind
of argument I outlined above (Kwok et al. 2019). It is a binocular rivalry
experiment. In the case of binocular rivalry, when different images are pre-
sented to each eye, our visual experience alternates between these two images.
If an image of a cat is presented to the left eye and an image of a dog to the
right eye, your experience is not a composite of the two, but rather a quick
switching back and forth between a cat and a dog.

Short-term exposure to stimuli immediately before the binocular rivalry
task influences the pattern of these alternating experiences (as long as the
stimuli are not too strong, which leads to suppression, see Brascamp et al.
2007). Suppose that an image of red vertical lines is presented to the right eye
and an image of green horizontal lines is presented to the left eye. If you have
been staring at the red wall before this task, your right eye (where red vertical
lines are presented) is more likely to win out in the binocular rivalry—more
than 50 percent of the time, you will experience the red vertical lines and not
the green horizontal ones during the binocular rivalry task.

A relatively new set of findings shows that conscious mental imagery influ-
ences the patterns of these alternating experiences in much the same way as
conscious perception does (Pearson et al. 2008, 2011; Keogh and Pearson
2011). Again, suppose that an image of red vertical lines is presented to the
right eye and an image of green horizontal lines is presented to the left eye. If
you visualized a red apple before the binocular rivalry phase, your right eye
(where red vertical lines are presented) is more likely to win out in the binoc-
ular rivalry.

So conscious mental imagery has an impact on the binocular rivalry pat-
tern. The question is whether unconscious mental imagery has a similar
impact. Consider the following experiment (Kwok et al. 2019). Subjects were
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shown a two-word description of an object on the screen for 3 seconds, which
included either the word “red” or the word “green” (“red apple,” “red chili,”
“green apple,” etc.). After this, they were instructed either to imagine or to
avoid imagining the described object (say, the red apple). In the “avoid imag-
ining” condition, if the subject did in fact, in spite of the instructions, imagine
a red apple (or anything red), they had to push a button indicating this.

After this priming phase, the subjects did the classic binocular rivalry task,
with a red stimulus presented to one of the eyes and green to the other and
the subjects had to report which color was dominant. A number of control
conditions were added, the most important of which was identical to the
“avoid imagining” condition, with the exception that during the 7 seconds
when the subject was supposed to avoid imagining, a highly luminous (nei-
ther green nor red but neutral yellow) stimulus was presented in the subject’s
visual field (Figure 2).

The experimenters found that subjects’ binocular rivalry pattern was primed
just as much in the “avoiding imagining” condition as in the “imagining”
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Figure 2 From Kwok et al. (2019)
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condition. When the subjects imagined a red apple for 7 seconds, the red
experience won out systematically in their subsequent binocular rivalry task.
No surprise here. What is more surprising is that even when the subjects were
avoiding imagining a red apple (and, again, ruling out those cases when they
failed to avoid this) for 7 seconds, the red experience still won out systemati-
cally in their subsequent binocular rivalry task.

This result in itself does not rule out the possibility that what primed the
binocular rivalry pattern was not unconscious mental imagery, but rather
some sort of higher-level representation—maybe the linguistic representation
presented on the screen (“red apple”) or some other cognitive strategy (see
Pearson and Keogh 2019 on the diversity of cognitive strategies in visual
working memory tasks, for example). In order to rule out this possibility, the
experimenters added the control condition where during the 7-second “avoid
imagining” phase, the subjects were presented with a highly luminous (nei-
ther green nor red but neutral yellow) stimulus, which flushes out the early
visual cortices, interfering with mental imagery (see Sherwood and Pearson
2010). If the priming were really due to non-sensory (say, linguistic) pro-
cesses, then this should not make a difference. But it did. In the luminance
condition, avoiding imagining failed to produce the same priming effect as
avoiding imagining without the luminance manipulation did (or as straight
imagining did).

These results strongly indicate that it is unconscious mental imagery that
primes the binocular rivalry pattern. Remember that subjects had to indicate
if their attempt to avoid imagining a red apple broke down. So we know that
those subjects whose attempt to avoid imagining a red apple did not break
down had no awareness of any red mental imagery during the 7-second
period. This unconscious episode nonetheless produced the same priming
effect as the conscious one did. Finally, we know that this unconscious epi-
sode was in fact unconscious mental imagery (and not some kind of uncon-
scious higher-level (maybe linguistic) representation) given that sensory
presentation of an irrelevant sensory stimulus interfered with the prim-
ing effect.

The authors of this study did not explicitly draw the conclusion that the
experiment demonstrates the presence of unconscious mental imagery, but at
least one of the authors of the study would be open to this interpretation (see
Pearson 2019; Koenig-Robert and Pearson 2020; but see also Koenig-Robert
and Pearson 2019).

The second argument for unconscious mental imagery is from aphantasia.
My previous arguments for unconscious mental imagery piggybacked on
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argumentative strategies about unconscious perception. Skeptics about
unconscious perception in general would be equally skeptical about these
arguments. The argument I will give here does not rely on any arguments
about unconscious perception. It is about aphantasics: people with aphantasia.

As we have seen in Chapter 3, aphantasia subjects report not having any
conscious mental imagery (Zeman et al. 2007, 2010, 2015). While it would, of
course, be possible to argue that subjects with aphantasia are not really
unaware of their mental imagery, this may be a more difficult (in any case,
different) move than arguing against unconscious priming or unconscious
perception in unilateral neglect. So this line of argument may convince some
of the skeptics who are not convinced by any arguments concerning uncon-
scious perception.

A subject has aphantasia when she reports not having mental imagery—
this is a behavioral criterion. And, as a result, aphantasia may have a number
of diverse underlying conditions. Some subjects with aphantasia have difficul-
ties voluntarily conjuring up mental imagery, but they do report mental
imagery when dreaming, for example. Some others report no mental imagery
at all—either voluntary or involuntary.

In other words, aphantasia is not a monolithic category. Some aphantasics
have visual flashbacks and dream vivid dreams, clearly involving conscious
visual imagery (Zeman et al. 2020). But they have problems with the voluntary
control of conscious visual imagery. Others have no conscious visual imagery
at all. My claim is that, at least in some cases of aphantasia, we can explain the
behavior of the subjects better if we postulate that they have unconscious
mental imagery. At least some aphantasics do have mental imagery, but they
do not have conscious mental imagery.

One experiment (Jacobs et al. 2017) that very much supports my claim has
a very small sample size: one. This one subject, Al (not actual initials) is a
31-year-old female PhD student, who scored 16 points on the Vividness of
Visual Imagery Questionnaire (that is the lowest possible score—the average
score of the control group was 61.1 points). She reports not having any mental
imagery whatsoever.

The experimental design is the following (Figure 3): the subject first sees
the name of a geometric shape (for example, “triangle” or “diamond”) for 500
milliseconds. Then she either sees the geometric shape in question framed by
four placeholders for 1500 milliseconds or is instructed to imagine this geo-
metric shape within the four perceived placeholders. In the latter condition,
only the four placeholders are shown—four dots indicating the corners of the
square within which the geometric shape is to be imagined. This is followed
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Figure 3 From Jacobs etal. (2017)

by 200 milliseconds of a random noise stimulus to mask the potential
afterimages.

After 4 seconds of delay, a random dot is presented, and the subject has to
decide whether it is within or without the boundaries of the perceived/imag-
ined geometrical shape. This is followed by a confidence rating of this judg-
ment. The only difference between the first (working memory) condition and
the second (mental imagery) condition is that in the latter, the geometrical
shape is not seen, but merely imagined within the region indicated by the four
placeholders.

The striking finding is that the performance of Al a subject with aphanta-
sia, was not significantly different from controls on either of these tasks.
Controls performed with a 90 percent success rate on the working memory
task and with an 89 percent success rate on the mental imagery task. Al per-
formed just around 3 percent worse than the controls, which is a statistically
insignificant difference. Her confidence ratings were also very similar to those
of the control subjects (and generally quite high, between 3 and 4 on a 1-4
scale). The authors” conclusion is that the subjects aphantasia did not have a
statistically significant effect on the performance of either of these tasks.

Let’s set the working memory task aside. How could we explain the find-
ing that an aphantasic subject’s performance on the mental imagery task is
not significantly worse than the controls’ performance? The straightforward
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explanation is that the subject does use mental imagery and uses it in a very
similar way to the control subjects when performing the mental imagery
task. But while the controls use conscious mental imagery, the subject uses
unconscious mental imagery.

So far, evidence seems to support the claim that at least some subjects with
aphantasia have unconscious mental imagery. But another experimental find-
ing, on the face of it, seems to go against the existence of unconscious mental
imagery among aphantasics. This experiment (Keogh and Pearson 2018), like
the experiment I discussed above, also uses the binocular rivalry paradigm.
Again, we know that conscious mental imagery influences the patterns of bin-
ocular rivalry. The question is, how does this process unfold among aphantasics?

Participants were first taught that upon the presentation of the letter G,
they are supposed to imagine green vertical lines and upon the presentation
of the letter R, they should imagine red horizontal lines. During the experi-
ment, they were shown one of these letters, which cued them to imagine
either red horizontal or green vertical lines for 6 seconds. After this, they
rated how vivid their imagery of the lines was. Finally, this was followed by
the binocular rivalry task with red horizontal lines presented to one eye and
green vertical lines presented to the other (see Figure 4).

There was no statistically significant effect of the imagining task on the bin-
ocular rivalry performance of subjects with aphantasia. While imagining red
lines in the case of control subjects led to the dominance of the red lines in
the binocular rivalry, in the case of subjects with aphantasia, this effect was
missing.

There was another difference between aphantasics and control subjects. In
control subjects, the priming effect was significantly weakened, when, during
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Figure 4 From Keogh and Pearson (2018)
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the imagery phase, a luminous (neither red, nor green, but neutral yellow)
stimulus was shown. But in aphantasics, the luminous stimulus made no dif-
ference (it also made no difference to the invariably low ratings of the vivid-
ness of their mental imagery).

On the face of it, these findings may seem to show that aphantasics do not
have any imagery, conscious or unconscious. If they had unconscious mental
imagery, it would have primed the binocular rivalry performance. But it
didn’t. One could object that, as aphantasia is not a monolithic phenomenon,
it is not to be assumed that all aphantasics have unconscious mental imagery,
so maybe the subjects in this study don’t. However, given that there were fif-
teen subjects, all of whom showed the same response pattern, this is not a
very satisfying response.

At this point, it is helpful, however, to compare these results to the Kwok
et al. (2019) results I discussed above (which was conducted by the same
group of researchers). I used the Kwok et al. (2019) study to show that uncon-
scious mental imagery primes the binocular rivalry performance. So if, as
I argued above, at least some aphantasics have unconscious mental imagery,
their unconscious mental imagery should also prime the binocular rivalry
performance. But, as the Keogh and Pearson (2018) experiment shows, this is
not the case.

In response to this objection, a crucial difference between the two experi-
mental setups needs to be pointed out. The mental imagery that was supposed
to be triggered in the Keogh and Pearson (2018) experiment is voluntary
mental imagery. The subjects are asked to visualize a certain stimulus, they
count to three and they voluntarily try to conjure up the mental imagery. In
the Kwok et al. (2019) study, in contrast, the unconscious mental imagery is
involuntarily triggered. In fact, the subjects are trying not to have any
imagery—they voluntarily suppress any conscious mental imagery.

So the only conclusion we can draw from the Keogh and Pearson (2018)
experiment concerning the mental imagery of subjects with aphantasia is that
their voluntary mental imagery does not prime their binocular rivalry perfor-
mance. This says nothing about the possibility that involuntary unconscious
mental imagery (in aphantasics or control subjects) would or could prime
binocular rivalry performance. And, as the Kwok et al. (2019) study shows,
involuntary unconscious mental imagery, at least in non-aphantasic subjects,
does prime binocular rivalry performance—so nothing excludes the possibility
that it does so also in subjects with aphantasia.

A lot more experimental studies could and should be done on subjects with
aphantasia that could convince us conclusively that at least some aphantasics
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do have unconscious mental imagery. Very few neuroimaging studies have
been done on aphantasics. And given the non-monolithic nature of aphanta-
sia, we should expect a variety of different results here. But the hypothesis
that some subjects with aphantasia have unconscious mental imagery could
be very easily confirmed.

The studies I have focused on show that unconscious mental imagery in
aphantasics and conscious mental imagery in control subjects have the same
behavioral profile when performing a certain task (see also Pounder et al.
2022). But do they have the same neural profile? What do the visual cortices
of the subject AI do in the Kwok et al. (2019) experiment? Given that we can
decode the contents of visual imagery from the activation of V1 and V2 (see,
for example, Naselaris et al. 2015), it would be relatively easy to check whether
Al in fact had a retinotopic representation of a diamond or a triangle in V1
and V2. If so, then it would be very difficult to argue that she does not have
unconscious mental imagery.

I argued in this chapter that mental imagery may be, and often is, uncon-
scious. Just as mental imagery can be voluntary or involuntary, it can also be
conscious or unconscious. Unconscious mental imagery will play an impor-
tant role throughout the book.



5
The Unity of Mental Imagery

The way of thinking about mental imagery that I have outlined in the last few
chapters lands us with a very wide category that would encompass a lot of
very different mental phenomena. Some may think it is a bad thing. I believe
that this is in fact an attractive feature of my way of thinking about mental
imagery—it gives us a very high-level category of mental imagery, which
we can then divide up (along the lines of the distinctions I enumerated in
Chapter 3, among others) into useful subcategories.

But the broader category of mental imagery is useful because it gives us
more explanatory unification than would other, more fragmented, concepts
of mental imagery, as I will argue in the following chapters. Explanatory uni-
fication is a theoretical virtue of scientific (and also philosophical) theories
(Kitcher 1981). The more diverse sets of findings a theory can explain the
more unified it is. My claim is that considering mental imagery to be percep-
tual processing that is not directly triggered by sensory input gives us a highly
unified theory of various mental phenomena in this sense.

In fact, all the following mental phenomena would count as mental imagery
according to this definition (some not obviously so):

(a) “Filling in” the blind spot: A part of the retina—the blind spot—cannot
be stimulated—there are no receptors there. If the light hits this part of
the retina it gives rise to no perceptual processing. So we receive no
sensory information from that region of the retina. Nonetheless, our
perceptual system “fills in” the sensory input of the blind spot on the
basis of the sensory input of the surrounding parts of the retina. The
perceptual processing of information at the blind spot region of the
visual field happens already in early visual cortices (Ramachandran
1992; Fiorani et al. 1992; Komatsu et al. 2000; Awater et al. 2005;
Spillman et al. 2006), but it is not directly triggered by sensory input
because there is no sensory input at the blind spot.*

! One may object: hasn’t Daniel Dennett’s repeated skepticism about “filling-in” the blind spot (for
example, Dennett 1991, p. 335F) demonstrated that this story is incorrect? I don’t think so. First, there
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(b) Peripheral vision: Peripheral regions of the retina are much less sensi-
tive than focal ones. And this focal preference is even stronger in early
cortical processing. As a result, the represented properties in the
peripheral regions of the visual field that our perceptual system pro-
cesses are much less determinate than the properties of the focal
regions. This asymmetry is especially striking when it comes to color
vision as there are very few retinal cells in the periphery that are sensi-
tive to color information (Hansen et al. 2009). But the same is true of
all other perceptually processed properties, like size or shape.
Peripheral vision can also “fill in” some regions of the periphery.
“Artificial scotoma” is a region of the visual field where different sen-
sory stimulation is induced from what surrounds it (and this can be
no sensory stimulation surrounded by a pattern—for example, a small
patch of white in the middle of random visual noise). If this is pre-
sented in the periphery, the visual system fills in the scotoma, making
it blend in. This filling in process starts very early in visual processing
(Ramachandran and Gregory 1991; De Weerd et al. 1995, 1998, 2006;
Welchman and Harris 2001; Weil et al. 2007, 2008; Troncoso et al.
2008). Again, the perceptual processing (of the pattern of random
visual noise) is not directly triggered by the sensory stimulation at the
artificial scotoma (because there is no input at all). This is perceptual
processing not directly triggered by sensory input, hence, an instance
of mental imagery.

(c) Amodal completion: Amodal completion is the representation of those
parts of the perceived object from which we get no sensory stimula-
tion. In the case of vision, it is the representation of occluded parts of
objects we see: when we see a cat behind a picket fence, our perceptual
system represents those parts of the cat that are occluded by the picket
fence. In tactile perception, it is the completion of those parts of the
objects we touch that are not in direct contact with our hand, for

is plenty of empirical evidence that the early cortices do actively “fill-in” the missing part of the visual
scene (see, for example, Churchland and Ramachandran 1993; Komatsu et al. 2000; see also Akins and
Winger 1996 for a very good overview of this debate). Second, I'm not even sure that Dennett would
disagree with anything I say here—his concern in Dennett (1991) was about phenomenology—
whether there is conscious filling in. And I'm certainly not arguing that there is. My claim is that there
is cortical filling in. The imagery involved in the filling in of the blind spot is almost always uncon-
scious imagery. Finally, Dennett’s positive “ignoring” account could also be thought of as a version of
my own view, according to which the mental imagery used for “filling in” the blind spot attributes very
determinable properties only—this mental imagery is remarkably unspecific. If we frame the debate
between the “filling in” account and Dennett’s account, the disagreement may turn out to be about the
specificity (or determinacy) of the properties attributed to the blind spot. I will say more about the
determinacy of mental imagery in Chapter 10.
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example. We complete those parts amodally.> Amodal completion is,
as I will argue in Chapter 8, perceptual processing that is not directly
triggered by sensory input. It is a form of mental imagery.

Various optical illusions: Many (but certainly not all) optical illusions
depend on perceptual processes that are not directly triggered by sen-
sory input. One example is the color spreading illusion: this is an opti-
cal illusion where we see a grid against a white background and some
parts of the grid are colored dark gray, while the rest of the grid is
lighter gray (see Figure 5).

When seen from the right distance, those regions of the white
background that are surrounded by a darker gray grid are perceived as
(very light) gray. Again, these illusory contours are not directly triggered
by sensory input. We get monochrome white regions on the retina, but
there is processing already in the early visual cortices and this leads
to the experience of gray (Watanabe and Sato 1989)—thus the optical
illusion. Other optical illusions that depend on perceptual processes
not triggered directly by sensory input include the McCollough effect
(where the sensory stimulation is in black and white, but the early
cortical processing as well as the visual experience is of color), the
flickering screen illusion (again, sensory stimulation is black and white,
whereas the early cortical processing as well as the visual experience is

*> Note that the term “amodal” is a bit of a misnomer here: amodal completion in the visual sense
modality by any account happens visually.
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Figure 6 Hermann grid illusion

(e)

of various color patterns) and the phantom motion illusion (where the
sensory stimulation is motionless, but the cortical processing as well
as the visual experience is of motion) (see, for example, Vul et al. 2008;
Allefeld et al. 2011; and see Grossberg and Mignolla 1985 for a general
overview). It is important that this analysis does not apply to all opti-
cal illusions. Refractionary optical illusions, like seeing the straw in a
glass of water as broken, have nothing to do with mental imagery—
whatever is responsible for the illusion happens before the light hits
the retina. Retinal illusions, like the Hermann grid (Figure 6) don't
count as mental imagery either—what goes astray here happens during
retinal processing, and early perceptual processing is directly triggered
by this (already nonveridical) sensory input. But in the case of some
illusions, things go astray between the sensory stimulation and early
perceptual processing—these are cases of mental imagery.

Hallucination: Most (albeit not all) instances of hallucinations would
count as mental imagery according to the definition of mental imagery
I used (and also according to the definitions of hallucinations used in
the psychiatry literature; see Allen 2015 and Nanay 2016a for summa-
ries): it is perceptual processing that is not directly triggered by sen-
sory input. Here is the official medical definition from the American
Psychological Association’s Dictionary of Psychology: “a false sensory
perception that has the compelling sense of reality despite the absence
of an external stimulus” (VandenBos 2007, p. 427). If we think of
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hallucination in this way, it very clearly falls under the definitions of
mental imagery in psychology that I considered above (Shepard 1978;
Kosslyn et al. 1995a; Pearson et al. 2015). Hallucination very much
qualifies as “seeing’ in the absence of the appropriate immediate sen-
sory input” (as Kosslyn et al. 1995a would say). And it is also a repre-
sentation ‘of sensory information without a direct external stimulus’
(as Pearson et al. 2015 would say).” And it also fits my own definition:
it is perceptual processing that is not directly triggered by sensory
input (see David 2004, p. 108; see also Aleman and de Haan 1998,
p- 657 for very similar definitions; and the first chapter of Aleman and
Laroi 2008 for a good overview on defining hallucination). Crucially,
while hallucinations form a very diverse set of mental phenomena, the
early sensory cortices are activated in the vast majority of them (see
Kompus et al. 2011 for a meta-analysis and Allen et al. 2008 for a
summary; see also Henkin et al. 2000 for some neuroimaging findings
on hallucination in less-researched sense modalities of olfaction and
taste).* But it is mental imagery that is conscious, involuntary, local-
izes egocentrically, and that is accompanied by the feeling of presence.
(f) Dreaming: Dreaming is widely held to be one particular form of men-
tal imagery (Hobbes 1655; Walton 1990). And it counts as mental
imagery according to my definition as well: it is perceptual processing
that is not directly triggered by sensory input. We have already seen
that an example of mental imagery that is accompanied by the feeling
of presence is lucid dreaming. But non-lucid dreaming would also
count as mental imagery according to my definition—where mental
imagery may or may not be accompanied by the feeling of presence
(there seem to be a lot of individual differences in this respect). It is
also important that dreaming involves early cortical processing, so
much so that we can reconstruct dreamed objects and scenes just from
the activation of the cortical regions V1-V4 (Horikawa and Kamitani

* The minority that considers hallucination to be different from mental imagery (see Ffytche 2008)
very clearly means something completely different by mental imagery from the psychological consen-
sus. More precisely, Ffytche (2008) takes mental imagery to be necessarily voluntary and we have seen
that this is a highly problematic and unmotivated assumption.

* What may constitute an exception is verbal hallucination in schizophrenia, which seems to be
brought about by activations of the parts of the brain that are responsible for inner speech (Frith and
Done 1988). But it is worth noting that these findings are consistent with activity in the primary audi-
tory cortex (and there is some evidence that there is indeed activity in the primary auditory cortex,
which would make verbal hallucination in schizophrenia also a form of mental imagery; see Jones and
Fernyhough 2007 and Kompus et al. 2013).
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2017). As there is early cortical perceptual processing but no sensory
stimulation, this is a clear example of mental imagery.

Episodic memory: Mental imagery is also taken to be a crucial, maybe
even necessary, feature of episodic memory. One empirical reason for
this is that the loss of the capacity to form mental imagery results in
the loss (or loss of scope) of episodic memory (Byrne et al. 2007; see
also Berryhill et al’s 2007 overview). An even more important set of
findings is that relevant sensory cortical areas are reactivated when
we recall an experience (Wheeler et al. 2000; see also Gelbard-Sagiv
et al. 2008 for context). Again, the subject’s perceptual processing
(Brewin 2014) is certainly not directly triggered by sensory input (see
also Laeng et al. 2014 for further empirical evidence on the relation
between mental imagery and episodic memory and see Chapter 20
for more discussion of the relation between mental imagery and
memory).

Perceptual expectations: It has been shown that prior expectations of a
specific stimulus evoke a feature-specific pattern of activity in V1
similar to that evoked by the actual stimulus (Kok et al. 2014, 2017).
This also counts as mental imagery: perceptual processing that is not
directly triggered by sensory input. Perceptual expectations will play
an important role when I discuss temporal mental imagery in
Chapter 12.

Attentional templates: In visual search, we use attentional templates.
When we look for Waldo in the Wheres Waldo book, we have a red
and white striped attentional template (Stokes and Nanay 2020). When
we look for the car keys in the living room, we have a key-shaped
attentional template. We know from studies in the neuroscience of
attentional templates that these templates that are used in visual search
are in fact early cortical processing in the visual system that is not trig-
gered directly by sensory stimulation—in short, they count as mental
imagery (Keogh and Pearson 2021).

These cases (a)-(i) are, on the face of it, quite heterogeneous. The common

denominator between them is that all of them are perceptual processes that

are not directly triggered by sensory input—either because there is no sen-
sory input at all (as in (a), (e), (f), and some instances of (b) and (d)) or
because the sensory input does not trigger our perceptual processing (that is,

the early cortical processing) directly.
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But isn’t this way of thinking about mental imagery just too inclusive?
What will not count as mental imagery according to this definition? Let’s con-
sider a couple of examples.

Afterimages do not count as mental imagery according to my definition.
An afterimage is “an image seen immediately after the intense stimulation of
the eye by light has ceased. For about a second, the afterimage is ‘positive, and
then it turns to ‘negative, often with fleeting colours. The positive phase is due
to after-discharge of the receptors of the eye; the negative phase is caused by
loss of sensitivity of the receptors as a result of bleaching of the photo-
pigments by the intense light” (Gregory 1987, p. 13; see Phillips 2013 for a
philosophical overview; see also Sperandio et al. 2012 for some further wrin-
kles about how afterimages are subject to size constancy). In the case of after-
images, there is retinal activation, and the perceptual process it leads to is
indeed directly triggered by sensory input (that is, by this retinal activation).
The sensory stimulation is not light hitting the retina, but rather an after-
effect of the light hitting the retina, but it is an event of retinal activation
nonetheless—it counts as sensory stimulation. And afterimages are triggered
directly by this sensory stimulation.

Further, in the Perky experiment, one of the most famous and earliest
experiments about mental imagery, subjects are looking at a white wall and
are asked to visualize objects while keeping their eyes open. Unbeknownst to
them, barely visible images of the visualized objects are projected on the wall,
which they take themselves to be visualizing, not perceiving (Perky 1910;
Segal and Nathan 1964; Segal 1972; see also Dijkstra et al. 2021). I will say
more about what follows and what does not follow from the Perky experi-
ments in Chapter 10, but what is important here is that if we accept my defini-
tion (and the definition used in the psychological literature), the subjects in
these experiments do perceive (rather than have mental imagery of) the pro-
jected images: their perceptual processes are directly triggered by sensory
input. I will come back to two other examples of early cortical processes
(hyperacuity and constancies) that do not count as mental imagery in
Chapter 9.

A sure sign of the explanatory power of a theory is that it can help us to
keep apart seemingly similar, but in fact very different, mental phenomena.
And my account of mental imagery can do exactly that. A good example of
this is phosphenes.

Retinal cells are normally activated by light. But they can also be activated
by merely pushing your fingers against your eyeballs. This results in what is
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called “pressure phosphenes” Pressure phosphenes are caused by sensory
stimulation. So they do not count as mental imagery. They amount to percep-
tual processing that is caused directly by sensory stimulation (of your fingers
pushing against your eyeballs). But the more general category “phosphene” is
somewhat unfortunate as it lumps together activation of the retina in the
absence of light, and the activation of the early visual cortices in the absence
of light and of retinal stimulation (often called electrically or magnetically
induced phosphenes). The latter counts as mental imagery, the former doesn’t.

A precondition of any scientific endeavor, but also of any philosophical
endeavor is to carve the world at its joints: to use concepts that pick out natu-
ral kinds in the world we are trying to understand. I am somewhat skeptical
of the explanatory value of the concept of natural kind in general, for various
reasons (see Nanay 2011c, e, 2013b, 2014a), but for the purposes of this
discussion, let’s just run with it. What are the natural kinds of our mental life?

The phosphene example I just gave can be interpreted in the following way:
If we follow our introspective reports, we lump together pressure phosphenes
that are brought about because of interference with retinal stimulation and
magnetically induced phosphenes, where something goes wrong between the
retina and the visual cortices. But these are radicalaly different mechanisms.
So this concept of phosphenes does not pick out a natural kind. The concept
of mental imagery, as I use it, in contrast, does pick out a natural kind.

More generally, my claim is that the concept of mental imagery, understood
as perceptual processing that is not directly triggered by sensory input, is very
high up on the naturalness scale. Perceptual processing is an important natu-
ral kind. And we cut this natural kind at its joints if we distinguish those per-
ceptual processes that are directly triggered by sensory input and those that
are not. Distinctions like voluntary/involuntary or conscious/unconscious
would be much further down on the naturalness scale.

This does not mean that we can’t and shouldn’t make important distinc-
tions within the natural kind of mental imagery—we most certainly do so
when talking about the natural kind of water (if water is indeed a natural
kind, see Chang 2012): for example, whether it’s solid, liquid, or gas. But the
distinction between ice and steam will be a theoretically less-important (and
less-interesting) one than the one between H,O and, say, O..

We can, and indeed should, make distinctions between different kinds of
mental imagery—in Chapters 3 and 4, I attempted to highlight a couple of
such distinctions (like the one between voluntary and involuntary or between
conscious and unconscious mental imagery). But these distinctions are more
similar to the one between ice and steam.
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And the same goes for the distinction between top-down and laterally
triggered mental imagery, which is easier to make sense of in the light of the
examples given in this chapter. Cases (a), (b), and most examples of (d) (that
is, blind spot, peripheral vision, and some optical illusions) are good exam-
ples of laterally triggered mental imagery. While there is no sensory input at
the blind spot or at the periphery of our visual field, the perceptual processing
of this missing input is triggered laterally. It is the retinal activation around
the blind spot that drives the perceptual processing of the regions around the
blind spot, which, in turn triggers the perceptual processing of the missing
sensory stimulation at the blind spot. And it is the sensory stimulation of
parts of the visual field that are closer to the fovea that drives the perceptual
processing of these regions, which, in turn, triggers the filling in of the miss-
ing sensory stimulation in peripheral vision (it should be noted, though, that
even in the case of peripheral vision, top-down information may play a role in
how the missing sensory information gets processed, see, for example, Zhang
et al. 2009).

Cases (e), (f), (h), and (i) (that is, hallucination, dreaming, expectations,
and attentional templates) are examples of fully top-down mental imagery:
dreams and hallucinations are triggered by some higher-level processes
regardless of the actual sensory stimulation. (It should be added that the
actual input may be incorporated into the mental imagery, like the actual
sound of the alarm clock becoming a sound I seem to hear in my dream or
the flushing of the toilet that triggers one of the most common hallucinatory
experiences of voices—I will say more about these hybrid cases in Chapter 9).

Case (c) (amodal completion), is a mixture between top-down and lateral
mental imagery. I will say more about how they are mixed in Chapter 9 and
more about the top-down versus bottom-up versus lateral distinction in
Chapter 11.

A final potential worry needs to be addressed. I defined mental imagery as
perceptual processing not directly triggered by the sensory input. But, given
recent advances in neuroimaging technology, we can now make more fine-
grained distinctions when it comes to perceptual, especially early sensory,
processing. The primary visual cortex is a case in point. Anatomically, the
primary visual cortex has seven layers. The middle (4th) layer mainly consists
of mainly bottom-up information from the retina, whereas all the other layers
consist mainly of top-down information. But there is also a difference between
superficial (closer to the skull) and deep (further away from the skull) layers of
the primary visual cortex and some neuroscientists want to reserve the concept
of mental imagery for processing in the deep layers (see for example, Bergmann
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et al. 2019). If you close your eyes and visualize an apple, this content can be
decoded from the deep layers of V1 (but not the superficial ones). And some
of the perceptual illusions I talked about above (in (d)), like the color spread-
ing illusion, can be decoded from the superficial layers of V1 (but not the
deep ones). One might think that this could be a reason to posit a substantial
distinction between mental imagery on one hand (which amounts to process-
ing in the deep layers of V1) and other forms of perceptual processing that is
not directly triggered by sensory input (which amount to processing in the
superficial layers of V1).

The problem with this line of reasoning is that the function of the deep and
superficial layers of V1 are not as different as one might suppose. Both the
deep and the superficial layers get a lot of top-down input and while it is true
that the deep layers get more top-down input from further away brain regions
than the superficial layers, this difference is a matter of degrees: top-down
signals from far-away brain regions can be detected not only in the deep, but
also in the superficial layers, and top-down signals from relatively close brain
regions also reach the deep layers of V1 (Koenig-Robert and Pearson 2021).
Further, most examples I outlined above (and that we have data about) acti-
vates both the deep and the superficial layers of V1, for example mental rota-
tion (Tamshchinina et al. 2021) and working memory (Lawrence et al. 2018).
Perceptual expectations are also decodable from the deep layers (Aitken et al.
2020). Finally, while there is some evidence that amodal completion activates
the superficial layers (Muckli et al. 2015), it has been shown that it also acti-
vates the deep layers (Kok et al. 2016).

In short, the distinction between processing in the superficial versus deep
layers is very far away from being an absolute one. Mental imagery encom-
passes both.



6
The Content of Mental Imagery

Mental imagery is a kind of representation. When I visualize an apple, this is a
way of representing an apple. And when I amodally complete the back side of
an apple, this is a way of representing the back side of the apple. This is con-
sistent with the way psychologists talk about mental imagery. Recall the defi-
nition of mental imagery we encountered in Chapter 1 from a review article
on the psychology of mental imagery: “We use the term ‘mental imagery’ to
refer to representations [...] of sensory information without a direct external
stimulus” (Pearson et al. 2015). The question is: what kind of representation is
involved in mental imagery and how should we think about its content?

I need to say more about how representations show up in early perceptual
processing and what kinds of representations do so. My claim is that early
cortical perceptual processing is representational. This is not just a claim
about mental imagery. Early cortical perceptual processing is representa-
tional, regardless of whether or not it is directly triggered by sensory stimula-
tion. So it is representational both when we perceive and when we have
mental imagery. In both cases, the early cortical processing of a triangle rep-
resents a triangle.

The representations in early cortical processing are not typically conscious
and they are clearly not syntactically structured (that is, not structured the
way sentences are). So they are very different from, say, conscious beliefs—the
paradigm of mental representations for some philosophers. But they are
nonetheless representations in any meaningful, even remotely naturalistic,
senses of the term (Shea 2018). I will use two of the most influential accounts
of what perceptual representations are, to show that the representations in
early cortical perceptual processing do count as bona fide representations.

The first account comes from Tyler Burge who takes perceptual constancies
to be the mark of perceptual representation (Burge 2010). Perceptual repre-
sentations represent distal features of the environment in spite of variations in
the proximal input. When a car is driving towards you, the outline shape of
the car takes up a larger and larger part of your retina, but you still perceptu-
ally represent the car as having the same (distal) size. Crucially, this is already
true of perceptual processing in the primary visual cortex: there are
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demonstrated lightness and size constancies in the primary visual cortex
(MacEvoy and Paradiso 2001; Murray et al. 2006). In short, if constancies are
the mark of perceptual representations, then the primary visual cortex already
represents perceptually.

Another influential take on representations is that a state can only be a rep-
resentation if it can misrepresent. One way of spelling out this approach is to
say that perceptual representations have the function to carry information
about some external state (Dretske 1988; Millikan 1995). Even on those occa-
sions when the perceptual representation fails to carry information about an
external state of affairs, it still has the function to do so. And that is what
happens when a perceptual representation misrepresents. The retina, to sim-
plify a bit, just slavishly registers whatever is in front of it. It is not capable of
misrepresentation—therefore it does not represent. The primary visual cor-
tex, in contrast, is not merely registering the input. It can and does misrepre-
sent. When we look at an illusory contour, the primary visual cortex
represents an edge, but the edge is not there (Kok et al. 2016; see Chapter 8
below). It misrepresents. And the same goes for the representation in V4, MT,
and so on. Early cortical representations are bona fide representations.

So we have a number of different early cortical perceptual representations
(both in the case of perception and in the case of mental imagery). The repre-
sentation in the primary visual cortex represents contours (among other fea-
tures). The representation in V4 represents colors (among other things). And
so on. When we talk about the content of perceptual states (of, say, seeing an
apple on the table), the content of this overall perceptual state depends on
(or maybe it is even determined by) the content of all these subpersonal rep-
resentations. And when we visualize an apple, the content of our overall mental
imagery also depends on the content of all these subpersonal representations.

I should acknowledge that not everyone is comfortable talking about the
content of perceptual experiences. Some philosophers argue that perceptual
experiences do not represent anything: they are not representations of objects
but relations to the perceived objects (Campbell 2002; Martin 2004, 2006;
Brewer 2011; Logue 2012; French 2018). This is not the place to argue against
such views (but see Nanay 2014d, 2015c, 2016e, 2022b; Berger and Nanay
2016). However, I don’t see why someone who thinks of perceptual experi-
ences in this way could not go along with everything I have said so far, with
one tiny modification.

These “relationalists” about perception are interested in conscious percep-
tual experiences and their claim is that these conscious perceptual experi-
ences are not representations (or else, even if they are, their content does not
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explain the phenomenal character of our perceptual experience). It would be
consistent with relationalism to claim that subpersonal and unconscious rep-
resentations are involved in early cortical perceptual processing. What rela-
tionalists would deny is that the overall perceptual experience that these
subpersonal and unconscious representations involved in early cortical per-
ceptual processing give rise to would be a perceptual representation itself
(and one whose content depends on the content of the subpersonal represen-
tations in early cortical perceptual processing). Instead, they would have a
different, but structurally similar, claim about how these early cortical percep-
tual representations make perceptual experience possible. But relationalists
needn'’t disagree with the existence and importance of early cortical percep-
tual representations.

Mental representations attribute properties to entities. There are important
debates in the philosophy of perception about just what these properties
could be and also about what kind of entities these properties are attributed
to. But these debates tend to be about conscious perceptual experiences. The
debate about the range of properties represented in perception is most often a
debate about what properties we perceptually experience (Siegel 2006; Bayne
2009; Nanay 2011a, 2011d, 2012d). So it’s about conscious perception (but see
Nanay 2012c for an attempt to tease apart the question about what properties
perceptual states represent and what properties we consciously experience in
perception).

But the same question can be raised about the perceptual representations
involved in early cortical perceptual processing. We know that, to simplify a
bit, the primary visual cortex represents contours, V4/V8 colors, and MT
motions (in the sense of representation specified above).

But what are these properties attributed to? I need to introduce a bit of ter-
minology here. Sensory individuals are the individuals (objects or events) we
perceptually represent as having properties. So when I see an apple, I percep-
tually attribute some properties (say, roundness, redness) to a sensory indi-
vidual (see Cohen 2004; Nanay 2013a on the concept of sensory individual).

The standard story about visual perception is that a range of properties
(definitely shape, color, and spatial location, but possibly also dispositional
properties or natural kind properties or action properties) is attributed to
ordinary objects (or events). So when I am looking at an apple, my perceptual
representation attributes properties to an object: the apple.

According to this view, the sensory individuals of vision are ordinary
objects like an apple or a cedar tree. As David Armstrong says, “In perception,
properties and relations are attributed to objects” (Armstrong 2004, p. 20; see
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also Shoemaker 1990, p. 97; Brewer 2007, p. 88, to mention just a few exam-
ples). The concept of ordinary object is not as straightforward as it might seem,
as it should not rule out shadows and rainbows, which are not physical objects.
Here is Mohan Matthen’s definition of what would count as an ordinary object:
a “spatio-temporally confined and continuous entity that can move and take its
features with it” (Matthen 2005, p. 281; see also Cohen 2004; Matthen 2004,
2010; for similar views; but see also Clark 2000, 2004; Nanay 2013a).

A minority position in this classic philosophy of perception debate con-
cerning vision is that these properties are attributed to a spatiotemporal loca-
tion and not the ordinary object that occupies this spatiotemporal location
(Clark 2000, 2004, 2011). And while this view is often quickly dismissed in
the case of conscious perceptual representations, the arguments against it
tend to be introspection-based arguments (see, for example, Cohen 2004;
Matthen 2005). They may or may not work when it comes to conscious per-
ceptual representations, but they definitely won't work in the case of the rep-
resentations of the early cortical perceptual processing.

In fact, when talking about representations involved in perceptual processing
in the primary visual cortex, it would be problematic to talk about properties
attributed to objects, as perceptual objects only show up much later in the per-
ceptual processing. The primary visual cortex processes contours, but these
contours are not contours of objects—they are not bound to ordinary objects
like apples. Same for V4: it processes colors, but not the color of objects.

So, in the case of early cortical perceptual representations, the long dis-
missed view, that the sensory individuals that perceptual representations
attribute properties to are spatiotemporal regions, seems to be a much better
candidate (Nanay 2022c). Things get messier when we turn to non-visual
sense modalities, like audition or olfaction, partly because the philosophical
debate about their sensory individuals is somewhat more complicated.

The debate about what audition attributes properties to is not about ordi-
nary objects (or events) versus spatiotemporal regions. It is about ordinary
objects (or events) versus sounds. And in the case of olfaction, it is about
ordinary objects versus odors. And it is not at all clear what kind of entities
sounds and odors are. Again, these debates tend to be about conscious audi-
tory and olfactory experiences: about what we hear and what we smell.

But if we ask instead what sensory individuals the representations involved in
early auditory cortical processing attribute properties to (I will leave olfaction
aside for now because there are some further wrinkles there; see Chapter 14),
we get a very different range of options. And, as in the case of vision, the most
plausible candidate—one that is not even on the radar when it comes to the
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debate about auditory and olfactory sensory individuals (although there are
some exceptions: Nanay 2013a; chapter 4 and Cohen 2010, for example)—
seems to be spatiotemporal regions, as the main function of the primary audi-
tory cortex is the spatial and temporal segregation of the auditory field into
auditory units based on the input of frequencies (Bregman 1990). And if
properties are attributed to spatiotemporal regions in perception, we have
strong reasons to suppose that they are attributed to spatiotemporal regions
in mental imagery as well.

We have seen that the content of overall perceptual states depends on the
content of these subpersonal early cortical perceptual representations.
Similarly, the content of mental imagery also depends on the content of these
early cortical perceptual representations. Just how the overall mental imagery
representation is put together from the subpersonal representations of early
cortical perceptual processing is a complicated question.

So far, this chapter has been about representational content. But questions
about the content of representations are difficult to separate from questions
about the format of representations. The usual starting point of talking about
representational format is the difference between the way pictures and sen-
tences represent. Pictures represent imagistically or iconically and sentences
represent non-imagistically or propositionally. They may represent the same
thing: say, a red apple on a green table. But they represent this red apple on a
green table differently—the format of the representation is different.

So the question is: does mental imagery represent the way pictures do or
the way sentences do? This was the central question of the so-called “Imagery
Debate” of the 1980s (see Tye 1991 and Cohen 1996 for summaries). It was
this debate that made philosophers take the concept of mental imagery seri-
ously again, after a long period of behaviorist-inspired skepticism about any-
thing imagery-related.

The Imagery Debate is historically significant for yet another reason: it
helped us to appreciate how interpersonal variations in mental imagery can
have a major impact on one’s philosophical/theoretical positions. As we saw
in Chapter 3, an important and fairly large study conducted at a time when
the Imagery Debate was on its way out showed that the vividness of imagery
has significant impact on theoretical commitments in this debate (Reisberg
et al. 2003), inasmuch as researchers with less-vivid mental imagery tended to
opt for the symbolic/propositional side and those with more vivid mental
imagery were more likely to take the iconic/imagistic side. Given the depend-
ence on the vividness of one’s mental imagery, one might wonder just how
substantive the Imagery Debate really was.
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There are many ways of characterizing the distinction between imagistic
and propositional formats, some more controversial than others.! I take the
least controversial way of characterizing imagistic content to be Christopher
Peacocke’s: “representation of magnitudes, by magnitudes” (Peacocke 2019,
p. 52—magnitudes are properties that come on a scale; see also Maley 2011;
Beck 2014; Lee et al. 2022).> And at least according to this criterion it seems
crystal-clear that mental imagery has imagistic format.

Early cortical representations represent magnitudes by means of magni-
tudes. They represent magnitudes like illumination, contours, color, and they
do so by means of magnitudes in the early sensory cortices. We have seen in
Chapter 1 that the early cortices are retinotopic. If you are looking at a trian-
gle, there is a (somewhat distorted) triangle-pattern of direction-sensitive
neurons in your primary visual cortex (see Grill-Spector and Malach 2004 for
a summary). This is imagistic representation par excellence. And if you visu-
alize a triangle (or if you amodally complete one) there is also a triangle-
pattern of direction-sensitive neurons in your primary visual cortex (Kosslyn
et al. 2006). Again, imagistic representation par excellence, at least according
to the “representation of magnitudes by magnitudes” criterion. In this sense,
we can agree with the recent consensus among psychologists and neuroscien-
tists (including some of the original participants of this debate) who explicitly
declared this debate dead (see esp. Pearson and Kosslyn 2015).

To sum up, mental imagery represents the way perception does and under-
standing the relation between the content of perception and the content of
mental imagery is crucial for understanding both mental phenomena. I will
say (much) more about the relation between perception and mental imagery
in Chapter 7.

The aim of Part I of the book was to make clear what mental imagery, that
is, perceptual processing not directly triggered by sensory input, amounts to.
The aim of Part II is to argue that mental imagery plays a very important role
in everyday perception.

! To mention just one often-emphasized difference, very few parts of the sentence “there is a red
apple on a green table” represent part of what the sentence itself represents, whereas many parts of the
picture of the red apple on a green table represent part of what the whole picture represents (see
Kulvicki 2014).

*> Small terminological point: this is Peacocke’s characterization of what he calls “analogue repre-
sentation” (which he takes to be different from iconic representations). I will use the term “imagistic”
to refer to Peacocke’s “representation of magnitudes by magnitudes” Less-small terminological point:
we can bracket various conceptual issues about the logical relation between analogue and iconic/
imagistic representations as all parties in this debate assume that propositional representations do not
have analog content in this sense: propositional representations do not represent magnitudes by
magnitudes.



PART II
PERCEPTION






7

Mental Imagery in Perception

Some perceptual processing starts with sensory stimulation. The light hits our
retina and vision is the complex visual processing of this sensory stimulation.
This perceptual processing may include, depending on whom you ask, the
interpretation or the elaboration or the embellishment of the sensory stimula-
tion, but it is the sensory stimulation that is processed/interpreted/elabo-
rated on.

But some other cases of perceptual processing are not the processing of
sensory stimulation because there is no sensory stimulation to be processed.
These perceptual processes would count as mental imagery according to my
definition: they are perceptual processes that are not directly triggered by sen-
sory input.

Observant readers could spot the potential for major terminological confu-
sion here. I call one kind of perceptual processing (that is triggered directly by
sensory input) perception proper. And I call another kind of perceptual pro-
cessing (that is not directly triggered by sensory input) mental imagery. So
some kind of perceptual processing will count as something other than per-
ception: perceptual processing that is not directly triggered by sensory input
counts as mental imagery, not perception. In order to mitigate this potential
confusion, I will use the term “sensory stimulation-driven perception” to
refer to perceptual processing that is triggered directly by sensory stimula-
tion. So not all perceptual processing is sensory stimulation-driven percep-
tion. Mental imagery is not.

My main claim in the next couple of chapters is that what we pre-
theoretically take to be perception is in fact a hybrid of sensory stimulation-
driven perception and mental imagery. But if this is true, then we should
reevaluate many generally held assumptions about perception.

An old and influential (Kantian) idea about mental imagery (or imagina-
tion) is that it is “a necessary ingredient of perception itself” (Strawson 1974,
p. 54). The metaphor and the quote are originally from Kant (Critique of Pure
Reason, A120, fn. a; see also Sellars 1978; Thomas 2009; Gregory 2018), but it
had become a widespread slogan by the nineteenth century. Eugene Delacroix,
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for example, wrote: “Even when we look at nature, our imagination constructs
the picture*

There are many ways of substantiating this claim, some more plausible than
others. The original Kantian idea amounts to a constitutive claim, according
to which perception depends constitutively on imagination (or, more plausi-
bly, on mental imagery). Constitutive dependence claims are notoriously dif-
ficult to prove, so I will stay away from them for the purposes of this book
(although I toyed with them in Nanay 2017b). Instead, I will defend a
relatively modest version of this claim, according to which what we pre-
theoretically take to be perception is in fact a hybrid of sensory stimulation-
driven perception and mental imagery.

A lot has been said in philosophy and psychology about the relation
between mental imagery and perception. Most of this research has focused on
the similarities and differences between mental imagery and perception. We
will encounter one aspect of this question in Chapter 10 below: the way in
which conscious mental imagery appears to be similar to conscious percep-
tion. Visualizing an apple feels similar to seeing an apple—how can we
explain that?

A much more important set of findings is about the similarity of processing
in the case of mental imagery and perception. As we have seen, there is an
almost complete overlap between the parts of the perceptual system involved
in mental imagery and the parts of the perceptual system involved in percep-
tion (see, for example, Bartolomeo 2002; Kosslyn et al. 2006; Boccia et al.
2017; but see also Lee et al. 2012 for some wrinkles, and Dijkstra et al. 2019
and Pearson 2019 for a summary). Further, the capacity limitations (Keogh
and Pearson 2017) as well as the patterns of cortical activation are also similar
in perception and mental imagery (Page et al. 2011; Clichy et al. 2012; but see
also the discussion of the differences in terms of the layers of the visual corti-
ces involves in Chapter 5).> Finally, the similarities between the perceptual
processes of perception and imagery are also revealed by how mental imagery
can lead to low-level perceptual learning (Tartaglia et al. 2009).

Another important set of experimental findings in this context is about our
eye movements during visual imagery and visual perception (I will focus on
the visual sense modality for ease of exposition, but we have very similar phe-
nomena in the olfactory sense modality; see Bensafi et al. 2003): our eye

! Delacroix: Journal, 1859, September 1.
* See also Cavedon-Taylor (2021a, 2021b) for a discussion of the relation between perception and
mental imagery, which is very different from mine.
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movement during visual imagery re-enacts that of the perception of the same
visual scene. When we visualize a scene, our spontaneous eye movements
reflect the content of the visual scene (Brandt and Stark 1997; Spivey and
Geng 2001; Laeng and Teodorescu 2002; Mast and Kosslyn 2002; Altmann
2004; Johansson et al. 2006; see Laeng et al. 2014 for a good summary; see
also Sartre 1940/1948 for some surprisingly similar claims). For example,
when we perceive a pattern in a grid, our eye movements are isomorphic to
our eye movements when we visualize the same pattern.?

The relation between eye movements in perception and mental imagery are
especially intriguing. When we look at an object that moves slowly, our eyes
track this movement with small and smooth micro-saccades. When we visu-
alize an object moving, the eye movement, while it follows the same general
spatial pattern, is somewhat different. There are no smooth small micro-
saccades, but instead larger, often voluntarily triggered eye movements.
Interestingly, our eye movements in other forms of mental imagery are more
similar to perception. In dreaming, for example, our eye movements are very
much like the smooth eye movements with small micro-saccades in percep-
tion and very different from the larger eye movements of visualizing (LaBerge
et al. 2018).

One may wonder whether these findings point to some kind of relation
between the nature of eye movements and the feeling of presence. The two
surely co-vary with each other. Perception: we get smooth micro-saccades
and we get a feeling of presence. Dreaming: we also get both. Visualizing: we
get neither. More research would need to be done to determine whether the
eye movements explain the feeling of presence, or maybe the other way round
(or neither, and we have a mere covariation between the two).

The findings about the similarities and differences between perception and
mental imagery will play an important role in Chapter 10. But an even more
important (and surprising) aspect of the relation between perception and
mental imagery, as I will argue, is that what we naively take to be perception is
in fact a mixture of sensory stimulation-driven perception and mental
imagery (see Chapter 9).

Let’s go back to the Kantian constitutive dependence claim (which I don’t
endorse): that perception depends constitutively on mental imagery. Claims
about constitutive dependence are routinely contrasted with claims about

* These findings are not limited to the similarities of eye movements when it comes to perceived
and visualized shape properties. The dilation of the pupil also reflects the brightness or darkness of the
imagined scene (Laeng and Sulutvedt 2014).
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causal dependence. This contrasting claim would be that perception depends
causally on mental imagery. As my claim about the perception/mental
imagery hybrid is weaker than the constitutive dependence claim, but
stronger than the causal dependence claim, I want to outline briefly how it
differs from both.

Few would deny that perception depends causally on mental imagery—we
have plenty of evidence that mental imagery can change our perceptual state.
But lots of things have a causal influence on our perceptual states. For exam-
ple, LSD in the bloodstream. That does not mean that perception depends
constitutively on LSD in the bloodstream. Our perception can depend caus-
ally on LSD, but not constitutively. The constitutive claim would be that men-
tal imagery is not like LSD in this respect.

Consider the first two perceptual processes I listed in Chapter 5 that would
count as mental imagery under my definition: perceptual processing of the
missing information in the blind spot and peripheral vision. Every time we
see anything, our perceptual system processes shape and color information
corresponding to the space of the blind spot in the visual field, but this pro-
cessing is not directly triggered by the sensory input from the blind spot
because there is no sensory input from the blind spot. So we use mental
imagery each time we visually perceive anything. And the same goes for
peripheral vision.

In this sense, all instances of everyday perception depend on mental
imagery. Do the examples of the blind spot and peripheral vision show that all
instances of everyday perception depend on mental imagery constitutively? I
don’t think so. The filling in of the blind spot or of the indeterminacies of the
periphery does have an impact on the content and phenomenology of our
perceptual states, but it does not make the perceptual state what it is.

In the literature in metaphysics about the difference between causal and
constitutive dependence (see Ylikoski 2013 for a summary), the basic assump-
tion is that X depends on Y constitutively and not merely causally if Y is part
of what makes X what it is. You take away Y and X is no longer X. Free elec-
tions are constitutive of democracy. If you don't have free elections, you no
longer have democracy. Or, to use my favorite quote on constitutive depend-
ence from the film Caddyshack (1980), uttered by Ty Webb (Chevy Chase):
“A flute without holes, is not a flute. A donut without a hole, is a Danish.”

No hole, no donut. Similarly, the Kantian constitutive dependence claim
holds that without mental imagery, perception would not be perception. I
think that this is almost true, but not quite. More specifically, the third exam-
ple of mental imagery I gave in Chapter 5, amodal completion, could be
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thought to provide good reasons for a strict constitutive dependence claim,
but I don’t think it will get all the way there.

That is why I resist the constitutive dependence talk and will argue in
Chapter 8 (and later in Chapter 13), instead, that what we naively take to be
perception is a mixture of sensory stimulation-driven perception and mental
imagery. The proportions of these two vary case by case. And there are some
(rare) cases where the mental imagery component is completely missing,
which is why the constitutive claim is too strong. Kant said that imagination
(most plausibly understood as mental imagery) “is a necessary ingredient of
perception itself” I want to tone this down a bit and I will argue that mental
imagery is a crucial, albeit not necessary, ingredient of perception itself. But
even this claim, even taking ordinary perception to be a mixture of sensory
stimulation-driven perception and mental imagery, has radical consequences
for a number of problems and debates concerning perception.



8
Amodal Completion

Amodal completion is the representation of those parts of a perceived object
that we get no sensory stimulation from. I will argue that one of the strongest
cases for the importance of mental imagery in perception comes from amodal
completion (as we shall see in Chapter 13, there might be an even stronger
case from the multimodality of perception).

In the case of vision, amodal completion is the representation of occluded
parts of objects we see: when we see a cat behind a picket fence, our percep-
tual system represents those parts of the cat that are occluded by the picket
fence.! We also get amodal completion in non-visual sense modalities. In tac-
tile perception, it is the completion of those parts of the objects we touch that
are not in direct contact with our hand, for example. We complete those parts
amodally.

In the case of audition, when we hear a loud bang while listening to a tune,
the auditory system continues to represent the tune even in that brief moment
when the bang is the only auditory stimulation. The loud bang blocks (we
could say, it occludes) part of the tune. A popular demonstration of auditory
amodal completion is the American late night show host Jimmy Kimmels
segment “A week in unnecessary censorship,” where he beeps out completely
harmless words from famous politicians, making them sound like expletives
(see also Young and Nanay 2022 on olfactory amodal completion).

Amodal completion is not a perceptual curiosity: it is part of our ordinary
perception. It happens very rarely in real-life situations that we can perceive
an object without exercising amodal completion: in natural scenes we always
get occlusion because objects tend not to be fully transparent. Stop reading
this for a moment and look around the room. Probably very few of the objects
in your visual field are fully in view: they tend to be occluded by your desk,
your computer, your hand, and so on. More generally, every time we see an

! The term “amodal” may come across as somewhat confusing inasmuch as it may suggest some
kind of representation that is not connected to any of the sense modalities (maybe some kind of non-
perceptual representation). But when it was introduced by Henri Michotte in the 1950s, it merely
indicated the perceptual representation of a feature that is not accompanied by the usual visual phe-
nomenology (see Michotte and Burke 1951; Michotte et al. 1964).

Mental Imagery: Philosophy, Psychology, Neuroscience. Bence Nanay, Oxford University Press. © Bence Nanay 2023.
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object occluded by another object (which means in every real-life perceptual
scenario, barring odd cases of fully transparent visual scenes or very simple
visual displays), we use amodal completion of the occluded parts of perceived
objects (Bakin et al. 2000). And the same goes for the backside of any solid
object—sometimes referred to as self-occlusion. Again, we do not receive any
sensory input from the backside of solid three-dimensional objects, but there
is nonetheless perceptual processing of this missing information—in a way
reminiscent of more familiar cases of amodal completion (Nanay 2010a;
Ekroll et al. 2016).

When we see a cat behind the picket fence, we represent those parts of the
cat that are occluded by the picket fence. The question is: how do we do so?
What kind of representations are the ones that we use in amodal completion?

Amodal completion is early perceptual processing of a contour that is not
directly triggered by sensory input. It is well-documented that the amodally
completed contour shows up already in the primary visual cortex (see Kovacs
et al. 1995; Sugita 1999; Bakin et al. 2000; Lee and Nguyen 2001; Komatsu
2006; Hegdé et al. 2008; Lommertzen et al. 2009; Vrins et al. 2009; Smith and
Muckli 2010; Bushnell et al. 2011; Shibata et al. 2011; Lee et al. 2012; Pan et al.
2012; Ban et al. 2013; Emmanouil and Ro 2014; Hazenberg et al. 2014;
Scherzer and Ekroll 2015; Thielen et al. 2019; Gerbino 2020). For example, if
the Kanizsa triangle (Figure 1, on p. 16) is projected onto the retina, the
direction-sensitive neurons in the primary visual cortex along the illusory
contours of the invisible sides of the triangle are activated (Maertens et al.
2008; Kok et al. 2016; De Haas and Schwarzkopf 2018). To put it very simply,
on the retina, we have the Kanizsa triangle, but the V1 already represents the
missing sides of the triangle.

In other words, when you amodally complete the cat behind the picket
fence, in V1 there is activation of direction-sensitive neurons that is not
directly triggered by the retinal input of where the cat’s outlines would be,
because there is nothing on the retina that would correspond to these con-
tours. So amodal completion is perceptual processing that is not directly trig-
gered by sensory input. It is mental imagery.

Amodal completion is, of course, in some sense, driven by the retinal
image. What determines how the occluded parts of the cat are represented is
the retinal input from the non-occluded parts. But the representation of the
amodally completed features is not directly triggered by the sensory stimula-
tion. The amodally completed features would be directly triggered by retinal
input that is homomorphic with the completed features. The perceptual pro-
cessing of the contours of the picket fence are directly triggered by the retinal



58 MENTAL IMAGERY: PHILOSOPHY, PSYCHOLOGY, NEUROSCIENCE

input of the contours of the picket fence. But the perceptual processing of the
contours of the cat’s occluded tail are not directly triggered by the retinal
input of the contours of the cat’s occluded tail. The perceptual processing of
the contours of the cat’s occluded tail is mediated by the perceptual represen-
tation of the contours of the picket fence and the cat’s other (unoccluded)
body parts, which, in turn, are triggered by the retinal input of the contours of
the picket fence and the cat’s other (unoccluded) body parts. This is very
much indirect triggering (where the perceptual processing of the contours of
the picket fence and the cat’s other (unoccluded) body parts mediate between
the sensory input and the perceptual processing of the occluded cat parts). In
short, it is mental imagery.

Not everyone uses the concept of mental imagery the way I outlined (and
what I take to be the consensus view in psychology and neuroscience). Here is
a puzzling remark in a paper by Vebjorn Ekroll and colleagues, which may
seem to suggest that not everyone is on board with the idea that amodal com-
pletion is a form of mental imagery:

our experience of the hidden backsides of objects is sometimes based on
genuine perceptual representations rather than mere cognitive guesswork or
imagery, despite the lack of any direct sensory stimulation reaching the eye
from the hidden backsides themselves. (Ekroll et al. 2016, p. 3)

This quote seems to present a choice between perceptual representation on
the one hand and cognitive guesswork and imagery on the other. In my
account, imagery is a form of perceptual representation, so it is definitely on
the perceptual side of this divide and has very little to do with cognitive
guesswork. Ekroll seems to rely on a very unusual way of understanding men-
tal imagery, probably as active imagination (Ekroll confirmed this in a per-
sonal communication in August 2019). If we understood mental imagery this
way, then amodal completion is clearly not imagery. If we understood mental
imagery as perceptual representation not directly triggered by sensory input,
then amodal completion is clearly mental imagery.?

> One may worry about what happens if I visualize a cat behind a picket fence. Would this, accord-
ing to my account, amount to the mental imagery of mental imagery? This question could only be
addressed by consulting what happens in the visual cortices when visualizing a cat behind a picket
fence. If there is early cortical activation that would correspond to the occluded parts of the visualized
cat, then it is mental imagery. So the mental imagery of mental imagery would be mental imagery (see
Lewis 1983; Lamarque 1987; Currie 1995¢; and especially Nichols 2003 on the structurally parallel
question about whether and in what sense imagination—not imagery—can be iterated). Thanks to
Anders Nes for raising this objection.
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Amodal completion is not sensory stimulation-driven perception because
the early cortical representation of the amodally completed contours is not
directly triggered by the sensory input. Where the direct trigger would be—
that is, a corresponding contour on the retina—is blatantly missing. And
amodal completion is not a post-perceptual process either, as we have plenty
of evidence that amodal completion happens very early in perceptual pro-
cessing. If amodal completion happens in the primary visual cortex, it is not
happening on the level of beliefs/non-perceptual representations—it happens
much earlier.

But the proponents of a post-perceptual account of amodal completion
could argue, as a last resort, that amodally completed properties are repre-
sented by beliefs and this, in turn, activates the primary visual cortex by
means of some kind of top-down influence. They could maintain that the
early cortical activation is not itself amodal completion—it is a consequence
of the amodal completion and amodal completion itself is a post-perceptual
phenomenon.

There are two problems with this response, one theoretical, one empirical.
First, the theoretical. This response would amount to saying that the retino-
topic perception of the visible parts of the object gives rise to a non-retinotopic
belief (the actual amodal completion), which then triggers, in a top-down
manner, the retinotopic representation of the occluded parts of the object. So,
by representing the occluded part by means of a belief, we lose retinotopy,
which then somehow gets put back in for the well-demonstrated retinotopic
activation of the primary visual cortex. Not a very plausible picture.

Second, and more decisively, there is plenty of empirical evidence that this
picture cannot be correct, given what we know about the timing of amodal
completion. Amodal completion in the early cortices happens within 100-200
milliseconds of retinal stimulation (Sekuler and Palmer 1992; Rauschenberger
and Yantis 2001—this is true even of complex visual stimuli, like faces; see
Chen et al. 2009; see also Lerner et al. 2004; Rauschenberger et al. 2006; and
Yun et al. 2018 for detailed studies that track the (very quick) temporal
unfolding of amodal completion in different parts of the visual cortex). And
this is much much shorter than the time that would be needed for perceptual
processing to reach all the way up to beliefs or non-perceptual representa-
tions and then trickle all the way down again to the primary visual cortex (see
Thorpe et al. 1996 and Lamme and Roelfsema 2000 for the temporal unfold-
ing of visual processing in non-amodal cases). To sum up, taking amodal
completion to be post-perceptual is not consistent with neuroimaging data
about early cortical processing in amodal completion.
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It is important to note that the timing data on how amodal completion
works does not rule out that amodal completion can be, and often is, influ-
enced in a top-down manner (as top-down modulation does not require the
activation going all the way up to non-retinotopic representations and then
trickling all the way down). In fact, amodal completion is often, but not
always, top-down influenced.

Sometimes the way our perceptual system completes figures amodally is
insensitive to our beliefs and expectations. It may even go straight against our
beliefs and expectations, as in the case of the horse illusion (see Kanizsa 1972;
see Figure 7): our visual field is filled with identical horse shapes, nonetheless,
we can’t help but complete the occluded shape as one very long horse that is
very different from all the other shapes—and not as two normal horses that
would be very similar to the ones in our visual field.

But some other instances of amodal completion are very much sensitive to
top-down influences (Hazenberg et al. 2014; Hazenberg and Van Lier 2016).
When I see you with your hands in your pocket, I amodally complete the
occluded hands in a way that is only possible for me because I have seen your
hands (or the hands of other humans) unoccluded. Similarly, we are very
good at amodally completing letters, numerals, words, and sentences. We are,
predictably, much better at amodally completing words in languages we speak
than in languages we do not speak. This, again, suggests that the mental
imagery that is involved in amodal completion can be subject to top-down

o e e e e

influences.

Figure 7 Horse illusion
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Figure 8 Bimodal picture

Here is another example. Look at Figure 8. See anything in the picture?
Probably not. Now look at Figure 9 and go back to Figure 8 again.

There is a huge difference in terms of your experience, and this is one of the
most elegant demonstrations of how there can be top-down influences on our
perceptual phenomenology. But the crucial finding from my point of view is
not about phenomenology, but about early cortical processing: the direction-
sensitive neurons in the primary visual cortex that are located where the com-
pleted illusory contour is, behave very differently before and after you looked
at Figure 9. Before looking at Figure 9, they did not fire, but afterwards, the
neurons that are sensitive to the direction of the completed contour did fire
(Teufel et al. 2018, see also Teufel et al. 2015). So perceptual processing in V1
is clearly sensitive to some higher-up level of perceptual processing. I'm not
saying that this higher-up level is very high up (so that it would involve con-
cepts), but it is definitely further up than V1. So we have a nice illustration of
top-down-influenced amodal completion.

Here is another example, taken from the 1980s classic comedy Top Secret.
One of the many visual jokes of the film has the main character crawl in the
mud, shown in close up and suddenly he faces two East German military boots,
framed in a way that we can only see the boots. He looks scared and the camera
zooms out, revealing that it is only two boots standing in the mud, there is no
soldier in them. Again, we use amodal completion to represent what is outside
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Figure 9 Original picture

the frame (a theme I will say a lot more about in Chapter 31), and we use a lot
of high-level information to complete what is outside the frame, for example,
knowledge that military boots usually continue upwards in soldiers.

In short, amodal completion (just as mental imagery in general) can be, but
does not have to be, top-down driven. If one’s concept of mental imagery pre-
supposes that mental imagery is necessarily top-down driven (see, for exam-
ple, Briscoe 2011), they would rightly deny that all instances of amodal
completion would be mental imagery. But my concept of mental imagery is
neutral about whether it is driven in a top-down manner, and, as I argued in
Chapters 1 and 3, this reflects the use of this term in the empirical sciences.
Further, one of the advantages of having a broader concept of mental imagery
(understood as perceptual processing not directly triggered by sensory stimu-
lation) is that we can make these distinctions within the broader category of
mental imagery, which can help us to understand the diversity of amodal
completion processes and the ways they interact.

Finally, understanding amodal completion as a subspecies of mental
imagery can also help us to better understand the function of mental imagery
(Nanay forthcoming b). Most instances of what we normally mean by mental
imagery are remarkably useless, so much so that one may wonder how this
ability may have evolved. But amodal completion is very useful indeed: spot-
ting the lion’s tail sticking out of the bush and amodally completing the rest of
the lion is as important for survival as perceiving the lion.



9
Perception/Mental Imagery Mixed Cases

We have a simple argument for the claim that perception is a mixture of
sensory stimulation-driven perception and mental imagery. Almost every
case of perception is a mixture of sensory stimulation-driven perception and
amodal completion. And amodal completion is a form of mental imagery.
Hence, almost every case of perception is a mixture of sensory stimulation-
driven perception and mental imagery.!

The contribution of amodal completion to perception is not trivial.
Perceptual states represent what they represent to a large extent as a result of
amodal completion. When we see a cat behind the picket fence, it is the
(partly occluded) cat that we see, not just those parts of the cat that are in
plain sight. And if we see a landscape through a wire fence, we don’t just see
disjointed squares divided up by the wire—we see the landscape. Amodal
completion is heavily involved in making our perceptual states what they are.

One way of demonstrating the importance of the mental imagery compo-
nent of everyday perception is to highlight the differences between the way
perception in fact works and the way it would work without amodal completion.

What would perception be without amodal completion—and, thus, with-
out mental imagery? Here are two possibilities. According to the first one, the
amodally completed features are represented, but not amodally. According to
the second one, the amodally completed features are not represented at all.
The first possibility is fairly thoroughly worked out—as it is the kind of vision
Renaissance philosophers attributed to Christ and the “blessed” And it is a
form of transparent vision. This is what Bartholomew Rimbertinus said about
this “heavenly sight” in 1498:

An intervening object does not impede the vision of the blessed...If Christ,
even though himself in heaven after his Ascension, saw his dear Mother still

! The claim is that what we pre-theoretically take to be perception is a mixture of sensory
stimulation-driven perception and mental imagery. When I refer to “perception/mental imagery
mixed cases” in this chapter, the word “perception” in this phrase is to be understood as sensory
stimulation-driven perception. So I talk about the mixture between sensory stimulation-driven percep-
tion and mental imagery.
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on Earth and at prayer in her chamber, clearly distance and the interposition
of a wall does not hinder their vision. The same is true when an object’s face
is turned away from the viewer so that an opaque body intervenes...Christ
could see the face of his mother when she was prostrate on the ground...as
if he were looking directly at her face. It is clear that the blessed can see the
front of an object from the back, the face through the back of the head.
(Bartholomew Rimbertinus, The Sensible Delights of Paradise
(Venice, 1498), 17rcited in Baxandall 1972, p. 104, p. 172)

As John Kulvicki memorably summarized, “Hide and seek is not one of
Paradise’s delights” (Kulvicki 2009, p. 389). If perception without amodal
completion is heavenly sight, then amodal completion—and a fortiori, mental
imagery—clearly makes a significant contribution to what perception is.

I considered the possibility that perception without amodal completion
leads to a fully transparent visual world. But this is not the only option. Maybe
perception without amodal completion is the exact opposite of a fully trans-
parent visual world. So suppose now that instead of amodally completing
them, we just completely failed to represent any occluded features. This would
mean that we fail to represent the back side of three-dimensional objects and
anything occluded behind anything else. This would amount to having a
visual world where only those things are represented that we get sensory
input from. Nothing is represented behind anything else. We could not per-
form even the simplest visually guided action if this were the way we
perceived. This would amount to something even less akin to perception than
heavenly sight.

A donut without a hole is a Danish and human vision without mental
imagery is heavenly sight (or something even weirder: flat vision). And that is
more different from human vision than a donut is from a Danish. Wouldn’t
this be enough to conclude then that perception depends constitutively
on mental imagery? I don't think it would because there are perceptual
scenarios—rare ones, but nonetheless actual perceptual scenarios—where
amodal completion plays no role at all, for example in the case of simple two-
dimensional displays, like a red dot in the middle of a homogenous white
background.

As a result, I am making a weaker claim than the straight constitutive
dependence claim: what we naively take to be perception is in fact a mixture
of sensory stimulation-driven perception and mental imagery. And we have
plenty of reasons to take mixed perception/mental imagery cases seriously. In
fact, one could argue that an important desideratum for any account of
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mental imagery (or of perception) is that it needs to be able to explain mixed
cases of perception/mental imagery.

Amodal completion is one example of perception/mental imagery mixed
cases. There are others. To use the example from Chapter 3, when I am at the
furniture store and I am looking at a sofa, imagining how it would look in the
living room, I am looking at an actual object and attributing imagined prop-
erties to it—properties it does not have, like being in my living room. And
then I go home and look around in my living room imagining the sofa (which
is not here, it’s still in the furniture store) in my egocentric space in the living
room. I am attributing properties (“real” properties in some sense, for exam-
ple spatial location properties) to an imagined object—to an object that is
not there.

These mixed perception/mental imagery cases are widespread. Neil Van
Leeuwen has argued for their importance in understanding pretense (Van
Leeuwen 2011; see also Schellenberg 2013 and Chapter 26 below on more
about pretense and imagery/perception mixed cases). Robert Briscoe calls
them “make-perceive” and examines the role they can play in the guidance of
our actions (Briscoe 2008, 2018; see also Martin 2002, p. 410 for other exam-
ples of the importance of mixed perception/mental imagery cases). If it is true
that amodal completion involves mental imagery, then these hybrid states are
more than some rare and odd episodes. If amodal completion involves mental
imagery, then (virtually) all of our perceptual states are in fact mixed percep-
tion/mental imagery states.

And this should not come as a surprise. Let’s go back to peripheral vision,
which also counts as mental imagery according to my definition. If the
periphery is represented by means of mental imagery and the object in the
fovea (let’s ignore amodal completion for a moment) is represented by means
of sensory stimulation-driven perception, then there is clearly a spectrum as
one proceeds from the fovea to the periphery—from perception (with very
little or maybe no mental imagery involved) through mixed perception/men-
tal imagery cases where there is more and more contribution from mental
imagery and less and less from perception to mental imagery with very little
perceptual contribution. So, in general, we should expect that most mental
states we label as perception and many states we label as mental imagery are
in fact mixed cases of the two.

When T say that everyday perception is a mixture of mental imagery and
sensory stimulation-driven perception, I don’t mean to suggest that this is a
50/50 mixture. The contribution of mental imagery can be, and often is, lim-
ited. But this does not diminish the importance of mental imagery when
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understanding perception in general. We can’t fully understand perception
without understanding mental imagery.

This is a good place to warn against a possible over-interpretation of these
claims about how perception is a mixture of sensory stimulation-driven per-
ception and mental imagery. One such over-interpretation would be to take
anything that is not sensory stimulation-driven to be mental imagery. This is
clearly not so. Mental imagery is perceptual processing that is not directly
triggered by sensory input. So there will be lots of mental processes that are
not sensory stimulation-driven that will still not count as mental imagery—
those that do not count as perceptual processing. Further, there are many
perceptual processes that are (in some sense) not fully sensory stimulation-
driven, but they still fail to count as mental imagery because they are directly
triggered by the sensory input.

To illustrate this point, take hyperacuity. Downstream sensory discrimina-
tion (including sensory discrimination in the primary visual cortex) is finer-
grained than the packing of retinal cells could afford (Westheimer 1981). So
in some cases there is higher spatial resolution in the primary visual cortex
than in the retina. This phenomenon is called hyperacuity. Is it mental
imagery? No. It is a classic example of early processing working with the sen-
sory input and processing it further. There are no mediating perceptual repre-
sentations that would trigger the representation of higher spatial resolution
laterally. The early processing is triggered directly by the sensory input,
although it is enriching the information that is there in the sensory stimula-
tion. Hyperacuity is not mental imagery.?

Things are a bit more complicated when it comes to perceptual constancies,
but perceptual constancies provide an interesting contrast case to amodal
completion, so I will spend some more time on this. As we have seen in
Chapter 6, perceptual representations represent distal features of the environ-
ment in spite of variations in the proximal input. The same color appears dif-
ferent if the illumination conditions are different (and different colors appear
the same if the illumination varies). Objects of the same size appear different
if their distance from us is different. And objects of the same shape appear

*> One may wonder how hyperacuity differs from peripheral vision in this respect. The answer is
that in the case of hyperacuity, the only information that is used to enhance the retinal resolution in
early cortical processing is the information in the sensory input itself. No information is provided by
perceptual representations laterally. In the case of peripheral vision, in contrast, the perceptual repre-
sentation of the features in the periphery of the visual field is heavily influenced by representations
both laterally (by the representation of surrounding features) and in a top-down manner (see the ref-
erences on this in Chapter 5).
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different if their orientation is different. And we know that at least some con-
stancies are already present in the primary visual cortex.

Size constancy is a well-researched example: if two objects project on our
retina in a way that they take up equal areas of the retina, but are at different
distances, then the one that is further away will occupy a larger part of the
primary visual cortex (Murray et al. 2006—see also the findings that the
strength of size constancy depends on the size of the V1 of the subject,
Schwarzkopf et al. 2011). And lightness constancy and even color constancy
are also present at very early stages of perceptual processing (V1 and V4
respectively; see MacEvoy and Paradiso 2001; Bannert and Bartels 2017).?

Does this mean that size and color constancy would amount to mental
imagery? Definitely not. While both color constancy and size constancy are
early perceptual processes, they are very much directly triggered by sensory
stimulation—Dby the retinal input. They do not slavishly copy the input onto
the early cortices, but they are nonetheless triggered by this input and trig-
gered directly.

Constancies provide a helpful contrast to amodal completion. Both percep-
tual phenomena are very important for perception per se, both happen in the
early sensory cortices and both go beyond what is presented in the sensory
stimulation. But there is a major difference between them. In the case of
amodal completion, the early cortical processing that happens where the illu-
sory contour is completed is not directly triggered by sensory stimulation.
There is no sensory stimulation that is even remotely close to the part of the
visual field that is amodally completed. The perceptual processing of the
amodally completed region is mediated by the representation of features in
the not amodally completed regions.

In the case of perceptual constancies, in contrast, the early cortical pro-
cessing that is responsible for the constancies is very much directly triggered
by sensory stimulation. It is not mediated by any perceptual representation
laterally. When we look at a red square surrounded by a white background,
the perceptual processing of the color of the square is influenced by the color
of the area surrounding the square, but this perceptual processing is not
triggered by the color of the surrounding area. It is triggered by the color of
the square and modified by the color of the surrounding area. The processing
of the color of the square comes first and it is then modified by the color

* A related set of findings shows that size illusion and size adaptation illusion also happen in V1
(Fang et al. 2008; Pooresmaeili et al. 2013). Also, the size of V1 predicts the strength of size illusions
(like the Ebbinghaus and Ponzo effects; see Schwarzkopf et al. 2011).
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information about the surrounding area. In the case of amodal completion,
it’s the other way round: The retinal information about the contours in the
area surrounding the amodally completed region cannot influence the pro-
cessing of the features of the amodally completed region, because there is no
processing of the features of the amodally completed region in the absence of
the representation of the features of the surrounding area.

What makes mental imagery special is that the sensory stimulation makes
no direct causal contribution to the early perceptual processing. And this is
indeed so in the case of amodal completion. But in the case of constancies,
the sensory stimulation does make direct causal contribution. Perceptual
constancy is not perceptual processing that is not directly triggered by sen-
sory input. Perceptual constancy is not mental imagery.

There is a famous slogan in machine vision, attributed (wrongly, it seems)
to Max Clowes, one of the pioneers of artificial intelligence research: “vision is
controlled hallucination” (see Clowes 1971 for similar (but not identical)
claims). It would be tempting to summarize the main claim of this chapter by
saying that perception is controlled mental imagery. This would not be that
significant a deviation from the original Clowes dictum, especially given that
hallucination on my account is a form of mental imagery. I think we should
resist the temptation to make this strong claim. Almost all perception involves
mental imagery: perceptual processes that are not directly triggered by sen-
sory input. But it would be a much stronger claim to say that perception is
mental imagery (controlled or not). According to my account, mental imagery
is an important ingredient of perception, but not a necessary ingredient (this
was Kant’s claim) and not the only ingredient (this would be Clowes’s claim).
Sensory stimulation does much more than just control our mental imagery.
The main claim of this chapter is much more modest. It is that perception,
that is, what we pre-theoretically take to be perception, is in fact the combina-
tion of mental imagery and sensory stimulation-driven perception.



10
Attention and Mental Imagery

Close your eyes and visualize the bathroom in the house you grew up in. Now
attend to the shape of the sink. And now shift your attention to the color of
the sink’s taps. Got it? Your mental imagery changes as you shift your atten-
tion around, in much the same way as your perceptual state changes as you
shift your attention around.

This procedure is often called “image inspection” and it plays an important
role in some psychiatric treatments, as we shall see in Chapter 30 (see also
Kosslyn et al. 2006). The main point is that image inspection is a matter of
moving our attention around. Thus, some parts of the mental imagery are
attended, some others are unattended. And as our attention moves around,
different parts become attended.

Mental imagery can be attended or unattended. It can be, as we have seen
in Chapter 4, conscious or unconscious. And it can be determinate or inde-
terminate. This chapter is about the ways these distinctions relate to each
other in mental imagery in general, but I want to demonstrate the importance
of these distinctions in the case of the form of mental imagery that Chapter 8
was about: amodal completion.

Amodal completion can be attended or unattended. I can shift my atten-
tion from one perceived object to another and I can do the same when it
comes to amodally completed parts of perceived objects. We can attend to
some properties of amodally represented parts of perceived objects, but nor-
mally we ignore most of these properties (see also De Weerd et al. 2006 for
empirical support of this).

And amodal completion, like mental imagery in general, may be conscious
or unconscious. Given the sheer amount of amodal completion the visual sys-
tem needs to do at any given moment, amodal completion is normally uncon-
scious. When I see fifty cats behind the picket fence, I do not form conscious
mental imagery of all occluded parts of all the fifty cats. But amodal comple-
tion can be conscious if, for example, we are really interested in some of the
occluded features. If for some reason I need to attend to the left eye of one of
these fifty cats and it is occluded by the fence, I am likely to represent this left
eye consciously.

Mental Imagery: Philosophy, Psychology, Neuroscience. Bence Nanay, Oxford University Press. © Bence Nanay 2023.
DOI: 10.1093/0s0/9780198809500.003.0010
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The relation between these two distinctions (attended vs. unattended
mental imagery and conscious vs. unconscious mental imagery) is further
complicated by a third distinction, that of determinate versus indeterminate
(or determinable) mental imagery.

A bit of background: Being red is a determinate of being colored, but a
determinable of being scarlet (Johnston 1921; Funkhouser 2006). There are
many ways of being red and being scarlet is one of these: for something to be
scarlet is for it to be red, in a specific way. If something is red, it also has to be
of a certain specific shade of red.

The determinable-determinate relation is a relative one: the same property,
for example, of being red, can be a determinate of the determinable being
colored, but a determinable of the determinate being scarlet. Thus, the
determinable-determinate relation gives us hierarchical ordering of proper-
ties in a given property space. Properties with no further determinates, if
there are any, are known as super-determinates.

We have seen in Chapter 3 that mental imagery may be determinate or deter-
minable. One way of cashing out the sense in which mental imagery is less vivid
than perception (an old insight from David Hume) would be to say that mental
imagery attributes less-determinate properties than perception. But as we have
seen, much of perception (for example, peripheral vision) attributes extremely
determinable properties (see also Nanay 2018c, 2020e for the role of deter-
minable properties in perception) and some instances of mental imagery can
be very determinate indeed (for example, the mental imagery of hyperphan-
tasics, but also the mental imagery of flashbacks to some traumatic events).

And the same distinction also applies to amodal completion. Most of the
time we attribute very determinable properties to amodally represented parts
of perceived objects. This point is not independent from the previous one: see
Yeshurun and Carrasco (1998) and Nanay (2010b) on the relation between
attention and the attribution of determinate properties (roughly: attention
increases the determinacy of attributed properties, see below). But if, for
some reason, you are really interested in the amodally represented parts, you
can attribute very determinate properties (determined at least partly in a top-
down manner). If I see you with your hand in your pocket, I am unlikely to
have a determinate representation of how you move your fingers in your
pocket. But if I attend to this very thing, I may attribute more determinate
properties to the whereabouts of each of your fingers (which, again, would be
determined (at least partly) in a top-down manner).!

! Given that attention may be conscious or unconscious (Cohen et al. 2012; see also Chapter 20 for
further discussion and references), the attribution of more- or less-determinate properties can also
happen consciously or unconsciously.
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The way attention is exercised in perception and in mental imagery can
help us to make progress in an important philosophical debate about the phe-
nomenal similarity between seeing and visualizing.

Look at a red apple. Now close your eyes and visualize this apple. Your per-
ceptual state and your imagery of the apple are very similar in some respects.
They are also different in some respects. Some of the oldest questions about
mental imagery are about just how similar it is to, and how different it is from,
perception. And about how we can explain this similarity (and difference). It
should be clear that this question is about one specific subcategory of vision
(conscious vision) and one specific subcategory of mental imagery (conscious
and voluntary visualizing). But the lessons we can draw from this debate will
be more general.

A good starting point for the discussion of the similarity between mental
imagery and perception is the Perky experiment. In this experiment, as we
have seen in Chapter 5, subjects are looking at a white wall and they are asked
to visualize objects while keeping their eyes open. Unbeknownst to them,
barely visible images of the visualized objects are projected on the wall. The
surprising finding is that the subjects take themselves to be visualizing the
objects—while in fact they perceive them (Perky 1910; Segal and Nathan
1964; Segal 1972). The standard interpretation of this experiment is that if
perceiving and visualizing could be confused under these circumstances, then
they must be phenomenally very similar (but see Hopkins 2012 for criticism
and Nanay 2012a for a response; see also Craver-Lemley and Reeves 1992;
Reeves and Craver-Lemley 2012; Gow 2019; Dijkstra et al. 2021).

What explains this similarity between perception and mental imagery? An
obvious answer to this question is that the phenomenology of these two men-
tal states is similar because their content is similar (Ishiguro 1967; cf. Currie
1995a, pp. 36-7; Kind 2001; Currie and Ravenscroft 2002, p. 27; Noordhof
2002; Nanay 2015a).

The relation between perceptual content and perceptual phenomenology
has been an important issue in the philosophy of perception, and one influential
view in this context is intentionalism, the view that perceptual phenomenology
supervenes on perceptual content—that is, any difference in phenomenology
is due to a difference in content. If the phenomenology of mental imagery
also supervenes on the content of mental imagery, then the similarity of the
phenomenology of mental imagery and of perception can be explained in
a straightforward manner by the similarity of the content of these two
mental states.

Depending on how we think about perceptual content and the content
of mental imagery, we get very different versions of this explanatory scheme.
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One widespread way of thinking about perceptual content is in terms of prop-
ositional content: perceptual states, just like beliefs and desires, are attitudes
towards a proposition. But if we think of perceptual content and the content
of mental imagery this way (see, for example, Byrne 2009; see also Currie
1995a, pp. 36-7; Currie and Ravenscroft 2002, p. 27),? then it becomes less
clear how the similarity of content would explain the similarity of phenome-
nology. There are many propositional attitudes (beliefs, hopes, desires, etc.)
that could share the same propositional content as perception and they do not
seem to share the same phenomenology—at least not in the strong(er) sense
we are trying to explain here.’

I myself have argued that the most promising way of cashing out the phe-
nomenal similarity between perception and mental imagery in terms of content
is to think about content as the attribution of properties to entities (Peacocke
1986, 1989; Burge 2010; Nanay 2010a, 2013a). Perceptual states attribute prop-
erties to the perceived entity (the sensory individual, see Chapter 6).

Mental imagery attributes properties to the imagined entity. While the
entities these properties are attributed to are very different (one is imagined,
the other is not), the properties attributed to them (and, crucially, the way
they are attributed) are similar. And this makes the two contents similar,
which, in turn, makes the phenomenology of the two mental states also simi-
lar (Nanay 2015a).

In order to maintain the generality of this account of perceptual content,
I will say nothing about whether these attributed properties are tropes or uni-
versals (Nanay 2012b) or how this content is structured. The question I take
to be crucial to explaining the similarities and dissimilarities between percep-
tion and mental imagery has to do with the degree of determinacy that these
perceptually attributed properties have.

Some of the properties we perceptually attribute to the perceived scene are
determinates or even super-determinates. Some others, on the other hand,
are determinable properties. We know that our peripheral vision is only capa-
ble of attributing extremely determinable properties. But even some of the
properties we perceptually attribute to the objects that are in our fovea can be
determinable.

? It should be noted that Currie and Ravenscroft are somewhat ambiguous about whether they take
perceptual content and the content of mental imagery to be propositional (see Nanay 2016b).

* This is not meant to be a knock-down objection to the propositional attitude version of the simi-
lar content view—the proponents of this view would have a lot more to say, for example, by appealing
to the similarity of contents and attitudes. See Nanay (2015a, 2015b) for more detailed treatments of
this topic.
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Crucially, attention makes (or attempts to make) the attended property
more determinate (see Yeshurun and Carasco 1998 for flagship empirical evi-
dence; see also Nanay 2010a; Stazicker 2011 for philosophical summaries). If
I am attending to the color of my office telephone, I attribute very determinate
(arguably super-determinate) properties to it. If, as is more often the case, I
am not attending to the color of my office telephone, I attribute only deter-
minable properties to it (of, say, being light-colored or maybe just being
colored).

An important clarification: a shift of visual attention is not to be confused
with eye movement. It is possible to shift one’s visual attention without any
accompanying eye movement—this is a widely researched phenomenon of
the “covert shift of attention” (Posner 1980, 1984; Posner et al. 1984; see also
Findlay and Gilchrist 2003). But more often the shift of attention is accompa-
nied by eye movement, which, following the literature, I call an “overt shift of
attention.” Both in the case of overt and of covert shifts of attention, the deter-
minacy of the perceptually represented property changes depending on the
allocated attention. A perk of this way of thinking about attention and per-
ceptual content is that perceptual attention comes out as a necessary feature
of perceptual content—something empirical accounts of attention have long
assumed (see Nanay 2010b, 2011b; Fazekas and Nanay 2021).

Our mental imagery also attributes various properties to various parts of
the imagined scene. The content of imagery is the sum total of the properties
attributed to the imagined scene. Some of these properties are determinates
or even super-determinates. Some others are determinables. Attention makes
(or tries to make) the attended property more determinate.

What then is the difference between perceptual content and the content of
mental imagery? The main difference concerns where the extra determinacy
comes from. As we have seen, both in the case of perceptual content and in
the case of mental imagery, attention makes the attended property more
determinate (see also Keogh and Pearson 2017 for similarities in terms of the
limitation of attentional capacities in perception and mental imagery). This
increase in determinacy in the case of perception comes from the sensory
stimulation (for some more wrinkles, see Fazekas and Nanay 2021): if I am
attending to the color of the curtain in the top-left window of the building in
front of me, this color will be more determinate than it was when I was not
attending to it. This difference in determinacy is provided by the world
itself—I can just look: the exact shade of the curtain’s color is there in front of
me to be seen.
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In the case of mental imagery, this difference in determinacy, in contrast, is
not provided by the sensory stimulation, for the simple reason that there is no
direct causal link between sensory stimulation and mental imagery: if I visu-
alize the house I grew up in and you ask me to tell you what exact color the
curtain in the top-left window was, I can shift my attention to that color and I
can even visualize the exact color of the curtain. However, this increase in
determinacy is not provided by sensory stimulation (as I don’'t have any), but
rather by my memories (or what I take to be my memories) or my beliefs or
expectations.

Clarifications: First, in the modified Perky experiments (Segal 1972), the
picture projected on the wall and the image the subjects were asked to visu-
alize were different, resulting in an interesting juxtaposition of the two
images. In this case, it would be difficult to tell whether the subject perceives
or has mental imagery—she does both (see Trehub 1991 for some further
experiments involving mixed perception/mental imagery). The fact that
according to my account the structure of the content of these two mental
episodes is the same makes it easy to account for mixed cases like this (see
Chapter 9 on such mixed perception/mental imagery cases). The increase in
determinacy is provided by both the sensory stimulation and our memories/
beliefs in these cases.

Second, my claim is not that attention makes the attended property more
determinate, but that it makes or tries to make the attended property more
determinate. It does not always succeed. And this is so both in the case of
perceiving and in the case of visualizing. When I attend to something that I
see in the periphery of my visual field and I cannot move my eyes, the shift of
my attention tries to make the properties of this object more determinate, but
because this object is, and continues to be, in the periphery of my visual field,
I will not succeed (at least not as long as the object is far away enough from
the fovea). The same goes for mental imagery. If I am asked to visualize my
first credit card and attend to its color, I may just simply not remember and in
this case, although attention tries to make the attributed property more deter-
minate, it may not succeed.

In short, the difference between perceptual content and the content of
mental imagery is not a difference between the structure of these contents—
they have the very same structure. The difference is between the dynamics of
how the represented properties, and, importantly, the determinacy of the rep-
resented properties, change in response to the allocation of attention.

It is important to emphasize that the claim is not that the properties
attributed in the content of mental imagery are less determinate than the ones
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that are attributed in perceptual content. The properties that constitute the
content of mental imagery can be very determinate indeed—and most of the
properties that constitute perceptual content are not particularly determinate
(see Dennett 1996). The claim is that the difference between the content of
these two mental states is the way this determinacy comes about.

We have seen that not everyone is on board when talking about the content
of perceptual experiences. Some think that perceptual experiences just don't
have content. Or even if they do, this content definitely does not explain the
phenomenal character of this experience. These “relationalists” will not accept
any version of the explanatory scheme I outlined here.

However, as we have seen, there is little disagreement about the existence
and importance of early cortical perceptual representations. We have also
seen that these representations are present both in perception (that is, early
cortical processing that is directly triggered by sensory input) and in mental
imagery (that is, early cortical processing that is not directly triggered by sen-
sory input). So a somewhat distant relative of the explanatory scheme I con-
sidered above would be to explain the similarity of the phenomenal character
of perception and of mental imagery with reference to the similarity of the
content of these early cortical perceptual representations.

Recall that the standard explanation of the phenomenal similarity between
perception and mental imagery was in terms of the similarity of the content
of perceptual states and of mental imagery. What I am proposing now is very
different: the relevant content is not that of our overall perceptual state and
our overall mental imagery. It is the content of all the subpersonal represen-
tations of early cortical perceptual processing (see Martinez and Nanay
forthcoming). Nonetheless, this is still an explanatory scheme that explains
the similarity of phenomenology in terms of the similarity of content (that is,
the content of early cortical representations).

The phenomenology of mental imagery is similar to the phenomenology of
perception because there is a similarity of content. But this similarity of con-
tent can be cashed out in more detail if we consider the content of a variety of
(conscious and unconscious) perceptual representations. The phenomenol-
ogy of your mental imagery supervenes on the content of various (conscious
and unconscious) perceptual representations. And the phenomenology of
your perceptual state also supervenes on the content of various (conscious
and unconscious) perceptual representations. And given that the content of
these representations is very similar in the mental imagery and in the percep-
tion case, this accounts for the phenomenal similarity between mental
imagery and perception.
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To sum up, attention and mental imagery are intertwined in various ways
and they are both equally involved in many mental phenomena. For example,
they can help us to explain not only how the content of mental imagery differs
from perceptual content, but also perceptual expectations (see Judge and
Nanay 2021; see also Chapter 12) and top-down influences on perception, a
subject I now turn to.



11

Top-Down Influences on Perception

and Mental Imagery

One influential debate about perception is about its purity: is perception an
encapsulated process that is protected from any kind of top-down influence
or is it influenced and modified by top-down information?

What complicates this debate, often referred to as the cognitive penetrabil-
ity debate, is that it is not at all clear what kind of mental state is supposed to
be doing the penetrating and what kind of mental state is supposed to be pen-
etrated. In other words, it is not clear what is “top” and what is “below” in the
debate about top-down influences on perception.

Once we clarify these conceptual issues, it seems that there is a wealth of
empirical evidence in favor of the claim that there are indeed some top-down
influences on perception. But then the question becomes: how does it hap-
pen? What is the mechanism by which perception is influenced in such a top-
down manner?

And my answer is that if we accept the claim I argued for in Chapter 9 that
the vast majority of perceptual states would be a hybrid of sensory stimulation-
driven perception and mental imagery and if we add that mental imagery can
be (at least partly) determined in a top-down manner, what we should expect
is that there will be top-down influences on perception, mediated by mental
imagery, given that mental imagery is a crucial ingredient in most instances
of perceptual states.

The main source of conceptual confusion concerning debates about top-
down influences on perception is that it is not clear what is meant by “percep-
tion” in this context. Some (especially philosophers, for example, Siegel 2011;
Macpherson 2012; Stokes 2012; but also psychologists, for example, Firestone
and Scholl 2014, 2016) take “perception” in this context to be perceptual
experience: something we are consciously aware of. If we work with this con-
cept of perception, then the question is whether top-down influences can
alter the way we experience a scene—the phenomenal character of our expe-
rience: what it is like to perceive this scene.

Mental Imagery: Philosophy, Psychology, Neuroscience. Bence Nanay, Oxford University Press. © Bence Nanay 2023.
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Another way of understanding what is meant by “perception” when we talk
about top-down influences on perception is perceptual processing and espe-
cially early perceptual processing—something neuroscientists (and also most
psychologists) worry about. Here the question is whether processing in, say,
the primary visual cortex is influenced in a top-down manner.

These two questions are clearly very different—one of them is about phe-
nomenology and the other is about early perceptual processing. And as
changes in early perceptual processing are neither necessary nor sufficient for
changes in perceptual phenomenology, there is no easy traffic between these
two different sub-debates.

I am extremely pessimistic about whether the first of these debates could
ever be resolved in a satisfactory manner. One crucial difference between the
two positions in this debate is about what is part of our perceptual (as opposed
to non-perceptual) phenomenology. Those who argue for the existence of
top-down influences on perception (again, understood here as perceptual
experience) need to show that there can be two experiences, call them E, and
E, that only differ in that there is a top-down influence in E,, which is missing
in E, and that the two differ in their perceptual phenomenology. So the top-
down influence results in a difference in perceptual phenomenology. Those
who are against the idea of top-down influences on perception (again, on
perceptual experiences) can acknowledge that E, and E, differ only in that
top-down influences are present in E, but absent in E, and they can also
acknowledge that E and E, differ in their non-perceptual phenomenology—
they only need to deny that they differ in their perceptual phenomenology. So
the only way of adjudicating between the proponents and the opponents of
top-down influences on perceptual experience is by having a very clear dis-
tinction between perceptual and non-perceptual phenomenology (Kriegel
2007; Siegel 2007; Bayne 2009; Masrour 2011; Nanay 2011a, 2012c, 2013a).

But we are blatantly missing any such very clear distinction. Take the fol-
lowing example: You're at a dinner party and you're eating what you take to be
chicken. Then your host tells you that it is in fact rat meat. Your experience,
presumably, changes. The meat tastes different. This may seem to be an indi-
cation that your perceptual phenomenology changes—what changes is the
way the meat tastes to you. But it might also be that what changed was instead
not the perceptual but the non-perceptual phenomenology in this example
(that is, the taste itself is strictly speaking the same, but you somehow frame it
differently). It is difficult to see what could possibly settle this disagreement.
We may be able to tell whether our overall phenomenology changed. But to
tell whether this phenomenal change was perceptual or non-perceptual is
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much more difficult. In other words, if I say that the two experiences differ in
their perceptual phenomenology and you deny this, it is not clear how the
issue can be decided. Intuitions wildly differ with regards to what phenome-
nal character counts as perceptual.

And this makes the debate about whether there are top-down influences on
perceptual experiences a very odd debate. Given that it is not clear what per-
ceptual phenomenology is and how to keep it apart, introspectively, from
non-perceptual phenomenology, the question about whether perceptual phe-
nomenology depends on top-down influences relies on this unclear concept
of perceptual phenomenology (which is difficult to keep apart from non-
perceptual phenomenology by introspective means). It is unclear then how
we can make any progress in answering this question—if we take the question
about top-down influences to be about perceptual phenomenology.!

So, as a result, I take it that the more interesting (and more clearly
substantive) debate about top-down influences on perception is about
whether early perceptual processing is influenced in a top-down manner.
This is what I take to be the question of “top-down influences on percep-
tion” in what follows.

Observant readers may have noticed that I have talked about “top-down
influences on perception” and not about cognitive penetration so far. There is
a reason for this. The term “cognitive penetration” suggests that whatever is
doing the penetration is a cognitive state and this is not something I want to
be built into the very notion I am analyzing.

When I talk about “top-down” influences on perception, I want to allow for
any “top-down” influence—not just those that are labeled “cognitive” And it
is not very clear why the label “cognitive” is singled out. “Cognitive” can mean
many things. It is sometimes contrasted with “affective,” but this is clearly not
something we want to do if we are interested in top-down influences on per-
ception as there may be affective influences on perception and they may be as
important as (or more important than) non-affective cognitive influences
(Schupp et al. 2004; Pessoa and Ungerleider 2005; Schmitz et al. 2009). The
term “cognitive” is also often contrasted with “conative,” but this is not a useful
usage in the present context either as there may be very good reasons to posit
top-down influences on perception where it is a desire or an intention that
influences our perceptual processing (Nanay 2006; Stokes 2012).

! As we have seen in Chapter 3, not everyone agrees that there is such a thing as non-perceptual
phenomenology. This disagreement makes the debate about top-down influences on perceptual phe-
nomenology even less straightforward.
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Of course, the most straightforward use of “cognitive” may just be one
where it is contrasted with “perceptual,” but this oversimplifies things consid-
erably. In fact, one reason why it is better to focus on the debate about whether
there are top-down influences on early perceptual processing than on the one
about whether there are top-down influences on perceptual phenomenology
is that if we focus on the latter debate, the only kind of top-down influence we
can talk about is from non-perceptual mental states (typically beliefs) to men-
tal states with perceptual phenomenology (that is, perceptual experiences).
But we have seen that addressing any questions about the presence or absence
of such top-down influences then requires a very clear distinction between
perceptual and non-perceptual phenomenology and we don't have any such
distinction.

If, on the other hand, we consider the debate about whether there are top-
down influences on early perceptual processing, we get a more nuanced pic-
ture. The question of top-down influences is no longer a yes or no question, as
in the case of the phenomenology interpretation (either there is cognitive
penetration or there isn’t), but a multifaceted one. Maybe the primary visual
cortex is influenced in a top-down manner by V2 and V4, but not by our
expectations and beliefs. Or maybe it is only influenced by V2. Or maybe also
by our expectations and beliefs. All of these claims would assert top-down
influences on early perceptual processing (of which we have very strong
evidence; see, for example, Gandhi et al. 1999; Murray et al. 2002; O’Connor
et al. 2002; Douglas and Martin 2007; Muckli 2010), but it matters a lot what
kind of top-down influences they are (see Lupyan et al. 2010; Block 2014;
Vetter and Newen 2014; see also Teufel and Nanay 2017 for a detailed analysis
of various kinds of top-down influences on early cortical perceptual processing
and the differences between those top-down influences that come from within
the visual system and those that come from post-perceptual processing).

How can we be sure that we have discovered a top-down influence on per-
ception? Suppose that you vary the state of a higher-level mental process and
this leads to changes in the primary visual cortex. Does this count as evidence
for top-down influences on perception?

Clearly not. If I turn my head to the left, this will influence the state of my
primary visual cortex: the information that gets processed in my primary
visual cortex will be very different. Or if I close my eyes, this will have an even
more obvious influence on my primary visual cortex. So we need an addi-
tional condition: namely, that the sensory stimulation needs to remain con-
stant. If the sensory stimulation (say, the retinal image) is constant, and a
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change in a higher-level mental process causes a change in a lower-level
perceptual process, we have evidence for top-down influences on perception.’

This seemingly not very substantive clarification is in fact very important
when it comes to attention. Attentional effects are often ruled out of the dis-
cussion of top-down influences on perception (Pylyshyn 1999; Siegel 2011).
And, at least on some ways of understanding attention, rightly so.

Opvert shifts of attention are ones that are accompanied by eye movements.
So if the primary visual cortex changes as a result of difference in overt atten-
tion, this does not count as a top-down influence because overt attention
changes the sensory stimulation and the primary visual cortex changes as a
result of this change in sensory stimulation. So we are right to rule out overt
attention as a top-down influence on perception (that is, on early perceptual
processing).

Covert shifts of attention, as we have seen in Chapter 10, are ones that are
not accompanied by eye movements (Posner 1980, 1984; Posner et al. 1984;
see also Findlay and Gilchrist, 2003). So we can keep the sensory stimulation
fixed and change the covert attention and if this leads to changes in the pri-
mary visual cortex, this would indeed count as a top-down influence on per-
ception (Mole 2015; Wu 2017; Stokes 2018). In short, while overt attention
should not be considered to be a source of potential top-down influence on
perception, covert attention should be taken to be one of the prime examples
of such a top-down influence.

Unsurprisingly, in the context of the book, I want to focus on a different
kind of mental phenomenon and the role it plays in top-down influences on
perception (without dismissing the importance of covert attention), namely,
mental imagery.

As we have seen in Chapter 3, some ways of exercising mental imagery are
subject to top-down influences: the apple I visualize will look different
depending on my template for what apples look like—which, in turn, pre-
sumably depends on what kinds of apples I have encountered in my life. If all
these apples were red, I am likely to visualize a red apple. We have also seen in
Chapter 8 that amodal completion can also be subject to top-down influences.
But then if, as I argued, many of the properties of perceived objects are really
represented by mental imagery, and the mental imagery that is involved in

* Note that this characterization does not cover adaptation effects or perceptual learning, where the
sensory stimulation is constant but the change in lower-level perceptual processing is not caused by
higher-level mental processes.
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this is, in turn, influenced in a top-down manner, what we should expect is
that perception is very much subject to top-down influences.

In other words, the importance of mental imagery in everyday perception
gives us very strong reasons to allow for top-down influences on perception.
We have seen that what we pre-theoretically take to be perception is in fact a
mixture of perception and mental imagery. And at least some of the mental
imagery in the mix can be (but doesn’t have to be) subject to top-down influ-
ences. But then it follows that most perceptual states can also be subject to
top-down influences.

It is important not to overestimate the scope of this claim: I am not claim-
ing that all perceptual states are influenced in a top-down manner. I'm not
even saying that all perceptual states where amodal completion plays any role
are influenced in a top-down manner. We have seen in Chapter 8 that while
mental imagery plays a role in most perceptual states, there are exceptions—
for example simple two-dimensional displays, where the perceptual state is
fully determined by sensory stimulation-driven perception.

Further, there are many forms of mental imagery that do not depend on
top-down information. The kind of mental imagery our perceptual system
uses to fill in the blind spot is one clear example. The perceptual processing of
information that would correspond to the blind spot is not directly triggered
by sensory input in the visual sense modality because there is no sensory
input that would directly trigger such perceptual processing: the blindspot
has no receptors. But this perceptual processing is determined laterally by
perceptual processing of the sensory information coming from those parts of
the retina that surround the blind spot. No top-down influence is needed and
we have no evidence that there are any top-down influences on this form of
mental imagery.

The picture we ended up with is one where perceptual processes consist of
a sensory stimulation-driven and a non-sensory stimulation-driven compo-
nent (where by sensory stimulation-driven, I mean directly driven by sensory
input of the relevant sense modality). In other words, perception consists in
mental imagery and stimulation-driven perception. And mental imagery
influences the way the stimulation gets processed. In some very rare examples
of simple two-dimensional visual displays, the mental imagery component
may be missing. But in the vast majority of perceptual scenarios, it is present
and it gets combined with sensory stimulus-driven perceptual processing.
And in these cases, much of what we take ourselves to perceive we really
partly represent by means of mental imagery. And as at least some of these
episodes of mental imagery are subject to top-down influences, perception
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per se can also be subject to top-down influences (see also Dijkstra et al.
2017b for some empirical support).

We have seen that one advantage of talking about top-down influences on
perceptual processing over talking about top-down influences on perceptual
experience is that it allows for a more nuanced picture of what is the “top” in
these top-down influences. So when I argue that many instances of mental
imagery can be subject to top-down influences and, as a result, many instances
of perception can also be subject to top-down influences, I should say some-
thing about what I take to be the “top” in these top-down influences—what
these higher-order mental states are that influence mental imagery and by
doing so also influence perception.

And one notorious problem in arguing about top-down influences is that
the behavioral or neuroimaging data very often underspecify where the infor-
mation that is used to enrich or specify the bottom-up processing comes
from. Take the example of Figure 8 in Chapter 8 on p. 61, which I used as
evidence for top-down influences on amodal completion. My explanation
was that the fact that we have early perceptual processing of the illusory con-
tours is explained by top-down influences on this instance of visual mental
imagery. But someone could object that the information about the horse’s
illusory contours is not coded anywhere “top.” It is coded, the objection would
go, in the perceptual system itself. It is true that this information is learned,
but it was learned by means of perceptual learning. So our amodal comple-
tion is not at all influenced in a top-down manner in this example—it is influ-
enced, laterally, by information present in the perceptual system.

I think this is a valid move against a large number of claims about top-
down influences on perceptual phenomenology. But it is not a valid move
against claims about top-down influences on early perceptual processing.
While it is very difficult to tell whether the information about the illusory
contours of the horse is something that is coded in the perceptual system,
what we can say with great certainty is that this piece of information is not
coded in the primary sensory cortex. So if this information (about the illu-
sory contours of the horse shape) influences the way the primary visual cortex
functions (as is the case when it comes to amodal completion), we do have
good reason to conclude that this influence is indeed top-down: it comes
from somewhere further up from the primary visual cortex and it influences
the primary visual cortex. A genuine top-down influence. Just how far up this
information comes from we can leave open. In the case of the Kanizsa triangle,
we have evidence that the completion of the illusory contours in the primary
visual cortex is subject to top-down influences from the secondary visual
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cortex (Qiu and von der Heydt 2005). This still counts as a top-down influence
on early perceptual processes.

Some champions of cognitive penetration (with emphasis on “cognitive”)
would, no doubt, be disappointed with this version of top-down influences on
perception as nothing I have said here shows that very high-level mental
states, such as explicit beliefs would have top-down influences on early per-
ceptual processing. We have seen that mental imagery can be more or less
top-down driven. But then it is possible that when it is more top-down driven,
it influences relatively late stages of perceptual processing, whereas when it is
less top-down driven, it influences relatively early stages of perceptual pro-
cessing. Nothing I have said here rules out this possibility.®

* This is an important difference between my account of the relation between mental imagery and
“cognitive penetration” and Fiona Macpherson’s. Macpherson argues that the cognitive penetration of
(color) perception is always mediated by “non-perceptual states with phenomenology” (Macpherson
2012, pp. 49-58). This category of “non-perceptual states with phenomenology,” for Macpherson,
encompasses imagination, dreaming, and hallucination (Macpherson 2012, p. 50)—in this sense it
might be thought to be similar to what I mean by mental imagery (which also encompasses these
three mental processes). But for Macpherson these states are necessarily conscious and mediate cogni-
tive penetration by virtue of their phenomenal character (Macpherson 2012, pp. 51-3)—which is very
much against the spirit of my own proposal.
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Temporal Mental Imagery

I defined mental imagery as perceptual representation that is not triggered
directly by sensory input. If there is no sensory input and the early cortical
representation still happens, this is mental imagery. If there is sensory input,
but it does not directly trigger this early cortical representation, this still
counts as mental imagery.

How can we apply this definition to the temporal case? Suppose that you
have a sensory input, say a triangle in the middle of your retina, which then
directly triggers a perceptual representation, say a V1 representation of an
isomorphic triangle in the middle of your visual field. This is not mental
imagery. We know a fair amount about the time frame of this activation. Visual
sensory stimulation reliably leads to V1 activation in 30 milliseconds (see
Rolls and Tovee 1994; Thorpe et al. 1996; Rauschenberger et al. 2006 for sum-
maries). So if you have visual input at time T, and then at T, + 30 milliseconds,
you have V1 activation, this is sensory stimulation-driven perception.

In contrast, if you have the same sensory input (of the triangle) at T, but
the tokening of the perceptual representation happens either earlier or (sig-
nificantly) later than T, + 30 milliseconds, then this would count as temporal
mental imagery, because this perceptual representation is not triggered
directly by the sensory input. If it happens earlier than T, + 30 milliseconds,
then it is temporal mental imagery because the perceptual representation is
not triggered by the sensory input (as causation has a temporal dimension).
And if the tokening of the perceptual representation happens (significantly)
later than T, + 30 milliseconds, then it is temporal mental imagery because it
is triggered by the sensory input indirectly, that is, by the mediation of another
representation (which, in turn was tokened at T, + 30 milliseconds).

A helpful shortcut to assessing whether perceptual processing is sensory
stimulation-driven perception or temporal mental imagery would be to
appeal to the concept of temporal correspondence. If the perceptual represen-
tation is triggered by temporally corresponding sensory input (where “tem-
porally corresponding” means “being preceded by 30 milliseconds”), it is
sensory stimulation-driven perception. If this temporal correspondence is
missing, it is temporal mental imagery. We have seen in Chapter 1 that spatial
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correspondence is a good guide to assessing the directness of the causal link
between sensory input and perceptual processing, at least when it comes to
some properties like shapes. In this chapter, for the sake of the simplicity of
exposition, I will use a similar maneuver involving temporal correspondence.

If we have V1 activation but no visual sensory stimulation that would have
preceded this V1 activation by 30 milliseconds, then there is no temporal cor-
respondence. The perceptual processing (in V1) is not triggered by tempo-
rally corresponding sensory stimulation. We have an instance of temporal
mental imagery. Temporal mental imagery is perceptual processing that is
triggered by spatially corresponding sensory stimulation in the appropriate
sensory modality, but where this perceptual processing does not temporally
correspond with the incoming stimulation.

In other words, even if there is spatial correspondence between the sensory
input and perceptual processing, if the temporal correspondence is missing,
we have a form of mental imagery: temporal mental imagery. For instance, in
the visual case, if the perceptual processes retinotopically correspond to the
sensory stimulation but fail to correspond to the timing of the sensory stimu-
lation, we have temporal mental imagery.

Temporal correspondence can fail in two directions: the perceptual pro-
cessing may come earlier than it should—this is a case of “predictive temporal
mental imagery.” Or it may come later than it should—this would amount to
“postdictive temporal mental imagery” (see Viera and Nanay 2020 for more
on both predictive and postdictive temporal mental imagery).!

One important advantage of this way of thinking about temporal mental
imagery is that it can help us to explain a recurring theme in thinking about
the experience of time. This was summarized memorably by William James,
who writes: “the practically cognized present is no knife-edge, but a saddle-
back, with a certain breadth of its own” (James 1890, p. 609).

In other words, our experiences have a certain temporal thickness. But
what does this mean exactly? Here is a more contemporary philosophical spin
of what James had in mind: “The dynamic content of our experience at short
timescales is metaphysically dependent on the content of experience over
longer timescales” (Phillips 2011b, p. 808).

! A lot has been said in the philosophy of perception about the case of seeing a long-extinguished
star. We see it now, but the star no longer exists. It is important to stress that this would not count as
an instance of temporal mental imagery. While there is a time delay in both the case of seeing a distant
star and in (postdictive) temporal mental imagery, in the latter case, this time delay is between the
retina and the early cortical representations, whereas in the former case, the time delay is between the
star and the retina. Seeing a long-extinguished star is not temporal mental imagery.
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Figure 10 The “saddle-back” of temporal perception

So when we have an experience of, say, watching a football fly through the air
and bounce off the goalpost, our experience should not be characterized as
the sequence of dimensionless point-like experiences. Rather, our experience
of the ball right now somehow represents the ball a split second ago and also
represents where the ball would be in a split second. This phenomenon is
often described, following James, as the “specious present.”

Here is the saddleback William James talks about (Figure 10—note that the
two flanks of the bell-shape are not necessarily symmetrical). The middle of
the saddle would be the present moment. But we somehow represent the two
flanks of this bell-shape as well. The question is: how?

This raises some deep issues about the nature of perception. How is it pos-
sible to perceive something that is not present? The ball a split second ago is
no longer present. And the ball in a split second is not present yet. According
to an influential line of thought in philosophy, we can only perceive what is
there to be perceived (for example, Grice 1961). But when it comes to time,
only the present is present. So the past, let alone the future can’t be perceived.

There are various sophisticated ways of dealing with this problem (for
example, extending the temporal dimension of not just the content, but also
the vehicle of perceptual representations, see Phillips 2011b. But if we take the
concept of temporal mental imagery seriously, then there is no need to com-
plicate things unnecessarily.

We represent the flanks of the bell-shape by means of temporal mental
imagery. We know that the early cortical processing of a temporal event has a
much wider temporal profile than the retinal event. So some of this percep-
tual processing will be triggered by corresponding sensory stimulation (the
middle), but most of it will not be. It will count as temporal mental imagery,
where the early cortical processing is not triggered by temporally correspond-
ing sensory stimulation. It is triggered by sensory stimulation that is either
too early or too late.

The further away we veer from sensory stimulation-driven perceptual
processing (the middle of the saddle shape), the bigger role temporal mental
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imagery will play. This could be thought of as the temporal equivalent of the
claims I made in Chapter 3 about peripheral vision. In the case of peripheral
vision, the part of the scene that is in the fovea is represented by means of
sensory stimulation-driven perception, but the further away a part of the
scene falls from the fovea, the more significant role mental imagery has in
representing it. Similarly, in the case of temporal mental imagery: the present
is represented by means of sensory stimulation-driven perception, but the
further we depart from the present (either in the direction of the future or in
the direction of the past), the more significant role temporal mental imagery
plays. The specious present is a hybrid perception/mental imagery state.

This way of thinking about the specious present can help us to make prog-
ress in the debate about the perception of time. Suppose that you experience
an event with two temporal parts, A and B, where B follows A. What can we
say about our experience of these two temporal parts?

There are two dominant philosophical theories that aim to answer this
question, extensionalism and retentionalism. According to extensionalism,
the experience of this event consisting of two temporal parts A and B is
decomposable into the experience of A and the experience of B. And the tem-
poral extension of the vehicle matches the temporal extension of the content
(Dainton 2008; Hoerl 2009; Phillips 2011b). Roughly, first you have vehicle
(A) with content (A) and then you have vehicle (B) with content (B).

The alternative, retentionalist view denies both of these claims: the experi-
ence of the event consisting of two temporal parts A and B is not decompos-
able into the experience of A and the experience of B. And the temporal
extension of the vehicle does not need to match the temporal extension of the
content (Broad 1923; Lee 2014).

Without addressing the strengths and weaknesses of these two alternative
theories, it needs to be pointed out that my view could be thought of as a mix
and match between these two established views. Just like the extensionalist,
but unlike the retentionalist, I claim that the experience of the event consist-
ing of two temporal parts A and B is decomposable into the experience of A
and the experience of B. But like the retentionalist, and unlike the extension-
alist, I claim that the temporal extension of the vehicle does not need to match
the temporal extension of the content.

I have been using the term “experience” in the last couple of paragraphs
because the proponents of extensionalism and retentionalism are mainly
interested in conscious perception of time, or temporal experience, but as
with all perception, time perception may also be conscious or unconscious, so
I will rephrase the two claims as follows: the representation of the event con-
sisting of two temporal parts A and B is decomposable into the representation
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of A and the representation of B. And the temporal extension of the vehicle of
these representations does not need to match the temporal extension of the
content.

The first claim was that the representation of the event consisting of two tem-
poral parts A and B is decomposable into the representation of A and the repre-
sentation of B. The main novelty of my account, in comparison with
extensionalism, is that one of these representations is mental imagery. When A is
happening, it is represented by means of sensory stimulation-driven perception,
whereas B is represented by temporal mental imagery. And when B is happen-
ing, it’s the other way round: B is represented by means of sensory stimulation-
driven perception, whereas A is represented by temporal mental imagery.

The second claim was that the temporal extension of the vehicle of these
representations does not need to match the temporal extension of the con-
tent. The extensionalist move of spreading out not just the content, but also
the vehicle of temporal representation (or, as they would say, temporal experi-
ence) was motivated by the consideration outlined above, namely that per-
ception can’t represent something that is not (temporally) present. So when A
is happening, we can't perceptually represent B (which hasn’t happened yet).
And when B is happening, we can't perceptually represent A (which has
already happened). The extensionalist solution to this problem is to posit a
series of perceptual states that each represent the temporal parts of the event.
This solution comes with a price (see Lee 2014; see also the classic objections
in Dennett 1991).

But if we take the role of temporal mental imagery in time perception seri-
ously, we do not need to posit temporally extended vehicles (with all the
problems this entails). While perception may or may not represent only the
present, mental imagery can clearly represent something that is not present.
Importantly, temporal mental imagery can represent something that has just
happened or that is about to happen. That is the reason why my account does
not require that the temporal extension of the vehicle of temporal representa-
tions match the temporal extension of their content. Some proponents of
retentionalism insist (as a critical point against extensionalism) that our prior
sensory responses to the world must leave behind traces in the current state
of the perceptual system that can be usefully integrated with the current
incoming sensory signals (Lee 2014). My account identifies what these left-
behind traces actually are: they would amount to temporal mental imagery.

Temporal mental imagery can represent the past or the future. I will go
through a number of examples where it represents the past in Chapters 20
and 21. But I want to give a taste of what it amounts to when temporal mental
imagery represents the future (see also Moulton and Kosslyn 2011).
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We have seen that prior expectations of a specific stimulus evoke a feature-
specific pattern of activity in V1, similar to that evoked by corresponding
actual stimulus (Kok et al. 2014, 2017). The finding I want to focus on is about
how the beginning of a familiar sequence triggers a time-compressed wave of
activity of the rest of the familiar sequence in V1 (Ekman et al. 2017).

In this study, the experimenters familiarized subjects with a particular dot
sequence (a dot moving from the top-left of a monitor to the top-right) and
using high-speed fMRI they were able to successfully measure activation in
V1 for retinotopic locations corresponding with the incoming sensory stimu-
lation. In this way, they were able to map out the trajectory of the dot sequence
in V1. They then scanned the visual cortices of subjects in two distinct condi-
tions. In the control sequence they presented subjects with an initial display
in which the dot was located at the end-location of the familiarization
sequence (that is, the dot was shown in the top-right). And there was activa-
tion in V1 in the location of the presented stimulus. In the preplay condition,
in contrast, subjects were presented with an initial display in which the dot
was located at the start location of the familiarization sequence (that is, the
dot was shown in top-left). Interestingly, in this condition subjects showed V1
activation that amounted to a time-compressed trajectory of the entire famil-
iarization sequence. That is, V1 encoded a dot moving from the top-left to the
top-right of the display. The response was time-compressed in the sense that
the cortical processes traced out the expected trajectory of the dot more
quickly than they would if they were responding to the actual dot sequence.
Furthermore, it was shown that when this cortical pre-play was elicited by the
initial dot display, the subsequent detection performance for the location of
the dot along that trajectory was enhanced.

In this case, we have predictive (or anticipatory) temporal mental imagery in
that we have early cortical perceptual processes that do not temporally corre-
spond to the relevant sensory stimulation. The V1 activity occurs prior to the
relevant sensory stimulation (see also De Lange et al. 2018 on how expectations
modify early cortical processing, both before stimulus onset and after; see also
Diekhof et al. 2011, who call this “anticipatory imagery”). Here the temporal
mental imagery represents what is about to happen. Chapters 20 and 21 are
about cases where the temporal mental imagery represents what has happened.

> An interesting case where forward-looking and backward-looking temporal mental imagery
combines is sequence memory (see Allen et al. 2014 for a summary). When remembering a tune, for
example, what we remember is which notes will follow which ones: we do not remember the entire
sequence when we remember the first note. Rather, at each point of the recall of the sequence, we only
remember the next couple of notes in the sequence. This would amount to the backward-looking
temporal imagery of a forward-looking temporal imagery sequence.



PART III
MULTIMODAL PERCEPTION






13
Multimodal Mental Imagery

There is a lot of recent evidence that multimodal perception is the norm and
not the exception—our sense modalities interact in a variety of ways (see
Sekuler et al. 1997, Vroomen et al. 2001; Bertelson and de Gelder 2004;
Spence and Driver 2004 for summaries; and O’Callaghan 2008a, 2011 as well
as Macpherson 2011 for philosophical overviews). Information in one sense
modality can influence and even initiate information processing in another
sense modality at a very early stage of perceptual processing (even in the pri-
mary visual cortex in the case of vision, for example; see Watkins et al. 2006).

A simple example is ventriloquism, which is an illusory auditory experi-
ence influenced by something visible (Bertelson 1999; O’Callaghan 2008b). It
is one of the paradigmatic cases of crossmodal illusion: We experience the
voices as coming from the dummy, while they in fact come from the ventrilo-
quist. The auditory sense modality identifies the ventriloquist as the source of
the voices, while the visual sense modality identifies the dummy. And, as it
often (not always—see O’Callaghan 2008b) happens in crossmodal illusions,
the visual sense modality wins out: our (auditory) experience is of the voices
coming from the dummy.

More generally, early cortical processing in one sense modality can be trig-
gered, in the absence of sensory stimulation in this sense modality, by cross-
modal influences from another sense modality (Calvert et al. 1997; Zangaladze
et al. 1999; James et al. 2002; Pekkola et al. 2005; Ghazanfar and Schroeder
2006; Mast et al. 2006; Martuzzi et al. 2007; Hertrich et al. 2011; Kilintari et al.
2011; Hirst et al. 2012; Turilli et al. 2012; Muckli and Petro 2013; Chan et al. 2014;
Vetter et al. 2014). These are bona fide examples of perceptual processing that
is not directly triggered by sensory input in this sense modality.

When I am looking at my coffee machine that makes funny noises, I per-
ceive this event by means of both vision and audition. But very often we only
receive sensory stimulation from a multisensory event by means of one sense
modality. If I hear the noisy coffee machine in the next room, that is, without
seeing it, then the question arises: how do I represent the visual aspects of this
multisensory event?
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I argue that in cases like this one, we have multimodal mental imagery:
perceptual processing in one sense modality (here: vision) that is triggered by
sensory stimulation in another sense modality (here: audition). Multimodal
mental imagery is neither a rare nor an obscure phenomenon (see Nanay
2018a for an overview). The vast majority of what we perceive are multisen-
sory events: events that can be perceived in more than one sense modality—
like the noisy coffee machine. In fact, there are very few perceived events
that are not multisensory in this sense. And most of the time we are only
acquainted with these multisensory events via a subset of the sense modalities
involved—all the other aspects of these multisensory events are represented
by means of multimodal mental imagery. This means that multimodal mental
imagery is a crucial element of almost all instances of everyday perception.

More slowly: Most of what we perceive, we perceive with more than one
sense modality. I call sensory individuals that can be perceived with more
than one sense modality multisensory individuals.!

As we have seen in Chapter 6, different sense modalities may have different
sensory individuals. In the case of vision, the debate is about whether the sen-
sory individuals of vision are ordinary objects or spatiotemporal regions. And
in the case of audition, the debate is between those who take sensory individ-
uals to be sounds and those who take them to be ordinary objects (or maybe
events). Similarly for olfaction: odors or ordinary objects? And it is not clear
what exactly “ordinary objects” are supposed to be either. To make things
even more complicated, we perceive some individuals both by vision and by
audition (and maybe also by olfaction).

So, for simplicity, I will just say that what we perceive are individuals. Just
what kind of individuals they are, I want to leave open. Events are individuals
and so are entities. What interests me here is what happens if we perceive
individuals that can be perceived with more than one sense modality. I call
these sensory individuals multisensory individuals. Note the difference between
the terms “multisensory” and “multimodal,” as I use them. Multisensory merely
means something we can perceive by two or more sense modalities.
Multimodality will have to do with the interaction of these senses—something
not at all presupposed by the concept of multisensory. Further, when I talk
about perception in this context, what I mean is perception that is not neces-
sarily conscious. So, multisensory individuals are the individuals we represent

! The mereology of multisensory individuals can get tricky. If one takes the sensory individuals of
auditions to be sounds and of olfaction to be odors, then the multisensory individual would be some
kind of mereological sum of the sound, the odor and the ordinary object. See O’Callaghan 2015a for a
good summary of the options here.
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perceptually (consciously or unconsciously) as having properties by means of
more than one sense modality.

The question is this: what happens when we perceive multisensory individ-
uals? This should be a central question for any account of perception, given
that most of what we perceive are multisensory individuals. People are multi-
sensory individuals—we can see them, hear them, smell them, touch them,
maybe taste them too. And the same goes for most of the objects and events
around us.

Note the reference to abilities in the way I characterized multisensory indi-
viduals: just because we can perceive something with more than one sense
modality, it doesn’t mean that we do so. Very often we perceive multisensory
individuals with one sense modality only. And this is where mental imagery
again plays a crucial role.

Multimodal mental imagery is mental imagery that is triggered by sensory
stimulation in another sense modality (see Lacey and Lawson 2013 for a vari-
ety of examples).” If perceptual processing is directly triggered by sensory
input, we get sensory stimulation-driven perception. If it is triggered—
indirectly—by sensory stimulation in another sense modality, we get multi-
modal mental imagery. If it is triggered—indirectly—by something else, we
get some other kind of (non-multimodal) mental imagery. In short, multi-
modal mental imagery is mental imagery in one sense modality induced by
sensory stimulation in another sense modality.

One might wonder: Why posit (unconscious) multimodal mental imagery
in these cases, rather than just denying that there is any mental imagery at all?
The answer should be clear in the light of the definition of mental imagery:
even though you might not be aware of it, your early perceptual processing in
one sense modality is triggered by sensory stimulation in another sense

> Much of this chapter is about the intricate connections between different sense modalities.
Nonetheless, in the definition of multimodal mental imagery, I am relying on the difference between
perceptual processing in different sense modalities. It is important to emphasize that there is no ten-
sion between these two claims—in spite of all the intricate links between the perceptual processing in
different sense modalities, we can nonetheless identify what distinctively visual perceptual processing
amounts to (and this is consistent, in the context of mental imagery, with more than one sense modal-
ity contributing to mental imagery in one sense modality; see Hubbard 2013). Multimodality does not
imply that there are no distinct sense modalities. See Chapter 14 for more on this worry.

* A brief terminological remark: the reference to multimodality in the label “multimodal mental
imagery” does not refer to the multimodality of our phenomenology when we have multimodal men-
tal imagery. What “multimodal” refers to in the name of multimodal mental imagery is the etiology of
mental imagery: mental imagery is the product of the interaction between (at least) two different
sense modalities. The phenomenal feel of multimodal mental imagery, if there is one, may itself be
unimodal, say, purely visual. But it is the outcome of the interaction between vision and another sense
modality—it is multimodal in this sense. Another term that is used in the literature to refer to this
phenomenon is crossmodal mental imagery, see Spence and Deroy 2013.
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modality. And we have strong empirical evidence that this is so (see Calvert
et al. 1997; Zangaladze et al. 1999; James et al. 2002; Pekkola et al. 2005;
Ghazanfar and Schroeder 2006; Martuzzi et al. 2007; Hertrich et al. 2011; Kilintari
et al. 2011; Hirst et al. 2012; Iurilli et al. 2012; Muckli and Petro 2013; Chan
et al. 2014; Vetter et al. 2014 for findings in various combinations of sense
modalities).

Just a couple of quick examples: Priming subjects with auditory stimuli
enhances visual discrimination (Chen and Spence 2011a, 2011b). And if
blindfolded subjects listen to different (familiar) sounds, their V1 activity is
different (Vetter et al. 2014; the same is true of blind subjects, see Vetter et al.
2020). Subjects were blindfolded and they listened to distinctive sounds—
birds chirping, people chattering, cars driving by. And their primary visual
cortex was scanned while they were listening to these sounds. The crucial
result is that these sounds could be distinguished on the basis of the activities
of the primary visual cortex alone. So each time we hear some kind of sound
we are familiar with, multimodal visual imagery (in the sense of visual pro-
cessing triggered by auditory input) gets triggered. More generally, manipula-
tions of the sensory input in one sense modality systematically influence
perceptual processing (and often phenomenology) in another sense modality.

Let’s go back to the noisy coffee machine. When I am looking at my coffee
machine that makes funny noises, this is an instance of multisensory percep-
tion—my coffee machine is a multisensory individual. And if I hear the noisy
coffee machine in the next room, that is without seeing it, then I represent the
visual parts of this multisensory individual by means of multimodal mental
imagery.

Given that most of the individuals we encounter are multisensory individ-
uals and given that our perceptual access to these multisensory individuals is
rarely absolute (that is, encompassing all relevant sense modalities), this hap-
pens very often. Multimodal mental imagery is the norm, not the exception.

I argued in Chapter 9 that the vast majority of perceptual states would in
fact be a hybrid of sensory stimulation-driven perception and mental imagery.
I used considerations about amodal completion in the argument there, but
note that we can make an even stronger case for this claim if we take the mul-
timodal nature of perception into consideration.

Multimodal mental imagery is, in some ways, a generalization of the
amodal completion case, and the kind of mental imagery that is involved is
similar to the mental imagery involved in amodal completion. It is involun-
tary and localizes in one’s egocentric space. It is also normally unconscious,
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but when it is not, it is sometimes (not always) accompanied by the feeling of
presence.

Think of multisensory individuals as mereologically complex individuals.
They have many parts. Some of these parts are perceived visually, some others
are perceived auditorily, for example. If we think of multisensory individuals
this way, it makes multimodal mental imagery very similar to amodal com-
pletion. Amodal completion is the representation of those parts of a sensory
individual we get no sensory stimulation from. And multimodal mental
imagery is the representation of those parts of a multisensory individual we
get no sensory stimulation from. It’s just that different parts of this multisen-
sory individual are accessible by different sense modalities (see O’Callaghan
2015a, 2015b).

Most of the time, when we form mental imagery of those parts of a multi-
sensory individual that we are not acquainted with, this mental imagery will
be unattended and unconscious. But if we are really interested in them, we
can attend to them. And such attentional shift may even make some part of a
multisensory individual conscious. Further, while most of the time the prop-
erties we attribute to those aspects of the multisensory individual that we are
not acquainted with are very determinable, we can make them more determi-
nate (again, if we attend to them). Multimodal mental imagery, like mental
imagery in general, may be attended or unattended, conscious or uncon-
scious, and determinate or indeterminate (see Chapter 10).*

Suppose that I am working in my room and I hear footsteps from down-
stairs (without seeing who is coming upstairs). I represent the complex multi-
sensory event of someone coming upstairs: I perceive the auditory parts of
this event and I represent the other (visual, maybe olfactory) parts of this
event by means of mental imagery. But my visual and olfactory multimodal

* Sensory individuals are individuals we perceptually attribute properties to. This property attribu-
tion can be conscious or unconscious. It is important to keep the concept of “sensory individual” apart
from that of “perceptual object” (see O’Callaghan 2014; Spence and Bayne 2014). Perceptual objects
are individuals we consciously experience perceptually. There is a debate about whether perceptual
objects are multimodal (Nudds 2014; Spence and Bayne 2014). It has been suggested that when we
perceive multisensory events, our conscious perception is not multimodal: it is unimodal and it oscil-
lates between the, say, auditory and the visual aspects of these events, never consciously perceiving
both simultaneously (Spence and Bayne 2014). Against this, others argued that when we perceive
multisensory events, our conscious perception is multimodal: we consciously and simultaneously per-
ceive both the auditory and the visual aspects of this event (O’Callaghan 2014). Nothing I have said
here takes sides in this debate: everything I have said is compatible with a multimodal or an oscillation
view about conscious perception. Regardless of how the different mereological parts of the multisen-
sory individuals show up in consciousness, our (conscious or unconscious) perception represents
both simultaneously. And when one of these parts is missing, it continues to do so.
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mental imagery may not be conscious—if I am not too concerned with who is
coming upstairs. My olfactory mental imagery of the olfactory aspects of the
multisensory event whose auditory aspects I am acquainted with is likely to
be unattended, unconscious and very determinable. But if the only two peo-
ple who can come upstairs are my stinky friend X or my other friend, Y, who
uses very nice perfume, and if I really want to know which one it is, I will be
likely to fill in the olfactory aspects of the multisensory event in a more deter-
minate way (which can prime me to recognize them by smell more quickly)
(see Berger and Ehrsson 2013, 2014, 2018 for more on the way mental
imagery and multimodal integration interacts).

Here is a nice experimental illustration of this point. The double flash illu-
sion is one of the most striking crossmodal illusions: you are presented with
one flash and two beeps simultaneously (Shams et al. 2000). So the sensory
stimulation in the visual sense modality is one flash. But you experience two
flashes and already in the primary visual cortex, two flashes are processed
(Watkins et al. 2006). This means that the double flash illusion is really about
multimodal mental imagery: in the case of the second flash, we have percep-
tual processing in the visual sense modality (again, already in V1) that is not
directly triggered by sensory input in the visual sense modality (but by sen-
sory stimulation in the auditory sense modality).

The multimodal mental imagery that is involved in the double flash illusion
is conscious, involuntary, accompanied by the feeling of presence, and local-
izes in egocentric space. It is accompanied by the feeling of presence so much
that we do take ourselves to perceive two flashes, not one.

Recall that mental imagery in general can be triggered laterally or in a
top-down manner. Multimodal mental imagery is, in some very real sense,
triggered laterally: the auditory processing in the early sensory cortices is
triggered by visual processing in the early sensory cortices. But this leaves
open the question about whether any top-down influences are involved in
multimodal mental imagery.

One example of multimodal mental imagery where no top-down influence
plays any role comes from the double flash illusion. As we have seen, in this
case, perceptual processing in the visual sense modality (starting with the
primary visual cortex) is not directly triggered by sensory input in the visual
sense modality, because the sensory stimulation in the visual sense modality
has only one flash, whereas even as early as the primary visual cortex, two
flashes are processed.

Again, this seems like multimodal mental imagery without any top-down
influence. The primary visual cortex is influenced laterally by auditory
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information (namely, the two beeps), but it is not influenced by any top-down
information (some recent findings suggest that the picture may be more com-
plicated as previous exposure to similar stimuli may have an important effect
on the crossmodal illusion—see, for example, Roseboom et al. 2013). And
there is plenty of evidence that many other crossmodal effects happen very
early on in perceptual processing and without any top-down interference
(Senkowski et al. 2011; De Meo et al. 2015).

But in many other cases of multimodal mental imagery, top-down influ-
ences are very important. One widely used and researched example of multi-
modal mental imagery is seeing someone talking on television with the sound
muted. The visual perception of the talking head in the visual sense modality
leads to an auditory mental imagery in the auditory sense modality (for
example, Calvert et al. 1997; Pekkola et al. 2005; Hertrich et al. 2011; Spence
and Deroy 2013).

The auditory mental imagery will very much depend on factors like the lip
movements of the person on the screen. But not only these. If this person is
someone you know or have heard speak, your auditory mental imagery will
be influenced by this information. If it is Barack Obama (someone you have,
presumably, heard before), you may “hear” him speaking with his distinctive
tone of voice or intonation, for example (but even if you don't, your auditory
cortices behave very differently). This demonstrates nicely the importance of
top-down influences on multimodal mental imagery.

The fact that we have auditory mental imagery of Obama’s voice and not of
someone else’s voice (or no voice at all), is explained by top-down influences
on auditory mental imagery. When I am listening to Obama’s speech with the
TV muted, my auditory mental imagery is influenced by various past memo-
ries of hearing Obama speak and my expectation of how his voice would
sound. Just how far up this top-down influence comes from is a question I
want to leave open. Wherever it comes from, it is definitely further up from
the primary auditory cortex, and that is enough for it to count as a top-down
influence. Multimodal mental imagery—like mental imagery in general—can
be, but need not be, subject to top-down influences.
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Sense Modalities in Mental Imagery

Multimodal mental imagery is defined as early cortical processing in one
sense modality triggered by sensory stimulation in another sense modality.
But what concept of sense modalities is presupposed in this definition and
how can we keep apart the different sense modalities? The aim of this chapter
is to clarify the concept of sense modalities in understanding multimodal
mental imagery and to talk about the differences between mental imagery in
different sense modalities as well as the rich interactions between them.

When I define multimodal mental imagery in terms of early cortical pro-
cessing in one sense modality triggered by sensory stimulation in another
sense modality, I do need to rely on keeping apart the two sense modalities
involved. I have been using phrases like “visual processing triggered by audi-
tory input” liberally in the previous chapter. But it is important to emphasize
that this way of thinking about multimodal mental imagery does not presup-
pose any specific way of individuating sense modalities (see Stokes et al. 2014
for a good summary on debates concerning the individuation of the sense
modalities). And the talk of, say, visual perceptual processing is very much
consistent with the plasticity of the brain.

There are well-documented cases where the visual areas are recruited for
other (for example, tactile) tasks (Pascual-Leone and Hamilton 2001; Kupers
et al. 2011; Kupers and Ptito 2014). Thus, if we (as we should) take the plas-
ticity of the brain seriously, we should not draw the line between different
sense modalities in terms of brain regions. It is important to stress that my
account of mental imagery in general, and multimodal mental imagery in
particular, does not identify perceptual processing in the different sense
modalities physiologically, but rather functionally.

In other words, the difference between visual and auditory processing is
not a physiological, but a functional difference.! Visual processing is not iden-
tified in terms of brain areas, but rather in terms of its function. Just what this

! In this sense, my proposal is consistent with the so-called meta-modal brain hypothesis, accord-
ing to which perceptual processing is, say, visual, not because it is the processing of visual input, but
because of the nature of this processing, regardless of where the input comes from (Pascual-Leone and
Hamilton 2001).
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function would be is something I would like to leave open, but the function
of, say, visual processing could be identified as something like helping small-
scale spatial discrimination or transforming input in a way that preserves the
spatial homomorphism between the input and the perceptual processing.
Normally, the part of the brain that does this is located at a very specific part
of the back of the brain in the occipital lobe. But even if, because of the plas-
ticity of our brain, some other part does this processing, we can identify it—
functionally, not physiologically—as the locus of visual processing. Similar
considerations apply to the other sense modalities.

But the distinction between different sense modalities is important for yet
another reason for an account of multimodal mental imagery. Mental imagery
works very differently in different sense modalities. We have seen some pecu-
liarities of visual mental imagery and its various forms in Chapter 8. But some
of these forms of mental imagery (like peripheral vision or the filling-in of the
blind spot) are specific to vision. And mental imagery in other sense modali-
ties has different peculiarities.

Take olfaction (Bensafi et al. 2003; Royet et al. 2013; Young 2016, 2020).
The primary sensory cortex devoted to olfactory processing is the piriform
cortex. So olfactory mental imagery—early perceptual processing in the
olfactory sense modality that is not directly triggered by olfactory sensory
input—typically involves the piriform cortex (Djordjevic et al. 2005; Bensafi
et al. 2007).

One of the most interesting findings about olfactory mental imagery is that
it seems to depend on sniffing (Mainland and Sobel 2006). Sniffing results in
piriform cortex activation (Sobel et al. 1998; Koritnik et al. 2009). And volun-
tarily triggered olfactory mental imagery leads to an increased sniffing rate
(Bensafi et al. 2003; Kleemann et al. 2009). Further, if the (often involuntary)
sniffing is stopped by some artificial means, the olfactory mental imagery is
less vivid (Arshamian et al. 2008).

These findings resemble, at least in a very general structural sense, the find-
ings about the importance of eye movements for visual mental imagery. As
we have seen in Chapter 7, if eye movements are artificially suppressed, the
subject has difficulties conjuring up visual mental imagery. And each time we
have visual mental imagery, the micromovements of our eyes track the imag-
ined outlines. So, while we have an important structural similarity between
vision and olfaction inasmuch as the mental imagery in both sense modalities
(just like sensory stimulation-driven perception) depends on movements of
the sense organ, this movement is very different in the two sense modalities
(sniffing vs. eye movements).
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Further, just as visual mental imagery can be triggered by auditory sensory
stimulation and vice versa, reading olfactorily charged words, for example,
can also trigger olfactory mental imagery (not just activation of the piriform
cortex, which would be a good enough reason to conclude that there is
olfactory mental imagery, but often also the conscious experience, see
Gonzalez et al. 2006). And olfactory mental imagery can also be triggered by
pictures (of food items; for example, see Gottfried et al. 2002, 2004). There is
also evidence for the attentional modulation of olfactory mental imagery
(Zelano et al. 2005, 2011).

Olfactory mental imagery can change with exposure. Wine experts are bet-
ter at having wine-related olfactory mental imagery than novices (although
they are not better than them at having any other forms of mental imagery,
for example, visual imagery). And wine experts also have stronger and more
vivid wine-related olfactory mental imagery than olfactory mental imagery
that is not related to wine (Croijmans et al. 2020). Our ability to form olfac-
tory mental imagery changes throughout our life.

An especially exciting and underexplored question concerning olfaction is
about olfactory amodal completion (Young and Nanay 2022). Amodal com-
pletion in olfaction can take three different forms. There is spatial
completion—when the olfactory system fills in sparser parts of the odor
plumes. There is temporal completion—when the olfactory system anticipates
the next step in an odor sequence. And there is feature-based completion—
when the olfactory system fills in a missing feature in a usually co-occurring
feature-set of odors. The important differences and similarities between visual
and olfactory mental imagery make it clear how we should not generalize
from one sense modality to another, but also how multimodal mental imagery
occurs—in one form or another—in all sense modalities.

I focused on olfaction because olfactory mental imagery is in some ways the
least similar to visual mental imagery, but imagery in all sense modalities has
its peculiarities. Just one example: When you use any handheld tool (like a
hammer or a tennis racket), your somatosensory cortex, which (to put it some-
what simplistically) maps touch on your body, adjusts immediately and local-
izes touch as if it were coming from a hammer-or tennis racket-shaped
extension of your skin (Miller et al. 2019). There is no sensory input coming
directly from the tennis racket itself as the tennis racket itself does not have
tactile receptors. This, according to my account, would count as mental
imagery: early cortical processing that is not directly triggered by sensory input.

Being clear about the differences between different sense modalities in
mental imagery is important for yet another reason. One of the most drawn
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out debates in philosophy of perception is about the so-called Molyneux’s
question. Molyneux’s question may have originated from the twelfth-century
Islamic philosopher, Ibn Tufail, who was the author of the first philosophical
novel, Hayy Ibn Yaqzan, which was translated to English and published in
1671 and was very widely read afterwards in England (Russell 1994). It is
called Molyneux’s question, because of a question the seventeenth-century
Irish philosopher William Molyneux posed in a letter addressed to John
Locke in 1688. The question is simple: suppose that a blind subject is familiar
with two very differently shaped objects by tactile perception. If her vision
were restored would she be able to tell them apart and identify them visually?
So our blind subject handles a cube and a sphere and then when her sight is
restored and she looks at a cube and a sphere, can she identify one as a sphere
and the other one as a cube? And in the centuries that followed, answering
Molyneux’s question (and, preferably, giving an original answer) has been a
challenge for any aspiring philosopher of perception.

Locke himself answered no (Locke 1690, II, ix), as did George Berkeley
(Berkeley 1709, p. 41, p. 110; Berkeley 1710, p. 43). Gottfried Leibniz, directly
contradicting Locke, said yes (Leibniz 1704/1765, II, ix). Thomas Reid
thought the question was ambiguous (depending on whether it is about two-
dimensional or three-dimensional shapes, and also depending on the subject’s
expertise,” we get different answers; see Reid 1764/1997, V1, 3, 7, 11). But the
discussion of Molyneux’s question did not stop in the eighteenth century (see
Degenaar 1996). Gareth Evans gave a very original answer defending the
Leibnizian positive answer, kicking oft a new wave of debates (Evans 1985; see
also Jacomuzzi et al. 2003; Schumacher 2003; Noé 2004; Campbell 2005;
Levin 2008; Bruno and Mandelbaum 2010). As Matthen and Cohen 2019
point out, there are by now many, somewhat different, versions of Molyneux’s
questions and not all of these accounts are answering the same question
(see also Glenney 2013; Ferretti 2017).

This was a theoretical question in the seventeenth century and it still was at
the turn of the century. But it has been suggested that the question can be
answered, given today’s medical technology, in an empirical manner. And this
is exactly what was done more than a decade ago with congenitally blind peo-
ple after their sight was restored (Held et al. 2011). What these findings show
is that after having their sight restored, these subjects could immediately

? In fact, there might be a way of interpreting Reid in a way that the dependence on expertise itself
correlates with the vividness of the subject’s mental imagery (see Reid 1764/1997, esp. pp. 117-18
(6.11)), which would make Reid’s view consistent with mine. But I will not attempt to argue for this
historical claim here (or anywhere else).
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match one visual shape with another one (just as they could match one haptic
shape with another one), but they could not match the shapes across sense
modalities: so they could not match a visual shape and a haptic shape—which
would have been the task at stake in the Molyneux debate. They did manage
to acquire this ability in a couple of days, but not immediately after having
their sight restored.

So a tempting resolution of Molyneux’s question would be that the data is
in and it supports the Locke/Berkeley line of thought. Leibniz and Evans lost
(see Connolly 2013; Cheng 2015; and Clarke 2016 for some methodological
reasons why we might want to resist this temptation though).

I want to question this conclusion and tackle Molyneux’s question on the
basis of what we know about multimodal mental imagery. My claim is that
Molyneux’s question doesn’t have a generic answer. While this may be a
somewhat disappointing take, the reasons for it, concerning individual differ-
ences between blind subjects, are hopefully less disappointing.

There are different forms of blindness. Cortically blind people have dam-
aged visual cortices, so they are unlikely to have any form of visual imagery
(but see de Gelder et al. 2015). But most blind people’s visual cortices are
intact. And many of them can visualize, often as vividly as sighted people.
They can also have visual dreams. They also have crossmodally triggered
mental imagery (conscious or unconscious; see Vetter et al. 2020). And, cru-
cially, these blind people’s visual cortex maps spatial locations in a “retino-
topic” manner—where the word “retinotopic” is between scare quotes because
these subjects, being blind, have no activation on their retina. Nonetheless,
their visual cortices represent the space in front of them (and the various—
mainly auditory—stimuli in this space) in a way that is structured exactly the
way retinotopic representation of space in sighted subjects is structured
(Norman and Thaler 2019). In short, many blind subjects have genuinely
visual mental imagery. Not just some kind of processing in the part of the
brain where we find visual processing in sighted subjects. They have the kind
of retinotopic visual processing in their visual cortex that sighted subjects do.

Things are a bit more complicated when it comes to the mental imagery
abilities of congenitally blind people, that is, people who are blind from birth
(see Arditi et al. 1988). Given the brain’s propensity to rewire unused parts of
the brain in order for them to do something useful, the visual cortex of con-
genitally blind people is a prime candidate for performing non-visual func-
tions. And it has indeed been found that the visual cortex of congenitally
blind people performs a wide variety of functions that are not about the seg-
mentation of the two-dimensional visual input (Bedny 2017). But this is true
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of the visual cortex in general, very much including the visual cortex of
sighted subjects (see Seydell-Greenwald et al. 2020 for an especially impres-
sive study). Further, the crucial results about the “retinotopic” representation
of space in front of the subject I talked about in the previous paragraph also
hold for many congenitally blind subjects: their visual cortices also localize
(auditory) stimulus in the space in front of them in a way that is structured
retinotopically (again, in the absence of any retinal input) (Striem-Amit et al.
2015). So while congenitally blind people rarely have the kind of phenomenal
feel that accompanies mental imagery in sighted subjects (Cattaneo et al.
2008; Kupers et al. 2011), given the way their visual cortices behave, we can
conclude that they can have visual imagery, that is, early visual processing—
again, not just processing where V1 is found in sighted subjects, but retinoto-
pically structured visual processing—that is not directly triggered by
sensory input.

In short, some blind people (including some congenitally blind people)
have visual mental imagery, some others don’t (Aleman et al. 2001, see also
Villey 1930 for an early account of this). Those who do would also have multi-
modal visual mental imagery, that is, visual mental imagery that is triggered
by sensory stimulation in a different sense modality. So they would have
visual mental imagery of the sphere when they handle the sphere—an
instance of multimodal visual mental imagery triggered by touch. And they
would have visual mental imagery of the cube when they handle the cube.
Blind people who lack visual mental imagery would not have any of this.

The question is, which category of blind subjects is Molyneux’s question
asking about? The cortically blind subjects would have very little chance to
identify the cube and the sphere, but those blind subjects who have visual
(and multimodal) mental imagery can use their visual mental imagery to
identify the cube which they now see by means of sensory stimulation-driven
perception. So depending on the state and use of the visual cortices of the
Molyneux subjects, we get very different answers.

The Held et al. (2011) experiments, therefore, should be considered to be a
partial answer to Molyneux’s question: for some blind subjects, the answer to
Molyneux’s question might indeed be no. But this is not the final answer.
While the original Held et al. (2011) study is not very specific about whether
the subjects whose sight was restored in this experiment had the ability to
have visual imagery before the operation, it is clear from a follow-up study
(which studied the visual imagery of these subjects post-operation), that it
is unlikely that they had visual imagery before the operation (Gandhi
etal. 2014).
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In other words, the reason why the Held et al. (2011) experiment (and its
follow-up experiments) only gave a partial answer to Molyneux’s question is
that they are silent about what the answer to Molyneux’s question should be
in the case of those blind subjects who do have the ability to have visual men-
tal imagery. And, as we have seen, we have good reason to suppose that as the
visual mental imagery of these subjects can be triggered by sensory stimula-
tion in another sense modality (crucially for our purposes, in the tactile sense
modality), these subjects would have visual mental imagery of spheres and
cubes long before their sight was restored. And then, after the operation, they
could and would utilize their visual mental imagery of cubes and spheres in
visually recognizing cubes and spheres.’

It needs to be emphasized that this is an empirical hypothesis that has not
been tested. The empirical hypothesis is that if the sight of those congenitally
blind people who have visual mental imagery were restored, they would be
able to match seen and felt objects. This empirical hypothesis has not been
confirmed or disconfirmed and my aim is to give theoretical reasons for why
we should expect this empirical hypothesis to be true. But we will only know
for sure if we find congenitally blind people who can be demonstrated to have
visual mental imagery and restore their sight. In other words, we would need
to conduct a Held et al. (2011) style experiment but with close attention to the
visual imagery abilities of the experimental subjects.

In short, Molyneux’s question gets very different answers depending on the
visual imagery abilities of the blind people in question (see Nanay 2020d for a
more detailed argument for this claim). “Blind people” is not a monolithic
category. To abuse Tolstoy’s famous first line of the novel Anna Karenina: all
vision is alike, but all blind people are blind in their own way (see also Block
2016 for reusing this line for other purposes in philosophy of perception).
Lots of things need to come together for someone to perceive visually.
Consequently, lots of things can go wrong. There could be problems with the
retina, with the main visual pathway, with the lateral geniculate nucleus, with
the early cortices, and so on. Any one of these problems would result in blind-
ness, but very different kinds of blindness (Cattaneo and Vecchi 2011).

Treating blindness as a monolithic phenomenon would paper over these
crucial differences. And the Molyneux question does just this: it papers over
the crucial differences between very different kinds of blindness. When

* T will come back to the importance of keeping the visual cortices of blind subjects in use in
Chapter 15.
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Molyneux’s question was originally posed, this might not have been as obvious as
it is now (although Diderot’s Letter to the Blind paints another story). But now we
do know this, so there is no reason why we would want to know the answer to a
question about “the blind” as there is no such thing as “the blind.” The historical
misadventures of trying to answer Molyneux’s question is a beautiful demonstra-
tion of this.



15

Sensory Substitution and Echolocation

The fact that many blind people have visual imagery is especially important
(and especially relevant in practical terms) when it comes to the various
means by which blind people’s navigational abilities can be improved. I will
talk about two of these in this chapter, sensory substitution and echolocation,
and argue that both substantially involve the subjects’ early visual cortices
and, as a result, both count as examples of multimodal mental imagery. The
same argument also applies to cane use and Braille (see Burton 2003 for a
summary), but in this chapter, I will focus on the more surprising results con-
cerning sensory substitution and echolocation.

Blind subjects can be taught to navigate their environment in some sense
“visually” by having a camera installed on their body, the images of which are
fed into some other sense modality of the subject. The camera is recording
images continuously and these images are transmitted to the subject in real
time in the tactile sense modality, for example (it can also be done auditorily,
see Meijer 1992). So the images are imprinted on the subject’s skin with slight
pricks as soon as they are recorded (see Bach-y-Rita et al. 1969; Bach-y-Rita
and Kercel 2003). A lot of research has been done about this phenomenon in
the last four decades (Meijer 1992; Sampaio et al. 2001; Tyler et al. 2003;
Auvray et al. 2007; Amedi et al. 2007; Ward and Meijer 2010; Deroy and
Auvray 2012 for summaries; and Chirimuuta and Paterson 2015 for a histori-
cal overview of the sensory substitution research as well as the chapters in
Macpherson 2018 for the philosophical import of these findings).

The surprising results were that the subjects eventually experienced the
scene in front of them “visually”—they talked about visual occlusion, for
example, and they were very competent at navigating relatively complex ter-
rains. They “spontaneously report the external localization of stimuli in that
sensory information seems to come from in front of the camera, rather than
from the vibrotactors on their back” (Bach-y-Rita et al. 1969, p. 964).

Philosophers were quick to jump on these findings for philosophical
ammunition in the grand debate about how we should individuate the senses
(see, for example, Morgan 1977; Heil 1983, 2011; Peacocke 1983; Hurley and
Noé 2003; Gray 2011; Farina 2013; but see also Block 2003). The big question
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was: is “vision” that is assisted by sensory substitution really vision? Or is it
tactile perception? Some of the classic ways of individuating the senses (Grice
1962; Keeley 2002; Nudds 2004, 2011) come apart in this odd case: if we indi-
viduate the senses according to the sense organ involved, then sensory
substitution-assisted “vision” would count as tactile perception. If we individ-
uate the senses according to phenomenology, then it seems to be vision."

In the light of the discussion in Chapter 13, this debate is somewhat mis-
guided. Sensory substitution-assisted “vision” is neither vision nor tactile
perception, because it is not perception at all. It is mental imagery—
multimodal mental imagery. It is visual mental imagery triggered by tactile
sensory stimulation (see Nanay 2017a for a longer version of this argument).

If there is activation in the early visual cortices of the sensory substitution
subjects, then they have multimodal mental imagery: early cortical activation
in one sense modality (vision) triggered by sensory stimulation in another
sense modality (touch or audition).

And, as it turns out, there is indeed activity in the primary visual cortex of
these subjects that was clearly not triggered by sensory stimulation as the sub-
jects were blind. They were triggered by sensory stimulation in the tactile
sense modality (Renier et al. 2005a; Murphy et al. 2016).> So, perception by
sensory substitution would count as multimodal mental imagery. It is visual
mental imagery triggered by tactile sensory stimulation—it is multimodal
mental imagery.

It might be objected, as in Chapter 14, that it is unclear whether the visual
cortices of blind people are really visual. But as we have seen, we have evi-
dence that the “retinotopic” representation of space in the cortices of these
subjects indicates genuine visual processing (and not some kind of non-visual
processing in the brain region where, in sighted subjects, the visual cortex is
located, see esp. Norman and Thaler 2019; Seydell-Greenwald et al. 2020).

This is not an entirely novel angle in the sensory substitution debate.?
Renier et al. (2005b) argue that subjects with sensory substitution devices
“visualize” This way of thinking about sensory substitution points in the
same direction as the one I outlined here, but talking about visualization is

' 1 say “seems to be” because there are disagreements about the exact phenomenology of these
experiences.

> Multimodal areas are also involved in later processing of sensory substituted vision (Amedi et al.
2007). But what matters in determining whether this is an instance of visual multimodal mental
imagery is whether there is early activation of visual areas. See Chebat et al. (2018).

* Interestingly, while the academic discussion of sensory substitution does not talk about mental
imagery, some of the publicity material of the most widely used sensory substitution device, vOICe,
uses this term surprisingly often. See https://www.seeingwithsound.com/imagery.htm.
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misleading for a number of reasons (see also Martin and Le Corre’s 2015
detailed criticism of Renier et al. 2005b).

First, visualizing is both a voluntary and an intended act and it seems that
sensory substitution-assisted “seeing” is neither. Second, visualizing is some-
thing that happens in a necessarily top-down manner, whereas sensory
substitution-assisted “seeing” is only top-down inasmuch as normal vision is.
Finally, the ultimate conclusion of Renier et al. (2005b) is that sensory
substitution-assisted “seeing” is in fact seeing. And they use this claim about
visualization as a premise for establishing this conclusion (see, again, Martin
and Le Corre’s 2015 criticism). Talking about multimodal mental imagery,
rather than “visualization,” in these cases fends off all of these worries.

Further, the empirical evidence that Renier et al. (2005b) use as support for
their “visualization” account also supports my multimodal mental imagery
account: subjects with sensory substitution devices undergo the Ponzo illu-
sion (see Figure 11): an illusion that is widely held to be a visual illusion (see
Nanay 2009b).

If sensory substitution subjects have real-time multimodal mental imagery,
this is exactly what we should expect. Their visual perceptual processing is
triggered by tactile sensory stimulation. But the perceptual processing hap-
pens in the visual sense modality. Thus, we should expect the usual oddities of
this visual perceptual processing, like size constancy illusions, to be present—
and they are.

Why is it tempting to think then that subjects who are assisted by sensory
substitution devices do in fact perceive? One reason may be that the subjects’
perceptual processes are involuntary. But we have seen that mental imagery
may be voluntary or involuntary. Another reason may be that the subjects

Figure 11 Ponzo illusion



SENSORY SUBSTITUTION AND ECHOLOCATION 111

localize the “visual” scene they navigate in their egocentric space—but, again,
as we have seen, mental imagery may or may not localize in one’s egocentric
space. Also, in the reports of these subjects it is not entirely clear whether they
have any feeling of presence of the visual scene in front of them. But even if
they do, this would be consistent with the claim that they have multimodal
mental imagery as mental imagery may or may not be accompanied by the
feeling of presence.

An additional reason why one may be tempted to think that whatever sen-
sory substitution can give us must be perception is that it helps us navigate in
the world and it is clearly causally influenced, in real time, tracking the change
of the visual features of the world around us as they change. How can it possi-
bly be mental imagery then?

It should be clear by now that some ways of exercising mental imagery do
track the features of our surroundings in real time and in a causally more- or
less-responsive manner (see also Chapter 24 on just how causally responsive
these processes are). Amodal completion does, for example. If the cat moves
behind the picket fence, my mental imagery that is responsible for the amodal
completion changes accordingly. And multimodal mental imagery also tracks
the features of our surroundings in real time in a causally (more- or less-)
responsive manner: if the noises my loud coffee machine in the next room
makes are changing, my multimodal mental imagery of its visual parts also
changes. There is nothing about the definition of mental imagery that would
exclude the possibility of tracking the changing features of our environment
in real time.

A final reason for puzzlement about my claim that these blind subjects
have multimodal mental imagery would come from the seemingly obvious
assumption that, given that blind subjects can't see, they couldn’t have visual
imagery either. As we have seen, this is just factually incorrect. It has been
known for a long time that blind people also have visual imagery, and some-
times even very salient visual imagery (see Chapter 14 for references). In sen-
sory substitution, this visual mental imagery is triggered by tactile input.

But then there is nothing mysterious about sensory substitution—there are
no quick and easy philosophical lessons about the individuation of the senses
involved either.* Sensory substitution involves perceptual processing and very

* There are a lot of exciting empirical questions about sensory substitution, of course; for example,
what kind of learning mechanism is responsible for the formation of multimodal mental imagery in
the users of sensory substitution devices. The relation to another form of acquired, and somewhat
odd, form of multimodal mental imagery, namely, synesthesia is another important new research
direction, see Chapter 16.
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clearly visual perceptual processing—as the activity in the primary visual cortex
shows (and this coincides with the phenomenology of the subjects). And
this visual perceptual processing is induced by tactile sensory stimulation—
slight pricks on the subject’s skin. As clear-cut a case of multimodal mental
imagery as it gets. If philosophers want some empirical findings that would
help them in the debate about the individuation of the senses, they need to
look elsewhere.

Another important phenomenon by means of which visual mental
imagery can play a crucial role in visually impaired people’s lives is echolo-
cation. Echolocation is a form of perception that bats, dolphins, and some
species of whales are known to use. It consists of emitting sounds and given
the different rates in which the thus emitted sound waves return to their
ears, the animal’s brain can gain information about the outline of the fea-
tures around it.

Echolocation is a well-studied and fairly well-understood phenomenon in
bats, dolphins, and some species of whales. But humans can also echolocate,
and blind people can as well, some remarkably successfully. The general tech-
nique is to emit hardly audible clicks and it is the varying rates of the echo of
these clicks that provides information about the features around the subject
(Dodsworth et al. 2020).

Echolocation used to be little more than an urban myth, fueled partly by
viral videos of blindfolded people cycling or skateboarding while using only
their echolocation to navigate their environment, but very few blind people
used this mode of perception to get around. This has changed recently as we
know more about the mechanism and especially the neuroscience of echolo-
cation (Wallmeier et al. 2013; Kolarik et al. 2014). Further, some non-profit
organizations have developed echolocation techniques specifically for blind
people, which included methods (for example, alternating louder and quieter
clicks) for gaining more complex spatial information (for example, about the
scene behind the echolocating subject and about the relative distance between
two distal objects, one behind the another).

From our point of view, the crucial findings about echolocation concern
the link between echolocation abilities and visual mental imagery. And here
a number of different findings point in the direction that echolocation relies
on visual mental imagery. First, and most importantly, during echolocation
(both in sighted and in blind people), the early visual cortices are active
(Thaler et al. 2011, 2014b, Fiehler et al. 2015; Flanagin et al. 2017). Second,
people who report more vivid visual mental imagery echolocate better (Thaler
et al. 2014a). Third, in sighted subjects, visual stimulation interferes with the



SENSORY SUBSTITUTION AND ECHOLOCATION 113

ability to echolocate (given that it puts strains on the early visual cortices)
(Thaler and Foresteire 2017).

All these results suggest that echolocation is, in fact, a form of multimodal
mental imagery. It is early visual processing (in the visual cortices) that is not
directly triggered by sensory input in the visual sense modality (given that
subjects receive no visual sensory stimulation at all). It is early visual process-
ing that is triggered by auditory input (by hearing the clicks emitted earlier).

This picture is consistent with research on the navigating and localizing abili-
ties of blind subjects. When blind subjects navigate their environment or when
they localize auditory or other stimuli, their visual cortices are active (Weeks
etal. 2000). This is also true of congenitally blind subjects (Kupers et al. 2010).

As we have seen in Chapter 14, some blind subjects (even some congeni-
tally blind subjects) are capable of having visual mental imagery. And this
ability heavily depends on the state of the visual cortices of these blind sub-
jects. I, as I suggested, echolocation is a form of multimodal mental imagery,
then the ability to echolocate also depends on the state of the visual cortices of
these blind subjects.

And at this point, the theoretical claims of this chapter (namely, that echo-
location as well as sensory substitution-assisted “vision” count as multimodal
mental imagery) become much more than a categorization issue or a way of
merely showing how far the concept of multimodal mental imagery reaches.

The interpersonal variations in these two techniques are huge. Some blind
subjects pick up these techniques very quickly and use them efficiently, while
others struggle even with the most rudimentary steps. Knowing that both
sensory substitution-assisted “vision” and echolocation are forms of multi-
modal mental imagery could help us to develop techniques for training blind
people’s visual cortices, which allow for more efficient spatial perception and
navigation.

Given the well-demonstrated plasticity of the brain, if a brain region is not
used regularly, it is reallocated to do something else. More specifically, if blind
subjects have unaffected visual cortices but do not use them, the visual corti-
ces get reallocated (to, for example, auditory or olfactory processing). If they
use their visual cortex, it works well, if they don't, it will eventually stop pro-
cessing visual information, thereby making it impossible for the subject to
have visual mental imagery (and, as a result, also making it impossible for
them to use their mental imagery for navigational techniques like echoloca-
tion or sensory substitution-assisted “vision”

In short, both of the techniques that help blind people navigate their
environment, namely, echolocation and sensory substitution-assisted “vision,”
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rely heavily on the functioning of the early visual cortices. The key insight is
that blind subjects can navigate their environment better if their visual corti-
ces are in good condition. But how to achieve that? We can keep the primary
visual cortices of blind subjects in shape if we have them use their visual men-
tal imagery. Active reliance on mental imagery prevents the early visual corti-
ces of blind subjects from being reallocated to other brain functions and
thereby allows them to make full use of navigation techniques like sensory
substitution and echolocation.



16

Synesthesia

Some synesthetes hear a musical note and experience it as having a specific
color (Ward et al. 2006). Some others experience a specific color each time
they see a specific black numeral or letter printed on white background (Sagiv
et al. 2006; Tang et al. 2008; Jonas et al. 2011). Synesthesia comes in various
different forms: lexical-gustatory synesthesia (strong taste experiences when
looking at letters; see Ward and Simner 2003; Jones et al. 2011), colored touch
synesthesia (color experiences when touching different things; see Ludwig
and Simner 2013), spatial time units synesthesia (spatial experience when
thinking about time units like the days of the week or the months of the year;
see Smilek et al. 2007; Brang et al. 2011; Jarick et al. 2011). The list could go on.

Given the diversity of phenomena referred to as synesthesia, there are some
definitional issues here. Synesthesia has been defined as “stimulation of one
sensory domain leading to a perception in another sensory domain” (Harrison
and Baron-Cohen 1997), where the “stimulation in one sensory domain” is
usually referred to as the “inducer” and the “perception in another sensory
domain” is referred to as “concurrent” Others define synesthesia as “the elici-
tation of perceptual experiences in the absence of the normal sensory stimu-
lation” (Ward and Mattingley 2006) or “stimulation in one sensory or
cognitive stream [that] leads to associated experiences in a second unstimu-
lated stream” (Simner 2012). These definitions pick out slightly different sets
of phenomena, but from the point of view of this book, it is striking how sim-
ilar these definitions are to the definition of mental imagery (especially the
Ward and Mattingley 2006 definition) or multimodal mental imagery (the
other two definitions).

And, unsurprisingly, it has been repeatedly suggested that synesthesia is
intricately linked to unusual ways of exercising one’s mental imagery, although
it is not always entirely clear what the exact connection is. The aim of this
chapter is to show that all forms of synesthesia are forms of (often very
different kinds of) mental imagery and, further, taking synesthesia to be a
form of mental imagery is not just the mere relabeling of the phenomenon,
but it has important explanatory advantages, especially when it comes to
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understanding synesthetic experiences that are not triggered by sensory stim-
ulation (see Nanay 2021c for a longer version of this argument).

Synesthesia research makes a distinction between two kinds of synesthetes:
associators and projectors (Dixon et al. 2004; see also Ward et al. 2007 for
finer distinctions between surface projectors, space projectors, see-associators,
and know-associators; and see Edquist et al. 2006 for some further wrinkles).
When associators see letters printed in black, they associate colors, but they
do not experience the colors of these letters “out there” in their egocentric
space. Nor do they experience the letters as having this specific color.
Projectors, in contrast, do seem to see colors located where (or sometimes
close to where) the black letters are located. While the experience of associa-
tors, but not of projectors, is often compared to the experience of mental
imagery, I will argue that all instances of synesthesia in fact count as a form of
(multimodal) mental imagery.

Synesthesia involves activation of the early cortical areas of the synestheti-
cally activated “sensory streams” (to use the terminology of Simner 2012). So
if synesthetes have a color experience when hearing a certain pitch, there will
be perceptual processing in their visual sense modality (Barnett et al. 2008).
Crucially from our point of view, this perceptual processing happens very
early on, in most cases in the primary or secondary visual or auditory cortex
(see, for example, Nunn et al. 2002; Hubbard et al. 2005; Jones et al. 2011). As
this early perceptual processing is not directly triggered by sensory input, this
is an instance of mental imagery.

Nonetheless, not everyone agrees that synesthesia is a form of mental
imagery. The synesthetic experiences of projectors are routinely characterized
as different from mental imagery. For example, some (for example, Deroy and
Spence 2013) claim that the synesthetic experience of projectors is not mental
imagery on the basis of the introspective reports of projectors as they say that
visualizing feels different from synesthetic experience. Others (for example,
Craver-Lemley and Reeves 2013) take synesthesia to be different from mental
imagery because they take mental imagery to be necessarily voluntary. We
have seen that mental imagery can be involuntary and that different forms of
mental imagery can “feel” very different. In other words, these accounts of
synesthesia are very much consistent with mine. I will argue below that con-
sidering synesthesia to be a form of mental imagery is not a merely verbal
move but it has important explanatory consequences.

More generally, there have been intense debates about just what kind of
experience synesthetic experience is. Is it a form of perceptual experience
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(Cohen 2017; Matthen 2017)? Is it a form of hallucination (Fish 2010)? Or is
it some kind of higher-level, cognitive/linguistic experience (Simner 2007)?
The problem is that synesthesia doesn't really seem to fit squarely into any of
these categories.

The default position about synesthetic experiences is that they are percep-
tual experiences—maybe somewhat unusual perceptual experiences (see the
definitions above from Harrison and Baron-Cohen 1997 and Ward and
Mattingley 2006, which explicitly talk about synesthetic experiences as per-
ceptual experiences; and see also Cohen 2017 and Matthen 2017 for summa-
ries). How is the account I am defending here different from this perceptual
view? In some ways, the difference is merely terminological, inasmuch as
mental imagery is explicitly defined as perceptual processing that is not
directly triggered by sensory input. In other words, if synesthesia is a form of
mental imagery, it is thereby a form of perceptual processing (one that is not
directly triggered by sensory input). Hence, the mental imagery view would
be consistent with at least some proposals, according to which synesthetic
experience is perceptual experience. It would be consistent with Matthen’s
view, for example, according to which perceptual experience is the “accurate
imagistic representation of some occurrence in the world that the subject
understands as such” (Matthen 2017, p. 166).

So everybody agrees that synesthetic experience is brought about by per-
ceptual processing. But there is a major distinction between perceptual pro-
cessing that is directly triggered by sensory input and perceptual processing
that is not directly triggered by sensory input. The former is “sensory
stimulation-driven perception” and the latter is “mental imagery”” As percep-
tion per se (as contrasted with perceptual processing) has been widely taken
to entail sensory stimulation-driven perceptual processing (after all, it is the
causal link via sensory stimulation that ensures the causal connection to the
world, which is an essential feature of perception), taking synesthesia to be a
result of not just perceptual processing, but sensory stimulation-driven per-
ceptual processing has been the mainstream. In contrast, I will argue that
synesthetic experience is not sensory stimulation-driven perception, but
mental imagery. I will argue that, by pinpointing that synesthesia is a very
specific kind of perceptual process, namely one that is not directly triggered
by sensory input, my account provides an explanatorily unified account of
synesthesia, which explains the experiences of both projectors and associators
as well as less-central cases of synesthesia (where the inducer is not sensory
stimulation-driven) as instances of mental imagery.
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Here are some further reasons to think that synesthesia is a form of mental
imagery. Synesthetes across the board (both associators and projectors) have
more vivid mental imagery than non-synesthetes (Barnett and Newell 2008;
Eagleman 2009; Price 2009a, 2009b; Meier and Rothen 2013; Amsel et al.
2017; but see also Grossenbacher and Lovelace 2001; Simner 2013 for some
wrinkles and exceptions; Chiou et al. 2018 for discussion). And this differ-
ence is modality specific—so lexical-gustatory synesthesia subjects have more
vivid gustatory mental imagery, but not necessarily more vivid mental
imagery in the, say, auditory sense modality (Spiller et al. 2015). Further, syn-
esthesia is very rare among aphantasia subjects (who have no, or hardly any,
conscious mental imagery) and relatively frequent among hyperphantasia
subjects (who have very vivid mental imagery) (Zeman et al. 2015).

Some instances of synesthesia are multimodal—for example, the pitch and
color synesthesia I started the chapter with. Some other instances of synesthe-
sia are unimodal—for example, the grapheme-color synesthesia (of having
colored mental imagery of numerals or letters), which seems to be the most
widespread form of this condition.

I'll start with multimodal cases. Hearing a certain pitch and having visual
synesthetic experience of a certain color is a clear case of multimodal mental
imagery: the perceptual processing in the visual sense modality is triggered
by sensory stimulation in the auditory sense modality. And seeing a letter and
having the gustatory synesthetic experience of a flavor is also a clear case of
multimodal mental imagery (where the perceptual processing in the gusta-
tory sense modality is triggered by the sensory stimulation in the visual sense
modality).

The question is, then, how this differs from other cases of multimodal men-
tal imagery (like the example of watching Obama’s speech on TV muted). The
difference is that in non-synesthetic cases of multimodal mental imagery, the
crossmodal activation is explained by previous exposure. You “hear” Obama’s
distinctive tone of voice when you watch his speech muted because you have
on previous occasions heard him and seen him (on TV, presumably) at the
same time. So when you now only have access to the visual part of this famil-
iar multisensory event, you fill in the familiar auditory part of it.

In the case of synesthesia, the crossmodal activation is not explained by previ-
ous exposure. When you see the color purple each time you hear the note of high
C, this is not explained by your previous exposure to purple high Cs in the past.
Purple high Cs are not familiar multisensory events that you have encountered
many times in the past. But that is the only difference between the synesthetic
and the non-synesthetic forms of multimodal mental imagery.
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And this is true not only of associators (who often report something like
involuntary visualizing experiences) but also of projectors (who don’t). The
self-report of many projectors indicates that they take themselves to literally
see the color of musical notes. Nonetheless, given that the visual perceptual
processing of the color is not directly triggered by visual sensory input (but
rather by auditory sensory stimulation), this counts as mental imagery, not
perception. The fact that synesthesia subjects can mistake one for the other
indicates that the mental imagery involved in synesthesia comes with the feel-
ing of presence (like many forms of mental imagery, see Chapter 3).

So the difference between projectors and associators is merely a familiar
difference between different forms of mental imagery—for example, whether
it localizes its object in one’s egocentric space or not. As we have seen, this is
an important distinction between different instances of mental imagery and
this distinction also applies within the domain of synesthetic experiences,
where one standard way of describing the difference between projectors and
associators is that the former’s experiences locate the concurrent in the sub-
ject’s egocentric space, whereas the latter doesn’t (Eagleman et al. 2007).
Another influential way of keeping the experiences of projectors and associa-
tors apart is to ask whether these experiences are accompanied by the feeling
of presence or not (on the role of the feeling of presence in various forms of
synesthesia, see van Leeuwen et al. 2011; Seth 2014). Some instances of men-
tal imagery are accompanied by the feeling of presence, whereas others are
not. Ditto for synesthetic experiences, where this distinction may mark the
difference between projectors and associators. In fact, the experience of pro-
jectors is, in some ways, more similar to other ways of exercising multimodal
mental imagery (like the Obama speech case) with regards to the feeling of
presence.

Without taking sides in the complex debates about the phenomenology of
projectors and associators (and, again, acknowledging that neither of these
are monolithic categories; see Ward et al. 2007 for finer distinctions between
surface projectors, space projectors, see-associators and know-associators,
etc.), the more general point here is that standard distinctions between differ-
ent forms of mental imagery can help us understand the difference between
projectors and associators.

This explanation puts synesthesia on a continuum with other forms of mul-
timodal mental imagery, ones we experience all the time. And this way of
thinking about synesthesia is consistent with a recent set of findings, which
shows that synesthesia can be artificially induced in about half of non-
synesthetes with only five minutes of sensory deprivation (Nair and Brang
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2019). When people who have never experienced synesthesia before are cut
off from any kind of sensory stimulation for only five minutes, the result is
that, coming out of sensory deprivation, more than half of them experience
some form of synesthesia (see also Gatzia and Brogaard 2016 for other exam-
ples of artificially induced synesthesia).

If we consider synesthesia to be a form of mental imagery, these findings
should not come as a surprise. We know that sensory deprivation induces
perceptual processes that are not directly triggered by sensory input, because
the subjects get no sensory input whatsoever and because the perceptual sys-
tem keeps on functioning even in the absence of any stimulation (see Berkes
et al. 2011). And these perceptual processes that are not directly triggered by
sensory input—that is, this mental imagery—explain why subjects subse-
quently (that is, after getting out of sensory deprivation) tend to have synes-
thetic experiences—that is, mental imagery. If we take synesthetic experiences
to be plain stimulus-driven perceptual experiences, no such explanation is
available. In other words, taking synesthesia to be a form of mental imagery
has some immediate explanatory benefits.

This explanatory scheme is only applicable to multimodal cases of synes-
thesia. But how can we then explain the more widespread unimodal cases of
synesthesia, like the most widespread form, grapheme-color synesthesia?

A straightforward way of extending this account of multimodal synesthesia
is to say that, just as multimodal cases of synesthesia happen when perceived
(or perceptually processed) properties across sense modalities are bound to a
multisensory individual in unusual ways, unimodal cases of synesthesia hap-
pen when perceived (or perceptually processed) properties in one sense
modality are bound to a unimodal sensory individual in unusual ways. So our
perceptual system binds shape, size, and color properties to the same uni-
modal, say, visual, sensory individual. And the reason for this is that most
objects we see tend to have shape, size, and color. When we see a banana, for
example, our perceptual system tends to attribute properties of all of these
three kinds to it (that is, shape, size, and color).

But the perceptual system of some people binds color properties to uni-
modal sensory individuals in a way that does not correspond to past exposure
to unimodal sensory individuals of this kind. Bananas tend to be yellow, so
having mental imagery of yellow when presented with a grayscale picture of a
banana is something we should expect as long as we have been exposed to
yellow bananas in the past (a topic I will come back to in Chapter 18). But the
grapheme W does not tend to have a specific color (not even black) and, cru-
cially, our past exposure to the grapheme W is not systematically also an
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exposure to, say, the color purple. So, given the lack of the past exposure to
purple Wi, it is surprising that our visual system would complete W's with the
mental imagery of the color purple.

So, just as we complete multisensory individuals, we also complete uni-
modal sensory individuals. And just as the completed multisensory individu-
als can be individuals we do not normally encounter (colors with a certain
specific pitch), the completed unimodal sensory individuals can be individu-
als we do not normally encounter (graphemes with a certain specific color).

I should acknowledge that this is not intended to be a full explanation of all
aspects of synesthesia. I haven’t said anything about what causes some people
and not others to bind properties to these very unusual (multi)sensory indi-
viduals. But clarifying how exactly the mental states of synesthesia subjects
differ from the mental states of other subjects (that is, in the (multi)sensory
individuals that they bind properties perceptually to) should be an important
step towards such a full explanation.

It has been suggested that sensory substitution is a form of synesthesia
(Proulx and Stoerig 2006; Ward and Meijer 2010; Ward and Wright 2012;
Ward 2013; but see Farina 2013 for criticism). We can make sense of this sug-
gestion without being forced to take synesthetic experiences to be similar to
the experience of sensory substituted vision (which seem very different
indeed) inasmuch as, in my framework, both count as (multimodal) mental
imagery: both are explained by early cortical perceptual processing in one
sense modality that is triggered by sensory stimulation in another sense
modality. But the resulting experiences are very different (as multimodal
mental imagery may manifest in very different experiences).

I said earlier in this chapter that taking synesthesia to be a form of (multi-
modal) mental imagery is not a merely verbal move. It is not just relabeling a
familiar phenomenon. Taking synesthesia to be a form of mental imagery can
help us understand how synesthetic experience can be triggered in various
NON-Sensory ways.

In the cases of synesthesia I have discussed so far, the synesthetic experi-
ence in a specific sense modality is triggered by sensory stimulation (in the
multimodal case, by sensory stimulation in a different sense modality). But as
it turns out, synesthetic experience can be induced without any sensory stim-
ulation. And, crucially, synesthetic experience in one sense modality can be
induced by mental imagery in another sense modality (by sensorily imagin-
ing something; for example, see Spiller and Jansari 2008; Spiller et al. 2015).

In other words, it is not only, say, auditory sensory stimulation that can
lead to visual synesthetic experience. Auditory mental imagery can also lead
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to visual synesthetic experience. In other words, early cortical activation in
one “sensory stream” can trigger synesthetic experiences in a different “sen-
sory stream,” regardless of whether this early cortical activation is triggered
by straightforward perceptual input or by perceptually imagining something.

Another example of multimodal mental imagery serving as the inducer
of synesthetic experiences in the absence of direct sensory stimulation
comes from grapheme-color synesthetes who can also have vivid color
experiences, even when they are touching the graphemes (and don’t see
them) (Newell 2013). This is a puzzling piece of finding on the face of it, but
can be explained in a straightforward manner in the present framework:
this is yet another instance of synesthetic experience in one sensory stream
being triggered by mental imagery in another sensory stream (where this
mental imagery is crossmodally triggered by tactile stimulus). The tactile
stimulus triggers visual mental imagery of the grapheme and then the visual
mental imagery of the grapheme induces the synesthetic experience of
color. If we take the concurrent to be mental imagery, this diverse set of
synesthetic experiences can all be explained in terms of an early cortical to
early cortical influence. Even more importantly, if we consider synesthesia
to be sensory stimulation-driven perception, these well-documented forms
of synesthesia will not count as synesthesia at all. Taking synesthesia to be
mental imagery allows us to explain important, but less-central cases of
synesthesia as synesthesia.

Another explanatory perk of taking this route comes from some seemingly
odd cases of synesthetic experiences, where the trigger is neither sensory
stimulation-driven perception nor perceptual imagining, but rather motoric
imagining. The most famous example is swimming-style synesthesia: strong
color experiences when seeing, thinking about, or imagining a swimming
style—breaststroke, crawl, butterfly, etc. (Nikoli¢ et al. 2011; Mroczko-
Wasowicz and Werning 2012; Rothen et al. 2013).

In the case of swimming-style synesthesia, synesthetic experiences can be
triggered in the absence of any kind of perceptual stimulus (it can happen
even when your eyes are closed). But then what triggers these experiences?
There seem to be two options, both of which would be compatible with the
framework according to which synesthesia is a form of mental imagery
(again, note that neither of these options are open to those who take synes-
thesia to be sensory stimulation-driven perception).

The first option is that when you think about, say, breaststroke, you invol-
untarily visualize a person swimming breaststroke and it is this involuntary
visual mental imagery of somebody doing breaststroke that triggers the
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synesthetic experience (like in the sensory imagination cases; see Spiller and
Jansari 2008; Spiller et al. 2015).

The other option is that when you think about breaststroke, you have motor
imagery of swimming in breaststroke—you imagine doing the breaststroke.
This second option seems to be closer to the subjects’ descriptions of their
experience. And in this case, it is motor imagery (imagining doing some-
thing) that triggers mental imagery in a different “sensory stream” (in this
case, color mental imagery). So this is, just like the previous example, an
imagery to imagery influence—but the former imagery is motor imagery (see
Chapter 27 for more on motor imagery).

In short, if we accept the proposal that synesthesia is a form of mental
imagery, we get a form of explanatory unification with regards to the diverse
triggers of synesthetic experiences inasmuch as all of them can be explained
in terms of early cortical representation — early cortical representation inter-
actions. I argued that the concurrent is mental imagery. And this explains
why the inducer is often also mental (or motor) imagery."

! There are additional explanatory advantages; for example, taking synesthesia to be a form of
(multimodal) mental imagery can explain the complex interactions between synesthetic experiences
and some crossmodal illusions, like the double-flash illusion (Shams et al. 2000; Watkins et al. 2006;
Roseboom et al. 2013). While synesthesia subjects are more likely to be fooled by crossmodal illusions
like the double-flash illusion (which itself relies on multimodal mental imagery), there are some
important exceptions and wrinkles (Innes-Brown et al. 2011; Brang et al. 2012; Neufeld et al. 2012;
Newell and Mitchell 2016). Given that, according to my account, both synesthesia and the double-
flash illusion count as (different) forms of multimodal mental imagery, this interaction (but also the
exceptions) can be explained in a straightforward manner, but given the complexity of the issue, I will
not do so here.



17

Pain

The standard account of pain perception is that it is caused by some form of
tissue damage. The tissue is damaged, the pain sensors, commonly referred
to as nociceptors, get activated and send a signal to the central nervous sys-
tem, and the processing of this pain signal gives rise to painful phenome-
nology. You step on my toe, the nociceptors in my toe send a signal to my
brain and the processing of this signal gives rise to the feeling of the pain
in my toe.

We have seen in Chapter 9 that what we pre-theoretically take to be percep-
tion is really a mixture of sensory stimulation-driven perception and mental
imagery. My aim is to argue that the same general picture is also applicable to
pain perception. What we pre-theoretically take to be pain perception is also
a mixture of sensory stimulation-driven (that is, nociception-driven) pain
perception and pain imagery (that is, pain processing that is not directly trig-
gered by nociceptors).

What would count as pain imagery, that is, mental imagery in the context
of pain perception? As we have seen, mental imagery is perceptual processing
that is not directly triggered by sensory input. So when it comes to pain it
would be cortical pain processing that is not directly triggered by nociceptors
(that is, by the sensory stimulation of the pain receptors).

In sensory stimulation-driven vision, the light hits our retina and this
directly triggers early cortical visual processing. If there is perceptual process-
ing in these regions that is not directly triggered by retinal input, we have to
refer to it as visual mental imagery. Similarly, in sensory stimulation-driven
pain perception, the nociceptors are activated and this directly triggers pain
processing in clearly delineated cortical regions, especially the primary and
secondary somatosensory cortices (S1/S2). The somatosensory cortices proc-
ess tactile and nociceptive information and they do so very differently. So just
by looking at the activations of the somatosensory cortices, we can tell
whether the processed stimulus was a painful or merely a tactile one (Ploner
et al. 2000). Crucially, if there is pain processing in these regions that is not
triggered by nociceptors, we have to talk about a specific form of mental
imagery: pain imagery.

Mental Imagery: Philosophy, Psychology, Neuroscience. Bence Nanay, Oxford University Press. © Bence Nanay 2023.
DOI: 10.1093/0s0/9780198809500.003.0017
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Some instances of pain imagery are accompanied by the characteristic
(painful) phenomenal character. Some other instances (for example, most
cases of imagining that one is in pain; see Derbyshire et al. 2004; Hoenen et al.
2015) are not. We can have activation in the primary and secondary somato-
sensory cortices that is very similar to nociceptor-driven pain processing that
nonetheless does not lead to any painful phenomenology. Similarly, in the
visual case, one can have activation in the early visual cortices without having
the phenomenal feel of visualizing anything. But even if pain imagery is not
accompanied by any painful phenomenology, it can still influence the phe-
nomenal character of simultaneous nociceptor-driven pain processing.

My claim is that pain perception is a hybrid of nociceptor-driven pain per-
ception and pain imagery. Hence, pain imagery is of crucial importance in
understanding pain perception. I will start with examples of pain perception
where all we have is pain imagery. These are on one end of the spectrum,
where nociception plays no role.

Phantom limb pain (the pain one feels in amputated limbs) has been at the
center of philosophical discussions of pain, partly because it seems to demon-
strate that we can have pain even if the intentional object of this pain does not
exist. But if we consider the phenomenon of phantom limb pain in the gen-
eral theoretical framework I outlined above, it will very clearly count as pain
imagery: the very well-documented activation of somatosensory cortices
is blatantly not triggered by nociceptors (as the relevant nociceptors don’t
even exist).

It is crucial to emphasize that this does not mean that phantom limb pain is
any less real than nociceptor-driven pain: I am not doubting the reality of
phantom limb pain at all when I am describing it as mental imagery.! We have
seen that mental imagery may or may not be conscious. And if conscious, it
may or may not be accompanied by the feeling of presence. In the case of
phantom limb pain, pain imagery is clearly conscious and it is also clearly
accompanied by the feeling of presence.

And phantom limb pain is not the only instance of pain that is fully consti-
tuted by pain imagery. Another example is the thermal grill illusion. This is

! Note that I am not committed to the claim that phantom limb pain is hallucinated pain. Ned
Block argued at length that there is no such thing as pain hallucination (Block 2006). And while many
forms of hallucination will count as a form of mental imagery, according to the concept of mental
imagery I have been using (as perceptual processing that is not directly triggered by sensory input, see
Chapter 3), the form of mental imagery that is involved in pain perception in general, and in phantom
limb pain in particular, may be very different from the form of mental imagery that one may want to
label “hallucination” See Nanay (2016a) for a discussion of what form of mental imagery halluci-
nation is.
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one of the oldest perceptual illusions involving pain: if the subject touches
three bars at the same time, the middle one cold and the others warm, she
experiences burning pain where the middle bar touches her skin (Craig and
Bushnell 1994). This is a clear example of pain imagery in my framework as
the activation in S1/S2 is not triggered by nociceptors (in fact, nociceptors are
not involved anywhere in the entire process, see Defrin et al. 2002; Marotta
et al. 2015). Nonetheless, the subjects feel pain. Again, in the case of thermal
grill illusion, pain imagery is not just one of the ingredients of pain. It is the
only ingredient of pain.

Further, Ramachandran’s famous mirror treatment of phantom limb pain
is very easily explained in this conceptual framework. Ramachandran suc-
cessfully treated many cases of phantom limb pain by making the patients
place their hands (both the intact hand and the “phantom” hand) in a box,
where they saw the movement of the intact hand reflected in a mirror exactly
where the “phantom” hand was localized. The subjects were then asked to
move the two hands simultaneously and this led to the alleviation of the phan-
tom limb pain (see Ramachandran et al. 1995; Ramachandran and Rogers-
Ramachandran 1996b; and for some more wrinkles, see Ramachandran and
Rogers-Ramachandran 1996a; see also Giummarra and Moseley 2011 for a
summary of under what circumstances this experiment could be replicated).

If we accept the theoretical framework I am proposing, Ramachandran’s
mirror treatment amounts to an early example of treating pain with the help
of mental imagery. As we have seen, phantom limb pain would count as men-
tal imagery: it involves the activation of the somatosensory cortices without
any activity from nociceptors. And what happens in Ramachandran’s mirror
experiments could be described in the following manner. The experiments
triggered subjects’ tactile mental imagery of their phantom limb with the help
of their visual input (of what appeared to be their phantom limb in the mir-
ror). And this tactile mental imagery is what (causally) modified the pain
imagery that is responsible for the phantom limb pain (see also Maclver et al.
2008 and Beaumont et al. 2011 for different ways of using mental imagery in
alleviating phantom limb pain; and Moseley et al. 2008 for more details on
Ramachandran’s mirror technique).

This mirror-induced mental imagery was not voluntarily triggered. It was
not like closing one’s eyes, counting to three and then visualizing an apple. It
was triggered involuntarily by the mirror-trick of visual stimulus—the visual
stimulus of what appeared to be the visual perception of the phantom limb.
So while Ramachandran’s mirror treatment of phantom limb pain is an early
instance of treating pain with the help of mental imagery, it amounts to
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treating pain with the help of not voluntarily conjured up visual or tactile
imagery (like the experiments in Maclver et al. 2008; Fardo et al. 2015; and
Volz et al. 2015), but rather involuntary crossmodally triggered mental
imagery. This distinction will play an important role in Chapter 30, when dis-
cussing the clinical applications of mental imagery.

One might push back that these are marginal cases of pain perception:
phantom limb pain is relatively rare (in comparison with non-phantom limb
pain) and the thermal grid is just a clever illusion. Note, however, that much
more widespread forms of pain perception also count as pain imagery.

First of all, some forms of referred pain (pain in your knee caused by tissue
damage in your thigh, for example) is a clear case of pain imagery: S1/S2 acti-
vation indirectly triggered by nociception. The S1/S2 processing that corre-
sponds to the referred location is triggered by the mediating S1/S2 processing
that corresponds to the location of the actual nociception.?

Second, neuropathic pain also counts as pain imagery. Neuropathic pain is
caused by nerve damage between the skin and the somatosensory cortices,
which lead to chronic pain (which often amounts to a burning feeling), in the
absence of nociception. Neuropathic pain is, by definition, pain imagery: the
pain processing is not directly caused by nociception because there is no
nociception. And given that much of chronic pain (most typically chronic
low back pain) involves neuropathic pain (Baron et al. 2016), this means that,
for example, chronic low back pain is a hybrid of nociception-driven pain
perception and pain imagery. More generally, we have strong empirical rea-
son to believe that nociception-driven pain processing and pain imagery
interact at various stages of pain processing (Ploghaus et al. 2003; Koyama
et al. 2005; Goffaux et al. 2007; Atlas and Wager 2012; Carlino et al. 2014).

Third, the theoretical framework I am proposing can give a simple and uni-
fied explanation for the significant body of evidence from neuroscience that
suggests that pain is very much dependent on a number of contextual cues
(Carlino et al. 2014; Ploghaus et al. 2003). Philosophers often make a distinc-
tion between the sensory and the affective components of pain (see Aydede
2009)—but there is plenty of evidence that both of these depend on contex-
tual cues.

A relatively well-understood case of this context dependence is the effects
of placebo and nocebo on pain: placebo alleviates pain and nocebo does the
opposite (Benedetti et al. 2005, 2007). More generally, pain very much

*> Note that not all referred pain works like this, sometimes it is the neural pathway leading from
the nociceptor to S1/52 that gets scrambled.
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depends on our expectations (Koyama et al. 2005; Goffaux et al. 2007; Atlas
and Wager 2012; see also Peerdeman et al. 2016 for a meta-analysis) and there
is more and more data on the neural mechanism of this process (Ploghaus
et al. 1999; Sawamoto et al. 2000; Jensen et al. 2003; Keltner et al. 2006). The
crucial finding from our point of view is that the expectations of pain signifi-
cantly involved sensory cortical areas (S1/S2), which interact with the proc-
essing of pain input very early on in cortical processing (Porro et al. 2002;
Wager et al. 2004).

Hence, some expectations and anticipations of pain will count as pain
imagery, as we have clear evidence that some expectations can activate S1/52
without any nociceptors being involved (Ploghaus et al. 1999; Sawamoto et al.
2000; Porro et al. 2002; Wager et al. 2004; Keltner et al. 2006). It is important
to emphasize that this does not mean that expectations and anticipations in
general will have to be labeled as mental imagery. Many instances of expecta-
tions and anticipations will not count as mental imagery—for example, if I
make an appointment with my dentist for next month and I am anticipating
the pain I will have to endure then, this will not count as an instance of pain
imagery as long as the somatosensory cortical areas are not activated at all.
But we have plenty of evidence that at least some expectations can activate the
somatosensory cortical areas directly, without the involvement of nocicep-
tors. These instances of expectations will count as pain imagery (see also
Chapter 12 on expectations that count as mental imagery).’?

As we have seen, there are many studies that show that these expectations
clearly involve early cortical activations (Ploghaus et al. 1999; Sawamoto et al.
2000; Porro et al. 2002; Wager et al. 2004; Keltner et al. 2006). Our expecta-
tions about the pain stimulus influence pain intensity as well as pain location
and even the presence of pain (Ploghaus et al. 2003; Carlino et al. 2014; see
also Peerdeman et al. 2016 for a summary). The general framework I argued
for predicts these results: if pain perception is a mixture of nociceptor-driven
perception and pain imagery, then, provided that some expectations count as
mental imagery, we should predict complex and diverse interactions between
expectations and pain.

I argued that what we pre-theoretically consider to be pain is a mixture of
nociceptor-driven processing and pain imagery. This view also has significant
consequences for some philosophical debates about the nature and content of

* Further, hypnosis induced pain will also count as pain imagery in this sense as it is not triggered
by nociceptors, but the very same regions are active as in the case of nociceptor-driven pain process-
ing (Derbyshire et al. 2004). Interestingly, the mental imagery here is conscious: the subjects under
hypnosis do have painful phenomenology.
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pain. One big question about pain is about its representational content: what
it represents and how it represents whatever it represents.

I will assume that pain is a representational state—by which I mean that
pain processing involves representations. This is not a particularly controver-
sial assumption. A more controversial assumption would be to claim that the
phenomenology of pain could be fully explained in terms of the representa-
tional content of pain. But I will not say anything about whether the represen-
tational content would fully or partially (or not at all) explain the
phenomenology of pain. If pain states are representational states, then the
question is: what kind of representational states are they?

There are two major proposals here, corresponding, roughly, to attributing
mind-to-world direction of fit, or world-to-mind direction of fit, to pain.
Some representations represent the world as being a certain way.
Representations of this kind have a “mind-to-world” direction of fit. Some
other representations, in contrast, have a “world-to-mind” direction of fit:
they do not describe how the world is, but prescribe how the world is sup-
posed to be. The question is, then: does pain have a mind-to-world or a
world-to-mind direction of fit? Or, as the question is more often raised in the
pain literature, does pain have indicative or imperative content?

According to some, the content of pain states is indicative content: it rep-
resents some states of affairs (standardly: the tissue damage or bodily distur-
bance) in some way. It has a mind-to-world (or belief-like) direction of fit: it
“describes” a state of affairs (Tye 1995; Cutter and Tye 2011; Bain 2013).
According to others, the content of pain states is imperative content: it does
not describe a state of affairs (or does not merely describe a state of affairs), but
rather prescribes a course of action (standardly, that the agent sees to it that
the bodily disturbance (or the pain experience) is gone). It has a world-to-
mind (or desire-like) direction of fit (Klein 2007, 2012, 2015; Hall 2008;
Martinez 2010; Klein and Martinez 2018; Barlassina and Hayward 2019).*
These are the two major proposals, but there are many ways of substantiating
both and many versions of both the indicative and the imperative theories of
pain (and things are even more complicated as there are also hybrid views that
posit imperative content for some components of pain and indicative content
for others—for discussion, see Hall 2008; Martinez 2010; and Bain 2011).

* T use “having indicative content” and “having content with mind-to-world direction of fit” inter-
changeably (ditto for “having imperative content” and “having content with world-to-mind direction
of fit”). I bracket some recent controversies about the usefulness and coherence of the term “direction
of fit” in what follows (see Frost 2014). See Chapter 25 for more discussion of the concept of
“direction of fit”
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How does the conceptual framework I argued for above help with this
debate? I want to argue that it poses some challenges for imperativism, but
not for indicativism. I do not think that it provides a knock-down argument
against imperativism, but it draws attention to a number of questions impera-
tivism would need to answer.

Very simply stated, if pain has indicative content there is no problem, as
pain imagery also has indicative content: it represents some state of affairs
in some way (see Chapter 25 and see also Searle 1983, pp. 13-14; but see
Langland-Hassan 2015). But if pain has imperative content, then we get a ten-
sion between the direction of fit of pain (world-to-mind) and the direction of
fit of pain imagery (mind-to-world). Imperativists would need to say more
about how these two claims could fit together (I explore some of the options
available to the imperativists in Nanay 2017b—spoiler: none are too promising).

In short, if what we pre-theoretically take to be pain perception is really a
mixture between nociceptor-driven pain processing and pain imagery, then
imperativists about pain would need to say much more about a number of
details that are not made explicit in their account. And, as we have seen,
indicativism has a straightforward way of accommodating the picture I
argued for in this chapter, according to which pain perception is a mixture of
nociception-driven perception and pain imagery.
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Object Files

Perceptual psychology makes a threefold distinction between low-level,
mid-level and high-level perceptual representations. Low-level representations
track features like contours, colors, and shapes. High-level representations are
responsible for categorization and mid-level representations are somewhere
in between (see Anderson 2020 on the concept of mid-level visual
representations).

How does the concept of mental imagery map onto this hierarchy? It would
be tempting to identify mental imagery with low-level perceptual representa-
tions, given the emphasis on early cortical processing. But the low-level/mid-
level/high-level distinction is about what is represented, not about where in
the perceptual system something is represented. In this chapter, I argue that
the concept of mental imagery could help us to explain many of the crucial
aspects of mid-level vision.

Mid-level vision is neither about features, nor about categories. It is about
“objects” (whatever that means; see Carey and Xu 2001; Gao and Scholl 2010;
van Dam and Hommel 2010; Green 2018). Mid-level perceptual representa-
tions are usually referred to as “object files”

It is difficult to overstate the crucial role the concept of object files has
played in vision science of the last forty years. Object files are representations
that sustain reference to external objects and keep track of the properties of
these objects. The concept of object file, like many of our concepts about the
mind, is metaphorical: the general idea is that, just like the police has a file for
a criminal that they update with new information as new information about
this criminal comes in, our perceptual system opens files about the objects we
perceive and then keeps updating these in the light of incoming information.

The concept of object file was introduced in a paper published in 1983 by
Anne Treisman, Daniel Kahneman, and Jacquelyn Burkell. They defined
object file as “the temporary representation in which the information that
pertains to a particular object accumulates and is updated when the object
changes” (Treisman et al. 1983, p. 531). An object file is “a temporary episodic
representation, within which successive states of an object are linked and
integrated” (Kahneman et al. 1992, p. 175).

Mental Imagery: Philosophy, Psychology, Neuroscience. Bence Nanay, Oxford University Press. © Bence Nanay 2023.
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A striking feature of these definitions is that it is not clear what makes these
object files different from plain perceptual representations. And here many
advocates of object files argue that in the case of object files, two representa-
tional components are clearly distinguished: one representational component
represents the object, without its properties. And the other represents the
properties of this object (see, for example, Hommel 2004; Quilty-Dunn and
Green forthcoming). Here is one typical statement of this requirement on
object files: “the visual system need not know (i.e., need not have detected or
encoded) any of their properties [that is, the properties of the objects] in
order to implicitly treat them as though they were distinct and enduring
visual tokens” (Pylyshyn 2009, p. 267).

The main experimental reason for making this distinction comes from
multiple object tracking. Here, the most important experiment shows that the
visual system keeps track of a visual object and its properties even through
disappearances that are due to occlusion (Flombaum and Scholl 2006; Yi et al.
2008). So a red triangle is moving left, disappears behind the right side of a
blue rectangle and then reappears on the left side of the rectangle (maybe
even having changed color or shape). The visual system keeps track of the red
triangle while it is behind the blue rectangle. But while doing so, its represen-
tation of the object (the triangle) must be separate from the representation of
its features (like the color red) as the visual system at that point represents
only the color blue (as the triangle is fully occluded behind the blue rectan-
gle). Thus, the argument would go, one part of the object file represents the
object, the other represents its properties.

In the light of the discussion in the preceding chapters, it should not come
as a surprise that the representation of the red triangle behind the blue rec-
tangle is mental imagery. It is early cortical perceptual representation not
directly triggered by sensory input. It is not directly triggered by sensory
input as the only sensory input at that moment comes from the blue rectan-
gle. The representation of the red triangle is triggered, very much indirectly,
by the earlier episode of the red triangle disappearing behind the blue
occluder (see the discussion in Chapter 12 on temporal mental imagery).

Further, we know from a variety of findings concerning amodal completion
that the amodally completed visual object is represented in early visual cortices
and most often already in V1 (see Chapter 8 and Nanay 2018b for a summary).
So the occlusion findings are not just consistent with the hypothesis that object
files would count as mental imagery, they even predict this claim.

Could we then just conclude that object files constitute yet another percep-
tual phenomenon that would count as mental imagery? Not so fast. Object
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files are posited in order to explain a number of visual phenomena besides
multiple object tracking. The most important two of these are object-specific
preview benefit and trans-saccadic memory. And it is not obvious that mental
imagery can do all the explanatory work in these two cases. I take them
in turns.

Seeing a stimulus makes us recognize the same (or even just related) stim-
uli more quickly. But there is a more specific experimental setup that has
played a key role in the object file literature. This experimental setup is called
the “object reviewing paradigm.” You see two circles in different parts of the
visual display (one at the top, one at the bottom) and the stimulus (a small
picture or a letter) flashes briefly in one of the circles. Then the circles move to
different parts of the display, for example, the one at the top moves to the left
and the one at the bottom moves to the right.

After this phase, the original stimulus (the small picture or the letter) is
flashed again in one of the circles. We have no problem recognizing the origi-
nal stimulus, regardless of which circle it was originally presented in. But if it
was presented in the same circle before, we are quicker to do so. This phe-
nomenon is called the “object-specific preview benefit” So if the letter A was
briefly presented in the top circle, which then moved to the left, then we are
quicker if the letter A is presented in the circle on the left than if it is pre-
sented in the circle on the right.

In other words, the visual system somehow binds the letter A to the circle
at the top and then keeps track of this connection as the circle moves around,
so that when the A is flashed in the same circle again, it is quicker to recog-
nize it. This is the experimental paradigm that led to the positing of object
files. When we see the circle at the top and the circle at the bottom, our per-
ceptual system opens two object files, one for the circle at the top and one for
the circle at the bottom. When the letter A flashes in the circle at the top, this
information is filed in the object file of the circle at the top. And it remains
filed when this circle moves to a different location. As this A is still in the
object file of this circle when it is on the left side of the display, when the letter
A is flashed again, it is more easily and quickly recognized. This is the classic
story about why we should posit object files.

But there are a number of ambiguities in this story. Object files were pos-
ited in order to explain the object-specific preview benefit phenomenon.
Thus, it leaves open the question about just what kind of representations are
the ones that bind the letter A to the circle at the top. The experiments show
that there must be some kind of representation that binds the letter A to this
circle (otherwise we wouldn't be quicker if the letter A flashed in that circle
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and not the other one). But they do not specify what kind of representation
this may be.

Could this representation be mental imagery? One reason to resist this
claim would be to point to findings that allegedly show that abstract, but, in
any case, amodal (which, in this context means modality-independent) fea-
tures need to be represented in these experiments (see Quilty-Dunn 2016,
2020; Green and Quilty-Dunn 2021 for summaries, see also Echeverri 2016)."
And as mental imagery can’t represent features of this kind, object files can’t
be mental imagery. In order to address this worry, I want to focus on some
variations of the object-specific preview benefit experiments.

The first experiment I want to talk about uses the same general setup as the
object-specific preview benefit experiments above, but with a minor modifi-
cation. You see the two circles at the beginning, and a picture of a cat is flashed
in the circle at the top. Then the circle at the top moves to the left and the cir-
cle at the bottom moves to the right, but instead of seeing the same cat picture
again, you hear a meowing sound either from the left (where the circle at the
top ended up) or from the right. And the finding is that subjects are quicker
to identify the meowing sound as a match with the cat picture if it came from
the left (Jordan et al. 2010; see also Zmigrod et al. 2009). The authors con-
clude that object files (the representations that make this performance possi-
ble) “store object-related information in an amodal format that can be flexibly
accessed across senses” (Jordan et al. 2010, p. 500; again, amodal here means a
format independent of any sense modality, it has nothing to do with amodal
completion).

Given that mental imagery does not store information in an amodal format
and given that it cannot be flexibly accessed across senses, one might think of
this experiment as showing that object files, whatever they are, would not
count as mental imagery.

But this would be too quick. We know from a vast amount of studies that
sense modalities interact laterally at very early stages of perceptual process-
ing. One nice experimental illustration of this point is the double flash illu-
sion, which we have already encountered in Chapter 13: You are presented
with one flash and two beeps simultaneously (Shams et al. 2000). So the sen-
sory stimulation in the visual sense modality is one flash. But you experience
two flashes and already in the primary visual cortex, two flashes are processed

' See also Beck (2015) for a way of resisting the claim that amodal (again, meaning modality-
independent) representations must be propositionally structured. See also Phillips (2020) for some
orthogonal issues with Green and Quilty-Dunn’s argument.
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(Watkins et al. 2006). The processing of the two flashes is almost simultane-
ous with the two beeps, which shows that this really is a lateral influence (that
the auditory information does not go up the auditory hierarchy to form an
amodal representation and then trickle down in the visual hierarchy to influ-
ence the primary visual cortex).

Here is another experiment I have already mentioned in Chapter 13, which
is even more closely related to the Jordan et al. (2010) study. Subjects are
blindfolded and they hear various familiar noises (sounds quite similar to the
meow auditory stimulus and the ringing phone auditory stimulus used in the
Jordan et al. (2010) study), while lying in the fMRI scanner. The important
piece of finding is that the activation of the primary visual cortex of these
subjects is very different, depending on what auditory stimulus they hear
(Vetter et al. 2014).

In the light of these findings (and, again, there are many of these, mapping
out all the lateral early influences between all possible sense modalities, see
Chapter 13), the Jordan et al. (2010) experiment can be explained in a much
more straightforward manner. Only the cat image is stored. But when the
subject hears the meowing sound from the left, this promptly activates the
early visual cortices (as we have seen from the Vetter et al. (2014) study, even
the primary visual cortex). And this cat content-specific activation of the pri-
mary visual cortex latches onto the stored early cortical cat image representa-
tion on the left, which explains the quicker reaction if the meowing sound
comes from the left. No need to postulate anything over and above mental
imagery.

Another experiment that could be taken to indicate that mental imagery is
not enough to explain all there is to be explained about the object-specific
preview benefit modifies the same experimental setup slightly differently. You
see the word “fish” flashed in the circle at the top, it moves to the left and then
instead of the same word, an image of the fish is presented on the left. Even in
this setup we get the object-specific preview benefit (Gordon and Irwin 2000).

This might seem like a rock-solid argument that it must be something like
the representation of the abstract concept fish that is triggered by seeing the
word “fish” and this abstract concept is stored in the object file and makes it
easier to recognize the fish image. And as mental imagery does not store
abstract concepts, object files must be very different from mental imagery. So
the argument would go.

Again, there is a much simpler and more straightforward explanation. We
know a lot about the ways in which linguistic labels change (and speed up)
perceptual processes and we also know a fair amount about the timescale of
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this influence. The crucial piece of finding, both from EEG and from eye
tracking studies, is that linguistic labels influence shape recognition in less
than 100 milliseconds (Boutonnet and Lupyan 2015; de Groot et al. 2016;
Noorman et al. 2018; it should be acknowledged that in these experiments,
the onset of the linguistic label preceded the onset of the shape to be recog-
nized). This is a very similar time frame to how long it takes for the stimulus
to reach V4 (Zamarashkina et al. 2020)—that is, extremely fast (note that
word recognition does take significantly longer, see Hauk et al. 2012).

Crucially, this time frame of less than 100 milliseconds is much, much
shorter than the time that would be needed for perceptual processing to reach
all the way up to higher-level representations and then trickle all the way
down again to the primary visual cortex (see Thorpe et al. 1996 and Lamme
and Roelfsema 2000 for the temporal unfolding of visual processing in uni-
modal cases; and see Kringelbach et al. 2015 for a summary of the relative
slowness of non-early cortical processing).

To give you a comparison, we have seen that the amodal completion of
simple shapes, like the Kanizsa triangle, is taken to be a lateral (and not a top-
down) process on the basis of timing studies, although it happens slightly
slower than 100 milliseconds (within 100-200 milliseconds of retinal stimu-
lation (see Chapter 8)). If the 100-200 milliseconds timescale of amodal com-
pletion can be explained in terms of lateral influence, without postulating
higher-level representations that mediate this process, then the less than 100
milliseconds of the influence of linguistic labelling can also be explained
without postulating higher-level representations that mediate this process.

One might wonder how this lateral influence works. Why does a meow
trigger the image of the cat? And why does the group of squiggles that looks
like the word “fish” trigger the image of a fish? Given the very short time
frame, the most likely explanation would be some low-level form of associa-
tion. But we need to make a distinction between different kinds of associa-
tions. We know that if you encounter, say, salt and pepper together a lot, then
being exposed to salt (or the word “salt”) can trigger the activation of the
word or the image of pepper. The same goes for Tom and Jerry or Romeo and
Juliet. I will call associations of this kind unbound associations.

Contrast these with what I will call bound associations (for a similar dis-
tinction, see Colzato et al. 2006; Hommel and Colzato 2009). If two properties
are often co-instantiated in the same object or event, this creates a bound
association. I use the term “bound” because if property P and property R have
been bound to the same individual a lot before, then instantiating property P
can lead to the representation of property R. The association between the
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shape of the banana and the color yellow is a bound association: we have seen
these two properties co-instantiated in the very same object (a banana) a lot
before. And, as a result, seeing a banana shape tends to trigger the representa-
tion of the color yellow. The association between Tom and Jerry (or salt and
pepper) is unbound association as these associated terms have not been
bound to the same individual. We know from a number of empirical studies
that bound and unbound associations work very differently (see Rappaport et
al. 2013 for a summary).

The kind of association that plays a role in the object-specific preview ben-
efit experiments with the meowing sound and the word “cat” is bound associ-
ation. We have experienced the auditory stimulus of meows and the visual
stimulus of cats together a lot. But this is not what explains the effect.
Crucially, the auditory property of meowing and the visual property of a cat
shape have been bound together before a lot by our perceptual system.
Similarly, we have also experienced the word “fish” and the image of a fish
together a lot (starting with picture books for toddlers). But, again, this is not
what explains the effect. What explains it is that these two properties have
also been bound to the same individual before. So this influence from the
word “fish” to the image of the fish does not need to be mediated by high-level
semantic representations. Nor is it a common or garden semantic association.
It is a bound association. This would also explain one of the earliest object-
specific preview benefit studies, where the preview is a capital letter and the
target is a lowercase letter (Gordon and Irwin 1996, experiment 3). Again, “A”
and “a” have been bound to the same sound.

It could be, and has been, argued (see, for example, Quilty-Dunn 2016,
2020; Green and Quilty-Dunn 2021) that association can’t be the right expla-
nation, because no effect was found in yet another modification of the object-
specific preview benefit experiment, where the preview and the target were
words that were supposed to be linked by association. This study used
words—for example, the words “doctor” and “nurse”—which are, according
to the study, associatively linked (Gordon and Irwin 1996, experiment 4). The
association between the words “doctor” and “nurse” is an unbound associa-
tion. The association between a short word and an image that refers to the
same thing and the association between a lowercase “a” and an uppercase “A”
are, as we have seen, a bound association. The object-specific preview benefit
is not sensitive to unbound associations, but it is very much sensitive to
bound associations.

Here is one last piece of evidence against any form of higher-level explana-
tions of object-specific preview benefit. The authors whom the proponents of
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these higher-level explanations like to cite did conduct a couple of experi-
ments that undercut these higher-level explanations. In the first of these, the
preview is a synonym of the target and in the second, the preview is a subcat-
egory of the target (Gordon and Irwin 1996, experiments 5 and 6). So in the
first experiment, the subject sees the word “cab” in the circle at the top and
then the target stimulus is the word “taxi” In the second experiment, the pre-
view in the circle at the top is a word, like “robin,” which is a subcategory of
the more general concept that is used as the target stimulus, like “bird” If
semantic information were coded in the object file, these experiments would
result in object-specific preview benefit: if the amodal and abstract concept of
cab or of robin were placed in the object file, it should make the recognition
of the synonym of “cab” and the general category of “bird” quicker. But the
findings show that there is no object-specific preview benefit in these cases.
This indicates that higher-level representations are not involved in the object-
specific preview benefit.

To sum up, the object-specific preview benefit paradigm does not justify
positing a new kind of representation over and above mental imagery (which
is very much consistent with the well-demonstrated dissociation between
conscious perception and object-specific preview benefit results; see Mitroff
et al. 2005).

The second perceptual phenomenon that is supposed to justify the positing
of object files is trans-saccadic memory. When we visually explore the scene
in front of us, we move our eyes. And each time we move our eyes, our visual
system needs to remap the contents of our visual array. Suppose that you are
looking at a fixation cross and there is a triangle at the extreme right-hand
side of your periphery. When you move your eyes and fixate on the triangle,
the triangle is in your fovea and the fixation cross is at the extreme left-hand
side of your peripheral vision.

The transition between these two states is not trivial. At first, the triangle
showed up on the right-hand side of your visual field and then it was bang in
the middle of it. But your visual system takes this triangle to be the same. So
the visual system needs to somehow keep track of this triangle in a way that
would assure that its identity is preserved across the radical change in which
part of your visual field it shows up.

This phenomenon is called trans-saccadic memory, because the visual sys-
tem needs to remember from the beginning of the saccade to the end of the
saccade what visual objects are where in the visual field. It needs to remember
that the visual object that it saccades to, and that is about to appear in the
middle of the visual field, is a triangle. In order to explain this phenomenon
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of trans-saccadic memory, we do need to posit a representation that remains
stable from one saccade to another. This is another important reason why
people in the empirical literature posit object files. Here is a representative
statement: “corrective saccades are executed on the basis of object files” (Schut
etal. 2017, p. 138). The question is whether any new and distinctive represen-
tations need to be posited to explain trans-saccadic memory over and above
representations that we have reason to posit anyway, like mental imagery.

It has been argued that trans-saccadic memory, just like object-specific pre-
view benefit, involves higher-level representations that code for abstract fea-
tures. I want to go through two key experiments that could be, and have been,
taken to support this approach and point out that both are consistent with the
claim that the only representation that is needed to account for trans-saccadic
memory are mental imagery and other early cortical representations.

The experimental paradigm that is used to examine trans-saccadic memory
involves fixating on a cross at the middle of the screen and then presenting a
stimulus at the periphery. When the subject saccades to this stimulus, the
experimenter changes some features of this stimulus. The subject won't notice
this change as it happens while the saccade takes place. The question is, how
much this stimulus can change while still counting as the same object. This is
tested, as in the case of the object-specific preview benefit experiments, by
measuring the reaction time of naming the object in the periphery. If you see
a cat picture in the periphery, and you saccade to it, you will be quite quick to
name it if it remains the same cat picture. If the experimenters turn the cat
picture into a picture of a book during the saccade and you need to name the
object depicted after the saccade (you have to recognize it as a book), your
reaction time will be slower. The general idea is that you open an object file
before the saccade, and you update this very object file after the saccade. If the
information after the saccade is very different (as it is when the cat picture is
replaced by the book picture), this slows you down.

Here is a twist in this experimental setup. A picture of the lowercase letter
“a”) is flashed in the periphery. Then you saccade to this picture, but during
the saccade, it is replaced by the uppercase letter (“A”) (Rayner et al. 1980, see
also Pollatsek et al. 1984). The lowercase letter sped up the recognition of the
uppercase letter. This allegedly shows that the information stored in the object
file is abstracted away from the specific low-level features of the letters. So,
something like an abstract category of the grapheme is encoded in the
object file.

As in the case of object-specific preview benefit experiments, these higher-
level explanations are unwarranted as a much simpler explanation is available
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purely in terms of mental imagery. In fact, we can use a very similar explana-
tory scheme as the one we used in the case of object-specific preview benefit
to explain this effect. The only thing that gets encoded in trans-saccadic
memory is the image of the lowercase letter (“a”). No abstract category gets
encoded. But when the subject is presented with the uppercase letter (“A”), the
old image makes it easier to recognize it as a result of the bounded association
between the two. None of this requires any representation of any kind of
high-level or abstract concept.

The second experiment I need to mention used a slightly more complicated
setup. The subject fixated on the cross at the middle of the scene and not one
but two stimuli were presented in the periphery, quite close to one another
(like the numbers 2 and 3 on a clockface). This was the pre-saccade ensemble
of two stimuli. The subject then had to saccade to these and during the sac-
cade these two stimuli were replaced by a single one in between the two old
stimuli. The reaction time for naming this new stimulus was significantly
lower if the new stimulus was the same as one of the old stimuli. So if a cat
image and a book image were presented in the periphery and then during the
saccade they were replaced with a single book image, the subject was quicker
than if it was replaced by an image of a truck.

In the case of this experiment, the crucial step comes from changing the
color of this object. So when the image of a cat and the image of a book were
replaced with a single image of a book, the color of this book image changed.
The question was whether this color change had any effect on the reaction
time. And the results were surprising in that in some cases it had an effect, in
others it didn’t have any. It depended on whether the color that changed was
what is referred to as “diagnostic color”—color that is exceptionally typical of
the object kind in question. So if you see a yellow book, the yellow color is not
diagnostic—it is not an exceptionally typical trait of books that they are
yellow. But if you see a yellow banana, the yellow color is diagnostic—it is
an exceptionally typical trait of bananas that they are yellow. Yellow is a
diagnostic color of bananas, but not of books.

In those experiments where the presented object in question had diagnos-
tic color, changing this diagnostic color slowed down the reaction time in
spite of the fact that the very same image was presented after the saccade (but
colored differently). So seeing a yellow banana pre-saccade (as one of the two
stimuli) and then seeing a blue banana post-saccade slowed down the reac-
tion time. But the same slowing down did not happen if the object in question
did not have a diagnostic color: seeing a yellow book pre-saccade (as one of
the two stimuli) and then seeing a blue book post-saccade did not slow down
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the reaction time. Again, the high-level explanation is that this experiment
shows that the abstract category of “banana” is represented in trans-saccadic
memory. I don't think this follows. The only thing that is represented in trans-
saccadic memory is the image of the yellow banana. And when the blue
banana is presented, it is more difficult to recognize given the ongoing repre-
sentation of the yellow banana in trans-saccadic memory (as the yellow
banana creates different visual expectations from a yellow book, involving the
color yellow, and this expectation is frustrated by the blue banana, but not the
blue book; see, for example, Rappaport et al. 2013 on how searching for
bound features (like diagnostic color) is much quicker than searching for
unbound features). None of this requires high-level abstract representations
of banana-ness in trans-saccadic memory (see also Khayat et al. 2004, Super
et al. 2004, Malik et al. 2015 for the ways in which trans-saccadic memory
relies on the early visual cortices).

Here is an analogy that might be helpful for explaining the role mental
imagery plays in these two experimental paradigms. Imagine a ball that has a
letter A painted on one side. The ball rolls on, and the letter A is no longer
visible because it is now at the side of the ball that is facing away from us.
We know from the amodal completion studies that it is still represented
amodally—by means of mental imagery. The same goes for the object-specific
preview benefit cases.”> And, mutatis mutandis, for trans-saccadic memory.

The general gist of my argument is that we should not underappreciate
mental imagery. Mental imagery is intricately complex. And it can do all the
jobs that object files were posited to do.

* This effect can last for several seconds (Noles et al. 2005)—a result very much consistent with new
findings about the early visual cortices (Fritsche et al. 2022). More generally, the similarity in the
mechanisms of amodal completion and the persistence of object files is further emphasized by the
experiments in Yi et al. (2008) and Flombaum and Scholl (2006).
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Language

Mental imagery is a perceptual phenomenon, but it has important uses in
post-perceptual processing and in our cognition in general. Part I and Part
I1T of the book were about the important role mental imagery plays in percep-
tion. This part takes a broader perspective and considers the various roles
mental imagery plays in cognition.

Throughout the history of philosophy imagistic mental representations
have been routinely contrasted with abstract, linguistic representations (see
Yolton 1996 for a summary). The background assumption is that there is a
sharp contrast between two different kinds of mental representations: imagis-
tic ones, like mental imagery and abstract, linguistic ones. There is imagistic
cognition and there is linguistic cognition and they are very different. So
when we talk about the importance of mental imagery in human cognition,
the reach of mental imagery is limited as there is an extra layer of mental
representations, abstract, linguistic ones, which have nothing to do with men-
tal imagery.

Just how far imagery reaches and how thick this layer of abstract linguistic
representations is supposed to be is subject to debate. One way of thinking
about the mind in general and mental representations in particular is to
model it on language. We have a relatively clear idea about how language rep-
resents. So a tempting route would be to use that as a means to describe the
way the mind represents as well. This way of thinking about the mind was
very influential in philosophy in the 1960s and 1970s, when almost all the
most influential philosophers of mind came from a philosophy of language
background.

This way of thinking about the mind takes propositionally structured,
language-like representations to be the default form of representations in
general and mental representations in particular. So the mind represents by
means of propositionally structured, language-like representations. Beliefs
are propositional attitudes, so they do exactly this—as do desires. This way of
thinking about mental representations either flat out denies that the mind
could represent in any other way (which would make perception and imagery
either propositionally structured or not a representation) or when it allows
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for the existence of non-propositional representations, say, perception or
mental imagery, it downplays their importance. This may be one of the rea-
sons why the obsessive emphasis on language at the middle of the twentieth
century sidelined the philosophical study of mental imagery.

But here is another way of thinking about the mind. The human mind is
not that different from animal minds. In any case, it has evolved from animal
minds, so, in order to understand the exquisite complexity of the human
mind, we should start with understanding something simpler: the way the
animal mind represents. Once we have fully understood that, we can then,
and only then address the uniquely human fancy features, like language.

The way animals (at least mammals) perceive is very similar to the way we
perceive. And the way animals (again, at least mammals) exercise their men-
tal imagery is also very similar to the way we do so. So the default for under-
standing how the human mind represents should not be propositionally
structured linguistic representation, but rather imagistic representation of the
kind that perception and imagery uses. When we have fully understood how
imagistic representations work, how they interact with each other, and how
they lead to action, then and only then can we begin to address the fancy
gloss on top of this fundamental representational machinery, which is
uniquely human (Nanay 2021d).

I once described the uniquely human features of the human mind, like lan-
guage, as the icing on the cake (Nanay 2013a): when we try to analyze the
cake, we should not start with the examination of the icing, we should begin
with the cake itself. Understanding various features of the icing is a nice extra
perk. But if you make inferences about the cake itself from what you know
about the icing, you’ll get it all wrong.

While I have always sided with this second way of thinking about the mind,
and I still do, I think we have very strong reason to question the strict opposi-
tion of the imagistic and propositional parts of the mind: of the cake and the
icing. Not only is the icing of language a very minor part of understanding the
mind. It also relies heavily on imagistic representations, so much so that lan-
guage processing cannot be fully understood without understanding mental
imagery. To use the icing and the cake analogy one last time, the icing, it turns
out, is made of many of the same ingredients as the cake itself. This is not
particularly surprising: the fancy gloss of uniquely human mental capacities
like language processing has evolved from the imagistic animal mind, so these
capacities had to use the ingredients that were already present. They had to
have imagistic representations as their starting point.
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In some sense, this is even worse news for the friends of using language as a
means to understand the mind. The way the mind processes language relies
heavily on mental imagery. So, taking the way language represents as a start-
ing point won’t help us to understand the vast majority of our (non-linguistic)
mental representations. But it won't help us to fully understand language pro-
cessing itself either.

I don't take this way of thinking about the mind to be particularly radical
or extreme. Tyler Burge famously said that “representation of physical entities
in language and thought is the way it is largely because representation in per-
ception is the way it is” (Burge 2009, p. 293). David Kaplan also says some-
thing very similar when he writes:

Many of our beliefs have the form: “The color of her hair is __ ", or “The
", where the blanks are filled with images,

song he was singing went
sensory impressions, or what have you, but certainly not words. If we cannot
even say it with words but have to paint it or sing it, we certainly cannot
believe it with words. (Kaplan 1968, p. 208)

My claim is that this reliance of language on imagistic representations is not
an exception, it is the rule.'! We now know that language processing is not
completely detachable from imagistic cognition. Both generating linguistic
utterances and hearing/reading them utilizes mental imagery. Some of the
empirical findings supporting these claims come from neuroimaging.
Describing a scene relies on our ability to generate mental imagery—early
cortical representations not directly triggered by sensory input (Mar 2004;
Zadbood et al. 2017). Further, understanding a description invariably involves
mental imagery—again, not necessarily conscious mental imagery, but early
cortical representations not directly triggered by sensory input. The crucial
finding here is that it is this imagistic representation that is remembered, not
the words we heard (Zwaan and Radvansky 1998; Zwaan 2016; Zacks et al.
2018; McClelland et al. 2019), which shows that mental imagery is not a mere
byproduct of language processing, but is an important ingredient thereof.

We understand fairly well how this happens. As we have seen in Chapter 18,
linguistic labels change (and speed up) perceptual processes and both EEG

! An emerging body of findings about iconic representations in language itself (especially in lan-
guages other than Indo-European ones and in sign language) gives further support to this view; see
for example, Perniss et al. (2010) and Schlenker (2017).
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and eye tracking studies show that linguistic labels influence shape recognition
in less than 100 milliseconds (Boutonnet and Lupyan 2015; de Groot et al.
2016; Noorman et al. 2018). This means that linguistic and imagistic repre-
sentations interact at an extremely early stage of perceptual processing—by
any account in early cortical processing. Again, all this indicates that imagis-
tic and linguistic cognition are far from being independent from one
another—they are deeply intertwined even at the earliest levels of perceptual
processing (see also Seydell-Greenwald et al. 2020).

While many of these neuroimaging and timing results are relatively new,
the intimate connections between linguistic and imagistic representations
have long been postulated in behavioral studies.

Probably the most famous of these go under the heading of “dual coding
theory” (Paivio 1971, 1986; Just et al. 2004). According to the dual coding
theory, linguistic representations themselves are partly constituted (or at least
necessarily accompanied) by mental imagery and this explains why concrete
words (that are accompanied by more determinate mental imagery) are easier
to recall than abstract words (that are accompanied by less determinate and in
some cases very indeterminate mental imagery).

Dual coding theory started with studies of the cognitive underpinnings of
mnemotic abilities—the reasons why some people are better at remembering
words than others. And while the ways in which remembering words cor-
relates with mental imagery capacities were studied, it turned out that some
words are systematically more difficult to remember than others. The exam-
ination of a vast dataset of words as well as a vast number of subjects shows
that there is a correlation between how easily a word is remembered and how
abstract/concrete it is. Abstract words like “homology” are more difficult to
remember and concrete words like “homeowner” are easier to remember,
even if we control for the frequency of occurrence in language. And dual cod-
ing theory explains this difference in terms of the reliance of language pro-
cessing on imagery: concrete words are remembered more easily because they
their processing involves concrete mental imagery, which makes it easier to
remember.

Paivios dual coding theory posited the importance of mental imagery in
linguistic processing to explain the behavioral differences between the recall
of concrete and abstract words. But the findings of the dual coding theory are
exactly what we should expect, given the more recent findings about the auto-
matic and lateral triggering of early cortical representations in early stages of
language processing. These older behavioral results and the more recent tim-
ing and neuroimaging findings paint the same picture: language processing
itself essentially involves mental imagery (see also Calzavarini 2019 for a
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nuanced analysis of this connection and Liu 2022 on the important role mental
imagery plays in polysemy processing).

While nothing of what I have said in this chapter so far is particularly con-
troversial, I want to close with a consequence of this general picture of the
relation between imagistic and linguistic representation, which is more con-
troversial. It concerns one of the most widely researched psychological phe-
nomena: the Stroop-effect—(see Stroop 1935; see also MacLeod 1991 for a
historical summary).

The Stroop effect has been used in many branches and paradigms of psy-
chological research, including ones I have touched on in this book, like the
study of synesthesia, where the real hallmark of synesthetic experience is that
it shows the Stroop effect—or, as it is often put, it Stroops (not many experi-
ments get to be used as verbs).

The classic Stroop task is very simple: you have to name the color of words
printed on a page. If these words are color words (like “red” or “blue”), where
the color named and the color it is printed in are different (say, “red” printed
in blue), the reaction time increases significantly.

What explains this odd difference? There are two major explanations, the
first one dominant in the second half of the twentieth century, the second
dominant in the last twenty years. According to the first one, the Stroop effect
is about attention capture. The linguistic stimulus captures our attention, and
as a consequence, less attention remains for the processing of the color stimu-
lus (see MacLeod 1991 for a summary). According to the second one, the
Stroop effect is about conflict monitoring and control: there are control mecha-
nisms that detect the conflict between the linguistic and the color stimulus and
they prioritize the processing of the language stimulus (Botvinick et al. 2001).

The attention account and the conflict monitoring account of the Stroop
effect are very different inasmuch as the former gives a fully bottom-up expla-
nation, whereas the latter a top-down one in terms of the effect of the seman-
tic meaning of the word on the processing of color. But they share an
important premise, namely, that the Stroop effect is about access to motor
control. Depending on whether the word “red” is printed in red or blue, our
access to the motor control (of reading the word) is different and this explains
the difference in our reaction time. This is clear enough in the attention
account, but it is also what is behind the conflict monitoring account, where
“conflict may be operationally defined as the simultaneous activation of
incompatible representations |[...] e.g., representations of alternative responses”
(Botvinick et al. 2001, p. 630).

I will argue that the connection between language processing and mental
imagery suggests another possible explanation: reading the color word
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triggers—laterally and automatically—visual imagery of the color and this
interferes with the perceived color of the word.

The conflict between the color and the meaning of the word starts much
earlier than motor control. Here is an experiment that supports this hypothe-
sis directly (there may be some indirect support from findings about the
Stroop effect for color-related words as well (like “sky” (for blue) and “fire”
(for red))—see Dairymple-Alford 1972). A recent experiment shows that
even if we control for all the attentional and other mechanisms that deter-
mine motor control, the activation patterns in V4—the part of the visual cor-
tex that is responsible for color processing—would be difficult to explain
unless we posit early sensory involvement in the Stroop effect (Purmann and
Pollmann 2015).

Given that V4/V8 is devoted (mainly) to color processing, it is active
throughout any color Stroop task. More generally, the involvement of V4 in
the Stroop task is somewhat difficult to examine experimentally given that
without the functioning of these regions, the effect goes away. So some tricks
are required to gain any insight into exactly how early cortical color process-
ing is involved in the Stroop task. The experimenters examined the ways in
which the previous trial in a series of Stroop tasks influences the current trial
(Purmann and Pollmann 2015). So the question they raised is how your early
sensory cortices behave, depending on the order of these trials. If you read
the word “red” printed in blue, there is a conflict—it’s an “incongruent trial”
If you read the word “blue” printed in blue, there is no conflict—it is referred
to as a “congruent trial”

The question is whether early sensory processing is different depending on
whether an incongruent trial was preceded by another incongruent trial. And
what the results show is that activities in V4 are very different, depending on
whether the previous trial was congruent or incongruent. Interestingly, the
same effect was not observed in language processing regions of the brain,
only in V4. If we take the Stroop task to be about motor control, these results
make no sense. But if, as I am suggesting, it is at least partly about sensory
processing, these results are exactly what we should expect.

The color of the word activates V4 bottom-up (that’s perception). And the
reading of the word activates V4 laterally and automatically (that's mental
imagery). And the processing of the perceived color is slowed down because
of the interference of the mental imagery. In short, the conflict between the
color and the meaning of the word starts already in perceptual processing.

But language is not the only mental capacity that is deeply intertwined with
mental imagery. The following chapters outline how memory, imagination,
and emotions all have more to do with mental imagery than is usually assumed.



20

Memory

The term “memory” is used to refer to a wide and very heterogeneous variety
of mental phenomena. We have already encountered two, which show the
diversity of memory nicely. The first one was trans-saccadic memory, the
early cortical representation that maintains perceptually represented features
across saccades. And the second one was episodic memory, say, remembering
what you had for breakfast this morning (Bernecker 2010; De Brigard 2014;
Michaelian 2016; Hopkins 2018). I argued on the basis of experimental results
that both trans-saccadic memory and episodic memory necessarily rely on
mental imagery (in Chapters 18 and 5, respectively).

In this chapter, as well as in Chapter 21, I want to examine three mental
phenomena under the umbrella of the general category of memory, which all
fall somewhere between the very simple low-level trans-saccadic memory
and the very complex high-level episodic memory: Visual working memory,
the Sperling experiments and boundary extension." I will discuss the first two
in this chapter, saving boundary extension for Chapter 21.

First, visual working memory is a behavioral category: it is the representa-
tion that is posited in order to explain how we manage to reidentify perceptu-
ally represented features after the input is gone. A standard setup for the study
of visual working memory is a simple display of, say, three small squares of
different colors, presented for a short time, followed by a couple of seconds of
blank screen (or masking), which is then followed by a slightly different dis-
play, where the color of one of the squares has changed (see, for example,
Luck and Vogel 2013). If the subject can identify this change, what allows
them to do so is the visual working memory.

This sounds very much like past-oriented temporal mental imagery (Keogh
and Pearson 2011; Tong 2013). And the connection between visual working
memory and temporal mental imagery is further strengthened by studies that

! There are other interesting connections between memory and mental imagery that I will only
briefly mention here. Imagery training improves memory (in fact, findings along these lines sparked
the revival of research into mental imagery in the 1960s; see Luria 1960, 1968; Yates 1966). Another
important set of findings is about how vivid imagery can lead to misremembering or the modification
of one’s memories (Gonsalves et al. 2004; Stephan-Otto et al. 2017a, 2017b).
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show strong interference effects between visual working memory and mental
imagery (Hyun and Luck 2007). If, instead of the blank screen, a mental
imagery-involving task is presented between the two visual displays (say, a
mental rotation task), the subjects’ performance on the reidentification task is
much worse. This is presumably because the mental imagery that is required
for the mental rotation task interferes with the representation that allows us
to reidentify the squares. Thus, the representation that allows us to reidentify
the squares is either mental imagery or at the very least uses the same
resources, which explains why one representation interferes with the other.

Can we then just conclude that visual working memory is a form of mental
imagery (just like trans-saccadic memory)? I don't think so. Some (in fact,
most) instances of visual working memory would indeed qualify as a form of
mental imagery. But there are some relatively recent findings about visual
working memory that make the connection between visual working memory
and mental imagery even more significant.

It has been shown that the representation that allows us to successfully
reidentify stimuli (that is, visual working memory) does not have to involve
V1 activation, or even any early cortical activation (Rose et al. 2016; Sprague
et al. 2016; Trubutschek et al. 2017; Wolff et al. 2017). More generally, there
seems to be remarkable interpersonal variation in people’s use of visual work-
ing memory, often corresponding to the vividness of subjects’ imagery
(Pearson and Keogh 2019; see also Jacobs et al. 2017).2

These results seem to show that while some instances of visual working
memory in some subjects do indeed amount to mental imagery—which also
explains the influence of visual working memory in amodal completion (Lee
and Vecera 2005, 2010) and on visual processing more generally (Tend and
Kravitz 2019), other instances of visual working memory in other subjects are
very different. So visual working memory is a heterogeneous category, which
is hardly surprising given that it is defined in very broad behavioral terms: the
representation that allows us to reidentify stimuli. Mental imagery, in con-
trast, is, in spite of the wide variety of phenomena that fall under it, less het-
erogeneous in terms of its implementation. In this sense, mental imagery is
more of a natural kind than visual working memory (see also Pearson and

*> Because of these radical variations in how visual working memory works (Pearson and Keogh
2019, see also Gomez-Lavin 2021), I set aside debates about the format and the allegedly holistic
nature of visual working memory, as well as its relation to iconic memory, for the purposes of this
discussion (but see Burns 1987; Fougnie and Alvarez 2011; Gross and Flombaum 2017; Wang et al.
2017; Pratte 2018).
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Keogh 2019 for a similar point, as well as Gomez-Lavin 2021 for a related
skeptical argument about working memory in general).

The second topic concerning memory that I will discuss in this chapter,
besides visual working memory, is the Sperling experiment. The discussion
about the role of attention in mental imagery in general, and in multimodal
mental imagery in particular, has a special perk: it can help us to understand
what is going on in one of the most widely discussed experimental findings in
philosophy of mind: the Sperling experiment (Sperling 1960; Averbach and
Sperling 1961).

The experiment is simple and it involves (although this is rarely stressed)
some crossmodal effects. The subjects are presented with an array of twelve
letters arranged in three rows of four letters. This is presented for a brief
period and subjects could recall three or four of these letters. But here is a
slightly different version of the same setup. When this visual display is over, it
is followed by an auditory cue (low, medium, or high pitch—subjects are
trained to associate these with the top, medium, and bottom row), which
indicates the row the subjects should attend to. And now the subjects can
recall three or four letters of the indicated row. This is a much higher recall
rate (per row) than without the post hoc auditory cue. So it seems that we can
represent the stimulus of all twelve letters (or almost all of them) even after
we cease to see them.

Philosophers love this. The most famous use of the Sperling experiments
concerns the debate about phenomenal and access consciousness. And the
argument here is that the Sperling experiments show that phenomenology
overflows access: there are stimuli we are phenomenally conscious of but that
we cannot access (Block 1995, 2011; see also Dretske 2006; Tye 2006).> The
second experiment shows that at the time of the auditory cue, we must be
phenomenally conscious of at least three letters per row, otherwise the cue
couldn’t have the effect it has. So that’s at least nine letters in the matrix. But,
as the first experiment shows, we can only recall, so we only have access to,
three or four of these letters. So phenomenology overflows access (and at a
rate of nine to three/four!). And this would then show that phenomenology
could not be reduced to the functional notion of access.

This argument has been criticized in many ways (Dehaene et al. 2006;
Kouider et al. 2010; Cohen and Dennett 2011; Carruthers 2017; see also

* I do not mean to suggest that Block, Dretske, and Tye are all in agreement about the interpreta-
tion of the Sperling findings—see Nanay (2009¢) for the differences between Dretske and Tye in this
respect.
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Phillips 2011a for a very good overview of the debate). My aim here is to step
back and instead of arguing about what follows from the Sperling experi-
ments for theories of consciousness, focus on what the Sperling experiments
show that would have any relevance in this debate at all. And I aim to point
out that the Sperling experiments do not demonstrate anything we should not
expect on the basis of the account of (multimodal) mental imagery I out-
lined here.

We know that the retina remains activated (relatively) long after direct reti-
nal stimulation ceases. A very salient case of this that we have encountered
before is afterimage: “an image seen immediately after the intense stimulation
of the eye by light has ceased” (Gregory 1987, p. 13). Afterimages are con-
scious and they only follow very intense sensory stimulation. But we also
know that the primary visual cortex also remains activated (relatively) long
after retinal stimulation (direct or delayed) ceases.

Crucially, we have strong empirical reasons to think that the retinotopic
activation of the primary visual cortex remains present for 200-300 millisec-
onds after the sensory stimulation stops (Rolls and Tovee 1994; see also
Nikoli¢ et al. 2009). And this was following a very brief presentation of the
stimulus (for only 16 milliseconds). Newer findings show a 70-100 millisec-
ond echo in the primary visual cortex (Teeuwen et al. 2021; but see also Sligte
et al. 2008, which complicates this picture). This cortical process, according to
my definition, would count as mental imagery: it is perceptual processing
(and very early perceptual processing) not directly triggered by sensory stim-
ulation (because the perceptual processing follows the stimulus presentation
with significant delay (much more than the usual 30 milliseconds)). To put it
in terms of the terminology used in Chapter 12, the temporal correspondence
is missing.

As we have seen in Chapter 12, V1 representation is about 30 milliseconds
behind sensory input and movement representation in MT is about 45 milli-
seconds behind. The 200-300 millisecond delay (but even the 70-100 milli-
second delay) is significantly more than this—this is why this representation
counts as temporal mental imagery.

So each time we have sensory stimulation, we also have a 200-300 millisec-
ond long mental imagery echo of it. This is in itself a very important fact
about the role mental imagery plays in everyday perception, but what I want
to focus on is how these findings can help us to understand what is going on
in the Sperling experiments.

When the stimulus presentation of the twelve letters is over, we now know
that the subjects have mental imagery of the twelve letters and continue to do
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so for 200-300 milliseconds. And here the auditorily cued attention operates
on this mental imagery exactly the way it operates on any kind of mental
imagery, something I discussed at length in Chapter 10. There I talked about
visualizing the house you grew up in and shifting your attention from the
color of the taps to the shape of the kitchen sink—whatever you are attending
to will become more salient, and what is not in the focus of your attention
(like the shape of the kitchen sink when you are attending to the taps) is likely
to remain less salient. And the same goes for the mental imagery of the twelve
letters following stimulus presentation in the Sperling experiments: we can
attend to the top row, in which case the letters there will become more salient
and the letters in the bottom row less salient. And vice versa. If we are not
attending to any of the rows in particular, the salience is distributed across
the rows.

There is, of course, one slight difference between the mental imagery that
subjects have after stimulus presentation in the Sperling experiments and the
mental imagery one has when visualizing one’s house. The latter is conscious
and the former is very unlikely to be conscious. But, as we have seen, this is
no reason to dismiss either of them as not really a case of mental imagery.
And given that both mental imagery and attention can be unconscious (for
the latter claim, see Kentridge et al. 1999, 2008; Jiang et al. 2006; Cohen et al.
2012), just as we can move around our conscious attention in our conscious
mental imagery, we can also move around (maybe not voluntarily, but as a
result of being cued) our unconscious attention in our unconscious mental
imagery (see also Sergent et al. 2011 for direct evidence of how attention
influences processing in the primary visual cortex after the stimulus is gone).

A strong reason to think that subjects have mental imagery of the twelve
letters in the Sperling experiments is the fragility of the Sperling results when
it comes to timing. The effect collapses if the time gap between the offset of
the stimulus and the auditory cue is significantly longer than 300 millisec-
onds (Averbach and Sperling 1961, figure 17; see also Di Lollo 1977; Coltheart
1980), which is exactly the time that the mental imagery following sensory
stimulation is supposed to last for (see Rolls and Tovee 1994; Nikoli¢ et al.
2009). The Sperling results can be triggered only as long as the mental imagery
of the twelve letters is present.

If we think of this representation of the twelve letters as mental imagery,
the Sperling results are exactly what we should expect: those aspects of the
mental imagery we attend to are more likely to become conscious than those
that we are not attending to—as we have seen in the case of the taps and the
kitchen sink. But then what we should expect in cases where we are cued to
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attend to some aspects of our mental imagery is that these aspects are more
likely to become conscious and that’s exactly what the Sperling experiment
shows. In short, the Sperling results should not surprise anyone: of course
those aspects of our mental imagery that we are attending to are more likely
to become conscious than those we are not attending to.

How does this emphasis on mental imagery in the Sperling experiments
change the philosophical import of these findings? There seems to be an
agreement between the proponents and the opponents of the overflow argu-
ment about the presence of some kind of representation of the twelve letters
at the moment of the auditory cue (see, for example, Coltheart 1980, p. 184;
Block 2011; Phillips 2011a, section 5). The question is whether these repre-
sentations are phenomenally conscious. The proponents of the overflow argu-
ment say they are, the opponents say they are not.

In the light of the discussion in this chapter, it should be clear that the
assumption that these representations are phenomenally conscious is unsup-
ported, as activation of the primary visual cortex (which is all we can assume
here) in no way guarantees any kind of conscious awareness. In other words,
my view is in sharp opposition with the overflow view of the Sperling experi-
ment (according to which the representation of the twelve letters is conscious)
and in broad agreement with that of Phillips (2011a) (according to which it is
unconscious). An advantage of my view over Phillips’s is that while Phillips
needs to posit such unconscious representation solely in order to explain the
Sperling findings, we have independent and very strong reasons to posit men-
tal imagery—(normally unconscious) early cortical representations that are
not directly triggered by sensory input.

In this chapter, I discussed two memory phenomena that can be better
explained if we appeal to mental imagery. The next chapter is about a third
one, where mental imagery plays an even more important role.
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Boundary Extension

The third of the three memory phenomena I want to discuss is boundary
extension (see Nanay 2021e for a longer version of this argument). I am
devoting a full chapter to it because it is a nice illustration of how focusing on
mental imagery can help us make progress in contested empirical and con-
ceptual questions.

Look at Figure 12A. Now look away, do something else and try to remem-
ber the image. What you will recall is more similar to Figure 12B. When we
remember a scene, we remember more than what we saw. Literally more: the
scene’s boundaries are wider than the boundaries of the scene we saw. This
phenomenon is called boundary extension.

Boundary extension is one of the most robust psychological findings about
memory. It holds across age groups (Seamon et al. 2002); experimental meth-
ods (drawing from memory vs. picking a picture that matches our memory,
but see Bainbridge and Baker 2020); length of exposure time (how long we
are looking at the scene, see Intraub et al. 1996); length of time gap (between
seeing the scene and recollecting it, see Intraub et al. 2008); depictive style
(photos vs. drawings, Gagnier and Intraub 2012); image content (Candel et al.
2003); and so on (see Hubbard et al. 2010 for a very thorough summary of
these findings; and Bainbridge and Baker 2020 for some recent findings that
complicate this picture somewhat).

In the philosophy of memory, boundary extension is used as an example of
the constructive nature of memory. This fits into a wider set of findings about
memory that all seem to demonstrate that memory formation is not a matter
of copying perception into our memory. Memories are, rather, constructed on
the basis of the scene we see, but their content is not determined by the scene
seen (De Brigard 2014; Michaelian 2016; McCarroll 2018; see also Robins
2019, McCarroll et al. forthcoming).

This raises an important philosophical question about the boundary exten-
sion findings (Michaelian 2011; De Brigard 2014; Bernecker 2017; Arango-
Munoz and Bermudez 2018; Fernandez 2019, esp. pp. 196-8). Is boundary
extension explained by perceptual adjustment or by adjustment during mem-
ory encoding? Again, look at Figure 12A. Figure 12A is the stimulus. On the
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Figure 12A What you saw

Figure 12B What you recall
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basis of this, you have a perceptual experience. Later, you recollect what you
saw, and this leads to a memory image of Figure 12B. On the face of it, there
are two possible ways this can happen:

(i) Stimulus (Figure 12A) — Perceptual experience (Figure 12A) —
Memory (Figure 12B)

(ii) Stimulus (Figure 12A) — Perceptual experience (Figure 12B) —
Memory (Figure 12B)

According to (i), boundary extension is a form of adjustment during mem-
ory encoding. The stimulus of Figure 12A leads to the perceptual experience
of Figure 12A, just like it should. Perception is veridical. The adjustment hap-
pens when Figure 12A is encoded in memory—the memory encodes
Figure 12B, rather than Figure 12A. As Kourken Michaelian says, “the repre-
sentation of the scene is modified automatically as a memory of this scene is
formed” (Michaelian 2011, p. 326).

According to (ii), in contrast, boundary extension is a form of perceptual
adjustment. There is no adjustment during memory encoding: the perceptual
experience of Figure 12B leads to the memory of Figure 12B. But when we
look at Figure 12A, we experience Figure 12B. The reason for this might be
that when we look at Figure 12A, we supplement the stimulus with our own
“perceptual schema” and this leads to the experience of Figure 12B (Intraub
and Richardson 1989; Intraub 2002, 2012).

My aim is to propose a third explanatory scheme, according to which the
extended boundary of the original scene is represented by means of mental
imagery. And given the similarities between perception and mental imagery,
the memory system encodes both the part of the scene that is represented
perceptually and the part of the scene that is represented by means of mental
imagery. This means that boundary extension is neither perceptual adjust-
ment nor memory adjustment.

My claim is that boundary extension is a two-step process and we have
plenty of empirical evidence for how both of these steps work. I propose the
following scheme instead of (i) and (ii) above:

(iii) Stimulus (Figure 12A) — Perceptual experience (Figure 12A) — Mixed
perception/imagery experience (Figure 12B) — Memory (Figure 12B)

The first step is that looking at a picture activates early cortical representa-
tions of the space immediately outside the boundaries of the picture. Note
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that this is a different and much weaker claim than the perceptualist’s
explanation (along the lines of (ii)) that we do have perceptual experience
of the space beyond the picture boundaries. But this space is nonetheless
represented by the visual system.

What is important from our point of view is that the early visual cortices
represent the missing parts of the scene that fall just beyond the picture
boundary (Chadwick et al. 2013). This early cortical representation of the
parts of the scene just outside the picture boundaries is produced by percep-
tual processing (again, perceptual processing in the early visual cortices)
without direct sensory stimulation. In short, it is mental imagery. Whenever
we see a picture, we have mental imagery (in the sense used here) of the scene
just outside the boundaries of the picture.

Most of the time, this mental imagery is unattended. But it can also be
attended, especially in some examples of visual art, where the artists very
explicitly try to evoke our mental imagery of the scene outside the frame. One
famous example would be Degas, who liked to place the protagonists of his
paintings in such a way that only parts of them are inside the frame. The rest
we need to complete by means of mental imagery. In some extreme cases (for
example, Dancers climbing the stairs, 1886-1890, Musée d’'Orsay), we only
see someone’s arm or the top of their head and we need to complete those
parts of their body that are outside the frame by means of mental imagery.
Another example is Buster Keaton, who also used the viewer’s mental imagery
of the off-screen space in his films, but normally for comical effect. One
example is the first shot of his short film Cops (1922), where we see the pro-
tagonist in close up behind bars and looking depressed. The second shot
reveals that he is behind an iron gate talking to a girl, the object of his unre-
quited love (see Chapter 31 for more examples of this kind).

To sum up, the first step of the boundary extension process is that we rep-
resent the scene just outside the boundaries of the picture by means of mental
imagery. In other words, looking at Figure 12A leads to a hybrid perception/
imagery representation of Figure 12B, where the parts closer to the edges
(basically the difference between Figure 12B and Figure 12A) are represented
by mental imagery.

The second step takes us from this hybrid perception/imagery representa-
tion of Figure 12B to the memory of Figure 12B. And just as in the case of the
first step, we have plenty of independent empirical evidence about how this
step works. We know (see Chapter 7) that the perceptual system is prone to
treat perception and imagery similarly.
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Remember that mental imagery is representation that is produced by per-
ceptual processing in the early sensory cortices without direct sensory stimu-
lation. Both perception and mental imagery then amount to representation
that is produced by perceptual processing in the early sensory cortices—the
only difference between them is about whether mental imagery is triggered
by direct sensory input. To use amodal completion as an analogy for a second,
if you look at the landscape through a mosquito net, strictly speaking you
perceive little squares of the landscape and you represent parts of the land-
scape that are between these little squares (that are occluded by the net itself)
by means of amodal completion. This nonetheless gives rise to a unified visual
experience.

The memory system takes the hybrid perception/imagery representation of
the scene and transforms it wholesale into memory (regardless of what part of
this representation was imagery and what was perception). It transforms the
hybrid perception/imagery representation of Figure 12B into memory of
Figure 12B. To go back to the amodal completion analogy: when we look at
the landscape through the mosquito net, we later recall not only the little
squares we actually perceive, but the landscape that is the hybrid of amodally
completed parts and perceived parts.

I will argue that this two-step explanation of boundary extension combines
the explanatory benefits of the perceptual adjustment and the memory adjust-
ment account. And it does so without inheriting their problems.

As we have seen, the most influential version of the perceptual account of
boundary extension is the perceptual schema account (Intraub and
Richardson 1989; Intraub 2002). One of the most important objections to this
account comes from the experiments that show that boundary extension is
also present for scenes with no recognizable objects. So our perceptual system
is not in a position to apply a perceptual schema of the scene outside the
boundaries on the basis of recognized objects inside the boundaries, for the
simple reason that there are no recognized or even recognizable objects inside
the boundaries (only random dots; for an example see McDunn et al. 2014;
see also Mamus and Boduroglu 2018 for similar results involving semanti-
cally inconsistent scenes).

While these are clearly difficulties for the perceptual schema account, they
pose no problem for my account as the early cortical representations of the
scene behind the boundaries of the picture are not necessarily formed in
response to top-down information about the specific objects inside the frame
(which would amount to a perceptual schema). They could be based solely on
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the geometrical features of the patterns inside the frame (see Vrins et al. 2009
for a summary).

Another consideration that militates against the perceptual account comes
from subjects with bilateral hippocampal damage (which is a memory disor-
der). These subjects show much less boundary extension than controls
(Mullally et al. 2012; see also Jajdelska et al. 2019). This seems to suggest that
boundary extension has to do with memory, not perception, as memory
impairment has a significant influence on it. Note, however, that the hippo-
campus has a well-demonstrated influence on mental imagery (again, on rep-
resentations that are produced by perceptual processing in the early sensory
cortices without direct sensory stimulation). In other words, my explanatory
scheme predicts that bilateral hippocampal damage would interfere with
boundary extension.

Finally, proponents of the memory account often dismiss the perceptual
schema account on the basis of the fMRI findings of Park et al. (2007), which
could be taken to show that the early visual cortices are not involved in
boundary extension. It is important to point out that the Park et al. findings
do not in fact show that the early visual cortices are not involved in boundary
extension, something the authors of the study later themselves explicitly
acknowledge (see Park and Chun 2014, esp. pp. 63-5). Further, more recent
fMRI experiments on how the visual cortices behave in boundary extension
(see Chadwick et al. 2013 and Park and Chun 2014 for summaries) show that
the early visual cortices are very much involved in boundary extension, just as
my account predicts.

So much for anti-perceptual considerations. But the memory account of
boundary extension has also been argued to be inconsistent with some empir-
ical findings.

While the emotional content of pictures does not seem to have an effect on
boundary extension in general (Candel et al. 2003), for highly anxious sub-
jects, negative arousal (and only negative arousal) does have a consistent
effect (towards less boundary extension) (Matthews and Mackintosh 2004).
One way of explaining this is that the attention of these subjects is engaged at
the central part of the picture (where the emotional content is) and this takes
the attention away from the boundaries. More generally, it has been found
that if our visual attention is engaged elsewhere, this influences boundary
extension (Intraub et al. 2008).

Attention is a perceptual phenomenon, so this seems to be a point in favor
of the perceptual account and a point against the memory account. Note,
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however, that my account can explain these findings in a straightforward
manner. Mental imagery is as sensitive to the allocation of attention as sen-
sory stimulation-driven perception (see Nanay 2015a for a summary; see also
Chapter 10). So if our attention is engaged elsewhere, this has consequences
for the details of the mental imagery of the scene just outside the boundaries
of the picture. My account can explain the effects of attention on boundary
extension as much as the perceptual account can.

We have seen that my account is not vulnerable to the most widespread
objections to the perceptual and memory accounts. On the other hand, some
empirical findings seem to support my account.

First, the most consistent way of canceling out boundary extension is by
making the frame extremely salient (Gottesman and Intraub 2002, 2003). It is
not clear why the prominence of the frame should influence the perceptual
schema or the way this scene is encoded in memory, but we can explain this
effect in terms of the mental imagery of the scene outside the boundaries of
the picture in a much more straightforward manner as the salience of the
frame works against the early cortical representations of the scene just outside
the boundaries of the picture.

Second, boundary extension can be induced haptically—by means of touch
(Intraub 2004). This seems very difficult to explain in terms of memory error
or (visual) perceptual schemas. On the other hand, given the vast amount of
research on the visual mental imagery of (non-cortically) blind people (see
Chapter 15) and also the research on haptically induced multimodal visual
imagery (where sensory stimulation in the haptic sense modality triggers
mental imagery in the visual sense modality; see James et al. 2002; see also
Nanay 2018a for a summary), this finding is exactly what my account would
predict, as multimodal mental imagery is triggered in a similarly automatic
and involuntary manner as the mental imagery involved in representing the
scene just outside the boundaries of the picture.

Finally, there is an objection that could be raised directly about my
explanatory scheme (see also Gottesman and Intraub 2003). Explicitly
imagining the scene outside frame does not increase boundary extension
(Munger and Multhaup 2016). Experimenters asked the subjects to imag-
ine what the photographer would see if she zoomed out, or to imagine the
smells and sounds coming from outside the frame, and this did not have an
effect on boundary extension. One might think that this is a problem for
my account, but it is not. As we shall see in Chapter 22, it is an open debate
whether imagination presupposes the exercise of mental imagery (Kind
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2001), but even if it does, it is a very specific way of using mental imagery,
which is very different from the automatic, involuntary formation of
mental imagery outside the boundaries of the picture. And the relation
between mental imagery and imagination is exactly the topic I am now
turning to.
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Mental Imagery versus Imagination

Mental imagery is not imagination. Imagining is something we do. We imagine
things. It is a mental action and (typically) a voluntary act. Mental imagery
is not. Mental imagery is not a mental action and, crucially, it can be invol-
untary. When we have flashbacks to an unpleasant scene, this is mental
imagery; it would not count as imagination in any sense of the term (see
also Gregory 2010, 2014; Langland-Hassan 2015; Wiltsher 2016; Arcangeli
2020 on the differences between imagination and mental imagery). It is
involuntary mental imagery. The same goes for earworms: annoying tunes
that go through our head in spite of the fact that we really don’t want them to.
Again, this is not auditory imagination, but it is auditory mental imagery. In
spite of these differences, as we have seen in Chapter 2, throughout the his-
tory of philosophy people used the term “imagination” to refer to what we
now would describe as mental imagery.

Thus far, I have just used the term “imagination” as if it were a unitary con-
cept. But it is not. Imagination comes in many forms. Probably the most com-
monly drawn distinction between different imaginative episodes is between
sensory and propositional imagination. Sensory imagination is imagining
seeing, hearing, smelling, etc. something. More generally, as Paul Noordhof
says, “the distinctive feature of [sensory] imagining is that a condition of its
success is to recreate the sensory experience of the thing imagined” (Noordhof
2008, p. 337). Propositional imagination is imagining that such and such is
the case. In other words, the former is imagining perceiving x, whereas the
latter is imagining that x is F. Imagining seeing the Eiffel Tower from across
the river is sensory imagination. Imagining that the Eiffel Tower is in Rome is
propositional imagination.

One important question in the philosophy of imagination is about how to
draw the line between these two forms of imagination. Another, related, ques-
tion is which one has anything to do with mental imagery? We have seen that
we can have mental imagery without imagination (see the flashback and
the earworm examples). But how about the other way round? Can we have
imagination without mental imagery? In other words, does imagination nec-
essarily involve the exercise of mental imagery (Kind 2001; Van Leeuwen

Mental Imagery: Philosophy, Psychology, Neuroscience. Bence Nanay, Oxford University Press. © Bence Nanay 2023.
DOI: 10.1093/0s0/9780198809500.003.0022



166 MENTAL IMAGERY: PHILOSOPHY, PSYCHOLOGY, NEUROSCIENCE

2016; Langland-Hassan 2020)? The answer depends on what kind of imagina-
tion the question is about.

There is strong agreement that sensory imagination, for example imagining
seeing the Eiffel Tower from across the river, does necessarily involve mental
imagery (in this case, visual imagery). But there is no agreement about whether
mental imagery is necessarily involved in propositional imagination, for example
imagining that Paris is the capital of Italy.

And here we need to introduce yet another category in the discussion of
sensory and propositional imagination, namely, supposition (for example,
supposing something for the sake of argument; see Arcangeli 2019). In the
philosophy of imagination, distinguishing sensory and propositional imagi-
nation often involves distinguishing both of these forms of imagination from
supposition. So not one, but two division lines need to be drawn: one between
sensory and propositional imagination and one between propositional imagi-
nation and supposition.

Mental imagery is used heavily in these debates about how to delineate
sensory imagination, propositional imagination, and supposition, but,
depending on where one stands on whether propositional imagination neces-
sarily involves mental imagery, it is used very differently. Those who believe
that mental imagery is necessary for propositional imagination can, and often
do, draw the line between imagination (both sensory and propositional) and
supposition in terms of mental imagery: imagination involves mental
imagery, whereas supposition does not (see Kind 2001 for a modern locus
classicus). Those, in contrast, who deny that mental imagery is necessary for
propositional imagination can, and often do, draw the line between sensory
imagination on the one hand and propositional imagination as well as suppo-
sition on the other in terms of mental imagery: mental imagery is necessary
for sensory imagination, but not for propositional imagination and supposi-
tion. Either way, the relation between mental imagery and imagination is of
crucial importance in how the terrain of imaginative states is broken down.

It needs to be pointed out that many of the arguments on either side appeal
to introspection (Chalmers 2002; Byrne 2007). If we allow for unconscious
mental imagery, as I argued in Chapter 4 that we should, then these argu-
ments would not lead to any kind of conclusive resolution. It may be that no
conscious images flash in the philosopher’s mind, but it does not follow from
this that no mental imagery is involved in this imaginative episode.

And as we have seen in Chapter 19, mental imagery is involved in language
processing, so, assuming that propositional imagination relies on language
processing, it is also involved in propositional imagination. To go back to my
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example, imagining seeing the Eiffel Tower from across the river does involve
visual mental imagery. But so do episodes of propositional imagination, like
imagining that Paris is the capital of Italy. The mental imagery that is involved
in imagining that Paris is the capital of Italy (say, the gustatory imagery of
good coffee in a Parisian café), may not fix the content of this imaginative
episode (something very explicit in Kind 2001). But it is triggered automati-
cally each time we have a mental episode with language-like components.
Further, an imaginative episode in one sense modality (say, audition) also
automatically triggers early cortical representations in other sense modalities
(say, vision) (see Vetter et al. 2014; see also Bergen et al. 2007 for more empir-
ical support and Stokes 2019 for a philosophical summary). Supposition also
involves mental imagery for the very same reasons.

So, according to the classic picture, there is a division line between sensory
imagination and propositional imagination and there is also a division line
between propositional imagination and supposition. I argued elsewhere that
the reason why it has proven to be so challenging to draw both these division
lines: the logical space between sensory imagination and supposition is not
very significant (see Nanay forthcoming c). So there is not much logical space
remaining for propositional imagination. Here I want to focus on the ways in
which propositional imagination relies on mental imagery.

Let us start with a widely acknowledged and salient difference between
imagination and supposition, which is highlighted in the imaginative resist-
ance literature (Walton 1994; Gendler 2000, 2006; Weatherson 2004; Nanay
2010¢; Camp 2017). We can suppose any proposition, whatsoever. We can
suppose, for the sake of the argument, logically or metaphysically impossible
or ethically dubious propositions, for example. But, if the phenomenon of
imaginative resistance is a real phenomenon, we can’t imagine all proposi-
tions." We can’t imagine morally dubious propositions, for example, to use
the classic imaginative resistance case, that “In killing her baby, Giselda did
the right thing; after all, it was a girl” (Walton 1994, p. 37). There are many
explanations of imaginative resistance, but one thing they all have in common
is that the set of propositions that we can imagine is narrower than the set of
all propositions. Hence, the set of propositions that we can imagine is nar-
rower than the set of propositions we can suppose.

! According to some views about imaginative resistance, what stops us from imagining these con-
tents is not our inability, but our unwillingness (Gendler 2000). While I will formulate imaginative
resistance as an inability, my argument could be reformulated to fit the imaginative resistance as
unwillingness views.
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Now let’s turn to another salient difference between imagination and sup-
position, which involves the temporal unfolding of these mental processes. If
you suppose, for example, when solving a mathematics problem, that a=b,
this does not have a very significant temporal profile. As soon as the content
of the supposed proposition (that a=b) is grasped, the supposition happened.
This is not so when it comes to imagination. When you imagine that Paris is
the capital of Italy, this mental episode is not completed when the proposition
(that Paris is the capital of Italy) is grasped. If it were so, then all propositions
could be imagined and we have seen in the previous paragraph, this is not so.
When imagining that Paris is the capital of Italy, grasping the proposition is
only the first step. Having grasped the proposition, we then elaborate the
imagined proposition (and, arguably, it is exactly this elaboration that fails in
those cases where imaginative resistance kicks in). Peter Langland-Hassan
captures this feature of propositional imagination when he insists that it is a
“rich and elaborated [...] thought about the possible” (Langland-Hassan
2020, p. 7). Propositional imagination is “rich and elaborated,” whereas sup-
position is neither rich nor elaborated (or maybe just much less rich and
much less elaborated).

The big question is, then, where this elaboration comes from. And given
the involvement of mental imagery in propositional imagination, the obvious
answer would be that this elaboration happens with the help of mental
imagery (see also the research on how, in voluntary imaginative episodes,
mental imagery gets more vivid over time, D’Angiulli and Reeves 2003/2004).
This would explain why imagination (but not supposition) has an undeniable
affective dimension (Moran 1994) and also why imagination (but not suppo-
sition) is a skill you can be better or worse at (Kind 2020). Again, this mental
imagery does not need to be conscious and even when it is conscious, it does
not need to be particularly determinate. It does not need to be able to fix the
content of the imaginative episode either.

But at this point one may wonder whether one could find other forms of
elaboration that could be used in the case of propositional imagination
(which would be missing in the case of supposition). Maybe the elaboration
in question is not imagistic, but propositional. When imagining that Paris is
the capital of Italy, this proposition is elaborated with the help of further
propositions (like the proposition that Paris has good coftee). The problem
with this proposal is that suppositions are also elaborated with the help of
further propositions, in fact, this is exactly how reductio ad absurdum argu-
ments proceed: we suppose the proposition for reductio and then elaborate it
with the help of further propositions up to the point where we hit a
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contradiction. So, if propositional imagination were only elaborated with the
help of further propositions, this would not explain how propositional imagi-
nation differs from supposition (and why we can’t imagine propositionally
everything we can suppose).

In short, mental imagery is substantially involved both in sensory imagina-
tion and in propositional imagination. Sensory imagination is the voluntary
use of conscious mental imagery. And propositional imagination is the sup-
position of a proposition that is elaborated with the help of mental imagery.
Mental imagery is not, in contrast, substantially involved in supposition per
se (as here mental imagery could be thought of as merely accompanying sup-
position without being constitutive of it).

I talked about a major distinction within the category of imagination,
namely the one between sensory and propositional imagination. But there are
imaginative episodes that play a very important role in our life that do not fall
clearly into one of these two categories (see Nanay 2009a, 2021f; Kind 2013
for taxonomies of different kinds of imaginative episodes). Imagining being
in someone else’s situation is one of these (Williams 1973; Wollheim 1973;
Velleman 1996). As it has been emphasized, imagining being in someone
else’s situation is a form of self-imagining, which is often contrasted with
propositional imagination. But does this mean that it is an instance of sensory
imagination? Crucially, what role does mental imagery play in imagining
being in someone else’s situation? This is an especially important question,
given the importance of imagining being in someone else’s situation in
decision-making.

Our grand decisions (decisions we struggle with, that we can’t make easily
and quickly) rely on imagination (see Nanay 2016c¢).? Think back to some of
the big decisions you have made over the years. Break up with your partner
or not? Which college to choose? Go to grad school or not? Which job offer
to take? Which house to bid on? And so on. There are both empirical and
conceptual reasons to think that you made all of these decisions by imagining
yourself in one of the two situations and then imagining yourself in the other
and then comparing the two. Even if you took out the yellow legal pad and
drew up the pros and cons, your decision was not based on the direct com-
parison of the number of pros and the number of cons about how your
desires would be satisfied, in the two respective scenarios, given your back-
ground beliefs.

* These decisions do not need to be, but can be, what these days are called “transformative
decisions.”
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Here is an example from my own past. After college, I was accepted in grad
programs in the US and the UK. I thought, probably correctly, that this choice
would have a major impact on my life course and was really struggling with
this. I could narrow down the US options to what seemed the best (within the
US) and I did the same for the UK options. But deciding between becoming
American and becoming British was just too difficult. I imagined myself in
Britain, at fancy college dinners, wearing a gown and sipping port. And I
imagined myself in Californian diners in flip flops with Oreo shake in hand.
Not an easy comparison.

The point is that I really had very little idea about just what situations I
would find myself in. So I actually imagined myself in imagined situations—
ones that were more informed by films I had seen than reality. But the imagi-
native episodes that play a role in decision-making are even more complicated.
Imagination is used not even twice, but three times. Let’s suppose I am mak-
ing this decision now. Who am I imagining in that Californian diner? My
future self is very different from my current self, so imagining my current self
would not be particularly helpful. It is my future self who has the chance to
hang out in California, but the problem is that we don’t have any firm infor-
mation about what our future selves will be like. So it is really my imagined
future self who should appear in these imaginative episodes. In short, when
we make these grand decisions, we imagine what we imagine to be our future
selves in imagined alternative scenarios. Imagination is used three times.

There are strong empirical reasons for thinking that this is how we actually
do make decisions (see Nanay 2016¢ for a summary). This is a descriptive
claim. I did not say anything about whether making decisions this way would
lead to an optimal decision. On the face of it, not so much. The scenarios we
imagine ourselves in have very little to do with the actual situations we would
find ourselves in. I spent relatively little time in Cambridge sporting a gown,
and really almost no time in Californian diners in flip flops.

Imagining our future selves is especially unreliable, as we systematically
underestimate how much we will change in the future, as the psychological
phenomenon of the End of History Illusion shows (Quoidbach et al. 2013).
We all think that who we are now is the finished product: we will be the same
in five, ten, twenty years. But this is not so. Our preferences and values will be
very different in the not-so-distant future. This is the End of History Illusion.

There is a final twist here. Remember that decision-making involves imag-
ining your future self in a hypothetical situation. But your future self will
largely be formed in response to the decision that youre about to make.
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Hence, it is not possible to reliably imagine your future self that will be in
California or Cambridge. Your future self will be very different from your
present self. So you can’t reliably imagine it. And how it will turn out to be
will depend on your imaginative episode that you use to make your decision.
I ended up spending a fair bit of time both in California and in Cambridge in
my life and I can confidently say that a fully Californified version of me would
be very different from a fully Cambridgified version of me (see Nanay forth-
coming g on the psychological consequences of this).

Now we can address the question about whether and how mental imagery
shows up in the imaginative episodes like imagining someone from the inside.
And it seems that it is heavily involved in at least one species of imagining
someone from the inside, namely, the one that is used in decision-making.
A number of empirical studies show that imagery is a crucial part of the
imagining that is involved in decision-making. The vividness of imaginative
episodes has a major influence on decision-making. If you are deciding
between two positive scenarios, the one that is imagined more vividly tends
to win out. And if you are deciding between two negative scenarios, the one
that is imagined less vividly tends to win out (Austin and Vancouver 1996;
Trope and Liberman 2003; see the rich literature on construal-level theory
and also on the effects of the vividness of imagination on future discounting
in Parthasarathi et al. 2017 and Mok et al. 2020; see also the discussion in
Chapter 25). Not only is imagery a crucial ingredient of this imaginative epi-
sode (just like it is a crucial ingredient of all imaginative episodes that this
chapter considered), it also helps us to explain some important features of the
decision-making process.’

* See also Wiltsher and Nanay (2021) on the role imagination plays in self-knowledge.
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Emotion

Try to imagine, as vividly as you can, being attacked by a rabid dog, foaming
at the mouth, snapping at your feet right there under your desk. This is an
important form of mental imagery and highlights that imagery can dramati-
cally affect emotions. On the other hand, the impact of emotions on imagery
is equally significant—the imagery that occupies our minds is very often
under the control of our dominant emotion, which sometimes alters its fabric
and our capacity to control it. In other words, there is a two-way interaction
between emotions and mental imagery (see Holmes and Mathews 2010 and
Hoppe et al. 2021 for summaries).

First, the imagery — emotion direction is not particularly surprising—after
all, you yourself presumably experienced this influence if you really did
imagine the scary dog in the example at the start of the chapter. But there
have been plenty of experiments that show that imagery doesn’t just influence
our emotions, it influences our emotions much more strongly, more quickly
and with more long-lasting effects than linguistic representations (of the same
content; see Holmes and Mathews 2005; Hoppe et al. 2021)."

Second, the emotion — imagery direction may be (even) more significant:
Neuroimaging data shows that the subject’s emotional state influences pro-
cessing in the primary visual cortex (Vetter et al. 2016) and this effect is espe-
cially strong if the visual input is ambiguous (Gerdes et al. 2014). This effect
also works crossmodally: an emotionally charged stimulus in the auditory
sense modality influences the processing in the visual cortex and vice versa.

Further, it has been known for a long time that emotionally charged stimuli
(for example, threat cues) improve accuracy and speed of perceptual process-
ing. But some recent findings show that this effect depends on the subject’s
capacity to form vivid mental imagery (Imbriano et al. 2020). Emotionally
charged input leads to more vivid imagery, which, in turn leads to faster and
more accurate responses.

! A more surprising example of imagery leading to emotional responses is that amodal completion
(of neutral contours) triggers positive valence (Erle et al. 2017).
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My final example of how emotion influences mental imagery is the mood
congruency effect (Blaney 1986; Matt et al. 1992; Gaddy and Ingram 2014).
The most famous example of the mood congruency effect is mood congruent
memory (Loeffler et al. 2013)—we are more likely to recall scary memories
when we are scared, for example. But mood congruency also works in the
case of mental imagery: your general mood makes it more likely that you
form mental imagery that is congruent with your mood. And it makes it less
likely that you form mental imagery that is not congruent with your mood.
We also encode emotionally salient stimuli in a more detailed manner, which
makes it possible to form more vivid mental imagery (Hamann 2001; Phelps
2004; LaBar and Cabeza 2006; Yonelinas and Ritchey 2015).

To sum up, emotions lead to imagery and imagery leads to emotions. There
are two ways in which this can happen. The first option is that we have
emotion-free imagery, which influences our emotions, and that, in turn,
influences our emotion-free imagery. The second option is that our imagery
itself is emotionally charged (by which I mean that the content of mental
imagery can’t be fully specified without reference to emotions).? So it is not
the emotion-free imagery state that influences our emotions, it is the already
emotionally charged imagery that does so. And imagery is not emotion-free,
which is merely influenced by our emotions; rather, imagery itself is emotion-
ally charged. This second option would not only be a more parsimonious way
of accounting for this bidirectional interaction, but it is also more in sync
with empirical findings about the relation between imagery and emotions.

This doesn’t imply that all imagery is emotionally charged. If you visualize
your long-deceased grandmother, this imagery can be emotionally charged, for
example. But when you close your eyes and visualize an apple, your imagery may
not be emotionally charged (unless you really like—or hate—apples). The claim
is that some but not all mental imagery is emotionally charged.

This claim also follows from some recent accounts of perception, according
to which perception itself is emotionally charged as it represents so-called
“micro-valences” (Lebrecht et al. 2012). If perception (sensory stimulation-
driven perception) is emotionally charged, then it is difficult to see why men-
tal imagery (not sensory stimulation-driven perception) would not be.

I said that imagery itself is emotionally charged. This can mean many
things (depending on one’s account of emotions and on one’s account of
mental imagery). It can mean that the imagery attributes emotionally charged

*> Depending on their views about the relation between affect and emotion, some readers may want
to substitute the term “affectively charged” for “emotionally charged,” here and throughout the chapter.
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properties: not just properties like shape and color, but properties like valence,
for example. The imagery, according to this account, represents not just the
shape and color properties of the vicious dog, but also its negative valence.

It is important to emphasize that this is just one way of cashing out the
claim that imagery is emotionally charged. According to other accounts of
emotions, the emotional charge may be due to some non-representational
features of mental imagery. And those who may worry that an account of the
representation of valences in imagery would force us to take sides in the
grand debate about what kind of properties can be perceptually represented
(given that valence properties would need to be represented by perceptual
representations that constitute mental imagery), would not need to reject the
claim that imagery itself is emotionally charged.

Crucially, taking mental imagery itself to be emotionally charged has sig-
nificant explanatory benefits when it comes to explaining a number of empir-
ical findings. First, it has been known for a while that perceptual learning
does not require sensory input: mental imagery alone can lead to perceptual
learning as well (see Tartaglia et al. 2009, 2012). But recently it was found that
this effect is stronger if the imagined stimulus is emotionally charged (Lewis
etal. 2013).

Unless we take mental imagery itself to be emotionally charged, this would
be difficult to explain: imagery would need to trigger our emotion, which
then in turn would need to influence the early cortical processing. This would
amount to a lengthy processing, where first the early cortical representation is
induced by means of imagery, which, in turn, activates a higher-level emo-
tional state (and this takes a fair amount of time), which then, in turn, acti-
vates the early cortical regions again in a top-down manner, to induce
perceptual learning. It is difficult to see how this long and cumbersome way
of inducing perceptual learning would be more efficient than the entirely
early cortical matter of imagery-induced perceptual learning, where the early
cortical representation that is mental imagery induces perceptual learning
directly.

Taking imagery to be emotionally charged also helps us to explain the fol-
lowing empirical finding: visualizing an emotionally charged event or person
at an emotionally neutral place confers emotional charge to the place (see
Benoit et al. 2019). It has been known for a while that seeing a negatively
valenced event (say, a fight between two friends of yours) at a neutral place
(say, the corridor in front of your office) makes this formerly neutral place
inherit the negative valence of the event. So, in the future, when you see
the corridor of your office, it triggers slightly (or not so slightly) negative
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emotions. The crucial finding is that the same process also takes place even if
you merely visualize a negatively valenced event at a neutral place. In short,
negatively valenced mental imagery confers valence on various components
of the imagined scene, which then remain emotionally valenced.

If we take imagery itself to be emotionally charged, this is easy to explain:
forming imagery of the negatively valenced event at the neutral location
would confer the negative valence to the location because the representation
of this location itself is a valenced affair. If, on the other hand, we assume that
imagery is emotion-free, the explanation is much less clear. What happens in
this scenario is that we form emotion-free imagery of, say, the fight in the
corridor. This is not itself a valenced representation. And this emotion-free
representation gives rise to the negative emotion.

There are two options here for the opponents of emotionally charged men-
tal imagery. First, this valenced representation may not represent the corridor
and the fight at all. In this case, this negative emotion would need to somehow
attach itself to the non-valenced representation of the corridor and the fight,
but it is unclear how or why this would happen as the corridor and the fight
are, by supposition, represented in an emotion-free manner.

The second option is that the valenced representation that the emotion-free
mental imagery gives rise to does represent the corridor and the fight. In this
case, we should ask how it does so. If it does so by means of mental imagery,
then the resulting state is an instance of emotionally charged mental imagery
(which is the very claim I wanted to argue for). If, in contrast, it does so by
means of a different kind of representation, say, a belief, then we get the fol-
lowing picture: the emotion-free mental imagery of the fight in the corridor
gives rise to a valenced belief (or some other valenced non-imagery represen-
tation) about the possibility of there being a fight in the corridor. Besides the
ad hoc postulation of a number of mental states and processes, which is justi-
fied only by the attempt to reject the view that imagery is emotionally charged,
it should also be noted that this picture does not in fact explain why such a
belief about the possibility of a fight would confer emotional valence to the
corridor. In short, taking imagery to be emotionally charged can explain why
this emotional infection happens in imagery in a straightforward manner,
whereas the alternative can't.

Finally, taking imagery itself to be emotionally charged also has significant
philosophical consequences. One of the most important questions in the phi-
losophy of emotion is about what kind of mental states emotions are. Are they
perceptual states (Prinz 2004; Doring 2007), quasi-perceptual states (Roberts
2003), beliefs (Solomon 1977; Nussbaum 2001), belief-like states (Greenspan
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1988; Helm 2001; Brady 2009;), or maybe states of “action readiness” (Frijda
2007; Scarantino 2014)? One thing that all the parties in these debates agree
on is that emotional states are representational states: they have content.
When I am afraid of a dog, my emotion is directed at something out there in
the world: the dog. They also agree that emotions can be triggered in a variety
of ways.

Take the following examples:

(i) Isee a scary dog and this perceptual state gives rise to an emotional
state (of being afraid of it).
(if) I remember a particularly threatening encounter with a dog and this
episode of remembering gives rise to an emotional state.
(iii) I imagine a particularly threatening encounter with a dog and this
episode of imagining gives rise to an emotional state.
(iv) Ithink about a dog and this gives rise to an emotional state.

In these examples, emotional states are triggered by four different kinds of
mental states: perceptions, rememberings, imaginings, and thoughts. In these
four examples, we are in a non-emotional state (perceiving, remembering,
imagining, thinking) and this gives rise to an emotional state. One important
desideratum for any theory of emotion is to explain how emotions can come
about in all these routes (by perception, memory, imagination, thought, etc.).

The big question is, again, about the nature of this emotional state: if it rep-
resents a dog, does it do so perceptually or rather in a belief-like manner (or
some other way altogether)? And depending on which ways the emotional
states are brought about, different answers would seem appealing. If we are
focusing on emotions we have towards things we perceive, the perceptual the-
ories of emotion will be appealing, as then there is a smooth transition from
the non-emotional perceptual state (like the one in (i) above) to the emotional
state it gives rise to, which then could be thought of as a perceptual state. If, in
contrast, we are focusing on emotions we arrive at via thinking, this may not
be such an appealing option and may push one in the direction of judgment
theories of emotion.

If we take mental imagery to be emotionally charged, then we can question
a rarely questioned assumption that has routinely been taken for granted in
this debate. This premise is that the non-emotional state and the emotional
state in all these examples are in fact different mental states. It is widely agreed
upon that emotional states are different from the non-emotional mental states
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that give rise to them—they have different content and also normally different
phenomenology (see esp. Deonna and Teroni 2012, 2015).

Seeing or remembering the dog does not have emotional valence, whereas
the emotional state that these non-emotional states give rise to does have
emotional valence. Further, given that the same emotional state (in our exam-
ple, fear) can be brought about by very different non-emotional states (for
example, perceiving, remembering, imagining, thinking), treating the non-
emotional state and the emotional state as separate seems like a very good
idea: in this way, the emotional state is not constrained by what kind of non-
emotional state it has brought about.

How, then, can we decide between the two-state picture (a non-emotional
state gives rise to an emotional state) and the one-state picture (there is only
one state, which represents in an emotionally charged manner)?

There may be strictly armchair reasons to question the assumption that the
non-emotional and the emotional states are separate, maybe for reasons of
parsimony (bracketing, for a moment, the issue that parsimony consider-
ations tend to be notoriously problematic, see Sober 2015). When we talk
about remembering a threatening encounter with a dog and being in an emo-
tional state, we have no reason to talk about two mental states, rather than
one: it is not the case that we remember this dog in an emotion-free manner
and then this emotion-free state gives rise to an emotional state. My remem-
bering is itself emotionally charged and what constitutes my emotion is this
emotionally charged memory. Similarly, when I think about a scary dog, it’s
not that I first have an emotion-free thought, which then gives rise to the
emotion: my thought about the dog is already emotionally charged.

But then again, simplicity considerations are rarely decisive and there may
also be armchair reasons in favor of the two-state picture. Sometimes our
emotions are not appropriate. If I see (or imagine) a cute fluffy cat and this
triggers the emotion of fear, there seems to be a mismatch between the per-
ceptual (or imaginary) representation of the cute fluffy cat and the emotion it
triggers. This can be neatly explained if we endorse the two-state view: the
perceptual state gives rise to the emotion, but something went wrong in this
transition and the emotion fails to fit the perceptual state it is triggered by. In
order to explain why and how emotions can be fitting or non-fitting, we need
to posit not one, but two states (Deonna and Teroni 2015). Or so the armchair
argument goes.

Moving away from armchair considerations, I want to focus on empirical
reasons why we should opt for the one-state picture and not the two-state
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picture. Here, the considerations about the connection between emotion and
imagery become relevant. First of all, note that all the alleged non-emotional
states that give rise to emotions (seeing the dog, remembering the dog, imag-
ining the dog, thinking about the dog) are mental states that involve either
perception or mental imagery. Seeing a dog is a perceptual state and both
remembering and imagining a dog necessarily involves mental imagery (see
Chapters 20 and 22, respectively). Finally, thinking about the dog also involves
mental imagery, given what we learned about the role of imagery in language
processing in Chapter 19. So the alleged non-emotional states necessarily
involve mental imagery.

If we also assume, as I argued that we should, given the empirical evidence,
that imagery can be, and often is, emotionally charged, then this means that
the alleged non-emotional states (seeing, remembering, imagining, thinking)
can be, and often are, in fact emotionally charged. There is no need to postu-
late an extra emotional state that is separate from these representations.

Instead of having to add an additional kind of mental state, namely, emo-
tional state, to the existing inventory of mental states (of having a belief, per-
ceiving, remembering, or imagining), we only need to allow for each of these
kinds of mental states to come in emotion-free and emotionally charged vari-
eties. Rather than having to posit emotional states as separate and distinctive
mental states (and then having to worry about their format and content), we
can use the mental ingredients already present and think of emotions as mod-
ified versions of being in these mental states.’

How about the cute fluffy cat example that was supposed to motivate the
two-state view? Do we need one emotion-free representation of the cute flufty
cat and another emotional representation that represents it as scary? Not at
all. Just as many representations represent some features of the represented
object correctly and some other features of it incorrectly, the same can be true
of the emotional representation that the one-state view posits. When seeing
the Miiller-Lyer illusion, the length of the lines is represented incorrectly, but
the color of these lines is represented correctly. Is this a reason for positing
two different mental states, one correct, the other incorrect? I don’t think so.
There is only one perceptual state that represents both the size and the color
of the lines, the latter correctly, the former incorrectly. Similarly, when I see
the cute fluffy cat and I am afraid of it, I have one emotional state, which

* This account would be consistent with the claim that an emotional state is really a set of dynami-
cally intertwined mental states, some of which would be the “cognitive base” (see, for example, Scherer
2009; see also Barlassina and Newen 2014).
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represents some properties of the cat correctly, and some others incorrectly.
There may be a mismatch between the way these properties are represented,
but this mismatch can be fully accommodated within the one-state picture of
emotions.

The one-state picture leaves many features of this one mental state unspec-
ified. The general idea is that the very same mental state that represents the
non-emotional features of an event also has emotional valence. These two
aspects of this one mental state can be combined in a variety of ways. One
possibility would be that this mental state represents both emotional and
non-emotional features. So the content of this mental state has emotional as
well as non-emotional components. The same mental state would represent
the attacking dog as gray, big, and scary. Gray and big are non-emotional
properties and scary is an emotional property. But this is not the only way in
which the emotional and the non-emotional can be combined in one men-
tal state.

Another option would be a form of adverbialism about emotions: being in
an emotional state is just a way of having a belief, perceiving, remembering or
imagining: having a belief, perceiving, remembering or imagining in an emo-
tionally charged manner (see Doring 2014; Nanay forthcoming e for a very
different take on adverbialism about emotions). It’s believing something emo-
tionally, perceiving something emotionally, remembering something emo-
tionally, and so on. So when I see a scary dog and I am afraid of it, am in a
perceptual state. This perceptual state represents the dog in an emotional
manner. As Shakespeare said in King Lear (Act IV, Scene 6): “I see it feelingly”

For the purposes of this chapter, I want to remain neutral between these
ways of flashing out the one-state account of emotions. The bottom line is that
if we take the close link between emotion and mental imagery, we have good
reason to opt for the one-state account of emotions.



24
Knowledge

Some philosophers are interested in perception primarily because perception
can lead to knowledge. 'm not one of these philosophers. But it is important
to see that the picture of perception and mental imagery I outlined in the first
half of the book has important implications for the potential epistemic role
that perception and mental imagery may play.' More precisely, if perception
is a hybrid of sensory stimulation-driven perception and mental imagery,
then it is, one may worry, not a very reliable way of learning about the world.

First, on the face of it, mental imagery itself (regardless of what it does in
conjunction with sensory stimulation-driven perception) is not in a very
good epistemic shape. It lacks, by definition, a causal link to the world and
even in those cases where the indirect causal link is the most reliable, as in
amodal completion, it fails to satisfy the safety and sensitivity conditions
of knowledge (Helton and Nanay 2019).> But does this mean that mental
imagery itself can’t lead to knowledge or even new information?

This has been an influential line of thought in the history of philosophy.
Jean-Paul Sartre, for example, famously claimed that “nothing can be learned
from an image that is not already known” (Sartre 1940/1948, p. 12). Since, on
his view “it is impossible to find in the image anything more than what
was put into it,” we can conclude that “the image teaches nothing” (Sartre
1940/1948, pp. 146-7).

Sartre was not always making a clear distinction between imagination and
mental imagery, so it is not clear whether it is imagination or mental imagery
that teaches nothing. Contemporary philosophers tend to raise this issue
about imagination (Langland-Hassan 2016, 2020; see also Kind and Kung
2016), but the question from our point of view is whether it is true of mental

! See also Munro forthcoming on the role of mental imagery in the epistemology of testimony.

*> Roughly, the safety requirement is the following: Some belief gained by some method is safe just
in case in all, or nearly all, near worlds where you form that belief on the basis of that method, that
belief is true. And the sensitivity requirement is that some belief that p, formed by some method M, is
sensitive just in case in the nearest worlds in which p is false and in which that subject uses M, M does
not lead that subject to believe p (see Helton and Nanay 2019).
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imagery. And here it seems that even if imagination teaches nothing, mental
imagery at least sometimes can and does.

Take the following example. You want to wrap a chocolate box in gift wrap.
You estimate how big the piece of paper needs to be in order to cover the
whole box and cut a piece of that size from the roll. When you try to use it to
wrap the box, you may discover that it is not big enough. Or you may discover
that the piece you've torn off is too long, so you will waste some of it. Or you
may discover that it’s just right.

This task requires mental imagery - visual imagery of the size of paper cov-
ering the chocolate box. Your judgment about the size of the paper needed to
wrap the chocolate box is based on your mental imagery. Importantly, it does
not require the voluntary use of imagination. I might count to three and then
set out to voluntarily imagine how the piece of paper I am tearing oftf would
cover the chocolate box, but this is not necessary. More often, you look at the
box, look at the wrapping paper and the visual imagery is triggered without
you voluntarily imagining anything.

Here, this use of mental imagery gives you new information that you didn't
have before. When you look at the chocolate box and form (often involun-
tarily) visual imagery of the wrapping paper needed, you may find your esti-
mation of the size of the paper unexpected or surprising. Maybe it’s larger
than you had assumed. Or smaller. Your estimation of the size of the paper
needed can be very different before and after forming the mental imagery of
the paper covering the chocolate box (and this can, of course, still be different
from the size of the paper actually needed, see Gauker 2020; see also Levin
2006; Gregory 2020).

In this example, you formed mental imagery in the basis of visual cues. But
you could do the same thing if I ask you what size of wrapping paper you
would need to cover a 20x20x3 centimeter chocolate box. In this case, you
form the mental imagery on the basis of verbal information. And, as before,
the mental imagery you form can give you an unexpected and surpris-
ing answer.

In short, mental imagery can lead to new information and even knowledge.

But even if mental imagery can lead to new information and even knowl-
edge, this does not mean that it always, or even often, does so. And given the
significant role mental imagery plays in everyday perception—our primary
source of knowledge—we need to examine the epistemic credentials of the
forms of mental imagery that are involved in perception.

Perception sometimes justifies our beliefs. If I see that it is raining outside,
this may justify my belief that it is raining outside. And much of what we
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know is based on perception. This is true of sensory stimulation-driven per-
ception. But how about mental imagery? Can mental imagery justify our
beliefs? If not, then we have a problem. I argued in Chapter 9 that perception
per se is a hybrid between sensory stimulation-driven perception and mental
imagery. If sensory stimulation-driven perception can justify our beliefs, but
mental imagery can’t, then there are reasons to worry about the epistemic
status of the hybrid of the two (Macpherson 2012; Nanay 2020b).

There are two potential epistemic worries about how the importance of
mental imagery in perception complicates perceptual justification. The first
one is about the top-down influences on imagery. The second one is about the
lack of a direct causal link to the outside world that is built into the definition
of mental imagery. I am not sure that the former (often referred to as the cog-
nitive penetration worry) is as serious a problem as it is often made out to be,
but in order to keep it apart from the more serious latter worry, I will discuss
it briefly, if only to set it apart.

The cognitive penetrability worry is this: If perception is cognitively pen-
etrated, we get a vicious circularity: our beliefs, thoughts, and expectations
are supposed to be based on and justified by our perceptual states, but these
perceptual states themselves are influenced by our beliefs, thoughts, and
expectations (because of cognitive penetration). As Roberto Bolafo says in
the novel 2666, “People see what they want to see and what people want to
see never has anything to do with the truth”

The challenge from cognitive penetration was originally focusing on one
specific account of perceptual justification, namely, dogmatism (Siegel 2011;
see also Lyons 2011): the view that “whenever you have an experience as of p,
you thereby have immediate prima facie justification for believing p” (Pryor
2000, p. 536). The argument was that if perception is cognitively penetrated,
dogmatism is not an option because the perceptual states that our beliefs are
supposed to be justified by are themselves influenced by our existing beliefs
and expectations. This argument has been generalized to apply to other theo-
ries of justification (not just dogmatism, see Siegel 2011; Tucker 2014; see also
Lyons 2015; Ghijsen 2016; Silins 2016).

But is perception cognitively penetrated in the sense relevant for episte-
mologists? The first thing to note is that for many epistemologists, the

* Roberto Bolafio: 2666 (London: Picador, 2009), p. 219. For full effect, the quote continues as fol-
lows: “People are cowards to the last breath, I'm telling you between you and me: the human being,
broadly speaking, is the closest thing there is to a rat.”
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relevant sense of “perception” in the cognitive penetrability of perception
debate is very clearly the sense of perceptual phenomenology, as many have
emphasized the role of conscious perception in perceptual justification—a
premise it would be tempting to argue against (see Berger et al. 2018), but one
I'will accept in the present context for the sake of the argument. In Chapter 11,
I made a distinction between the claim that perceptual experiences are influ-
enced by beliefs and expectations and the claim that early perceptual process-
ing is influenced in a top-down manner by perceptual (or non-perceptual)
processing further up in the visual hierarchy. The former claim would be rele-
vant for epistemology, but it is notoriously difficult to argue for or against.
And while we have plenty of evidence for the latter claim, its relevance for
classic epistemological questions is not entirely clear.

As a result, it does not seem that top-down influences on perception (or
cognitive penetration) should give significant cause for concern to anyone
who is interested in perceptual justification. Empirical findings about top-
down influences on early perceptual processing do not seem to jeopardize
any philosophical account of perceptual justification. Epistemologists are
worried about whether our perceptual experiences are influenced by our
beliefs or by other cognitive states. They tend not to be too interested in
whether the primary visual cortex is influenced by the V4/V8 or the MT (but
see Helton and Nanay 2022 on the epistemological significance of such top-
down infliences).

Whether or not the worry about top-down influences on perception is a
genuine epistemic worry, I want to argue that the real epistemic problem of
the importance of mental imagery in perception lies elsewhere.

Mental imagery may or may not be influenced by top-down information.
And even when it is, it is not clear how far up this top-down information
comes from. But even in those cases where mental imagery is not at all influ-
enced by top-down information, it fails to be directly caused by what it rep-
resents. Even in the somewhat trivial case of the blind spot, where, supposedly,
no top-down information is being used, the blind spot is filled in by mental
imagery—by perceptual processes not directly triggered by the sensory input.
So, no matter what way the blind spot is filled in, that has no direct causal
connection with whatever is in front of that part of the retina. It follows from
the definition of mental imagery that it fails to be directly caused by what it
is about.

Sensory stimulation-driven perception is perceptual representation directly
caused by the sensory input, but mental imagery is defined precisely by the
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lack of such a direct causal link to the sensory input. In any kind of broadly
externalist account of justification,” this raises worries about the epistemic
work that mental imagery can do (as the reliability of mental imagery is sup-
posed to depend on the directness of the causal link between mental imagery
and what the mental imagery is about).

This does not mean that mental imagery does no epistemic work, as the
lack of a direct causal link would be compatible with the mental imagery
nonetheless carrying information about the external world reliably—
especially if we endorse a concept of reliability that is defined not in terms of a
direct causal link, but rather in terms of “having a good track record” (see
Goldman 1999 for analysis; see also the discussion of this in the case of
amodal completion in Helton and Nanay 2019). But if we take the importance
of mental imagery in perception seriously, we need to examine the reliability
of these non-direct causal links of mental imagery.

Perception is supposed to be a good source of knowledge because percep-
tion tracks truth. But mental imagery is, by definition, a step removed from
the truth it is supposed to track. Of course it can track truth, albeit in a fallible
manner. The mental imagery used for filling in the blind spot, for example, is
really very reliable. It can be fooled, but in the vast majority of cases it isn’t. So
the mental imagery that is used to fill in the blind spot does track truth—not
100 percent reliably, but nonetheless reliably enough. And the reason we
know this is that we know the exact mechanisms of how the visual system
uses the sensory stimulation around the blind spot as an input when filling in
the blind spot. If this mechanism were less reliable, this mental imagery
would fail to track the truth.

But then the same question needs to be asked about those forms of mental
imagery that play a more important role in everyday perception: about
whether the mechanisms that construct these forms of mental imagery are
reliable enough. Whether perception can justify beliefs depends on empirical
facts about the reliability of the mechanisms of mental imagery involved in
perception.

Again, we can make the default assumption that our perceptual system
built pretty good mechanisms for constructing mental imagery on the basis of

* Thave been working with a broadly externalist conception of perceptual justification: justification
requires some degree of reliability. But externalism is not the only epistemic game in town. Internalists
think that whether or not my belief is justified depends only on mental states I have conscious access
to. So, strictly speaking, internalists could just deny that the reliability of perception has anything to
do with perceptual justification at all. I do think that internalists also have a lot to worry about the
involvement of mental imagery in perception, especially in the light of some recent findings that show
that we experience amodally completed features as more reliable than features that are not amodally
completed (Ehinger et al. 2017), but I will not pursue this argument here.



KNOWLEDGE 185

contextual or crossmodal information that does co-vary with the scene in
front of us. The blind spot is a good example. We can fool the filling in of the
blind spot, but this happens very rarely and only in exceptional circumstances
(and only in monocular vision, for a start).

But if perception is really a mixture between sensory stimulation-driven
perception and mental imagery, then we cannot take it for granted that per-
ceptual justification is unproblematic. We need to examine the mechanisms
of mental imagery to see how reliable they are and what role they can play in
perceptual justification.

A lot more work needs to be done in order to show that we are justified in
moving from (imagery-infused) perception to belief. Again, this is not to say
that we can’t eventually do so, we surely can. But any such move would need
to involve a close empirical examination of the reliability of the processes that
constitute mental imagery.

It is also important to stress that when I say that almost all of our percep-
tual states are in fact mixed sensory stimulation-driven/mental imagery
states, I do not mean to suggest that the contribution of sensory stimulation-
driven processes and not sensory stimulation-driven processes (that is, men-
tal imagery) is approximately equal. In fact, it happens very rarely that they
are equal. But the very fact that the mental imagery component is always
lurking in the background should prevent us from taking perception at face
value when it comes to perceptual justification.

The conclusion is that the question of perceptual justification is, at least in
part, an empirical question—it requires the examination of the reliability of
the forms of mental imagery that play a role in perception per se. This is a
sense (a fairly narrow sense, to be sure) in which epistemology needs to be
naturalized.
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Desire

We have seen how important mental imagery is for understanding perception
and even a number of cognitive phenomena. In Part V of the book, I argue
that, maybe even more surprisingly, it is also crucial for understanding many
aspects of our motivation and execution of actions, starting with the concept
of desire.

I will argue that the goal state of desires is represented by mental imagery.
In order to have a desire, one needs to represent the goal state of this desire. In
order to have a desire to achieve this goal, we need to represent this goal. The
representation of the goal state does not fix the content of the desire. We could
have two desires that represent the very same goal state, but nonetheless have
different contents (maybe because they represent different ways of achieving
the goal state or a different degree of urgency). But all desires need to repre-
sent the goal state. And I will argue that representing this goal amounts to
having mental imagery of this goal.

Some preliminary remarks about desires: I will not attempt to give an ordi-
nary language analysis of an ordinary language term, namely, desire. It may
be that there are mental phenomena that we refer to with the label “desire,”
but that is not captured by the analysis I give here. I will restrict my argument
to occurrent desires, by which I don’t mean necessarily conscious desires, but
rather desires that play an active role in our mental life at the given moment."

I will also restrict my argument to desires to perform an action. This rules
out desires for past states of affairs, for example. Again, I don’t want to deny
that we can call desires for past states of affairs genuine desires—I'm not doing
ordinary language analysis. But I restrict the scope of my argument to desires
to do something. And I will assume that a desire to do something can, at least
in principle, lead to the action it is about. We can call desires of this kind exe-
cutable desires.

So why is it that we represent the goal state of our desires by means of men-
tal imagery and not in some other way (say, by having a belief about it)? I will

! Iset aside the debate about whether standing desires are genuine desires or merely dispositions to
form occurrent desires.
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give an empirically inspired argument for this claim and then show that
mental imagery fulfills the two most important functional desiderata on the
goal state of desires (evidence insensitivity and the relation to perceptual
attention).

The argument comes from empirical studies concerning the link between
desires and mental imagery. Strong occurrent desire is invariably accompa-
nied by vivid mental imagery (Kavanagh et al. 2009). Further, stronger desires
(for example, to smoke) are accompanied by more vivid mental imagery (of
smoking-related scenes) (Tiffany and Drobes 1990; see also Tiffany and
Hakenewerth 1991). Similarly, desire for consuming alcohol can be induced
by the mental imagery of entering one’s favorite bar, ordering, holding, and
tasting a cold, refreshing glass of one’s favorite beer. In fact, this guided men-
tal imagery triggers a stronger desire than actually seeing a glass of beer (Litt
and Cooney 1999). More generally, the vividness of mental imagery is cor-
related with the strength of one’s desire for a range of desirable substances and
activities (Harvey et al. 2005; May et al. 2008; Kavanagh et al. 2009; Statham et
al. 2011; see also the literature on desire thinking (Caselli and Spada 2011;
Spada et al. 2013; Sadeghi et al. 2017); and see also Kemps and Tiggemann
2015 and Papies and Barsalou 2015 for summaries).

Mental imagery of neutral scenes, for example a rose garden, reduces desire
for a cigarette in people who are trying to give up smoking (May et al. 2010).
Mental imagery of unrelated odors has the same effect (Versland and
Rosenberg 2007). Desire for eating chocolate can also be reduced by the men-
tal imagery of neutral scenes (Harvey et al. 2005; Kemps and Tiggermann
2007) and also by engaging involuntary mental imagery (by, for example,
making a little figurine from clay or playdough without seeing your hands,
which is an instance of involuntary multimodal mental imagery, where one’s
visual imagery is triggered by tactile input (Kemps et al. 2014)).

A useful distinction in the psychological study of desire is the distinction
between wanting and liking (Berridge and Zajonc 1991; Berridge and
Robinson 1995). Crucially, we can have a strong desire for something we do
not actually enjoy—this happens in the case of addiction and also, arguably,
in many weakness of will cases. This distinction is incorporated into many
contemporary philosophical accounts of desire (Holton 2009). Importantly,
vivid mental imagery of the reward can activate the wanting system in the
same way as perceptual triggers of the reward can, and this can occur inde-
pendently of the liking system (Berridge and Robinson 2003).

The interaction between desire and mental imagery is even more compli-
cated. Repeated exercise of mental imagery of a certain food product reduces
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desire for this food product, which is a case where negatively valenced mental
imagery results in the weakening of the desire (Morewedge et al. 2010; but see
also Missbach et al. 2014 for some further wrinkles). Even crossmodally trig-
gered mental imagery reduces desire, for example looking at salty food pic-
tures, which triggers olfactory and gustatory imagery, reduces the enjoyment
of salty food (Larson et al. 2014; see also Spence et al. 2016 for a summary).

These results show a very close link between desires and mental imagery.
But one might wonder whether they also show that the goal state itself is rep-
resented by means of mental imagery. And, strictly speaking, they don’t. Some
of these results show that mental imagery influences desires. Others show
that mental imagery is a downstream consequence of desires. In short, if we
manipulate mental imagery, the desire changes and if we manipulate desires,
the mental imagery changes.

A straightforward way of explaining this two-way influence is by taking the
goal state of desires to be represented by mental imagery. A much less
straightforward and much less elegant way of explaining this two-way influ-
ence would be to posit two different causal relations, namely, from mental
imagery to desire and then from desire to downstream mental imagery. So
the goal state of desire would not be represented by mental imagery, but it
would cause and be caused by mental imagery. While this explanation could
not be ruled out, the explanation in terms of the mental imagery of the goal
state would be preferable on grounds of simplicity. Simplicity considerations
are complex and debatable (Baker 2003; Sober 2015), but it is important to
notice that here the alternative explanation would need to posit not one but
two mental processes (the imagery — desire causal link and the desire —
imagery causal link) and the only reason to posit these is to salvage this alter-
native explanation. The explanatory scheme I am proposing does not need to
posit anything we don’t already have reasons to posit.

The goal state of desires has a certain functional profile, and I will argue
that mental imagery is well-suited (maybe even uniquely well-suited) to fulfill
this functional profile. I will examine two important functional features
(or desiderata) of the goal state of desires: its evidence insensitivity and its
relation to perceptual attention.

The first functional desideratum is evidence sensitivity. Empirical findings
show that our representation of the goal state of our desires is very often
(albeit not always) systematically misrepresented—it does not represent the
goal state faithfully, but rather a more positively valenced, often even ideal-
ized version of the goal state (see Andrade et al. 2012 for a summary of the
research on this). So when the smoker has the desire to go outside and smoke
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a cigarette, the goal state of the desire is represented in a manner that is more
positively valenced than we have reason to represent it (“the best cigarette I
have ever smoked”). The smoker knows that it is raining, the alleyway is stinky
and she has a mosquito bite on her elbow that is really itchy, but none of this
shows up in the representation of the goal state. Further, this misrepresenta-
tion of the goal state persists in the face of a lot of conflicting evidence (even of
the smoker is reminded of the rain and the mosquitos). In short, the represen-
tation of the goal state of desires is very often insensitive to evidence. This puts
a constraint on what kind of mental state this goal state representation can be.

This desideratum immediately rules out some familiar mental states from
being the representation of the goal state of desires. Beliefs, for example, are
supposed to be sensitive to contradicting evidence (Helton 2020). But mental
imagery isn’t. This is not to say that beliefs are always sensitive to contradict-
ing evidence (Harman 1984), but they are supposed to be. There is no such
constraint on mental imagery. Thus, given that the representation of the goal
state often shows systematic insensitivity to contradicting evidence, it seems
that the goal state of the desire is not represented by beliefs. But as mental
imagery also often shows systematic insensitivity to contradicting evidence, it
satisfies the first desideratum (note that this may show that the representation
of the goal state of desire is not a belief, but it does not show that it must be
mental imagery, as belief and mental imagery may not be the only two possi-
ble representations).

The second functional desideratum is about keeping our attention on the
task of achieving the goal state. A desire will not lead to action, if we lose focus
of what it is that we wanted and how we wanted to do it. And given that the
world is full of desirable things, in order to see to it that your desire gets satis-
fied, you need to maintain attention to your original desire to prevent it from
being dislodged and being replaced by another, new desire. In short, if a desire
is to stand a chance to lead to action, it needs to focus your attention on the
goal state and the way to achieve this goal state (see, for example, Scanlon 1998).

And here we have a lot of empirical results that the attention in question,
that is, the attention that plays a role in maintaining desires, includes a form
of visual attention, which uses the resources of visual working memory (see
Kemps et al. 2010; see also Andrade et al. 2012 for a summary). As a result,
performing tasks that use visual working memory weakens desires and strong
desires make us perform badly on tasks that require visual working memory.
Given that the only representation that competes for the same resources as
visual working memory is mental imagery (see Chapter 20), it follows that the
attention that maintains our desires is attention to the desired state of affairs
that involves visual (and often also olfactory, gustatory, etc.) imagery. In order
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to actually get up, go to the kitchen, get out the milk from the fridge and pour
myself a glass of milk (or perform some even more attention-demanding
goal-directed action), I need to maintain my desire to drink some milk in the
face of all the other fun things I could be doing. And I do so by attending to
the mental imagery of the goal state (the mental imagery of the milk carton or
of the action of drinking the milk). The mental imagery that is involved here
does not need to be particularly vivid or determinate. But the more determi-
nate it is, the more likely it is to be able to engage your attention and see you
through this daunting task.

Finally, I need to address a potential worry. What is the scope of these
claims? What kind of mental imagery is involved in a desire not to do some-
thing? More generally, what kind of mental imagery is involved when we have
a desire to do something that is difficult to visualize? Maybe the desire to
prove the fundamental theorem of Galois’s Theory in algebra? How about to
desire not to prove the fundamental theorem of Galois’s Theory in algebra?

The answer is twofold. First, the goal state of these desires is likely to be less
specifically (that is, less determinately) represented. The content of many
desires seems to be quite indeterminate. As La Rochefoucauld said, “We
should earnestly desire but few things if we clearly knew what we desired”?
And this, again, is a good match with mental imagery that can also be inde-
terminate. Second, and more decisively, it is important to remember that the
claim that the goal state of desires is represented by means of mental imagery
does not imply that the overall content of the desire is fixed by the mental
imagery alone as the content of a desire is not exhausted by the representation
of the goal state of this desire. Finally, if none of this is convincing enough for
the reader, as long as we can make a principled distinction between opaque
and non-opaque desires (I tried to do so in Nanay forthcoming h), we restrict
the claims I defended in this chapter to the latter category, as executable
desires (what this chapter is about) would count as non-opaque.

To sum up, we have strong empirical reasons to believe that the goal state
of desires is represented by mental imagery and mental imagery satisfies the
two desiderata on the functional roles the representation of the goal state of
desires plays. The view that the goal state of desires is represented by mental
imagery has some fairly surprising consequences for the way we should think
about desires. The most important of these is that desires don't have a desire-
like direction of fit.

The concept of “direction of fit” has played an important role in the philos-
ophy of mind in the last half-century (Anscombe 1957; Platts 1979; Searle

2 La Rochefoucauld: Maximes, 1665, section 439.
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1983; Smith 1987; Humberstone 1992). As we have seen in Chapter 17, some
representations represent the world as being a certain way. They attribute
properties to objects. If the represented objects have these properties, the rep-
resentation is correct. If they do not have these properties, they are incorrect.
Representations of this kind have a “mind-to-world” direction of fit.

Some other representations, in contrast, have a “world-to-mind” direction
of fit: they do not describe how the world is, but prescribe how the world is
supposed to be. To take Anscombe’s famous example, a shopping list has a
“world to list” direction of fit, but if a detective follows the shopper around,
making notes about what he buys, these notes have a “list to world” direction
of fit (Anscombe 1957). Desires and intentions have a “world-to-mind” direc-
tion of fit, whereas beliefs and perceptual states have a “mind-to-world”
direction of fit.

While this distinction may seem to be a straightforward one, the concept of
direction of fit has been used in a variety of different ways and it has been
used to play a variety of different explanatory roles (Gregory 2012; Frost
2014). And there are various distinctions one can and should make between,
for example, normative and descriptive theories of direction of fit.

I want to add another distinction between different ways of thinking about
direction of fit. Direction of fit can be intrinsic or extrinsic.” What I take to be
the central and original concept of direction of fit is about the way the repre-
sentation represents its object. The general idea is that there are two ways of
representing: descriptively and prescriptively.

Those accounts of direction of fit that contrast correctness conditions
(which is the mark of mind-to-world direction of fit) and satisfaction condi-
tions (which is the mark of world-to-mind direction of fit) assume that direc-
tion of fit is intrinsic (Platts 1979; Searle 1983; Velleman 1992; see also Lauria
2017). These accounts construe the content of beliefs as correctness conditions
(which is why beliefs have mind-to-world direction of fit) and the content of
desires as satisfaction conditions (which is why desires have world-to-mind
direction of fit). In other words, the difference in direction of fit between these
two kinds of representation, according to this way of thinking about direction
of fit, is a difference in content—the representation relation itself. In other

* Depending on one’s views about the content of mental representations, different concepts of
direction of fit will be more appealing. If one takes the paradigmatic mental representations to be
propositional attitudes and endorses some form of strict distinction between the attitude and the
proposition, then focusing on extrinsic direction of fit would be a more natural choice (as the proposi-
tional content remains the same if the attitude changes). If one takes the content of mental representa-
tions to include some form of “mode of presentation,” then focusing on intrinsic direction of fit would
be a more natural choice.
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words, beliefs and perceptual states represent descriptively: they represent
how things are, while desires and intentions represent prescriptively: they
represent in a way that pushes you to change things. There are two different
ways of representing.

I call this concept of direction of fit intrinsic direction of fit, as it is sup-
posed to be a feature of the representation relation itself. It is the representa-
tion relation itself that has intrinsic direction of fit. Intrinsic direction of fit
could be contrasted with extrinsic direction of fit, which is not a matter of the
representation relation itself, but rather of how the representation is used or
what functional role it plays (Smith 1987; Humberstone 1992; Gregory 2012).
If you have a false belief, you need to (or tend to) change your belief—you
need to make it fit the world. If, in contrast, you have an unsatisfied desire,
you need to (or tend to) change the world in such a way that your desire is
satisfied. So you need to (or tend to) make the world fit your desire.

Again, this distinction is not about the way in which the two representa-
tions represent. It is about what we should do (or what we tend to do). So, we
can maintain this distinction between extrinsic mind-to-world and world-to-
mind directions of fit while denying that representations can represent in two
different ways. Even if, as one might argue (see below), representations only
represent descriptively, that is, even if they can only have mind-to-world
intrinsic direction of fit, all the options about extrinsic directions of fit are still
very much open. We can still make a distinction between extrinsic world-to-
mind and mind-to-world direction of fit as what we should change in the case
of misrepresentation is not something that has to be (or even can be) built
into the representational relation itself. So, it is possible that the functional
role of desires is such that if the desire is not satisfied, we should change the
world. And the functional role of beliefs is such that if the belief is not true,
we should change the beliefs. It would also be consistent with my claim about
intrinsic direction of fit (that is, that there is only mind-to-world intrinsic
direction of fit) to deny that the concept of (external) direction of fit is useful
or coherent (see Frost 2014).

If the argument I presented in this chapter is correct, then desires don’t
have world-to-mind (or prescriptive) intrinsic direction of fit. To put it
provocatively, desires don't have desire-like direction of fit.

I argued that the goal state of desires is represented by mental imagery. The
question is how this goal state is represented: descriptively or prescriptively?
The goal state is a state of affairs: me taking out the milk from the fridge, for
example. There is nothing prescriptive about the representation of this state of
affairs. More generally, mental imagery represents descriptively. Visualizing
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an apple represents the (imaginary) apple as having (imaginary) properties.
And having mental imagery of the goal state represents the goal state (me
eating the apple) as having some imaginary properties (of tasting good,
tasting bad, tasting neutral, and so on).

More slowly: the question here is more specifically about the intrinsic
direction of fit of mental imagery. In other words, the question is whether it
represents descriptively or prescriptively. Mental imagery, as we have seen, is
perceptual representation that is not directly triggered by the sensory input. It
is a form of perceptual representation, and the difference between sensory
stimulation-driven perception and mental imagery is that of etiology: one is
triggered directly by the sensory input and the other isn't. In other words,
mental imagery represents the way perception represents. And as it is univer-
sally agreed that perception has mind-to-world intrinsic direction of fit, it
follows that mental imagery also has mind-to-world intrinsic direction of fit.

So, the representation of the goal state of desires has descriptive, that is,
mind-to-world, direction of fit. Not desire-like direction of fit, but belief-
like or perception-like direction of fit as mental imagery has mind-to-world
direction of fit. This, of course, leaves open the possibility that desires repre-
sent both descriptively and prescriptively, or, as it is often put, that they
have both directions of fit: they both describe how the world is and pre-
scribe an action.

Some representations are said to have both directions of fit: they represent
the way the world is, and at the same time prescribe how the world is sup-
posed to be (see Millikan 1995; Clark 1997; Pacherie 2000; Pacherie 2011 for
the concept of double direction of fit). Ruth Millikan introduced the term
“Pushmi-Pullyu representations” for representations that have both direc-
tions of fit (Millikan 1995): they represent the way the world is and at the
same time prescribe how the world is supposed to be. The sentence “Dinner!”
for example, has such double direction of fit: it both describes something
(that dinner is ready) and prescribes an action (that one should come to eat
dinner).

The proposal then would be that, besides mind-to-world (descriptive)
direction of fit, desires also have world-to-mind (prescriptive) direction of fit.
Or maybe while some components of the desire (the representation of the
goal state) have mind-to-world direction of fit, the whole desire has world-to-
mind direction of fit. Even if desires (or some of their components) have
descriptive direction of fit because they represent their goal states descrip-
tively, this does not exclude the possibility that they also represent
prescriptively.



DESIRE 197

What would be the justification for positing double direction of fit for
desires though? Given that we need to posit descriptive direction of fit in
order to account for the representation of the goal state of desires, we would
need pretty strong reasons to also attribute the opposite direction of fit. The
standard reason why desires are described as having world-to-mind direction
of fit is that they play a role in motivating action and if they only represented
the world descriptively, this motivating role would be difficult to account for.

This argument has been made against the most influential theory that
attributed mind-to-world direction of fit to desires, the besire theory.
According to the besire theory, desires are beliefs of a certain kind (thus the
witty label). Besire theories come in many colors (Smith 1987, 1994; Lewis
1988; Gregory 2017; see also Lauria 2017), but it is important to point out that
the account of desires I am arguing for here is not a besire theory. Beliefs are
propositional attitudes and given that according to the besire theory, beliefs
and besires are the only building blocks of the mind, it is a fair question to ask
how beliefs and further beliefs (as desires are also beliefs) manage to motivate
us to act.

My account, according to which the goal state of desires is represented by
mental imagery, fares better in this respect. As we have seen, mental imagery
can be (although it does not need to be) emotionally charged or valenced (see
Chapter 23). If you visualize your long-deceased grandmother, this imagery
can be emotionally charged, for example. And valenced imagery can motivate
us to act. This has been an old theme in the history of philosophy, going back
at least to Aristotle (see McMahon 1973).

Empirical research also shows that valenced imagery can motivate us to
act. Valenced mental imagery of performing an action increases the proba-
bility of the task completion (at least in the case of tasks we tend to put off;
see Renner et al. 2019). Further, as we have seen in Chapter 22, if you are
undecided between two positive options, the one that is imagined more
vividly tends to win out. And if you are undecided between two negative
scenarios, the one that is imagined less vividly tends to win out (Austin and
Vancouver 1996; Trope and Liberman 2003). But if valenced imagery can
motivate us to act, and if desires represent their goals by means of imagery,
then we have no prima facie reason to posit world-to-mind direction of fit
to desires.

The proposal that desires do not have desire-like, that is, world-to-mind
direction of fit may not be that radical. Some philosophical theories of desire
would be consistent with the view I argued for. An important example is
Tim Schroeder’s empirically informed theory of desire that takes desires to be
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the mental states that drive reward-based learning (Schroeder 2004). There is
no prima facie reason to think that this mental state that drives reward-based
learning would need to have world-to-mind direction of fit. The reward-based
theory of desire says nothing about mental imagery, but it could be supple-
mented by an account of the role of mental imagery in desires (which would
explain at least some features of the reward-based learning process (see esp.
Berridge and Robinson 2003)).

A further consideration comes from phenomenology. It has been pointed
out that there is a mismatch between the phenomenology of desires and their
alleged world-to-mind direction of fit (Hulse et al. 2004). What shows up in
our phenomenology when we have an occurrent desire are only states with
mind-to-world direction of fit, say, perception or imagery of the desired
object or introspection of my (bodily) states. In other words, on the face of it,
and bracketing the usual worries about the unreliability of arguments from
phenomenology, positing only mind-to-world direction of fit for desires
seems to match our naive conception of desires.

Finally, the proposal that desires do not have desire-like direction of fit is
very much consistent with empirical research on desires. One of the most
influential theories of desire in psychology is the “elaborated intrusion” the-
ory (Kavanagh et al. 2005; May et al. 2014). According to this view, forming a
desire is a two-step process. First, a mental state intrudes our mind, which
represents the desirable state of affairs. This often happens unconsciously, and
it is often not clear what triggers this intruding mental state. The second step
is that this representation is elaborated with the help of mental imagery.

The first thing to note is that if we parse the elaborated intrusion theory as
a philosophical view, it takes mental imagery to be constitutive of desires: the
intruding representation is elaborated with the help of mental imagery.* Even
more importantly, it is also a theory that posits only mind-to-world direction
of fit for desires. The original intruding representation has a mind-to-world
direction of fit and the mental imagery that is used to elaborate this intruding
representation also has mind-to-world direction of fit.

* This view about the centrality of mental imagery in desires may also be consistent with those
philosophical accounts of desire that construe desires as the appearances of the good (Oddie 2005;
Tenenbaum 2007).
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Pragmatic Mental Imagery

Mental imagery plays an important role not only in desires, but also in action
execution. A more obvious claim would be that motor imagery plays such a
role, and I will argue in Chapter 27 that it indeed does, but so does bona fide
mental imagery. Before I argue for these two claims, it is important to make a
distinction between mental imagery and motor imagery. In fact, we can use
the general theoretical framework of mental imagery to understand motor
imagery better.' So before I turn to the discussion of the role of sensory men-
tal imagery in action performance in the second half of this chapter, I will talk
about the relation between motor imagery and sensory mental imagery, and
continue to discuss motor imagery in Chapter 27.

Motor imagery has been traditionally understood as the feeling of imagining
doing something. It is sometimes taken to be necessarily conscious, and not
only by philosophers (Currie and Ravenscroft 1997) but also occasionally
even by psychologists (Jeannerod 1994, 1997; see also Brozzo 2017, esp. pp.
243-4 for an overview). And as imagining tends to be a voluntary act, motor
imagery is also often taken to be voluntary. So the paradigmatic example here
is closing your eyes and imagining reaching for an apple.

But just as in the case of mental imagery, examples of this kind are not
representative of motor imagery. Motor imagery, just like mental imagery, can
be conscious or unconscious (see, for example, Osuagwu and Vuckovic 2014)
and it can also be voluntary or involuntary. In order to understand how we
can generalize to involuntary and unconscious cases, we should follow a
methodological advice from one of the most important researchers working
on the cognitive neuroscience of action, Marc Jeannerod.?

' T have contrasted and will continue to contrast motor imagery (a motor phenomenon) and men-
tal imagery (a perceptual phenomenon). But as motor imagery is undoubtedly a mental representa-
tion, this terminology is potentially misleading. To mitigate this, I will say often “sensory mental
imagery” in this chapter, to indicate that what I have in mind when referring to mental imagery here is
perceptual representation that is not directly triggered by the sensory input.

? Jeannerod sometimes also took it for granted that motor imagery is necessarily conscious, he
even defines motor imagery once as “the ability to generate a conscious image of the acting self”
(Jeannerod 2006, p. 23). But when actually using this concept, he drops the assumption that motor
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Jeannerod writes: “Motor imagery would be related to motor physiology in
the same way visual imagery is related to visual physiology” (Jeannerod 1994,
p. 189). And rightly so: if visual imagery is “early” cortical activation that is
not directly triggered by sensory input, then motor imagery is “late” cortical
activation that does not directly trigger bodily movement (see Nanay 2020a).

More slowly: In the case of visual perception, light hits the retina and this
retinal stimulation then triggers processing in the primary visual cortex (V1)
and then in other early cortical visual areas like V2, V4/V8, or MT. When
processing in these early cortical areas is not triggered directly by retinal
stimulation, we have mental imagery.

We get the converse picture with motor imagery. To simplify a bit, when we
perform an action, before our body moves, there is processing in the primary
motor cortex (M1). And before that, we get processing in the premotor cortex
and in the supplementary motor area (SMA) (and before that, in the posterior
parietal cortex (PPC)). So processing in PPC, SMA, the premotor cortex, and
M1 triggers bodily movement. When processing in the motor cortex does not
directly trigger bodily movement, we get motor imagery. Motor imagery is
cortical motor processing that does not directly trigger motor output.

The paradigmatic example of imagining grasping the apple will come out
as motor imagery on this definition as we have a large and growing literature
on the involvement of the motor cortex in conscious and voluntary motor
imagery (like deliberately imagining doing something). Processing in the pre-
motor cortex and the supplementary motor area during conscious and volun-
tary motor imagery has been known for a long time (Roland et al. 1980; Fox
et al. 1987; Decety et al. 1990, 1994; Stephan et al. 1995; Filimon et al. 2007).
The same goes for the posterior parietal cortex (Aflalo et al. 2015).

There have been some controversies about the involvement of the primary
motor cortex in voluntary motor imagery (Roland et al. 1980; Decety et al.
1994; Stephan et al. 1995). But more recently there is converging evidence
that the primary motor cortex is active during conscious and voluntary motor
imagery (Gandevia and Rothwell 1987; Georgopoulos et al. 1989; Porro et al.
1996; Roth et al. 1996; Schnitzler et al. 1997; Richter et al. 2000; Miller et al.
2010; Saruco et al. 2017; see also Dechent et al. 2004 for an error theory of
why earlier studies failed to find the involvement of M1 in motor imagery).

imagery is conscious. See esp. Frak et al. 2001; Jeannerod 2001; and the discussion between Jeannerod
and Rizzolatti following Rizzolatti 1994 about unconscious imagery (also confirmed in personal com-
munication, Nottingham, March 2001).
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It is important that this is a functional, not a physiological, way of defining
motor imagery (just as the definition of mental imagery was also functional
and not physiological). In the case of mental imagery, processing in V1 that is
not triggered directly by visual input was not necessary for mental imagery. If
the V1 is silent, but there is processing in V2 or V4 that is not triggered directly
by visual input, we still get mental imagery. What is important is that mental
imagery is perceptual processing not directly triggered by sensory input.

Similarly, 'm not claiming that activity in M1 that does not directly trigger
bodily movements, is necessary for motor imagery. Even if M1 is silent but
the premotor cortex or the SMA is not, and there is no overt movement, we
can still talk about motor imagery (see, for example, Gentili et al. 2004;
Hanakawa et al. 2008; Gandrey et al. 2013). It is important that we do not
need to resort to neuroimaging in order to find out whether the subject exer-
cises motor imagery—we can also use behavioral methodology. One such
behavioral method involves eye tracking, as motor imagery evokes very spe-
cific eye movement patterns that are very different from visual mental imagery
(and that is present both in conscious and in unconscious motor imagery; see
Poiroux et al. 2015 for a summary of the research on this).

Here is a brief way of summing up the structural relation between mental
imagery and motor imagery. Whereas mental imagery is the first stop of per-
ceptual processing that is not directly caused by any input, motor imagery is
the last stop of motor processing that does not directly cause any output.

This way of thinking about motor imagery can also help us with a notori-
ous unclarity about the traditional, phenomenological way of zeroing in on
motor imagery as the feeling of imagining doing something. As acknowl-
edged by all involved in this debate, not all imaginative episodes of doing
something would count as motor imagery: you somehow need to imagine
doing something from a first-person, and not a third-person perspective.
Jeannerod himself made a distinction (following the practice in sport psy-
chology) between internal (first person) and external (third person) imagery,
and only the former would count as motor imagery (the latter would be sen-
sory imagery of me doing something; see Jeannerod 1994, p. 189). As this
phenomenological distinction between first-person and third-person imagery
is vague (something acknowledged by Jeannerod 1997), using the functional
criterion is preferable.

I have emphasized the symmetry between the way sensory mental imagery
relates to input and motor imagery relates to output. But the relation between
sensory and motor imagery is more complex. To put it very simply, motor
imagery necessarily involves sensory mental imagery. This is hardly surprising
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when we think of conscious examples of motor imagery: imagining touching
the camera of my laptop involves some form of sensory mental imagery
(maybe visual imagery of my finger touching the camera, or, maybe, more
minimally, proprioceptive mental imagery of my finger being at a different
location from where it is now).

But there are also empirical reasons to think that motor imagery necessarily
involves sensory mental imagery. In a recent experiment (Kilteni et al. 2018),
subjects had to imagine touching their right index finger with their left index
finger. We know that self-touch is very different from being touched by some-
one else (as the famous example of the impossibility of tickling oneself shows).
But imagining touching ones finger has a very similar sensory profile to
actual self-touch (and very different from touching or being touched by
someone else or an inanimate object). The researchers conclude that motor
imagery necessarily entails representing the sensory consequences of the
imagined action. In terms of this book this amounts to having (temporally
forward-looking) sensory mental imagery (see also Bennet and Reiner 2022
for further support for this claim).

This intertwining of motor and sensory imagery makes it even more prob-
lematic to rely on introspective ways of identifying motor imagery (and
keeping it apart from motor imagery-free sensory imagery of our own body).
But even more importantly, the necessary involvement of sensory mental
imagery in motor imagery makes mental imagery even more important for
understanding various components of action planning and action execution,
as we shall see in Chapter 27. This book is about mental imagery, not motor
imagery (a topic that would deserve a book-length study in itself), so I will
only briefly discuss, in Chapter 27, the role of motor imagery in action exe-
cution. But there are lots of exciting questions about motor imagery that I
want to leave open here, especially the extent to which various aspects of
motor imagery (its content, for example) could be explained in terms of the
sensory imagery it necessarily involves.

I will come back to the concept of motor imagery in Chapter 27. But this
chapter is about a form of mental imagery that nonetheless is crucial for
action execution: pragmatic mental imagery.

Mental imagery, unlike motor imagery, is perceptual representation. It can
nonetheless play an important role in action execution (see also Van Leeuwen
2011 for a related argument). Some of our actions (in fact, most of our
actions) are perceptually guided actions: our perceptual states trigger and
guide our actions. When we pick up a coffee cup to drink from it, this is a
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perceptually guided action: our perceptual state represents the spatial loca-
tion of the cup, which then guides your reaching movement.

In Nanay 2013a, I called perceptual states of this kind, that is, perceptual
states that guide our motor actions, “pragmatic representations.” Pragmatic
representations represent those parameters of the situations that are neces-
sary for the successful performance of actions. Just what these parameters are
could be debated: they may include the properties of the objects one acts
upon, the properties of one’s own body, one’s bodily movement that is needed
to complete the action, or maybe the properties of the goal state the action is
aimed at (see Poincaré 1905/1958; Bach 1978; Brand 1984; Jeannerod 1997;
Millikan 2004; Pacherie 2011; Nanay 2013a; Butterfill and Sinigaglia 2014 for
very different proposals about this).

I argued that whatever else needs to be represented about the situation that
is necessary for the execution of the action, some egocentrically represented
properties of the objects definitely do need to be represented. Pragmatic rep-
resentations represent exactly these: shape, size, and spatial location of the
distal objects the action is directed at. These properties are egocentric in the
sense that they represent the shape, size, and spatial location of the distal
objects as related to our own body: the size as related to our grip size, the
spatial location as related to our own spatial location, and so on. In other
words, these egocentric properties are relational properties: they are relations
between the properties of the object and our own properties (say, the relation
between the size of the cup and my grip size).

Simple representations of this kind are involved in the performance of all
bodily actions. These properties need to be represented in order for the agent
to be able to perform the action at all. Suppose that the action is to pick up a
cup. If T didn’t represent the size of the cup, I would have no idea what grip
size I should approach it with. If I didn’t represent its spatial location, I would
have no idea which direction I should reach out towards. And so on.

Pragmatic representations are genuine representations: they can misrepre-
sent. If I represent the shape-property of the cup correctly, then I will be more
likely to approach it with the appropriate grip size, which makes it more likely
that my action will be successful. And if I represent the spatial location of the
cup correctly, I will be more likely to reach out in the right direction, which,
again, makes it more likely that my action succeeds. I also argued that prag-
matic representations are genuine perceptual representations, but I will not
need this stronger claim for the purpose of the argument in this book. But
pragmatic representations represent relational features of perceived objects.



204 MENTAL IMAGERY: PHILOSOPHY, PSYCHOLOGY, NEUROSCIENCE

Pragmatic representations do not need to be (and arguably they normally
are not) conscious. But then how do we know what property (say, shape-
property or spatial location property) they attribute to the cup? Clearly not by
introspecting. We can infer what shape-property this pragmatic representa-
tion attributes to the cup from the grip size I approach the cup with. And we
can infer what spatial location property it attributes to the cup from the
direction of my reaching. In other words, if the shape-property the pragmatic
representation attributes to the cup changes, this affects my behavior, that is,
the grip size of my approaching hand, directly. And if the spatial location
property the pragmatic representation attributes changes, this also affects my
behavior—the direction I reach out towards (see Jeannerod 1997 for a num-
ber of case studies of how intervention on the pragmatic representation
leads to observable changes in our behavior). In one famous experiment, in
the middle of the performance of the reaching movement, the target was
changed—either its spatial location or its size. And this influenced the action
execution—the reaching movement changed direction during the execution
of this action. The subjects were almost always unaware that anything has
changed (Goodale et al. 1986; Pelisson et al. 1986; Paulignan et al. 1991).

So far, T have talked about cases where there is a cup in front of me and
I am looking at it as I am performing the action. These are perceptually
guided actions. A (sensory stimulation-driven) perceptual state guides my
action. When I pick up the cup, while looking at it, the visual feedback helps
me to do so. I can adjust my movements in the light of my visual experience
of how my action succeeds: if my initial reach was too forceful, I can adjust
its course in response to the visual feedback (as we have seen in the previous
paragraph, some of this happens unconsciously; see Paulignan et al. 1991).

But I can also perform this action, and do so fairly successfully, without
looking. I am looking at the cup, I then close my eyes, count to ten and then
reach out to grab it. In this case, it is my mental imagery that guides my
action. It is a special kind of mental imagery inasmuch as it attributes very
similar properties as pragmatic representations do: egocentric spatial location
properties (that allow me to reach out in the appropriate direction), egocen-
tric size properties (that allow me to approach the cup with the appropriate
grip size), and so on. And it is also, like pragmatic representation, a genuine
representation, as it can misrepresent (Nanay 2013a, 2022a). I call this kind of
mental imagery “pragmatic mental imagery”

Manipulating pragmatic mental imagery leads to observable behavioral
changes in the same way as manipulating pragmatic representations leads to
observable behavioral changes: if your pragmatic mental imagery attributed a
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different size-property to the cup, you would approach it with a different
grip size.

In this example, the pragmatic mental imagery was formed on the basis of
your perceptual state: you looked at the cup and then you closed your eyes,
but it is this visual information that the mental imagery is based on. But prag-
matic mental imagery is more than just some kind of echo of sensory input.
Suppose that you are in your bedroom and it is pitch-dark. You want to switch
on the light, but you can't see the switch. You are nonetheless in a position to
switch it on given your memory of the room’s layout and the location of the
light switch in it. In this case, your pragmatic mental imagery is formed on
the basis of your memory.

But pragmatic mental imagery can be triggered by completely non-
perceptual means as well, for example if I blindfold you and then explain to
you in great detail where exactly the coffee cup is in front of you, how far
exactly to the left and how far exactly ahead, and so on. Your pragmatic men-
tal imagery can still guide your action, but it does so without any (visual)
input. In our everyday life many of our actions, especially our routine actions,
like flossing, are in fact guided by pragmatic mental imagery.

Pragmatic mental imagery has been actively used in medical training.
Surgeons who perform rare operations are often trained with the help of
visual mental imagery for these operations (as they can’t prepare by conduct-
ing surgery of this kind). And such visual imagery training helps surgeons to
be more precise with their procedure (Sanders et al. 2004, 2008; Immenroth
et al. 2007).

Pragmatic mental imagery also plays an important role in some of our
pretense actions. Take the following pretend action. I pretend to raise a
glass and take a sip from it, even though my hands are empty. How is this
pretend action different from the actual action of taking a sip from an actual
wine glass? Obviously, there is no glass in one case and there is glass in the
other case. But how are our mental processes different? What representa-
tional state allows me to hold my hand and move it towards my mouth in
the way that I do?

According to the two most influential accounts of pretense, the representa-
tional states that bring about pretense actions are either an actual (condi-
tional) belief and an actual desire (Nichols and Stich 2003) or a “belief-like
imagination” and a “desire-like imagination” (Currie and Ravenscroft 2002;
Velleman 2000; Doggett and Egan 2007). While these accounts may explain
some pretense actions, they are less well-suited for examples like taking a sip
from an imaginary glass. The belief (or the belief-like imagination) that I am
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making a toast does not specify what grip size I should maintain while I am
performing the action. Nor does the desire (or desire-like imagination).

And we cannot rely on pragmatic representations either (whose job it
would normally be to help us to have the appropriate grip size): they attribute
egocentric shape, size and spatial location properties to perceived objects, but
there is no perceived glass—I am raising my empty hand. My proposal is that
the representational state that allows me to hold my hand and move it to my
mouth is pragmatic mental imagery.

When I am pretending to raise my glass with nothing in my hands, I pre-
sumably have belief-like imagination that I am drinking a glass of wine (and
maybe corresponding desire-like imagination), but in order for this belief-
like imagination to have any influence on my actual movements, I also need
to have pragmatic mental imagery that allows me to hold my fingers and
move my hand in a certain way. This pragmatic mental imagery attributes
properties like egocentric weight, shape, and spatial location properties to the
imagined glass in my hand. We have pragmatic mental imagery of the
weight-property, the shape-property, the size-property, etc. of the nonexistent
glass, and the attribution of these properties guides my pretend action: it
guides the way I hold my finger (as if around a glass), the way I raise my hand
(as if raising a glass), etc. This pretend action cannot be explained without
appealing to pragmatic mental imagery.

It is important to emphasize that I do not need to consciously visualize the
glass in order to attribute various properties to it by means of mental imagery.
Nor does this mental imagery need to be triggered voluntarily. But I do need
to attribute egocentric shape, size, etc. properties to the glass by means of
mental imagery—otherwise I would not know how to move my hand.

In the example of pretending to take a sip from a nonexistent glass, my
belief, my desire, as well as my pragmatic representation, are all “imaginary”:
belief-like imagination, desire-like imagination, and pragmatic mental
imagery. But in other cases of pretend actions, our pragmatic representation
is not imaginary: we do not need pragmatic mental imagery. Here is an
example: I am taking a sip from a glass of cheap and bad red wine, and
I pretend that I am taking a sip from a glass of 2004 Brunello di Montalcino.
I may be using belief-like imagination (and, presumably, desire-like imagi-
nation), but the pragmatic representation that guides this action is exactly the
same as it would be if I were not pretending. Pretense can happen without
pragmatic mental imagery.

This leads to a non-monolithic account of pretense actions. Some of our
pretense actions can be explained with the help of belief-like (and desire-like)
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imagination. Some can be explained with the help of pragmatic mental imagery.
And in some cases, we need to appeal to both kinds of imaginary states.

Neil Van Leeuwen highlighted an important special case of pretense that he
calls “semi-pretense”—a mental state somewhere in between pretending and
performing a real action (Van Leeuwen 2011). His example is a scenario
where two kids, who are watching some other kids jumping off the highdive,
are evaluating the quality of the dives by holding up their fingers. Is this a real
action? In some sense, it is: they are genuinely evaluating the dive of their
friends. But it is also pretense inasmuch as they pretend to be judges who give
points for each dive. It is not full pretense though—they do not hold up plac-
ards with numbers, they merely use their fingers.

Van Leeuwen argues that the two mainstream accounts cannot explain
semi-pretense because there is no middle ground between beliefs and belief-
like imagination (or between beliefs and conditional beliefs).

My account can explain “semi-pretense” because it allows for the “inte-
gration of perception and imagination,”—this should be clear enough in the
context of this book. Sometimes, for example, when I am pretending to stab
you with a sword with my hands empty, I attribute all the relevant proper-
ties to the nonexistent sword by means of pragmatic mental imagery. Some
other times—for example, when I am pretending to stab you with a sword
and I in fact hold an umbrella in my hand—TI attribute some of these prop-
erties perceptually (its weight, for example), but I attribute others by means
of mental imagery (for example, the property of where the end of the sword
is and how sharp it is). In this case, some of the properties are attributed by
my pragmatic representation, and some others by my pragmatic mental
imagery.
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Motor Imagery and Action

What triggers the execution of actions? Suppose that there is a cup of tea next
to your computer while youre working. You want to take a sip, you have a
belief that the tea is not too hot and it would quench your thirst, you have a
(distal) intention to take a sip. But youre not doing it. And suddenly, you find
yourself taking a sip. What happens in that moment when this action is trig-
gered? What mental state is there at the moment of action execution that was
not there a second before? I take these to be among the most important ques-
tions of philosophy of action (see Brand 1979; Nanay 2014b).

The question about what triggers actions also has serious implications for
our everyday life and well-being. In the case of taking a sip of tea, I wanted to
do so and I formed an intention to do so. The question was just how this
desire and intention gave rise to the actual bodily movement. But there are
other cases where the executed action goes against our desires and even our
intentions. Akratic actions are obvious examples: next to your computer is the
TV’s remote control, not a cup of tea. And you want to finish the grant pro-
posal and have an all-things-considered intention to do so, but you nonethe-
less find yourself switching on the TV. How is that action triggered?

Addictions of various kinds raise the same problem (Brevers et al. 2012).
Recovering addicts have a very strong desire not to relapse. But when they do
relapse (when their “relapse actions,” as I will call them, are triggered), what
triggers these actions?

The concept of motor imagery can help us to address these questions. As
we have seen in Chapter 26, motor imagery is cortical motor processing that
does not directly trigger motor output. While there has been a fair amount of
research in psychology and neuroscience on motor imagery in the last thirty
years or so, it is only recently that we start to understand the important role
motor imagery plays in action initiation. And if, as these findings suggest,
motor imagery plays an important role in action initiation, we can make
progress not only in understanding action initiation in general but also in
understanding what goes wrong in akratic actions and in relapse actions.

The question of action initiation is widely studied in neuroscience and
psychology. Neuroscientists of action make a distinction between the
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preparation for a movement and the execution of that movement. The set of
findings I want to focus on here is about one major difference between these
two phases of action execution: the inhibition of action during the prepara-
tion for a movement and the lifting of this inhibition shortly before the execu-
tion begins (see Porter and Lemon 1993 for an overview). This difference is at
the segmental spinal level, that is, not in the brain, but in the spine. There is a
sharp decrease of spinal reflexes during preparation for a movement (which
prevents motor neurons from spontaneous firing) and an increase again
shortly before execution (Requin et al. 1977; Bonnet and Requin 1982;
Fourkas et al. 2006; see also Kyriakatos et al. 2011).

Motor imagery, like action execution, but unlike action preparation,
increases spinal excitability (Bakker et al. 1996; Bonnet et al. 1997; Li et al.
2004; Guillot et al. 2007; Aoyama and Kaneko 2011). Further, motor imagery
training increases spinal plasticity (Grospretre et al. 2019). So whatever
increases spinal excitability is there both in motor imagery and in action exe-
cution. This means that the increase in spinal excitability is not sufficient for
triggering the action: in the case of motor imagery, we have an increase in
spinal excitability, but no action performance.

Given that both motor imagery and action initiation increase spinal
excitability—and therefore the “readiness” to perform an action, one should ask
how motor imagery might contribute to the triggering of the bodily movement.

The relation between motor imagery and actual action performance has
been investigated for a long time (see especially Marc Jeannerod’s work:
Jeannerod 1994, 1997, 2006; see also McCormick et al. 2013). It has been
known for decades that there is a substantial overlap between the brain
regions involved in motor imagery and in action execution (see Miller et al.
2010 for a summary). But the main emphasis of the research on the connec-
tion between motor imagery and action performance has been on how motor
imagery can help us to make our action performance more accurate (see the
vast amount of research in sport psychology on this (Feltz and Landers 1983
is a classic summary)). What I want to focus on is a much more recent body
of findings, which is not about how motor imagery can modify the ways in
which actions will be performed, but about how it can help trigger action exe-
cution (see Nanay 2020a for a longer version of this argument).

And there are some important recent results that suggest that motor
imagery can make it more likely that the bodily movement is triggered (most
of the findings at the moment seem to be limited to some simple bodily
movements only in healthy subjects; see Rodrigues et al. 2010; Stins et al.
2015; but see also Schwoebel et al. 2002 and Fourkas et al. 2006). Further,
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incongruent motor imagery interferes with action execution (Ramsey et al.
2010)." These findings suggest that the initiation of actions is made more
probable by having motor imagery of the performance of this action and it is
made less probable by having motor imagery of some other actions (see also
Nanay 2017c).

Nothing in these empirical results suggests that motor imagery reliably
leads to action execution. All that follows is that it makes the triggering of
action execution more likely by pushing the spinal excitability further and
further up. But the mere fact that motor imagery is a factor in what triggers
actions is something that could have a significant impact on understanding
the mechanism of action initiation. Thinking about the role of motor imagery
in action initiation helps us to understand how akratic actions are triggered.

You are working on your computer and suddenly the idea of watching TV
instead pops into your head. And then you find yourself reaching for the
remote. My claim is that one of the mental states that has contributed to the
triggering of the action of reaching for the remote is motor imagery. As a
result, one thing we can do if we want to resist the temptation of watching TV
would be to manipulate our motor imagery (see Papies and Barsalou 2015;
Cornil and Chandon 2016).

The link between motor imagery and akratic actions is even more straight-
forward in cases we might call “obsessive procrastination.” You know that you
need to work on a grant proposal that is due tomorrow, but you are instead
playing a video game. You know you need to stop, but you keep on playing. If
we understand the role of motor imagery in action initiation, this is not sur-
prising at all. When playing a video game, you already have your motor
imagery engaged in the video game and this leads to the initiation of the
action of playing another level, rather than getting up and going to your com-
puter to work on the grant proposal.

I should emphasize that these are supposed to be partial explanations.
There are many mental states that are involved in performing akratic actions
(Nanay 2020f) and I do not want to pretend that I can explain all of them.
My aim is to highlight an important mental antecedent of akratic action that
we may have more control over than other, less clearly understood motives
of akratic actions.

On a pragmatic note, it seems to follow from this that if you feel the
temptation to reach for that remote control, then not imagining doing so (or

! Another relevant finding in this context is that congruent hand posture during motor imagery
facilitates spinal excitability, whereas incongruent hand posture makes spinal excitability less likely
(Vargas et al. 2004).
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imagining performing other actions) may help you to resist this temptation,
whereas imagining doing so will increase the probability that you succumb to
the temptation.

And here we can plug in one of the most celebrated results of sport psy-
chology about motor imagery. It has been found that the precision and even
the strength of complex motor actions is increased merely by the subject
looking at the object these actions are performed with or on. The explanation
of this is that the mere perception of this object triggers motor imagery and
this repeatedly triggered motor imagery contributes to the better (more accu-
rate, more forceful) performance of this action (Feltz and Landers 1983;
Bakker et al. 1996).

What is relevant from these findings for our purposes is that merely per-
ceiving an object, with which we are used to performing an action, triggers
motor imagery of this action. So, seeing a remote control will trigger motor
imagery of grasping it and pushing the on button. And merely seeing a glass
of wine will induce motor imagery of lifting it up and taking a sip.

So one, simple and not always available, way of reducing the chance of per-
forming an action we do not want to perform is to make the objects that are
required for performing this action perceptually unavailable (that is, to hide
that remote or not to have Facebook open in your browser, for example). Or,
if this is not an option, the same can be achieved by making these objects
inaccessible by a well-trained motor routine. If we don’t perceive this object,
the motor imagery is less likely to be activated. And if we do perceive it, but
the motor routine is not well-trained, the motor imagery is, again, less likely
to be activated.

This proposal could also be taken to be continuous with some influential
philosophical accounts of resisting temptation (that is, resisting the initiation
of the tempting action). Richard Holton argues that it can be detrimental to
our determination to resist temptation to think about the tempting action
(Holton 2009, pp. 126ft.). The present proposal could be thought of as extend-
ing this general approach. Rather than focusing on thinking about the tempting
action (whatever that means), the aim here is to identify just what kind of
mental processes would be needed to push us over the threshold of action
initiation. And my answer is that this mental process is motor imagery. This
also explains what could be dubbed, for the benefit of Fawlty Towers fans, the
“Don’t mention the war” phenomenon: often focusing on not doing something
leads to the performance of the very action we are trying hard not to perform.

One advantage of this view of the role of motor imagery in action initiation
is that it can help us to explain some empirical findings about addiction
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treatment. The study I want to focus on is about alcoholics who were trained
to use a joystick when presented with pictures of alcohol and of non-alcoholic
beverages (Wiers et al. 2011; see also Palfai 2006; Wiers et al. 2010). Subjects
in this experiment had to move the joystick away from themselves when pre-
sented with pictures of alcohol and they had to move the joystick towards
themselves when they saw a picture of non-alcoholic beverages. Subjects in
the control group were either not trained in any ways, or were trained to
respond to some other, not alcohol-related feature of the picture.

The result was that those who were trained to make avoidance movements
in response to pictures of alcohol showed significantly more progress at recov-
ery (Wiers et al. 2011). In some cases, even a single training session had a sig-
nificant positive effect (see esp. Wiers et al. 2010). It is not clear how we can
explain this effect—it was not clear to the experimenters who conducted these
studies either. Wiers et al. (2011) hypothesizes, very tentatively, that maybe
emotions are involved (roughly, retraining the action tendencies lead to emo-
tional change). But it is not clear how this connection would work and how
such a change in emotions would lead to such rapid improvement in recovery.

If we accept that motor imagery plays an important role in action initia-
tion, we get a much more straightforward explanation. As we have seen,
incongruent motor imagery interferes with action execution (Ramsey et al.
2010). And the joystick exercise these subjects perform trains them to have
motor imagery in response to pictures of alcohol that is incongruent with
approach behavior. As a result, their action execution (of reaching for alcohol
in relapse situations) is less likely to be triggered (see also the alternative
explanation, anticipated in Wiers et al. 2011 and elaborated in Mylopoulos
and Pacherie 2020, in terms of approach bias, which may be complimentary
of my explanation).

This is a very promising way of treating addictions. One important marker
of addiction is that addicts’ attention is captured by addiction-relevant stimuli
(see Brevers et al. 2011 for a summary of the vast literature on this; see also
Anderson and Yantis 2013 for how this fits into long-term value-driven atten-
tional effects). And the term “addiction-relevant stimuli” here does not merely
mean stimuli that is directly connected to the addiction (in the case of gambling
addiction: the roulette table), but a much wider range of stimuli that would
be somehow very distantly related to the addictive behavior (for example, the
shirt you once wore in the casino, and so on).

It is not an option to hide all possible addiction-relevant stimuli (because
they are everywhere). So addicts perceptually encounter addiction-relevant
stimuli all the time and their attention is captured by these stimuli. And the
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intense capture of the addicts attention makes the triggering of motor
imagery also more intense. So the only available option seems to be to repro-
gram the motor imagery itself, which, as we have seen, is not an impossi-
ble task.

In short, perception can lead to unwanted motor imagery and unwanted
motor imagery can lead to unwanted action. We can interfere with this proc-
ess at various points: we can manipulate what we see, we can manipulate what
kind of motor imagery perception gives rise to, and we can also manipulate
what kind of action motor imagery contributes to. Understanding the role of
motor imagery in action initiation can help us to manage the triggering of our
unwanted (akratic, relapse) actions more efficiently.

The picture of action initiation I outlined differs from the mainstream phil-
osophical accounts of action in one important respect. In these mainstream
views, all the causally efficacious mental states are mental states we have
access to: mental states that we are aware of, be them beliefs and desires
(Davidson 1980) or intentions (Searle 1983; Bratman 1987; Mele 1992).

But the worry would be that this is not so when it comes to motor imagery.
So one could argue that motor imagery is something that we merely postulate
theoretically in order to explain some odd phenomena—it could be thought
to be a theoretical entity, opening the door for various versions of antirealism
about theoretical entities.

My response is threefold. First, we often are aware of motor imagery. As we
have seen, motor imagery may or may not be conscious. If it is conscious, it
can be subject to introspection. And this introspective access to our motor
imagery (again, bracketing worries about just how reliable introspection is)
could justify one’s beliefs about the expected success of the action to be per-
formed. In this sense, motor imagery can not only be conscious, it could also
have significant epistemic import.

This response (that motor imagery may or may not be conscious) addresses
a potential pushback, namely that philosophy of action should not take into
consideration a merely subpersonal state that causally contributes to action
execution (after all, there are many of these, along the motor nerve). The
answer is that motor imagery is not a merely subpersonal state. Even if we
accept the personal/subpersonal distinction as unproblematic (I myself don’t
think we should), a state that can become conscious, if attention is allocated
to it, is not a subpersonal state. In other words, motor imagery, although it
can be unconscious, is a bona fide mental state (an analogy: perceptual states
can also be, and often are, unconscious; nonetheless, it would be odd to deny
that perceptual states are bona fide mental states).
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Second, I don't see any problem with postulating mental states if the only
way in which we can explain the agent’s complex behavior is by postulating
these mental states. We have extremely rich and varied evidence that our
introspective access to our own mind is limited and often systematically mis-
leading. But then we should not expect that we are aware of all the crucial
building blocks of the mind and of all the causal ingredients of action
performance.

Finally, the fact that some causally relevant components of action initiation
are unconscious is not a bug, but a feature (Nanay 2014b). There are many
actions where we are not aware of whatever moves us to act. Impulsive actions
would constitute one kind of example. We just find ourselves acting—we have
a sense of ownership of our action, but we do not have a sense of having initi-
ated it. Akratic actions, as we have seen, would be another.

But there are even more prosaic cases. You're lying in bed in the morning,
having hit the snooze button three times already and you know you need to
get up, but somehow you just don’t. And then all of a sudden, you find your-
self getting up. You are not aware of the state that moved you to act. Here is a
literary example by Robert Musil:

I have never caught myself in the act of willing. It was always the case that I
saw only the thought—for example when I'm lying on one side in bed: now
you ought to turn yourself over. This thought goes marching on in a state of
complete equality with a whole set of other ones: for example, your foot is
starting to feel stiff, the pillow is getting hot, etc. It is still a proper act of
reflection; but it is still far from breaking out into a deed. On the contrary, I
confirm with a certain consternation that, despite these thoughts, I still hav-
en’t turned over. As I admonish myself that I ought to do so and see that this
does not happen, something akin to depression takes possession of me,
albeit a depression that is at once scornful and resigned. And then, all of a
sudden, and always in an unguarded moment, I turn over. As I do so, the
first thing that I am conscious of is the movement as it is actually being per-
formed, and frequently a memory that this started out from some part of the
body or other, from the feet, for example, that moved a little, or were uncon-
sciously shifted, from where they had been lying, and that they then drew all
the rest after them.’

*> Robert Musil: Diaries. New York: Basic Books, 1999, p. 101. See also James (1890) and Goldie
(2004, pp. 97-8).



MOTOR IMAGERY AND ACTION 215

Many of our actions are like this. And we should not dismiss these cases as
rare instances of unimportant actions. Some of our actions of great impor-
tance are also like this: going in for that first kiss (assuming you don’t do it by
counting to three), for example.

Any philosophical account of action needs to take actions of this kind seri-
ously. But if so, then we need to postulate a mental state that we do not have
to be aware of. So we could turn the tables and argue that it is precisely those
accounts of action, which do not posit causally efficacious mental states that
we are not aware of, that are problematic.

To go back to the structural analogy between mental imagery and motor
imagery, one way of summarizing the philosophical upshot of the proposal
outlined in this chapter is that just as understanding sensory imagery is a cru-
cial part of understanding perception per se, understanding motor imagery is
an equally crucial part of understanding action per se. Just as perception
would be very different if mental imagery played no role in it (in amodal
completion as well as multimodal perception), action would also be very dif-
ferent if motor imagery played no role in it. Philosophy of action should take
the concept of motor imagery seriously. And as motor imagery, as we have
seen, involves sensory mental imagery, this provides yet another reason why
mental imagery plays an important role in explaining actions.
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Cognitive Dissonance

Cognitive dissonance was originally defined as a “nonfitting relation between
cognitions,” which gives rise to an unpleasant feeling (Festinger 1957, p. 3).
And this unpleasant feeling leads to a change in one’s attitude. To update the
terminology a bit, if you have two representations that clash with one another,
this can lead to a negatively valenced state, which then, in turn, leads to a
change in your attitude.

Consider the following example:

Subjects had to undergo some kind of initiation ritual when they joined a
discussion group. One of these rituals involved enduring minor electric
shocks. The more painful these shocks were, the more strongly the subjects
felt towards the group (Gerard and Mathewson 1966; see also Aronson and
Mills 1959; Ma et al. 2014). You suffer more to be part of a group and then
you are more loyal to them. This can be explained as a way of dealing with
cognitive dissonance: if the group you just joined is not great, then what did
you endure the severe pain for? For nothing? For being part of a mediocre
group? This is the conflict that creates an unpleasant feeling and you get rid of
this unpleasant feeling by denying that the group is mediocre. If you suffered
so much to join, then the group must be great. In fact, it must be fantastic.

There are hundreds of cognitive dissonance experiments (for some classic
studies, see, for example, Festinger et al. 1956; Brehm and Cohen 1962;
Festinger and Maccoby 1964; see also Thibodeau and Aronson 1992 and
Cooper 2007 for overviews). In the original formulation of cognitive disso-
nance, the “nonfitting relation” stands between two different “cognitions.”
Thus the name, cognitive dissonance. But it is not clear what kind of mental
states “cognitions” are meant to be. According to the dominant view in philo-
sophical discussions of cognitive dissonance, these representations are beliefs.
I will argue against this view and then outline an alternative involving mental
imagery. And I will show that this alternative account has significant explana-
tory benefits over the belief account.
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According to the mainstream view of cognitive dissonance, especially in
philosophy (Quilty-Dunn and Mandelbaum 2018, 2019; Mandelbaum 2019;
Bendana and Mandelbaum 2021; Quilty-Dunn ms), but also in psychology
(Aronson 1992), the conflicting representations are beliefs. A key component
of this explanatory scheme is the “self-concept” (Aronson 1969, 1992).

The “self-concept” is a set of beliefs that one holds about oneself. These
beliefs are very deeply embedded in one’s cognitive economy. As Aronson
writes, “at the very heart of dissonance theory, where it makes its clearest and
neatest prediction, we are not dealing with any two cognitions; rather, we are
usually dealing with the self-concept and cognitions about some behavior”
(Aronson 1969, p. 27).

This self-concept is a set of beliefs one holds about oneself. More specifi-
cally, these beliefs are beliefs that one is competent (smart, not an idiot),
beliefs that one is good (moral, not a jerk) and beliefs that one is stable (not
changing their mind randomly). Following the philosophical terminology
(Mandelbaum 2019; Bendana and Mandelbaum 2021; Quilty-Dunn ms),
I will call beliefs of this kind core beliefs. Core beliefs are supposed to be the
cognitive center of gravity in our mind. It is very difficult to change them
(even if there is conflicting evidence) and they color all our cognitive processing
(Mandelbaum 2019; Bendana and Mandelbaum 2021).

If we accept the existence of core beliefs, then we can give an explanation of
cognitive dissonance in terms of a logical contradiction between the beliefs
involved. The general idea is that while logical contradiction between any two
beliefs is not sufficient for cognitive dissonance, the logical contradiction
between a core belief and another belief is indeed sufficient. And logical con-
tradiction is also necessary, although this often involves not two but at least
three beliefs. Here is an example of how this kind of explanation would go in
the initiation experiment with regards to the underlying reasoning (I changed
the wording slightly to fit the example in this chapter).

I just underwent severe shocks to join a discussion group and this made me
think that the group I joined is great. :

(Premise 1) I put a lot of effort into joining the [discussion group]

(Premise 2) Only an idiot would put a lot of effort into joining the [dis-
cussion group] without liking the [discussion group]

(Premise 3) I am not an idiot

(Conclusion) I must like the [discussion group] (and the appeal of the group
israised) (Bendana and Mandelbaum 2021; see also Quilty-Dunn ms)
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I will call this explanatory scheme the “cognitive dissonance syllogism” as,
according to the proponents of the belief account, each time we undergo cog-
nitive dissonance, we go through syllogistic reasoning of this kind (granted,
this reasoning is mostly unconscious according to the belief account; see
Lieberman et al. 2001; Quilty-Dunn ms).

Premise 3 of the syllogism is the core belief, and this is the premise that
remains unshaken, leading to a change in our attitude about the discussion
group. And some of the empirical support the proponents of the belief
account appeal to in defense of this cognitive dissonance syllogism is about
the importance of core beliefs in this syllogism. More specifically, if the core
belief is taken out or weakened (by giving the subjects bogus tests that suggest
that they are worthless or stupid), this leads to the collapse or at least the
weakening of the cognitive dissonance effect (Glass 1964; Stone and Cooper
2003). Thus, the cognitive dissonance syllogism only works if the core beliefs
are also part of it.

While this is an extremely elegant way of making the original idea of cog-
nitive dissonance more precise, I will argue that there are empirical problems
with it. I will then go on to outline an alternative involving mental imagery,
which fares better about these problems.

The first empirical objection is about the location of the neural underpin-
nings of cognitive dissonance. Given the complexity of cognitive dissonance,
a number of different brain regions are involved in cognitive dissonance,
especially ones that are associated with emotions. This would be consistent
with the belief account. But more surprisingly, the activation of the primary
visual cortex is very different in cognitive dissonance versus no dissonance
conditions (keeping all other parameters fixed; see Izuma et al. 2010; de Vries
et al. 2014). If cognitive dissonance is all about beliefs and the contradictions
between them, this finding is very difficult to explain.

The second empirical problem is that, in a much-hyped set of studies, it
was found that music reduces cognitive dissonance (Masataka and Perlovsky
2012; Perlovsky et al. 2013). Again, it is difficult to see how the belief account
could explain this as music does not have any effect on our logical inferences.

The third empirical problem is that we have substantial empirical evidence
that some animals are also capable of cognitive dissonance (Harmon-Jones
etal. 2017). But even if animals have beliefs (which would be difficult to deny,
even though some philosophers have done so, see Davidson 1980), we have
no evidence that they have anything reminiscent of a “self-concept” or core
beliefs. Nor do we have any evidence that they are capable of the logical rea-
soning that would be required by the cognitive dissonance syllogism.
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These empirical problems with the belief account point in the direction of
the alternative I want to offer to the belief account. The main idea is that the
conflicting representations are not beliefs, but imagistic representations.
Imagistic representations are mental representations that represent imagisti-
cally (in an imagistic format, see Chapter 6). Mental imagery is imagistic rep-
resentation, as is perception, but there may be other kinds of imagistic
representations. And my claim is that the representations involved in cogni-
tive dissonance are imagistic representations. I will argue that this way of
understanding cognitive dissonance has significant explanatory benefits over
the belief account.

As we have seen in Chapter 23, mental imagery can be, and is very often,
emotionally charged. If the representations that are involved in cognitive dis-
sonance are emotionally charged, then we do not need any conflict between
such representations in order to generate the emotional state that character-
izes cognitive dissonance. In the original conceptual framework of cognitive
dissonance, the conflict, or “nonfitting relation” between two representations
yields a negative emotion. But as long as we allow for emotionally charged
representations, we do not need to postulate two representations and a “non-
fitting relation” between them in order to explain the emotional impact of
cognitive dissonance. All we need is to postulate one emotionally charged
imagistic representation. And, as we have seen in Chapter 23, we have plenty
of independent reasons to posit such emotionally charged imagistic
representations.

We can now put together the alternative explanatory scheme of cognitive
dissonance. As a result of the prompt or the experimental setup, you come to
attend to a negatively valenced imagistic representation. Attending to this
negatively valenced imagistic representation amounts to a negative emotional
state. This negative emotion, in turn, makes you behave in a way that weakens
this negative emotion—a simple move here would be to attend to some-
thing else.

And we know fairly well how this attending to something else works from
research on “experiential avoidance” Experiential avoidance happens “when a
person is unwilling to remain in contact with particular private experi-
ences...and takes steps to alter the form or frequency of these experiences or
the contexts that occasion them” (Hayes et al. 2004; see also Tolin et al. 1999;
Wieser et al. 2009). And this is exactly what happens in the last step of cogni-
tive dissonance resolution.

Let us go through the initiation example I used earlier to introduce cogni-
tive dissonance to demonstrate how this explanatory scheme works:
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You undergo the electric shocks to join the boring discussion group and
then you are asked whether you think the group is great. When you need to
answer this question, you need to consider the two options: great or not so
great. If you consider that the group is not great, this brings to mind an
imagistic representation (a memory image) of you enduring the electric
shocks, all in order to join a mediocre group. Not a pleasant image. So you
divert your attention to the other option, namely, that the group you joined
is great, and choose that option.

This explanation is simpler than the ones given in the framework of the belief
accounts. Again, the main difference is twofold: the nature of the representa-
tions (imagistic vs. beliefs) and the origins of the negative emotional state
(the emotionally charged imagistic representation itself versus some form of
“nonfitting relation” between two beliefs). According to the imagistic repre-
sentation account, the resulting attitude change is brought about by an atten-
tional shift, roughly along the lines of experiential avoidance.

I will now argue that the imagistic representation account can handle all
the empirical objections raised against the belief account. I raised three
empirical objections to the belief account. All of these could be taken to be
empirical support for the imagistic representation account.

First, given that mental imagery is known to activate the early visual corti-
ces, including the primary visual cortex, the imagistic representation account
predicts that the primary visual cortex behaves differently in cognitive disso-
nance. And this is exactly what was found. Second, the imagistic representa-
tion account can also explain why music interferes with cognitive dissonance,
as both music processing and mental imagery compete for the same early
cortical resources.

Third, how could the imagistic representation account accommodate cog-
nitive dissonance reduction in animals? We have seen that this is difficult to
make sense of within the framework of the belief account. Even if we can
attribute beliefs to animals, we have no independent evidence that would jus-
tify attributing complex inferential apparatus of the like that is required by the
cognitive dissonance syllogism. There is no indication of anything reminis-
cent of core beliefs either. On the other hand, we have independent evidence
that animals have emotionally charged imagistic representations (see Kremer
et al. 2020 for a summary; see also Nanay 2020c). The ability to explain cogni-
tive dissonance among non-human animals is a major strike in favor of the
imagistic cognition account (and against the belief account).
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Finally, after having railed against the belief account, I should end on a
pluralistic note. Cognitive dissonance is a diverse phenomenon and it is far
from clear that one and only one explanatory scheme can explain all of its
very different instances. So, it is very much possible that some instances of
cognitive dissonance can be explained by the belief account. But not all of
them can be. And thinking of cognitive dissonance as a reaction to emotion-
ally charged imagistic representations could explain many central cases.
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Implicit Bias

Some of our behavior is biased. By this I mean that the behavior goes against
our reported beliefs. And often we are not fully aware of these biases. The
question I want to raise in this chapter is about the mental representation that
is responsible for this biased behavior. This representation mediates between
the trigger and the biased behavior. And my claim is that this representation
is neither a propositional attitude nor a mere association (as the two major
accounts of implicit bias would claim). It is mental imagery (see Nanay 2021b
for a more elaborated argument for this claim).

I am interested in the representation that mediates between the trigger
and the biased behavior, which I will refer to as “biasing representation.” But
this picks out a lot of things. When people are reluctant to throw darts at the
picture of the face of a loved one or to drink lemonade from a sterilized
bedpan (Rozin et al. 1986; see also Gendler 2008), we also get behavior that
goes against our beliefs (which represent these actions as harmless). The
term “implicit bias” is more often used to describe a more specific phenome-
non: representation about certain racial and gender groups (as well as other
social groups) that influences our behavior in such a way that it goes against
our beliefs (Greenwald et al. 1998, Greenwald and Nosek 2009; Dunham
et al. 2008).

Here is an example. In an elevator you might stand a little bit farther away
from people whose skin color is different from yours. You may or may not be
aware of this. But you think of yourself as someone who does not make dis-
tinctions between people because of their skin color. So your behavior is
biased in the sense that it goes against your belief. And the mental representa-
tion (presumably about people with various skin colors) that is responsible
for this behavior is what this chapter is about.

Implicit bias is a genuinely heterogenic phenomenon (see Holroyd and
Sweetman 2016 for a detailed taxonomy; and Johnson 2020 for even more
heterogeneity). The two main candidates for biasing representations in the lit-
erature are the following. This biasing representation might be an association—
between a specific skin color and a specific trait, say, being dangerous. Or this
biasing representation might be a propositional attitude—an attitude towards
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the proposition that people with this specific skin color tend to be dangerous.
My aim is to carve out and defend a third option, according to which this
representation is mental imagery: perceptual processing that is not triggered
directly by sensory input. I will argue that this view captures the advantages of
the two standard accounts without inheriting their disadvantages.

In short, empirical findings show that the biasing representation would
need to be both sensitive to semantic content and insensitive to logical form.
But associations are not sensitive to semantic content. And propositional atti-
tudes are not insensitive to logical form. I will argue that mental imagery is
much better suited to fulfill the theoretical role of the biasing representation:
it is sensitive to semantic content (unlike associations) and insensitive to logi-
cal form (unlike propositional attitudes). My aim is not to completely dismiss
the associationist or the propositionalist account of implicit bias (or both),
but rather to reframe the debate by adding an extra important ingredient to
any explanation of implicit bias (be they associationist, propositionalist):
mental imagery.

Some clarifications: there is emerging evidence that implicit bias may not
be unconscious: we may be more aware of our “implicit” attitudes than the
initial bias findings might suggest (Nier 2001; Ranganath et al. 2008; Hahn
et al. 2014; Machery 2016; Toribio 2018; Berger 2019). Nothing I say in this
chapter takes sides on this issue. Further, there have been some debates about
just what the most highly publicized indicator of implicit bias, the online
freely available Implicit Association Test, shows or does not show (Forscher
et al. 2016). As I take the Implicit Association Test to be only one of many
experimental procedures that aim to demonstrate implicit bias, T will set this
debate aside. If the reader is skeptical of the Implicit Association Test, this is
not a reason to be skeptical of the broader phenomenon of biased behavior
in general.

Let’s suppose that your implicit bias makes it more likely that when you
think of a caregiver, you think of a woman. This is, in fact, a very widespread
example of implicit bias. The question is: what is the underlying biasing rep-
resentation? The classic candidate is association. You have probably seen
more female caregivers than male caregivers. And, following the mechanism
of classic conditioning, you formed an association between being a care-
giver and being a woman. One way to think about associations is as some
kind of connection strength in your mind between the concept of being a
caregiver and the concept of being a woman. When one concept is activated,
the other one is very likely to be also activated. So when you hear someone
talk about a caregiver, this gives rise to you thinking of a woman. Association
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is supposed to be quick, not under our voluntary control and, according to
many (see Mandelbaum 2016 for a summary), symmetrical (it goes both from
caregiver to woman and vice versa).

The alternative view is that the underlying biasing representation is a prop-
ositional attitude—typically a belief (Levy 2015; Mandelbaum 2016—some
psychologists also often talk about propositions in this context, although what
they mean by this tends to be something very different, see De Houwer et al.
2001; De Houwer 2009, 2011, 2019)."! So you have a propositional attitude
that caregivers are (likely to be) women. And it is this propositional attitude
that explains your biased behavior. In the case of propositional attitudes, the
relation between being a caregiver and being a woman is not symmetrical.
The propositional attitude that caregivers are (or tend to be) women is different
from the propositional attitude that women are (or tend to be) caregivers (see
esp. Mandelbaum 2016).

I will argue that the biasing representation is neither an association nor a
propositional attitude: it is mental imagery.

On the one hand, implicit bias is sensitive to the semantic content of our
representations (Mandelbaum 2013, 2016; see also Nanay 2021b). It is sensi-
tive to the content of representations other than the biasing representation.
The content of the biasing representation is combined with the content of
other representations, which then produces the biased behavior (Rozin et al.
1990; Sechrist and Stangor 2001; Gawronski et al. 2005; Newman et al. 2011;
Cone and Ferguson 2015). Here is one example: People generally pay more
money for clothes worn by celebrities than for identical clothes that are fresh
off the shelf. But experiments show that they pay a little less if these clothes
were washed since the celebrity wore them (Newman et al. 2011). This is
biased behavior. We have two representations here. The first one (A) is the
biasing representation about the connection between the clothes and the fact
that they were worn by a celebrity. And this explains why we pay a lot of
money for clothes worn by celebrities. But we also have another representa-
tion (B) about the connection between clothes and washing. And our biased
behavior that we pay less money for washed celebrity clothes than for
unwashed celebrity clothes, is explained by the interaction between the

! What De Houwer means by proposition is very different from what philosophers mean by propo-
sitional attitudes. Proposition, for De Houwer, means any representation that represents a relation
(De Houwer 2009, 2011). Needless to say, many kinds of representations would qualify according to
this definition, besides propositional attitudes. Some perceptual states would count, as would mental
imagery.
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biasing representation (A) and the representation about washing (B). In short,
biasing representations can enter into content-sensitive transitions.

On the other hand, implicit bias is not sensitive to logical form (Madva
2016; see also Nanay 2021b). So, exposure to sentences like “It is not true that
old people are bad drivers” strengthens implicit bias about old people’s bad
driving as much as exposure to sentences like “Old people drive badly” does
(Gawronski and LeBel 2008; Deutsch and Strack 2010; Deutsch et al. 2009).

In light of these findings, both of the classic accounts of implicit bias are
problematic. The biasing representation would need to be both sensitive to
semantic content and insensitive to logical form. But associations are not sen-
sitive to semantic content. And propositional attitudes are not (normally)
insensitive to logical form. I will argue that mental imagery is much better
suited to fulfill the theoretical role of the biasing representation: it is sensitive
to semantic content (unlike associations) and insensitive to logical form
(unlike propositions).

My claim is that the biasing representation is mental imagery. This mental
imagery is often emotionally charged, often action-guiding and often uncon-
scious. It is always involuntary.

Given that inference is a relation between propositional attitudes, and
mental imagery is not a propositional attitude (as it has imagistic content),
mental imagery does not enter into inferences. But not all content-sensitive
transitions between mental states are inferences and there can be content-
sensitive transitions between mental states with imagistic content.

Mental imagery can lead to, and even justify, various other mental pro-
cesses in a content-sensitive manner. Here are two examples: First, you are
trying to wrap a box in gift wrap (see Chapter 24). You look at the box, you
look at the gift wrap and how big a piece you tear off depends (in a content-
sensitive manner) on your exercise of mental imagery. Second, you are play-
ing snooker or billiards and you need to sink a ball at the other end of the
table, with a lot of other balls in the way, but you figure out a way of making
the cue ball ricochet twice before hitting the ball exactly from the right angle.
In both of these two examples, there are content-sensitive transitions between
mental imagery and other mental processes, but neither of them is an infer-
ence: these transitions are not mediated by beliefs or other propositional
attitudes. And neither of them is an association (cf. Mandelbaum and Quilty-
Dunn 2019).

Taking the biasing representation to be mental imagery can explain many
examples of biased behavior. Take the example I started the chapter with,
when subjects are reluctant to drink lemonade from a sterilized bedpan. The
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perceptual state of seeing the yellow liquid in the bedpan-shaped drinking
vessel triggers the mental imagery of urine and it is this biasing representa-
tion that explains our reluctance. The imagery itself does not have to be con-
scious (although it might be). It is emotionally charged (presumably the
emotion is disgust). And it is action-guiding in the sense that it interferes
with our action.

Here is another example (from Gendler 2008). The chef reorganizes her
kitchen. The cleaver used to be above the dishwasher, but it is now next to the
stove. She knows this—she placed the cleaver from here to there herself. But in
the rush of preparing a meal, she still reaches to where the cleaver used to be—
above the dishwasher. This is biased behavior: it goes against her beliefs. And
we can explain this in terms of the mental imagery that she has of the cleaver
above the dishwasher. Again, this mental imagery does not have to be con-
scious. But, in this example, it is very much action-guiding mental imagery—it
guides the chef’s action the same way as the mental imagery of the light switch
guides your action in your pitch-dark bedroom (see Chapter 26).

Could we explain the chef’s behavior in terms of an unconscious belief?
No. We know from a vast amount of studies in the neuroscience of “atten-
tional templates” that visual actions of the kind performed by the chef amount
to early cortical processing in the visual system that is not triggered by sen-
sory stimulation—in short, to mental imagery (Keogh and Pearson 2021; see
also Chapter 10). The belief view does not explain this. The mental imagery
view does.

And the same explanatory scheme also applies to biased behavior concern-
ing other racial and gender groups. Subjects (who are not black) are more
likely to misperceive a tool as a gun if a black person holds it than if a white
person does so (Payne 2001; see also Siegel 2020). Here, again, the perceptual
state of a black person holding a wrench gives rise to the mental imagery of a
black person holding a gun. Again, this mental imagery does not have to be
conscious—and when white people rate black people as more dangerous, it is
possible that the mental imagery that grounds these judgments is not con-
scious. The same is true of the biased behavior of standing further away from
some people than others in the elevator.

It is easy to see that mental imagery fits the profile of biasing representation
we identified above. Given that implicit bias is insensitive to logical form, we
need biasing representations that are also insensitive to logical form. And
mental imagery is a good candidate for this as well. And as implicit bias
clearly depends on our background beliefs and other mental states, this rules
out associationism. But it does not rule out the view according to which the
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biasing representation is mental imagery, as mental imagery can also be com-
bined with beliefs.

Mental imagery is very much sensitive to semantic content and especially
top-down influences. If I visualize a cat, the features of the cat I visualize very
much depend on what kinds of cats I have seen in my life and also on my
background beliefs and knowledge about cats. The chef’s mental imagery of
the cleaver depends on previously stored memories. And we have plenty of
empirical evidence about how mental imagery can be influenced in a top-
down manner (see Chapter 11).

It is important to note that this dependence of mental imagery on top-
down information does not mean that the content of mental imagery is con-
ceptual content or that a concept is attached to the mental imagery. Mental
imagery is perceptual processing, which may or may not be influenced in a
top-down manner. But even if it is, this does not entail that its content is con-
ceptual. To take the example of the bedpan, the mental imagery of the yellow
liquid, which is triggered by the perception of the bedpan, does not have to
have concepts like “urine” attached to it. It is enough if the valence of the
mental imagery is influenced in a top-down manner (by its association with
urine). Mental imagery is influenced by our concepts—it does not have to be
conceptual.

Finally, a somewhat odd feature of the implicit bias literature in philosophy
is that it often focuses on the relation between concepts: the concept of being
a homemaker and the concept of being a woman, for example (see Del Pinal
and Spaulding 2018 for discussion). But this focus is in tension with the vast
majority of empirical findings about implicit bias, where the trigger of biased
behavior is a perceptual state. And the biasing representation is the represen-
tation that mediates between the perceptual trigger and the biased behavior.
My account has a wider range of explanations of the perceptual (or quasi-
perceptual, if you wish) nature of this mediating biasing representation than
the classic views. The classic views would be committed to saying that the
perceptual state triggers a concept, and that concept is either associated with,
or is propositionally related to, another concept and this other concept is
responsible for the behavior. We have both empirical and conceptual reasons
to think that perception is not always linked to actions by means of concepts
(see Jeannerod 1997 and Nanay 2013a for summaries). If so, then my account
can explain the mediation between perception and action without any direct
appeal to concepts.

One may wonder whether the mental imagery account is a genuine alter-
native to the associationist and propositionalist account. After all, the trigger
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somehow leads to mental imagery and the mental imagery somehow leads to
action. So, one could argue that even if we accept the mental imagery account,
the nature of these transitions is still an open question, and these transitions
can be explained either in an associationist or in a propositionalist manner.
This is a fair point, but it should also be pointed out that the question about
how a perceptual state gives rise to mental imagery and then how mental
imagery turns into behavior is a very different question from the one about
what kind of connection between concepts leads to biased behavior. So even
if the associationism versus propositionalism debate is not put to bed entirely,
we have made some progress.

Take microbehavior, for example. One striking phenomenon often dis-
cussed under the heading of implicit bias is how our biasing representation
influences our microbehavior (Chen and Bargh, 1997; Bessenoff and
Sherman, 2000; Wilson et al. 2000; McConnell and Leibold, 2001; see also
Levy 2015 for a summary)—not what answer we choose in a questionnaire,
but, for example, how much we look in the eyes of people with different skin
color, how far away we stand from them in an elevator and so on. And here
the mental imagery account has a real advantage. If the biasing representation
is (pragmatic, action-guiding; see Chapter 26) mental imagery, then we have a
direct and straightforward way of explaining how little differences in one’s
(action-guiding) mental imagery are responsible for little differences in one’s
behavior.

There are some structurally similar accounts in the implicit bias literature,
and I need to contrast my account with them. I will focus on two of these,
Neil Levy’s patchy endorsement account (Levy 2015) and Ema Sullivan-
Bissett’s unconscious imagination account (Sullivan-Bissett 2019).

The general moral is that both Levy’s concept of patchy endorsement and
Sullivan-Bissett’s concept of unconscious imagination are far into the propo-
sitionalist side of the divide. Levy explicitly claims that the biasing representa-
tions are “patchy endorsements,” which “have some propositional structure”
(Levy 2015, p. 816) and that they “feature in some inferences” (Levy 2015, p. 816).
Mental imagery does not have propositional structure (not even some!) and it
does not feature in inferences.

Similarly, Sullivan-Bissett’s view, according to which the biasing represen-
tation is unconscious imagination, is more permissive towards the proposi-
tionalist than mine as she would allow at least some of the unconscious
imaginative episodes to be propositional attitudes. Imagination is not the
same as mental imagery—imagination is a very specific exercise of mental
imagery. And while there are good empirical and theoretical reasons to think
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that mental imagery can be, and often is, unconscious, it is much more con-
troversial to say that imagination can be unconscious (see Kind 2001 for a
classic argument against this view, but see also Brogaard and Gatzia 2017,
Church 2008, as well as Chapter 22).

The question about what these biasing representations are is crucial not
just out of theoretical interest. If we want to try to eliminate implicit bias, very
different procedures would be needed depending on what these biasing rep-
resentations are. Further, as we will see in Chapter 30, some of the most effi-
cient ways of counteracting implicit bias involves mental imagery. This gives
us yet another strong reason in favor of the view that the biasing representa-
tion of implicit bias is mental imagery.
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Clinical Applications of Mental Imagery

Mental imagery is a crucial ingredient of a wide variety of mental phenomena.
Understanding the role of mental imagery in these mental processes can also
help us to do something about the malfunctioning of these processes. This
chapter is about the use of mental imagery in the service of treating various
negative conditions in clinical practice.

An important development in various branches of psychiatry is to manipu-
late the mental imagery of patients, in order to improve their condition, by
means of techniques such as “imaginal exposure,” “systematic desensitiza-
tion,” and “imagery rescripting.” There are reports of the success of this meth-
odology in the case of mental disorders ranging from bipolar disorders,
schizophrenia, and post-traumatic stress disorder to obsessive compulsive
disorder and depression (Holmes et al. 2010; James et al. 2015; Murphy et al.
2015; Clark et al. 2016; Slofstra et al. 2016; see Pearson et al. 2015 for a
summary).

Take post-traumatic stress disorder, as an example. The main symptom of
post-traumatic stress disorder is the recurring and involuntary negative mental
imagery of the traumatic event. When soldiers come back home after serving
in war zones, for example, vivid and extremely negative mental imagery
(in various sense modalities) is often triggered by various sensory stimuli
(proverbially by fireworks, but also, for example, the smell of a barbecue) (see,
for example, Clark and Mackay 2015).

Another example is depression, where one of the most important indica-
tions of the level of depression is the lack of future positive mental imagery
(see Jietal. 2017 for a summary). Schizophrenia has been shown to be associ-
ated with more vivid negative mental imagery, which is responsible for
changes in perception (Maréthi and Kéri 2018). And mental imagery has also
been taken to be a central component of (especially non-restrictive) eating
disorders as well as many forms of addiction (Sommerville et al. 2007; Kadriu
et al. 2019). Finally, negative imagery plays a crucial role in anxiety disorders
(Hirsch and Holmes 2007).

Given the centrality of mental imagery in these conditions, a number of
techniques have been developed to change the subjects’ negative mental
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imagery. One way of doing so is by weakening the subjects’ mental imagery
(by making them perform tasks that compete for the same mental resources).
A famous example of this is to have subjects with recent’ trauma play Tetris, a
mental imagery-involving game, which competes with the traumatic mental
imagery, thereby preventing the traumatic event from being consolidated in
memory (Holmes et al. 2010).

A related, and much hyped technique is “eye movement desensitization
and reprocessing,” used to treat anxiety as well as post-traumatic stress disor-
der and addiction. The subjects have to recall the traumatic or anxiety-
producing event while performing various directed eye movement exercises
(see van den Hout et al. 2013 for details). While “eye movement desensitiza-
tion and reprocessing” is not, on the face of it, an imagery treatment, it can be
straightforwardly explained in terms of the role of mental imagery in epi-
sodic memory.

As we know from a number of studies (see Chapter 3), mental imagery is a
central ingredient of episodic memory. We also know that episodic memory
is constructive (see Chapter 21): remembering an event we have experienced
is not the mere accessing of the memory trace, but the active construction of a
memory. Remembering an event changes the way it is encoded (so next time
you will remember it differently). Finally, we have also seen the role of eye
movements in mental imagery (see Chapter 7). If we put these three pieces
together, this explains why “eye movement desensitization and reprocessing”
works the way it does.

When the subject recalls the traumatic event while moving their eyes, this
reduces the vividness of the mental imagery involved in that episodic mem-
ory, given that incongruous eye movement reduces the vividness of mental
imagery. And as the very act of remembering an event changes its representa-
tion in memory, when this memory gets re-encoded, it will be encoded in a
less vivid manner.

Further techniques involving imagery consist of changing one’s mental
imagery in various ways, for example by questioning its validity/reality, or by
re-describing it in different terms, or just by manipulating it, the way one can
imagine a cupcake with a cherry on the top and then replace, in imagination,
the cherry with a raspberry.

In the treatment of some (non-restrictive) eating disorders, the desirability
of food items can be regulated with the help of voluntary mental imagery of

1 <«

Recent” here means something that has happened less than six hours ago, which is widely held
to be the window of memory consolidation.
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unrelated food items. For example, imagining the taste and smell of desirable
food makes the subjects choose a smaller portion of another food item that
they also like (and that is in front of them; see Cornil and Chandon 2016; see
also Chapter 25; Harvey et al. 2005; Andrade et al. 2012 on the motivating
role of imagery in craving).

Finally, imaginal exposure means that the usually involuntary imagery
(in post-traumatic stress disorders, phobias, or panic attacks) is conjured up
voluntarily. For example, phobia of spiders can be treated very quickly and
efficiently by imaginal exposure alone—even one session of 10 minutes of
voluntarily conjuring up mental imagery of spiders leads to a much less
intense emotional reaction to spider-related stimuli one week later (Hoppe
etal. 2021).2

It is important that almost all the clinical procedures described so far rely
on the manipulation of the conscious and voluntary mental imagery of the
subjects: they ask the patients to visualize a certain event. But as we have seen,
this is just one way of triggering mental imagery and one that is dependent on
a lot of factors that might prevent the patient from succeeding in visualizing
what she is asked to visualize. Voluntary mental imagery is hard to maintain
and even harder to control. If the experimenter asks me to visualize a spider,
I may or may not do it. And even if I do visualize it, I may just have a quick
flash of a spider and then I just think of something else instead.

Inducing involuntary mental imagery, on the other hand, could bypass
these blocks and it could provide a more efficient way of interfering with the
patients’ mental imagery. This is what happens in the Tetris experiment, for
example, which is one of the most successful and widely replicated uses of
mental imagery in clinical practice. But, given that mental imagery can also
be automatically induced by means of crossmodal activation, there are many
more options of bypassing the worries about voluntary mental imagery.

The role involuntary imagery can play is especially promising in the light of
findings according to which voluntary visualization suppresses non-visual
sensory activation (Amedi et al. 2005). So, voluntarily visualizing an apple
prevents activations in the olfactory or gustatory sense modalities. Given the
multimodal nature of perceptual episodes, this makes voluntary visualizing
much more impoverished than perceiving when it comes to non-visual sense
modalities and this, in turn, can weaken the effect of imagery treatment.

> While these techniques work very well on average, there is great variability of the efficiency of this
method between subjects (see, for example, Williams et al. 2013; Blackwell et al. 2013).
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Inducing mental imagery crossmodally (hence, involuntarily) obviously does
not have these undesired consequences.

Here is a demonstration of how involuntary mental imagery can be used in
a much more efficient manner than voluntary imagery. The most widespread
cause of tinnitus is the malfunctioning or reorganization of the auditory cor-
tex (Muhlnickel et al. 1998—1I set aside some rarer forms of tinnitus, like
“objective tinnitus”). And one of the quickest ways of treating tinnitus is by
playing music with the tinnitus tone and its octaves blocked out. So, if the
tinnitus is a C# tone, then the subjects are made to listen to tunes they know
well, but each time a C# note would come up, there is just silence (Okamoto
et al. 2010). This is clearly a case of auditory mental imagery. The subjects
have auditory imagery of the C# tone, and this auditory imagery is involun-
tarily triggered (by the surrounding non-C# notes). And this involuntarily
triggered auditory imagery of the C# tone weakens the tinnitus already after a
relatively short period of time. Voluntarily forming auditory imagery of the
C# tone has no such effect.

With this understanding of clinical uses of mental imagery, I want to go
back to two important imagery phenomena I discussed earlier in the book
and draw some conclusions about what we can do about them. I start with the
continuation of the argument in Chapter 29 concerning implicit bias. While
implicit bias is not a clinical condition and counteracting implicit bias is not a
clinical procedure, understanding the role of mental imagery in clinical con-
texts can help us understand not only how to and how not to counteract
implicit bias, but also what implicit bias is.

Among the most efficient ways of manipulating implicit bias, we find many
techniques that manipulate mental imagery. For example, visualizing or put-
ting ourselves imaginatively in the shoes of a member of another racial or
gender group can reduce implicit bias significantly. And, crucially, the extent
of this reduction correlates with the details and vividness of the imagery
involved (Blair et al. 2001; Blair 2002; Lai et al. 2014; see also Peck et al. 2013
for further relevant findings and Markland et al. 2015 for the impact of men-
tal imagery on implicit preferences more generally).

But why would evoking mental imagery (in this unreliable way, which is
difficult to control and maintain) be an efficient way of counteracting implicit
bias? It is difficult for the propositionalist to explain this: if the biasing repre-
sentation is a propositional attitude, then propositionalists would need to
explain why mental imagery—a perceptual process—has a direct impact on it
(while mental imagery does not routinely justify beliefs, as we have seen in
Chapter 24). Even more importantly, they would also need to explain why



234 MENTAL IMAGERY: PHILOSOPHY, PSYCHOLOGY, NEUROSCIENCE

mental imagery has more impact on it than other perceptual processes (like
actual stimulation-driven perception).

Similarly, according to associationism, the best way to unlearn an associa-
tion is extinction and extinction is achieved by repeated exposure to percep-
tual stimuli that goes against the association (if the association is between A
and B, then the extinction would involve exposure to A and non-B or non-A
and B). But the research I cited shows that manipulating mental imagery is a
more efficient way of counteracting implicit bias than extinction and it is
unclear how the associationist could explain this.

The mental imagery view is, obviously, well-suited to explain this—if the
biasing representation is mental imagery, then it should not come as a sur-
prise that the bias can be reverted by manipulating the subject’s mental
imagery.

It is important that this procedure relies fully on the manipulation of the
conscious and voluntary mental imagery of the subjects: they ask the patients
to visualize certain faces, or imagine themselves to be certain people con-
sciously and voluntarily. But as we have seen, this is just one way of triggering
mental imagery and one that is dependent on a lot of factors that might pre-
vent the subject from succeeding in visualizing what she is asked to visualize.
It is also difficult to control whether the subject does in fact visualize the out-
group face she is asked to visualize. Finally, such visual imagery is difficult to
maintain for longer than a couple of seconds. Nonetheless, in spite of all these
practical problems, the imagery-involving procedure is among the most effi-
cient ways of reducing implicit bias. Using the considerations in favor of
involuntary and crossmodally triggered mental imagery can help us consider-
ably in counteracting implicit bias more efficiently.

Yet another phenomenon where the clinical uses of mental imagery could
be of help is pain (see Chapter 17). More and more empirical research has
been focusing on the role of mental imagery in pain treatment. One of the
most promising trends, both in the neuroscience of pain and in psychiatric
treatments of chronic pain, is the focus on mental imagery. Many patients
with chronic pain report involuntary mental imagery connected with the
pain and some of them also report developing coping mental imagery
(Winterowd et al. 2003; Berna et al. 2012; Gosden et al. 2013). Finally, one of
the most efficient ways of treating chronic pain is to alter the mental imagery
of patients (Moseley 2004, 2006; Maclver et al. 2008; Philips 2011; Fardo et al.
2015; Volz et al. 2015).

Here is one illustrative example. Berna et al. (2011) and Berna et al. (2012)
give the case study of a 47-year-old woman with chronic pelvic pain, who had
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recurrent spontaneous mental imagery of a burning hole at the locus of the
pain. This intrusive spontaneous mental imagery was not detachable for her
from the pain itself. She also developed coping imagery of a hot water bottle
applied on the locus of the pain, which helped her a great deal. This is not an
isolated example (see Maclver et al. 2008; Fardo et al. 2015; and Volz et al.
2015 for very similar case studies).

This coping imagery (like the intrusive recurrent mental imagery of a
burning hole at the locus of the pain) is often involuntary. But modifying this
involuntary coping imagery (and making it compete with the intrusive
imagery more efficiently) can help the patient even more (see Berna et al.
2012). Coping imagery has also been extensively used for preparing patients
before surgery (Tusek et al. 1997). All these findings about the importance of
imagery in pain treatment lend further support to the claim I made in
Chapter 17 about the central role of imagery in pain perception.

A lot has been said about using imagery to promote mental health in self-
help circles (see, for example, Rossman 2000). My dentist told me last week to
imagine being on the beach listening to the waves crashing. It didn’t help. So
there would be good reason for skepticism about the health benefits of
imagery. But part of the practical benefits of the book is that by clarifying
what role mental imagery plays in our mental life, it makes it easier to find out
how and why mental imagery can help us in clinical contexts.
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Mental Imagery in Art

The importance of mental imagery can be traced beyond the confines of
neuroscience, psychology and philosophy of mind." To show the reach of the
concept, I want to explore the role mental imagery plays in a philosophical
subdiscipline that, at first glance, may seem as far removed from neurosci-
ence, psychology, and philosophy of mind as possible: aesthetics.

Mental imagery plays an important role in our engagement with, and
appreciation of, artworks, which makes mental imagery a crucial concept in
aesthetics (see also Lopes 2003; Nanay 2016d; Stokes 2019). While mental
imagery may also play a crucial role in artistic creation, as many artists and
composers like to emphasize, I will focus here on the importance of mental
imagery in engaging with artworks.

A property is aesthetically relevant if attending to it makes an aesthetic dif-
ference (Nanay 2016d). This aesthetic difference can be of various kinds:
prompting an aesthetic experience (whatever that may be), strengthening or
weakening our identification with a fictional character, triggering a frisson
(Nanay forthcoming d), appreciating a narrative twist, and so on.

Here is an example from Nanay 2019b. If you look at Bruegel’s The Fall of
Icarus, without knowing the title and without knowing much about the paint-
ing, you probably see a nice diagonal composition, half landscape, half sea-
scape, with a peasant at the center. But if you know that it is supposed to
depict the fall of Icarus (presumably because you've read the title), you will
probably start looking. Where is Icarus? I don’t see anyone falling. You fever-
ishly scan the picture for some trace of Icarus and then you find him (or at
least his legs) just below the large ship. You are now attending to that property
and this makes a significant aesthetic difference in your experience of the pic-
ture. The whole picture will look very different now. So the depiction of
Icarus’s legs would count as an aesthetically relevant property.

It should be clear that aesthetically relevant properties are not the same as
aesthetic properties: properties like being beautiful, being graceful, or being

! One such field of research is ethics, where we now know that mental imagery plays an important
role in moral judgment (Amit and Greene 2012).
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ugly. Icarus’s legs are not aesthetic properties: they are neither pretty nor ugly.
Aesthetic properties are notoriously difficult to define (Sibley 1959). Aesthetically
relevant properties are much less complicated: any property can be an
aesthetically relevant property as long as attending to it makes an aesthetic
difference to your experience.

The crucial question from our point of view is how aesthetically relevant
properties are represented. The Icarus example shows that they can be repre-
sented perceptually: we see Icarus’s legs and seeing them makes an aesthetic
difference. But not all aesthetically relevant properties are perceptually repre-
sented. Some are clearly non-perceptual. If we think that a painting was
painted by Vermeer and then find out that it is a forgery, this may make an
aesthetic difference to our experience. But the property of being painted by
Vermeer is not a perceptually represented property, regardless of how liberal
we are with what properties are perceptually represented (Siegel 2006, 2007;
Masrour 2011; Nanay 2011a, 2011d, 2012c, 2012d; see also Stokes 2014).

From the point of view of this book, the most important cases are those
where aesthetically relevant properties are represented by means of mental
imagery. I will argue that there are very many of these and, as a result, we
should take mental imagery to be a key concept in aesthetics (see also Nanay
forthcoming f).

Before turning to the specific arts, I want to highlight the aesthetic rele-
vance of two distinctions that I have been using throughout the book. The
first one is between determinable and determinate imagery: sometimes art-
works aim to evoke mental imagery that is very determinate, but other times
the evoked mental imagery is deliberately determinable. This difference is
very significant in different artistic traditions. For example, literary and picto-
rial modernism almost obsessively opts for determinable mental imagery, as
we shall see below.

The second familiar distinction is about whether imagery is influenced in a
top-down manner. As we have seen, mental imagery can be influenced in a
top-down manner, hence, understanding mental imagery is crucial for
explaining how our beliefs and knowledge show up in our engagement with
artworks. Here is Marcel Proust, whose novel contains what I consider to be
the most rigorous and most insightful account of mental imagery in art
appreciation (and in general), making the same distinction:

If T could stand still for a second to give a closer look to everything, to all
details, I would see a blemish on her nose, traces of rash on her skin, an
awkward smile, a clueless glance, maybe a bulging belly and not what I had
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imagined; for each time I saw a pretty face or a graceful line, I would com-
plete it charitably with a beautiful shoulder or a charming gaze, on the basis
of a memory or pre-imagination, which I had always carried with me,
although seeing a living creature glanced only for a second could be as mis-
leading as the quick reading of texts, when reading one syllable without see-
ing what follows it prompts us to complete the word in a way that is dictated
by our memory only.”

We can now examine how mental imagery colors and sometimes even consti-
tutes our engagement with art.’ I start with visual art and music and then turn
to literature and conceptual art.

A somewhat obvious way in which mental imagery plays a role in our
engagement with visual arts follows from the simple fact that most pictorial
art does not normally encompass the entire visual field. So those parts of the
depicted scene that fall outside the frame, could be, and very often are, repre-
sented by means of mental imagery. We have already seen two examples of
this in Chapter 20. The first one was Degas, whose paintings often feature
protagonists who are placed in a way that only parts of them are inside the
frame. The rest we need to complete by means of mental imagery. The second
example was Buster Keaton, who also uses the viewer’s mental imagery of the
off-screen space in his films, but normally for comical effects. The use of off-
screen space in a certain tradition of art films has been analyzed by Noel
Burch, with special emphasis of Jean Renoir’s Nana (1926) and some Ozu,
Antonioni, and Bresson films (Burch 1973, pp. 17-31), especially concerning
the technical details of how these artists direct our attention to aesthetically
relevant properties (of various kinds) that fall outside the frame in these
works, and the role mental imagery plays in this process (see also Bonitzer
1971-1972; Saxton 2007).

But mental imagery is also often used within the picture frame. Michael
Baxandall assembled a great variety of fifteenth-century sources about the
importance of visual imagery in the ways in which fifteenth-century Italian
observers engaged with religious pictures, especially pictures of the Madonna.
As Baxandall’s textual evidence, for example from the treatise “Zardino de

* Marcel Proust: A LOmbre des Jeunes Filles en Fleurs. 1919, p. 457.

* This claim is less surprising if we consider non-Western aesthetic traditions. A key concept in
Japanese aesthetics is that of “hidden beauty” or Yugen, the appreciation of which involves something
akin to mental imagery (of the hidden and incomplete aspects) (Saito 1997). And the eleventh-century
Islamic philosopher Ibn Sina also heavily emphasized the importance of imagery in our experience of
beauty (Gonzales 2001). See Nanay (2022d and forthcoming a) on the importance of mental imagery
in non-Western aesthetic traditions.



242 MENTAL IMAGERY: PHILOSOPHY, PSYCHOLOGY, NEUROSCIENCE

Oration” written in 1454, shows, fifteenth-century observers filled in the details
of paintings that were left intentionally underspecified or blank by the painter
with their own personal mental imagery and this explains some of the visual
features of, for example, depictions of Madonna’s face (Baxandall 1972).

To move a bit closer to the present, in the 1950 American film Harvey, the
character played by Jimmy Stewart is an alcoholic and he hallucinates a six-
foot three-and-a-half-inch-tall rabbit (or pooka...). We don't see anyone, but
the Jimmy Stewart character clearly does. And, crucially, all the scenes with
the imaginary rabbit are framed as if there really were a rabbit in them. So
when we see the Jimmy Stewart character in an armchair having a conversa-
tion with Harvey, this shot is framed in a way as if there really were a six-foot-
tall creature next to him. This framing is aesthetically relevant and its choice
clearly relies on the viewer’s mental imagery.

In this example, we have a fairly good idea what we're supposed to form
a mental imagery of—the Jimmy Stewart character gives a fairly accurate
description of Harvey’s alleged appearance. But there are examples where
we are in a much less fortunate epistemic situation. One classic example is
Bunuel’s Belle de Jour, where the Chinese businessman shows a little box to
the Catherine Deneuve character, who is clearly fascinated by what is inside.
She sees it, he sees it, but we, the viewers don't. There is a humming voice
coming from the box, but we never see what is inside. We have a very indeter-
minate (crossmodally triggered) visual mental imagery of what could possi-
bly be in the box—whatever is in the box is left intentionally indeterminate.

The French film director, Robert Bresson often uses mental imagery in this
indeterminate manner, so much so that he even takes this use of mental
imagery to be the mark of a “good” director (or, as he would put it, of a cine-
matographer, not merely of a director): “Don’t show all sides of the object.
A margin of indefiniteness” (Bresson 1975/1977, p. 52).

One relatively simple use of mental imagery inside the frame comes from
the abundance of occlusion in most everyday perceptual scenes (and, as a
result, in most depicted scenes). Hiding aesthetically relevant properties in
occluded parts of depicted objects has a long history, Rogier Van der Weyden
plays with this in his Seven Sacraments (Antwerp), where he depicts one of
the characters in a way that only the tip of his nose and chin are visible.
Antonioni’s LEclisse (1962) uses occlusion in a way that is clearly aesthetically
relevant—for example when we first see the two protagonists in the same
frame both half occluded by the same giant column. And Godard’s Vivre sa
Vie (1962) starts with a long (seven minute) scene where the two main pro-
tagonists are filmed from behind—we hear their conversation, but we do not
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see their faces. We need to use mental imagery to represent very important
aesthetically relevant properties.

Some less high-brow examples: Monty Python’s How not to be seen sketch
relies entirely on the comic effects of mental imagery that we use to represent
occluded people. Also, in the sitcom Seinfeld, one of the recurring characters,
Mr Steinbrenner is only ever shown occluded. We sometimes see his head
from behind, but his face is occluded. When we first see him, we only see his
hand when he shakes hands with George, but the rest of his body is occluded
behind a wall. And we sometimes see the shadow of his profile, but the only
way we can represent his face is by means of mental imagery.

In the Seinfeld example (and in the Godard example as well), the use of
occlusion is really a game or a running (visual) gag. But it can also be used in
a more disconcerting manner, where the occluded parts of the scene are rep-
resented as something that is potentially dangerous or uncertain. Marguerite
Duras’s India Song (1975) is a clear example, where the vast majority of the
shots have a large occluded space, typically another room, in the background,
where something potentially important could be happening, but we never see
what that is. Rene Magritte’s paintings and Andres Serranos or Issei Suda’s
photographs almost always hide some aesthetically relevant features behind
an occluder in a way that we can only form very indeterminate mental
imagery of what is occluded (see also Nanay 2019a on the role mental imagery
plays in some works of portraiture). And Apichatpong Weerasethakul’s films
use this effect as the general emotional background that creates a sense of
anxiety because we have no idea what is hidden behind, say, the jungle in
Tropical Malady (2004).

Again, this, unlike the Seinfeld example, saddles us with deliberately inde-
terminate mental imagery. There is, presumably, a fact of the matter about
how Mr. Steinbrenner looks (and the same goes for how Nana looks in
Godard’s Vivre sa Vie). But there is no fact of the matter about what is in the
box in Belle de Jour or in the next room in India Song or in the jungle in
Apichatpong Weerasethakul’s films. And this is what makes these aestheti-
cally relevant properties that are represented by means of indeterminate
mental imagery, disconcerting. As Proust says, “It’s so soothing to be able to
form a clear picture of things in one’s mind. What is really terrible is what one
cannot imagine”*

* Marcel Proust: Swann’s Way (1913) (trans. C. K. Scott Moncrieff). New York: Modern Library,
1928, p. 525.
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The next form of imagery I want to examine is multimodal mental imagery.
While it was not referred to in these terms, multimodal mental imagery was a
significant theme in classical aesthetic theory, starting with Lessing, Goethe,
and Schopenhauer, who all argued against the use of multimodal mental
imagery in visual art as it dilutes the purity of art forms (Gombrich 1964). So
they insisted that visual works should not evoke auditory mental imagery (for
example, by depicting someone screaming).

But multimodal mental imagery has become extremely widespread in the
last 150 years or so of visual art. We have already seen one example of multi-
modal mental imagery in the Belle de Jour scene. But it is difficult to overem-
phasize the importance of this way of using aesthetic imagery in certain art
films. Early film theorists, who were exasperated by the advent of talkies in
the late 1920s, took the use of what I call multimodal mental imagery to be
one of the saving graces of the invention of sound (see, for example,
Balazs 1930).

Multimodal mental imagery became a hallmark of 1960s European mod-
ernist art films. In some of his films, Jean-Luc Godard used sound primarily
as a prompt for triggering visual mental imagery (see Levinsons 2016 sensi-
tive analysis of the use of sound in Masculin/Feminin (1966) from this point
of view). And both Bresson and Michelangelo Antonioni used sound this way
for much of their career, and they were also very explicit about this way of
using sound in their theoretical writings and interviews. As Bresson said,
“The eye solicited alone makes the ear impatient, the ear solicited alone makes
the eye impatient. Use these impatiences” (Bresson 1975/1977, p. 28) and
“A locomotive’s whistle imprints on us a whole railroad station” (Bresson
1975/1977, p. 39). And here is Antonioni giving a textbook definition of mul-
timodal mental imagery: “When we hear something, we form images in our
head automatically in order to visualize what we hear” (Antonioni 1982, p. 6).
Both Bresson and Antonioni use multimodal mental imagery that is indeter-
minate and that is also very much emotionally charged. As a last quote, to
illustrate the emotional potentials of multimodal mental imagery, here is
Proust again:

“The senses are chasing each other so that you can enjoy scent, flavor and
touch without the help of the hands or the lips; and this art of the intertwin-
ing, makes it possible [...] to conjure up forbidden caresses, touches and
tastes from the color of faces or breasts”’

* Marcel Proust: A LOmbre des Jeunes Filles en Fleurs. 1919, p. 572.
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As a counterbalance to this high-brow overkill, it needs to be emphasized
that multimodal mental imagery can also be used in a very different manner
and still be aesthetically relevant. As Ridley Scott repeatedly emphasizes in his
interviews about his Alien trilogy, the Alien is shown relatively rarely because
having mental imagery of it is much scarier than seeing it. This general credo
has been used in suspense for a long time (from Hitchcock films to Jaws).
Finally, the recurring joke on Friends about the ugly naked guy who lives
across the street (but whom we never see) clearly utilizes multimodal mental
imagery.

Next up: temporal mental imagery. Aesthetically relevant properties are
often represented by means of temporal mental imagery. In Henri Cartier-
Bresson's Behind Saint-Lazare Station (Paris, 1932), we see a man jumping
across a puddle, with moderate success. What we see in the picture is a man
in the air. But the mental imagery of his landing in the puddle is very much
aesthetically relevant.

Further, in the case of some of Vermeer’s paintings, what is striking is that
while the paintings depict an action (woman pouring milk from a jug, mea-
suring something on a scale, reading a letter, and so on), the mental imagery
of the scene a second ago and the mental imagery of the scene in a second
would look exactly the way the picture looks. In sharp opposition to the
Cartier-Bresson example, in these Vermeer paintings, the temporal mental
imagery does not represent something different from what we already see in
the picture. And this clearly adds to the tranquility of these paintings.

A special case of temporal mental imagery would deserve much longer dis-
cussion: some of our expectations in temporal art forms amount to mental
imagery. This is a well-researched topic in music psychology, where some
expectations clearly count as mental imagery, in the sense of early auditory
processing that is not directly triggered by auditory sensory input (Kraemer
et al. 2005; Zatorre and Halpern 2005; Leaver et al. 2009; Herholz et al. 2012;
Yokosawa et al. 2013; see also Judge and Nanay 2021 for a philosophical sum-
mary). The same goes for some expectations in film as well (the classic 80s
comedy, Top Secret (1984) being a treasure trove of violated visual expecta-
tions that clearly involve temporal mental imagery; see Chapter 11 for a typi-
cal example).

But it needs to be noted that this does not mean that all of our expectations
concerning an artwork would amount to mental imagery. When I go to see
the new James Bond film, I have a firm expectation that Bond will not die at
the end (as we have learned recently, we may be terribly wrong about this...).
But this has nothing to do with mental imagery. Nonetheless, at least some
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expectations (of the more immediate kind) would amount to mental imagery
and some uses of them (for example various violations of these expectations)
are clearly aesthetically relevant.

Mental imagery also plays a crucial role in our appreciation of music, pri-
marily as a result of the importance of musical expectations, which are a form
of auditory mental imagery (but see also the importance of multimodal men-
tal imagery in musical listening, summarized in Nanay 2023). Expectations
play a crucial role in our engagement with music. When we are listening to a
song, even when we hear it for the first time, we have some expectations of
how it will continue. And when it is a tune we are familiar with, this expecta-
tion can be quite strong (and easy to study experimentally). When we hear
Ta-Ta-Ta at the beginning of the first movement of Beethoven’s Fifth
Symphony in C minor, Op. 67 (1808), we will strongly anticipate the closing
Taaaam of the Ta-Ta-Ta-Taaaam. Much of our expectations are fairly indeter-
minate: when we are listening to a musical piece we have never heard before,
we will still have some expectations of how a tune will continue, but we don’t
know what exactly will happen. We can rule out that the violin glissando will
continue with the sounds of a beeping alarm clock (unless it’s a really avant-
garde piece...), but we can't predict with great certainty how exactly it will
continue. Our expectations are malleable and dynamic: they change as we
listen to the piece (Judge and Nanay 2021).

Expectations are mental states that are about how the musical piece will
unfold. So they are future-directed mental states. But this leaves open just
what kind of mental states they are—how they are structured, how they repre-
sent this upcoming future event and so on. At least some forms of expecta-
tions in fact count as mental imagery. And musical expectations (of the kind
involved in examples like the Ta-Ta-Ta-Taaaam) count as auditory temporal
mental imagery: they are auditory representations that result from perceptual
processes that are not directly triggered by the auditory input. The listener
forms mental imagery of the fourth note (“Taaaam”) on the basis of the expe-
rience of the first three (“Ta-Ta-Ta”) (there is a lot of empirical evidence that
this is in fact what happens—see Kraemer et al. 2005; Zatorre and Halpern
2005; Leaver et al. 2009; Herholz et al. 2012; Yokosawa et al. 2013). This men-
tal imagery may or may not be conscious. But if the actual “Taaaam” diverges
from the way our mental imagery represents it (if it is delayed, or altered in
pitch or timbre, for example), we notice this divergence and experience its
salience in virtue of a noticed mismatch between the experience and the men-
tal imagery that preceded it.



APPENDIX: MENTAL IMAGERY IN ART 247

The Ta-Ta-Ta-Taaaam example is a bit simplified, so here is a real-life and
very evocative case study, an installation by the British artist, Katie Peterson.
The installation is an empty room with a grand piano in it, which plays auto-
matically. It plays a truncated version of Beethoven’s Moonlight Sonata. The
title of the installation is “Earth-Moon-Earth (Moonlight Sonata Reflected
From The Surface of The Moon™ (2007)). Earth-Moon-Earth is a form of trans-
mission (between two locations on Earth), where Morse codes are beamed up
to the Moon and they are reflected back to Earth. While this is an efficient
way of communicating between two far-away (Earth-based) locations, some
information is inevitably lost (mainly because some of the light does not get
reflected back but it is absorbed in the Moon’s craters). In “Earth-Moon-Earth
(Moonlight Sonata Reflected From The Surface of The Moon” (2007), the piano
plays the notes that did get through the Earth-Moon-Earth transmission sys-
tem, which is most of the notes, but some notes are skipped. Listening to the
music the piano plays in this installation, if you know the piece, your auditory
mental imagery is constantly active, filling in the gaps where the notes are
skipped.

I will say very little about the use of mental imagery in theater, because of
the obviously huge role it plays there. Peter Brook described theater as taking
place in an “empty space”: “I can take any empty space and call it a bare stage.
A man walks across this empty space whilst someone else is watching him,
and this is all that is needed for an act of theater to be engaged” (Brook 1968).
This empty space is filled in with the help of our (top-down and often quite
specific) mental imagery. I will only give one very evocative example of a the-
ater performance that took place in the Iranian theater space Rooberoo
Mansion in Tehran (I deliberately omit the name of the group for potential
censorship complications). The only performer is a woman wearing a burka
(like many women in public in Iran) and at some point of the performance
she tells the audience that she is completely naked under the burka and raises
questions about the legality of this. It is difficult to even begin to understand
the audience’s engagement with the piece without appealing to visual imagery.

Reading a novel tends to lead to mental imagery in a variety of sense
modalities. This triggering of mental imagery is typically involuntary: you do
not need to count to three and voluntarily conjure up the mental imagery of
the protagonist’s face, instead, you have involuntary mental imagery episodes
somewhat reminiscent of flashbacks (this claim comes with the usual proviso
that there are huge interpersonal variations in this, and many aphantasics
don’t report any mental imagery while reading). While this kind of mental
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imagery is often visual (when you have imagery of the protagonist’s face or
the layout of the room that they are in), it can also be auditory (of the protag-
onist’s tone of voice, for example), olfactory, or even gustatory (see Starr 2013
for a wide-ranging analysis with an emphasis on multimodal mental imagery;
and Stokes 2019 for the role such mental imagery plays in reading fictional
works). Further, the more vivid the reader’s mental imagery is, the more likely
it is that information from the novel is imported into the reader’s beliefs about
the real world (Green and Brock 2000).

At the end of the first book of In Search of Lost Time, Marcel Proust gives a
brief but very sophisticated account of how words trigger mental imagery,
which is also indicative of the way Proust himself manipulates the reader’s
mental imagery. He makes a distinction between names and words and argues
that names trigger more specific or more determinate mental imagery than
words. Here is what he says:

Words present to us little pictures of things, lucid and normal, like the
pictures that are hung on the walls of schoolrooms to give children an illus-
tration of what is meant by a carpenter’s bench, a bird, an anthill; things
chosen as typical of everything else of the same sort. But names present to
us—of persons and of towns which they accustom us to regard as individ-
ual, as unique, like persons—a confused picture, which draws from the
names, from the brightness or darkness of their sound, the colour in which
it is uniformly painted.®

Both names and words lead to mental imagery, but then, in turn, mental
imagery influences or colors the name or word when we encounter it the next
time. So throughout the unfolding of the novel, names/words and the mental
imagery they occasion evolve in parallel, influencing each other.

Other writers also actively reflect on how they manipulate the reader’s
mental imagery. George Orwell points out the importance of mental imagery
in understanding metaphors when he says, in Poetics and the English
Language, that “The sole aim of metaphor is to call up a visual image” (see
also Davidson 1978; Green 2017, see also Liu forthcoming on the importance
of mental imagery in poetry).” We might add that this imagery is often not

¢ Marcel Proust: Swann’s Way (1913) (trans. C. K. Scott Moncrieff). New York: Modern Library,
1928, p. 556.

7 The importance of mental imagery in understanding metaphors has also been influential in
Islamic aesthetics, going back all the way to the works of the ninth-century aesthetician, Abu Al-Abbas
Tha'lab (Tha'lab 1966).
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visual, it can be auditory, olfactory, etc. And here is a final example about lit-
erature from the third part of Roberto Bolaio’s novel 2666 (“The Part about
Fate”). This part of the book introduces a New York-based journalist, Oscar
Fate. After about eighty pages of description of Fate’s life in New York City;, it
is revealed that he is in fact African American. This comes after very explicit
nudges to form mental imagery of him as Caucasian, confronting the readers
with their own implicit racial bias.

While discussions of mental imagery crop up in most fields of aesthetics
and art history (including by some of the most influential art historians, like
George Kubler; see Kubler 1987), the role of mental imagery is probably the
most salient if we turn to conceptual art. Many conceptual artworks actively
try to engage our mental imagery in an unexpected manner. Here are two
illustrative (and famous) examples, but the point can be generalized.

Marcel Duchamp’s L.H.O.0.Q. Rasée (1965) is a picture that is perceptually
indistinguishable from a faithful reproduction of Leonardo’s Mona Lisa. But
Duchamp earlier made another picture (L.H.O.0.Q.) where he drew a mus-
tache and beard on the picture of Mona Lisa. Duchamp’s L.H.O.0.Q. Rasée
(because of its title, where “rasée” means “shaven”) is a reference to this earlier
picture and we, presumably, see it differently from the way we see Leonardo’s
original: the missing mustache and beard are part of our experience, whereas
it is not when we look at Leonardo’s original. And it is difficult to see how we
can describe our experience of L.H.0.0.Q. Rasée without some reference to
the mental imagery of the missing beard and mustache. What is interesting in
this example is that the mental imagery of the beard and mustache is influ-
enced in a top-down manner, not only by our prior knowledge (about how
the world is) but also by our prior art historical knowledge.

The second example is Robert Rauschenberg’s Erased de Kooning drawing
(1953), which is just what it says it is: all we see is an empty paper (with hardly
visible traces of the erased drawing on it). Again, it is difficult to look at this
artwork without trying to discern what drawing might have been there before
Rauschenberg erased it. And this involves trying to conjure up mental
imagery of the original drawing. Again, these are two classic examples. But
there are more. The vast majority of Ai Weiwei’s works, for example, rely
heavily on our mental imagery.

In fact, it is not easy to find an example of a conceptual artwork where
mental imagery plays no role. But there are some. One example would be
Robert Barry’s All the things I know, which is nothing but the following sen-
tence written on the gallery wall with simple block letters: “All the things I
know but of which I am not at the moment thinking—1:36 PM; June 15,
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1969” I'm really not sure that this work has much interest in enticing the
viewer’s mental imagery. It is going for a much more cerebral effect.
Nonetheless, in the vast majority of conceptual artworks, mental imagery is a
necessary feature of appreciating the artwork.

I hope I managed to show how much mental imagery can matter in aes-
thetics. And also how it can matter in many other touchy-feely parts of life. It
is not just philosophers, psychologists, and neuroscientists who should take
this concept more seriously. We all should.



Afterword

Is There Anything That Is Not Mental Imagery?

In some ways, this book must be a frustrating read. I went through a great
number of mental phenomena and argued that they are all just mental
imagery or at least heavily depend on mental imagery. Here are some such
mental processes or phenomena: synesthesia, sensory substituted vision,
echolocation, hallucination, attentional templates, pain, perception per se,
amodal completion, object files, much of memory, boundary extension, emo-
tions, desire, cognitive dissonance, and implicit bias. And this is not all. Not
even all that I talked about in this book.

Further, I deliberately avoided writing in this book about some of the men-
tal phenomena that also have a lot to do with mental imagery. Meditation and
altered states of consciousness have been shown to involve a fair amount of
mental imagery (Kozhevnikov et al. 2009), but I decided not to include these
in the book, given that the empirical work is not very well-developed on this.
The same goes for creativity, where mental imagery has long been thought to
play an essential role (see Nanay 2014c for a critical summary). And while I
mentioned dreams and hallucinations as clear examples of mental imagery, I
did not say too much about them (but see Nanay 2016a; Fazekas et al. 2021).

An obvious question then—and I am sure a question that at one point in
reading the book, readers asked themselves—would be: What is not mental
imagery? Is there anything left in the mind that is not just straight-out mental
imagery? In various previous writings, I railed against approaches of the mind
that force one unitary explanatory scheme on all mental functions (see, for
example, Nanay 2013a). Am I doing the same with mental imagery?

In this afterword, I want to highlight what is not mental imagery. Mental
imagery is a form of perceptual processing. And even within the category of
perceptual processing, it is a fairly narrow slice: it is representational process-
ing. So non-representational (say, retinal) perceptual processing is not mental
imagery. Nor is post-perceptual processing (however one draws the line
between perceptual and post-perceptual processing). Finally, and most
importantly, mental imagery is (representational) perceptual processing that
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is not directly triggered by sensory input. In other words, any kind of percep-
tual processing that is directly triggered by sensory input will not count as
mental imagery.

In short, there is a lot in our mind that is not mental imagery: anything
non-perceptual is automatically out. But even within perception, anything
too late, anything too early, and anything sensory stimulation-driven are also
automatically out. The vast majority of our mental processes are not mental
imagery.

But, and this is really what the book was about, many of our mental pro-
cesses have a lot to do with mental imagery because many of those mental
processes that are not mental imagery nonetheless are intricately intertwined
with mental imagery. To take just one example from one of the last chapters, a
desire is not mental imagery: it is something completely different. But I
argued that mental imagery plays a crucial role in explaining desires.

To put it differently, mental imagery is a neatly delineated and somewhat
narrow perceptual process. But it plays a crucial role in a surprisingly large set
of our mental phenomena. And I tried to identify some of these in the book.

But then another question arises: sure, there are lots of mental processes
that are not mental imagery, but is everything in our mind explained by men-
tal imagery? Is it the case that if we have understood mental imagery, we have
thereby understood the whole mind?

While I tried to argue that we can explain a lot of our mind with the help
of mental imagery, it is important to emphasize that mental imagery is not a
silver bullet for explaining the entire mind. Especially in Part IV and Part V
of the book, I tried to push explanations in terms of mental imagery as far as
I could, so it is important to show the limits of such explanations.

Although some have argued otherwise (see, for example, Barsalou 1999),
I don't see any overwhelming evidence that abstract or mathematical reason-
ing would rely on mental imagery in any explanatorily meaningful manner.
I did highlight some role that imagery can and does play here in Chapter 19
(see also Mancosu 2005), but I don’t think there is evidence that mental
imagery drives or explains abstract or mathematical reasoning.

More generally, while I argued for the importance of imagery in decision-
making, I don’t think rational reasoning is explained by mental imagery. So
right there we have a major exception from the explanatory sweep of mental
imagery. You might think that rational reasoning constitutes a big chunk of
the mind. I would vehemently disagree: I happen to think that very little of what
goes on in our mind is rational reasoning and there are empirical reasons for
thinking that this is so (see Chapter 19 and Nanay 2021b for some references).
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Even more importantly, most of the things we care about in life have little to
do with rational reasoning and a lot to do with mental imagery.

As an illustration, let me close the book with the example I began. Henri
Cartier-Bresson, prisoner of war, sitting in a hut, visualizes the sea behind the
mountain range he can see from his window. This mental imagery colors his
perception of the mountain range. And it also gives a positive valence to this
perceptual state. And this makes him happier, more hopeful. This is a great
example of how mental imagery can make a positive difference in our life. As
we have seen from a number of case studies in psychiatry, it can also make a
tragically negative difference as well. We are better off paying attention to how
it works and how it can impact our perception, our mind, and our life.






References

Abbott, T. K. 1904. “Fresh Light on Molyneux’s Problem. Dr. Ramsay’s Case” Mind 13:
543-54.

Aflalo, T., S. Kellis, C. Klaes, B. Lee, Y Shi, K. Pejsa, K. Shanfield, S. Hayes-Jackson,
M. Aisen, C. Heck, C. Liu, and R. A. Andersen. 2015. “Decoding Motor Imagery from
the Posterior Parietal Cortex of a Tetraplegic Human.” Science 348: 906-10.

Aitken, E, G. Menelaou, O. Warrington, R. S. Koolschijn, N. Corbin, M. E. Callaghan, and
P. Kok. 2020. “Prior Expectations Evoke Stimulus-specific Activity in the Deep Layers of
the Primary Visual Cortex” PLoS Biology 18(12): €3001023.

Akins, K. A. and S. Winger. 1996. “Ships in the Night: Churchland and Ramachandran on
Dennett’s Theory of Consciousness” In K. A. Akins (ed.), Perception. Oxford: Oxford
University Press, pp. 173-97.

Aleman, A. and E. H. F. De Haan. 1998. “On Redefining Hallucination” American Journal
of Orthopsychiatry 68: 656-8.

Aleman, A. and F. Larei. 2008. Hallucinations: The Science of Idiosyncratic Perception.
Washington, DC: American Psychological Association.

Aleman, A., L. van Lee, M. Mantione, I. Verkoijnen, and E. de Haan. 2001. “Visual Imagery
without Visual Experiences: Evidence from Congenitally Totally Blind People”
NeuroReport 12(11): 2601-4.

Allefeld, C., P. Putz, K. Kastner and J. Wackermann. 2011. “Flicker-Light Induced Visual
Phenomena: Frequency Dependence and Specificity of Whole Percepts and Percept
Features” Consciousness and Cognition 20: 1344-62.

Allen, K. 2015. “Hallucination and Imagination.” Australasian Journal of Philosophy 93:
287-302.

Allen, P, F Larei, P. K. McGuire, and A. Aleman. 2008. “The Hallucinating Brain: A
Review of Structural and Functional Neuroimaging Studies of Hallucinations”
Neuroscience and Biobehavioral Reviews 32(1): 175-91.

Allen, T. A., A. M. Morris, A. T. Mattfeld, C. E. L. Stark, and N. J. Fortin. 2014. “A Sequence
of Events Model of Episodic Memory Shows Parallels in Rats and Humans”
Hippocampus 24: 1178-88.

Altmann, G. T. M. 2004. “Language-Mediated Eye Movements in the Absence of a Visual
World: The “Blank Screen Paradigm.” Cognition 93: 79-87.

Amedi, A., R. Malach, and A. Pascual-Leone. 2005. “Negative BOLD Differentiates Visual
Imagery and Perception” Neuron 48: 859-72.

Amedi, A., W. M. Stern, J. A. Camprodon, E Bermpohl, L. Merabet, and S. Rotman. 2007.
“Shape Conveyed by Visual to Auditory Sensory Substitution Activates the Lateral
Occipital Complex.” Nature Neuroscience 10: 687-9.

Amit, E. and J. D. Greene. 2012. “You See, the Ends Don't Justify the Means: Visual Imagery
and Moral Judgment.” Psychological Science 23(8): 861-8.

Amsel, B. D., M. Kutas, and S. Coulson. 2017. “Projectors, Associators, Visual Imagery and
the Tome Course of Visual Processing in Grapheme-Color Synesthesia” Cognitive
Neuroscience 8: 206-23.



256 REFERENCES

Anderson, B. A. and S. Yantis. 2013. “Persistence of Value-driven Attentional Capture”
Journal of Experimental Psychology: Human Perception and Performance 39: 6-16.

Anderson, B. L. 2020. “Mid-level Vision” Current Biology 30(3): R105-R109.

Andrade, J., J. May, and D. K. Kavanagh. 2012. “Sensory Imagery in Craving: From
Cognitive Psychology to New Treatments for Addiction” Journal of Experimental
Psychopathology 3: 127-45.

Andrade, J., S. Pears, J. May, and D. J. Kavanagh. 2012. “Use of a Clay Modeling Task to
Reduce Chocolate Craving” Appetite 58: 955-63.

Anscombe, G. E. M. 1957. Intention. Oxford: Basil Blackwell.

Antonioni, M. 1982. “La Method de Michelangelo Antonioni (Interview with Serge
Daney).” Cahiers du Cinema 342(4-7): 61-5.

Aoyama, T. and F. Kaneko. 2011. “The Effect of Motor Imagery on Gain Modulation of the
Spinal Reflex” Brain Research 1372: 41-8.

Arango-Munoz, S. and J. P. Bermudez. 2018. “Remembering as a Mental Action” In
K. Michaelian, D. Debus, and D. Perrin (eds.), New Directions in the Philosophy of
Memory. New York: Routledge.

Arcangeli, M. 2019. Supposition and the Imaginative Realm. London: Routledge.

Arcangeli, M. 2020. “The Two Faces of Mental Imagery.” Philosophy and Phenomenological
Research 101: 304-22.

Arditi, A., J. D. Holtzman, and S. M. Kosslyn. 1988. “Mental Imagery and Sensory
Experience in Congenital Blindness” Neuropsychologia 26: 1-12.

Armstrong, D. M. 2004. “In Defense of the Cognitivist Theory of Perception.” The Harvard
Review of Philosophy 12: 19-26.

Aronson, E. 1969. “The Theory of Cognitive Dissonance: A Current Perspective” Advances
in Experimental Social Psychology 4: 1-34.

Aronson, E. 1992. “The Return of the Repressed: Dissonance Theory Makes a Comeback”
Psychological Inquiry 3: 303-11.

Aronson, E. and J. Mills. 1959. “The Effect of Severity of Initiation on Liking for a Group”
Journal of Abnormal and Social Psychology 59: 177-81.

Arshamian, A, J. K. Olofsson, E U. Jénsson, and M. Larsson. 2008. “Sniff Your Way to
Clarity: The Case of Olfactory Imagery.” Chemosensory Perception 1: 242-6.

Atlas, L. Y. and T. D. Wager. 2012. “How Expectations Shape Pain” Neuroscience Letters
520: 140-8.

Austin, J. T. and J. B. Vancouver. 1996. “Goal Constructs in Psychology: Structure, Process,
and Content.” Psychological Bulletin, 120(3): 338-75.

Auvray, M., S. Hanneton, and J. K. O’'Regan. 2007. “Learning to Perceive with a Visuo-
auditory Substitution System: Localization and Object Recognition with the Voice”
Perception 36: 416-30.

Averbach, E. and G. Sperling. 1961. “Short Term Storage of Information in Vision” In
C. Cherry (ed.), Information Theory. Washington, DC: Butterworth and Co.

Awater, H., J. R. Kerlin, K. K. Evans, and E. Tong. 2005. “Cortical Representation of Space
around the Blind Spot”” Journal of Neurophysiology 94: 3314-24.

Aydede, M. 2009. “Is Feeling Pain the Perception of Something?” The Journal of Philosophy
106(10): 531-67.

Bach, K. 1978. “A Representational Theory of Action” Philosophical Studies 34: 361-79.

Bach-y-Rita, P, C. C. Collins, E A. Saunders, B. White, and L. Scadden. 1969. “Vision
Substitution by Tactile Image Projection.” Nature 221: 963-64.

Bach-y-Rita, P. and S. W. Kercel. 2003. “Sensory Substitution and the Human-Machine
Interface” Trends in Cognitive Sciences 7: 541-6.



REFERENCES 257

Bain, D. 2011. “The Imperative View of Pain” Journal of Consciousness Studies
18(9-10): 164-85.

Bain, D. 2013. “What Makes Pains Unpleasant?” Philosophical Studies 166, S69-S89.

Bainbridge, W. A. and C. I. Baker. 2020. “Boundaries Extend and Contract in Scene
Memory Depending on Image Properties” Current Biology 30(3): 537-43.E3.

Baker, A. 2003. “Quantitative Parsimony and Explanatory Power” British Journal of
Philosophy of Science 54: 245-59.

Bakin, J., K. Nakayama, and C. Gilbert. 2000. “Visual Responses in Monkey Areas V1 and
V2 to Three-Dimensional Surface Configurations.” Journal of Neuroscience 20: 8188-98.

Bakker, E. C., M. S. J. Boschker, and T. Chung. 1996. “Changes in Muscular Activity while
Imagining Weight Lifting Using Stimulus or Response Propositions.” Journal of Sport
and Exercise Psychology 18: 313-24.

Balazs, B. 1930. Der Geist des Films. Halle: Knapp.

Ban, H., H. Yamamoto, T. Hanakawa, S. Urayama, T. Aso, H. Fukuyama, and Y. Ejima.
2013. “Topographic Representation of an Occluded Object and the Effects of
Spatiotemporal Context in Human Early Visual Areas” Journal of Neuroscience 33:
16992-7007.

Bannert, M. M. and A. Bartels. 2017. “Invariance of Surface Color Representations across
[luminant Changes in the Human Cortex.” NeuroImage 158: 356-70.

Barlassina, L. and M. K. Hayward. 2019. “More of Me! Less of Me! Reflexive Imperialism
about Affective Phenomenal Character” Mind 128: 1013-44.

Barlassina, L. and A. Newen. 2014. “The Role of Bodily Perception in Emotion: In Defense
of an Impure Somatic Theory.” Philosophy and Phenomenological Research 89: 637-78.
Barnett, K. J. and E N. Newell. 2008. “Synaesthesia is Associated with Enhanced, Self-

Rated Visual Imagery” Consciousness and Cognition 17(3): 1032-9.

Barnett, K. ], J. ] Foxe, S. Molholm, S. P. Kelly, S. Shalgi, K. J. Mitchell, and F. N. Newell.
2008. “Differences in Early Sensory-Perceptual Processing in Synesthesia: A Visual
Evoked Potential Study” Neuroimage 43(3): 605-13.

Baron, R., A. Binder, N. Attal, R. Casale, A. H. Dickenson, and R.-D. Treede. 2016.
“Neuropathic Low Back Pain in Clinical Practice” European Journal of Pain 20: 861-73.

Barsalou, L. W. 1999. “Perceptual Symbol System.” Behavioral and Brain Sciences 22:
577-660.

Bartolomeo, P. 2002. “The Relationship between Visual Perception and Visual Mental
Imagery: A Reappraisal of the Neuropsychological Evidence” Cortex 38: 357-78.

Bayne, T. 2009. “Perception and the Reach of Phenomenal Content” Philosophical
Quarterly 59: 385-404.

Baxandall, M. 1972. Painting and Experience in Fifteenth Century Italy. Oxford: Oxford
University Press.

Beaumont, G., C. Mercier, P. E. Michon, F. Malouin, and P. L. Jackson. 2011. “Decreasing
Phantom Limb Pain through Observation of Action and Imagery: A Case Series.” Pain
Medicine 12: 289-99.

Beck, J. 2014. “Analogue Magnitudes, the Generality Constraint, and Nonconceptual
Thought” Mind 123(492): 1155-65.

Beck, J. 2015. “Analogue Magnitude Representations: A Philosophical Introduction” The
British Journal for the Philosophy of Science 66: 829-55.

Bedny, M. 2017. “Evidence from Blindness for a Cognitively Pluripotent Cortex.” Trends in
Cognitive Sciences 21: 637-48.

Bendana, J. and E. Mandelbaum. 2021. “The Fragmentation of Belief” In C. Borgoni (ed.),
The Fractured Mind. Oxford: Oxford University Press, pp. 78-107.



258 REFERENCES

Benedetti, F., M. Lanotte, L. Lopiano, and L. Colloca. 2007. “When Words Are Painful:
Unraveling the Mechanisms of the Nocebo Effect” Neuroscience 147: 260-71.

Benedetti, F, H. S. Mayberg, T. D. Wager, C. S. Stohler, and J.-K. Zubieta. 2005.
“Neurobiological Mechanisms of the Placebo Effect” Journal of Neuroscience 25:
10390-402.

Bennet, R. and M. Reiner. 2022. “Shared Mechanisms Underlie Mental Imagery and Motor
Planning.” Scientific Reports 12: 2947.

Benoit, R. G, P. C. Paulus, and D. L. Schachter. 2019. “Forming Attitudes Via Neural
Activity Supporting Affective Episodic Simulations.” Nature Communications 10: 2215.

Bensafi, M., J. Porter, S. Pouliot, J. Mainland, B. Johnson, and C. Zelano. 2003.
“Olfactomotor Activity during Imagery Mimics that during Perception” Nature
Neuroscience 6: 1142-4.

Bensafi, M., N. Sobel, and R. M. Khan. 2007. “Hedonic-Specific Activity in the Piriform
Cortex during Odor Imagery Mimics that during Odor Perception” Journal of
Neurophysiology 98: 3254-62.

Berkes, P, G. Orban, M. Lengyel, and J. Fiser. 2011. “Spontaneous Cortical Activity Reveals
Hallmarks of an Optimal Internal Model of the Environment.” Science 331: 83-87.

Bergen, B., S. Lindsay, T. Matlock, and S. Narayanand. 2007. “Spatial and Linguistic
Aspects of Visual Imagery in Sentence Comprehension.” Cognitive Science 31: 733-64.

Berger, C. C. and H. H. Ehrsson. 2013. “Mental Imagery Changes Multisensory Perception.”
Current Biology 23: 1367-72.

Berger, C. C. and H. H. Ehrsson. 2014. “The Fusion of Mental Imagery and Sensation in
the Temporal Association Cortex.” Journal of Neuroscience 34: 13684-92.

Berger, C. C. and H. H. Ehrsson. 2018. “Mental Imagery Induces Cross-Modal Sensory
Plasticity and Changes Future Auditory Perception” Psychological Science 29: 926-35.
Berger, J. 2019. “Implicit Attitudes and Awareness.” Synthese. Advance online publication.

Available at https://doi.org/10.1007/s11229-018-1754-3.

Berger, J. and B. Nanay. 2016. “Relationalism and Unconscious Perception” Analysis
76: 426-33.

Berger, J., B. Nanay and J. Quilty-Dunn. 2018. “Unconscious Perceptual Justification”
Inquiry 61: 569-89.

Bergmann, J., E. Genc, A. Kohler, W. Singer, and J. Pearson. 2016. “Smaller Primary Visual
Cortex Is Associated with Stronger, but Less Precise Mental Imagery” Cerebral Cortex
26: 3838-50.

Bergmann, J., A. T. Morgan, and L. Muckli. 2019. “Two Distinct Feedback Codes in V1 for
‘Real’ and Tmaginary’ Internal Experiences.” BioRxiv, 664870.

Berkeley, G. 1709. An Essay Towards a New Theory of Vision. Dublin: Papyat.

Berkeley, G. 1710. Treatise Concerning the Principles of Human Knowledge. Dublin: Papyat.

Bermudez, J. 2003. Thinking Without Words. Cambridge MA: MIT Press.

Berna, C., I. Tracey, and E. A. Holmes. 2012. “How a Better Understanding of Spontaneous
Mental Imagery Linked to Pain could Enhance Imagery-based Therapy in Chronic
Pain?” Journal of Experimental Psychopathology 3: 258-73.

Berna, C., K. Vincent, J. Moore, L. Tracey, G. M. Goodwin, and E. A. Holmes. 2011.
“Presence of Mental Imagery Associated with Chronic Pelvic Paln A Pilot Study.” Pain
Medicine 12, 1086-93.

Bernecker, S. 2010. Memory: A Philosophical Study. Oxford: Oxford University Press.

Bernecker, S. 2017. “Memory and Truth” In S. Bernecker and K. Michaelian (eds.), The
Routledge Handbook of Philosophy of Memory. London: Routledge.


https://doi.org/10.1007/s11229-018-1754-3

REFERENCES 259

Berridge, K. and T. E. Robinson. 2003. “Parsing Reward” Trends in Neurosciences
26:507-13.

Berridge, K. C. and T. E. Robinson. 1995. “The Mind of an Addicted Brain: Neural
Sensitization of Wanting versus Liking” Current Directions in Psychological Science
4(3): 71-6.

Berridge, K. C. and R. B. Zajonc. 1991. “Hypothalamic Cooling Elicits Eating: Differential
Effects on Motivation and Pleasure.” Psychological Science 2(3): 184-8.

Berryhill, M. E,, L. Phuong, L. Picasso, R. Cabeza, and I. R. Olson. 2007. “Parietal Lobe and
Episodic Memory: Bilateral Damage Causes Impaired Free Recall of Autobiographical
Memory.” Journal of Neuroscience 27: 14415-23.

Bertelson, P. 1999. “Ventriloquism: A Case of Cross-Modal Perceptual Grouping” In
G. Aschersleben, T. Bachmann, and J. Miisseler (eds.), Cognitive Contributions to the
Perception of Spatial and Temporal Events. Amsterdam: Elsevier, pp. 347-62.

Bertelson, P. and B. de Gelder. 2004. “The Psychology of Multimodal Perception” In
C. Spence and J. Driver (eds.), Crossmodal Space and Crossmodal Attention. Oxford:
Oxford University Press, pp. 141-77.

Bessenoff, G. R. and J. W. Sherman. 2000. “Automatic and Controlled Components of
Prejudice toward Fat People: Evaluation versus Stereotype Activation.” Social Cognition
18:329-53.

Blackwell, S. E. N. Rius-Ottenheim, Y. W. M. Schulte-van Maaren, 1. V. E. Carlier,
V. D. Middelkoop, E G. Zitman, P. Spinhoven, E. A. Holmes, E. J. Giltay. 2013.
“Optimism and Mental Imagery: A Possible Cognitive Marker to Promote Wellbeing?”
Psychiatry Research 206: 56-61.

Blair, I. V. 2002. “The Malleability of Automatic Stereotypes and Prejudice.” Personality and
Social Psychology Review 6: 242-61.

Blair, I. V., J. E. Ma, and A. P. Lenton. 2001. “Imagining Stereotypes Away: The Moderation
of Implicit Stereotypes through Mental Imagery” Journal of Personality and Social
Psychology 81: 828-41.

Blaney, P. H. 1986. “Affect and Memory.” Psychological Bulletin 99: 229-46.

Block, N. 1995. “On a Confusion about a Function of Consciousness.” Behavioral and
Brain Sciences 18: 227-47.

Block, N. 2003. “Tactile Sensation via Spatial Perception.” Trends in Cognitive Sciences
7:285-6.

Block, N. 2006. “Bodily Sensations As an Obstacle for Representationism” In M. Aydede
(ed.), Paln New Essays on Its Nature and the Methodology of Its Study. Cambridge, MA:
MIT Press, pp. 137-42.

Block, N. 2007. “Consciousness, Accessibility, and the Mesh between Psychology and
Neuroscience.” Behavioral and Brain Sciences 30: 481-99.

Block, N. 2008. “Consciousness and Cognitive Access.” Proceedings of the Aristotelian
Society 108: 289-317.

Block, N. 2011. “Perceptual Consciousness Overflows Cognitive Access” Trends in
Cognitive Sciences 15: 567-75.

Block, N. 2014. “Seeing-as in Light of Vision Science” Philosophy and Phenomenological
Research 89(1): 560-72.

Block, N. 2016. “The Anna Karenina Principle and Skepticism about Unconscious
Perception.” Philosophy and Phenomenological Research 93(2): 452-9.

Block, N. and Phillips, I. 2017. “Debate on Unconscious Perception.” In B. Nanay (ed.), Current
Controversies in Philosophy of Perception. New York, London: Routledge, pp. 165-92.



260 REFERENCES

Blomkvist, A. forthcoming. “Aphantasia: In Search of a Theory” Mind & Language.

Boccia, M., V. Sulpizio, L. Palermo, L. Piccardi, C. Guariglia, and G. Galati. 2017. “I Can
See Where You Would Be: Patterns of fMRI Activity Reveal Imagined Landmarks.”
Neurolmage 144: 174-82.

Bonnet, M. and J. Requin. 1982. “Long Loop and Spinal Reflexes in Man during Preparation
for Intended Directional Hand Movements.” Journal of Neuroscience 2: 90-6.

Bonnet, M., J. Decety, M. Jeannerod, and J. Requin. 1997. “Mental Simulation of an Action
Modulates the Excitability of Spinal Reflex Pathways in Man” Cognitive Brain Research
5:221-8.

Bonitzer, P. 1971-1972. “Hors-Champ (un espace en défaut)” Cahiers du cinéma
234-5:15-26.

Botvinick, M. M., T. S. Braver, D. M. Barch, C. S. Carter, and J. D. Cohen. 2001. “Conflict
Monitoring and Cognitive Control” Psychological Review 108: 624-52.

Boutonnet, B. and G. Lupyan. 2015. “Words Jump-Start Vision: A Label Advantage in
Object Recognition.” Journal of Neuroscience 35: 9329-35.

Brady, M. 2009. “The Irrationality of Recalcitrant Emotions” Philosophical Studies
145: 413-30.

Brand, M. 1979. “The Fundamental Question of Action Theory.” Noils 13: 131-51.

Brand, M. 1984. Intending and Action. Cambridge, MA: The MIT Press.

Brandt, S. A. and Stark, L. W. 1997. “Spontaneous Eye Movements during Visual Imagery
Reflect the Content of the Visual Scene”” Journal of Cognitive Neuroscience 9: 27-38.

Brang, D., U. Teuscher, L. E. Miller, V. S. Ramachandran, and S. Coulson. 2011.
“Handedness and Calendar Orientations in Time-Space Synaesthesia” Journal of
Neuropsychology 5(2): 323-32.

Brang, D., L. E. Williams, and V. S. Ramachandran. 2012. “Grapheme-Color Synesthetes
Show Enhanced Crossmodal Processing between Auditory and Visual Modalities.”
Cortex 48: 630-7.

Brascamp, J. W,, T. H. J. Knapen, R. Kanai, R. van Ee, and A. V. van den Berg. 2007. “Flash
Suppression and Flash Facilitation in Binocular Rivalry” Journal of Vision 7: 12.

Bratman, M. E. 1987. Intentions, Plans and Practical Reason. Cambridge: Cambridge
University Press.

Bregman, A. S. 1990. Auditory Scene Analysis: The Perceptual Organization of Sound.
Cambridge: Bradford Books, MIT.

Brehm, J. W. and A. R. Cohen. 1962. Explorations in Cognitive Dissonance. Hoboken,
NJ: Wiley.

Bresson, R. 1975/1977. Note on the Cinematographer. Paris: Gallimard, 1975; New York:
Urizen, 1977.

Brevers, D., A. Cleereman, A. Bechara, C. Lalayaux, C. Kornreich, P. Vebanck, and X. Noel.
2011. “Time Course of Attentional Bias for Gambling Information in Problem
Gambling” Psychology of Addictive Behaviors 25: 675-82.

Brevers, D., A. Cleereman, F Verbruggen, A. Bechara, C. Kornreich, P. Vebanck, and
X. Noel. 2012. “Impulsive Action But Not Impulsive Choice Determines Problem
Gambling Severity” PLoS ONE 10(1371): e0050647.

Brewer, B. 2007. “Perception and Its Objects.” Philosophical Studies 132: 87-97.

Brewer, B. 2011. Perception and Its Objects. Oxford: Oxford University Press.

Brewin, C. R. 2014. “Episodic Memory, Perceptual Memory, and Their Interaction:
Foundations for a Theory of Posttraumatic Stress Disorder” Psychological Bulletin
140: 69-97.



REFERENCES 261

Bridge, H., S. Harrold, E. A. Holmes, M. Stokes, and C. Kennard. 2012. “Vivid Visual
Mental Imagery in the Absence of the Primary Visual Cortex.” Journal of Neurology 259:
1062-70.

Briscoe, R. 2008. “Vision, Action, and Make-Perceive” Mind and Language 23: 457-97.

Briscoe, R. 2011. “Mental Imagery and the Varieties of Amodal Perception” Pacific
Philosophical Quarterly 92: 153-73.

Briscoe, R. 2018. “Superimposed Mental Imagery: On the Uses of Make-Perceive” In
E. Macpherson and F Dorsch (eds.) Perceptual Memory and Sensory Imagination.
Oxford: Oxford University Press.

Broad, C. D. 1923. Scientific Thought. London: Routledge and Kegan Paul.

Brodsky, W., A. Henik, B. S. Rubinstein, and M. Zorman. 2003. “Auditory Imagery from
Musical Notation in Expert Musicians” Attention, Perception, and Psychophysics
65(4): 602-12.

Brook, P. 1968. The Empty Space. New York: Atheneum.

Brozzo, C. 2017. “Motor Intentions: How Intentions and Motor Representations Come
Together” Mind and Language 32: 231-56.

Bruno, M. and E. Mandelbaum. 2010. “Locke’s Answer to Molyneux’s Thought
Experiment.” History of Philosophy Quarterly 27(2): 165-80.

Bullier, J. 2001. “Integrated Model of Visual Processing.” Brain Research Reviews 36: 96-107.

Bullier, J. 2004. “Communications between Cortical Areas of the Visual System” In
L. M. Chalupa and J. S. Werner (eds.), The Visual Neurosciences. Cambridge, MA: MIT
Press, pp. 522-40.

Burch, N. 1973. Theory of Film Practice. New York: Praeger.

Burge, T. 2009. “Perceptual Objectivity” Philosophical Review 118: 285-324.

Burge, T. 2010. The Origins of Objectivity. Oxford: Clarendon.

Burton, H. 2003. “Visual Cortex Activity in Early and Late Blind People” Journal of
Neuroscience 23: 4005-11.

Burns, B. 1987. “Is Stimulus Structure in the Mind’s Eye? An Examination of Dimensional
Structure in Iconic Memory.” The Quarterly Journal of Experimental Psychology Section
A 39(3): 385-408.

Bushnell, B. N,, P. . Harding, Y. Kosai, and A. Pasupathy. 2011. “Partial Occlusion
Modulates Contour-Based Shape Encoding in Primate Area V4. Journal of Neuroscience
31:4012-24.

Butterfill, S. and C. Sinigaglia. 2014. “Intention and Motor Representation in Purposive
Action.” Philosophy and Phenomenological Research 88: 119-45.

Byrne, A. 2007. “Possibility and Imagination.” Philosophical Perspectives 21: 125-44.

Byrne, A. 2009. “Experience and Content.” Philosophical Quarterly 59(236): 429-51.

Byrne, P, S. Becker, and N. Burgess. 2007. “Remembering the Past and Imagining the Future:
A Neural Model of Spatial Memory and Imagery.” Psychological Review 114: 340-75.

Calvert, G. A., E. T. Bullmore, M. J. Brammer, R. Campbell, S. C. R. Williams, P. K. McGuire,
P. W. R. Woodruff, S. D. Iversen, and A. S. David. 1997. “Activation of Auditory Cortex
during Silent Lipreading?” Science 276: 593-6.

Camp, E. 2017. “Perspectives in Imaginative Engagement with Fiction” Philosophical
Perspectives 31: 73-102.

Campbell, J. 2002. Reference and Consciousness. Oxford: Oxford University Press.

Campbell, J. 2005. “Molyneux’s Question and Cognitive Impenetrability” In A. Raftopoulos
(ed.), Cognitive Penetrability of Perception: Attention, Strategies and Bottom-Up
Constraints. New York: Nova Science.



262 REFERENCES

Candel, L., H. Merckelbach, and M. Zandbergen. 2003. “Boundary Distortions for Neutral
and Emotion Pictures” Psychonomic Bulletin and Review 10(3): 691-5.

Calzavarini, F. 2019. “The Empirical Status of the Pictorial View of Meaning?” Journal of
Consciousness Studies 26(11-12): 33-59.

Carey, S., and F. Xu. 2001. “Infants’ Knowledge of Objects: Beyond Object Files and Object
Tracking” Cognition 80(1): 179-213.

Carlino, E., E. Frisaldi, and F. Benedetti. 2014. “Pain and the Context” Nature Rev.
Rheumatol 10: 348-55.

Carruthers, P. 2005. “Conscious Experience versus Conscious Thought” In Carruthers,
Peter: Consciousness: Essays from a Higher-Order Perspective. Oxford: Clarendon Press,
pp. 134-56.

Carruthers, P. 2017. “Blocks Overflow Argument” Pacific Philosophical Quarterly
98: 65-70.

Caselli, G. and M. M. Spada. 2011. “The Desire Thinking Questionnaire: Development and
Psychometric Properties” Addictive Behavior 36: 1061-7.

Cattaneo, Z. and T. Vecchi. 2011. Blind Vision: The Neuroscience of Visual Impairment.
Cambridge, MA: MIT Press.

Cattaneo, Z., T. Vecchi, C. Cornoldi, I. Mammarella, D. Bonino, E. Ricciardi, and P. Pietrini.
2008. “Imagery and Spatial Processes in Blindness and Visual Impairment.” Neuroscience
and Biobehavioral Reviews 32(8): 1346-60.

Cavedon-Taylor, D. 202la. “Mental Imagery: Pulling the Plug on Perceptualism.
Philosophical Studies 178(12): 3847-68.

Cavedon-Taylor, D. 2021b. “Untying the Knot: Imagination, Perception and their Neural
Substrates” Synthese 199(3-4): 7203-30.

Chadwick, M. J,, S. L. Mullally, and E. A. Maguire. 2013. “The Hippocampus Extrapolates
beyond the View in Scenes” Cortex 49: 2067-79.

Chalmers, D. J. 2002. “Does Conceivability Entail Possibility?” In T. S. Gendler and
J. Hawthorne (eds.), Conceivability and Possibility. Oxford: Oxford University Press,
pp. 145-200.

Chan, J. S., J. J. E van den Bosch, S. Theves, S. Hardt, P. Pflanz, J. Lotsch, J. Kaiser, and
M. J. Naumer. 2014. “Synaesthesia or Vivid Imagery? A Single Case fMRI Study of
Visually Induced Olfactory Perception.” Multisensory Research 27: 225-46.

Chang, H. 2012. Is Water H20? Dordrecht: Springer

Chebat, D. R., V. Harrar, R. Kupers, S. Maidenbaum, A. Amedi, and M. Ptito. 2018.
“Sensory Substitution and the Neural Correlates of Navigation in Blindness. Mobility of
Visually Impaired People”” In E. Pissaloux and R. Velazquez (eds.), Mobility of Visually
Impaired People. Cham: Springer, pp. 111-36.

Chen, J., B. Liu, B. Chen, and F. Fang. 2009. “Time Course of Amodal Completion in Face
Perception”” Vision Research 49: 752-8.

Chen, M. and J. A. Bargh. 1997. “Nonconscious Behavioural Confirmation Processes: The
Self-Fulfilling Consequences of Automatic Stereotype Activation” Journal of
Experimental Social Psychology 33: 541-60.

Chen, Y.-C. and C. Spence. 2011a. “Crossmodal Semantic Priming by Naturalistic Sounds
and Spoken Words Enhances Visual Sensitivity” Journal of Experimental Psychology:
Human Perception and Performance 37(5): 1554-68.

Chen, Y.-C. and C. Spence. 2011b. “The Crossmodal Facilitation of Visual Object
Representations by Sound: Evidence from the Backward Masking Paradigm.” Journal of
Experimental Psychology: Human Perception and Performance 37(6): 1784-802.



REFERENCES 263

Cheselden, W. 1728. “An Account of Some Observations Made by a Young Gentleman,
Who Was Born Blind, or Lost His Sight so Early that He Had No Remembrance of Ever
Having Seen, and Was Couchd between 13 and 14 Years of Age” Philosophical
Transactions 402: 447-50.

Chiou, R., A. N. Rich, S. Rogers, and J. Pearson. 2018. “Exploring the Nature of Synaesthetic
Experience: Dissociations from Colour Perception and Imagery.” Cognition 177: 107-21.

Chirimuuta, M., and M. W. D. Paterson. 2015. “A Methodological Molyneux Question:
Sensory Substitution, Plasticity and the Unification of Perceptual Theory.” In D. Stokes
and M. Matthen (eds.), Perception and Its Modalities. Oxford: Oxford University Press,
pp. 410-31.

Chomanski, B. 2018. “On the Relation between Visualized Space and Perceived Space”
Review of Philosophy and Psychology 9: 567-83.

Church, J. 2008. “The Hidden Image: A Defense of Unconscious Imagining and Its
Importance” American Imago 65: 379-404.

Churchland, P. S. and V. S. Ramachandran. 1993. “Filling In Why Dennett Is Wrong” In
B. Dahlbom (ed.), Dennett and His Critics. Oxford: Blackwell, pp. 28-52.

Clark, A. 1997. Being There: Putting Brain, Body and World Together Again. Cambridge,
MA: MIT Press.

Clark, A. 2000. A Theory of Sentience. Oxford: Clarendon Press.

Clark, A. 2004. “Sensing, Objects, and Awareness: Reply to Commentators” Philosophical
Psychology 17: 563-89.

Clark, A. 2011. “Vicissitudes of Non-Visual Objects” Philosophical Studies 153: 175-81.

Clark, I. A. and C. E. Mackay. 2015. “Mental Imagery and Post-Traumatic Stress Disorder:
A Neuroimaging and Experimental Psychopathology Approach to Intrusive Memories
of Trauma.” Frontiers in Psychiatry 6: 104.

Clark, I. A., E. A. Holmes, M. W. Woolrich, and C. E Mackay. 2016. “Intrusive Memories to
Traumatic Footage: The Neural Basis of Their Encoding and Involuntary Recall”
Psychological Medicine 46: 505-18.

Clarke, S. 2016. Investigating What Felt Shapes Look Like. i-Perception 7(1): 1-6.

Clichy, R. M., J. Heinzle, and J.-D. Haynes. 2012. “Imagery and Perception Share Cortical
Representation of Content and Location.” Cerebral Cortex 22: 372-80.

Clowes, M. B. 1971. “On Seeing Things.” Artificial Intelligence 2: 79-116.

Cohen, J. 1996. “The Imagery Debate: A Critical Assessment” Journal of Philosophical
Research 21: 149-82.

Cohen, J. 2004. “Objects, Places, and Perception.” Philosophical Psychology 17: 471-95.

Cohen, J. 2010. “Sounds and Temporality” Oxford Studies in Metaphysics 5: 303-20.

Cohen, J. 2017. “Synaesthetic Perception as Continuous with Ordinary Perception, or, We
Are All Synesthetes Now.” In O. Deroy (ed.), Sensory Blending. Oxford: Oxford
University Press.

Cohen, M. and D. Dennett. 2011. “Consciousness Cannot Be Separated From Function.”
Trends in Cognitive Sciences 15: 358-64.

Cohen, M. A,, P. Cavanagh, M. M. Chun, and K. Nakayama. 2012. “The Attentional
Requirements of Consciousness.” Trends in Cognitive Sciences 16: 411-17.

Coltheart, M. 1980. “Iconic Memory and Visible Persistence.” Perception and Psychophysics
27:183-228.

Colzato, L. S., A. Raffone, and B. Hommel. 2006. “What Do We Learn from Binding
Features? Evidence for Multilevel Feature Integration” Journal of Experimental
Psychology: Human Perception and Performance 32: 705-16.



264 REFERENCES

Cone, J. and M. Ferguson. 2015. “He Did What? The Role of Diagnosticity in Revising
Implicit Evaluations.” Journal of Personality and Social Psychology 108: 37-57.

Connolly K. 2013. “How to Test Molyneux’s Question Empirically” i-Perception 4: 508-10.

Cooper, J. 2007. Cognitive Dissonance: 50 Years of a Classic Theory. London: Sage
Publications.

Cornil, Y. and Chandon P. 2016. “Pleasure as a Substitute for Size: How Multisensory
Imagery Can Make People Happier with Smaller Food Portions.” Journal of Marketing
Research 53: 847-64.

Craig, A. D. and M. C. Bushnell. 1994. “The Thermal Grill Illusion: Unmasking the Burn of
Cold Pain? Science 265: 252-5.

Craver-Lemley, C. and A. Reeves. 1992. “How Visual Imagery Interferes with Vision”
Psychological Review 99: 633-49.

Craver-Lemley, C. and A. Reeves. 2013. “Is Synesthesia a Form of Mental Imagery?” In
S. Lacey and R. Lawson (eds.), Multisensory Imagery. New York: Springer, pp. 185-206.

Croijmans, I, L. J. Speed, A. Arshamian, and A. Majid. 2020. “Expertise Shapes Multimodal
Imagery for Wine” Cognitive Science 44: e12842.

Cui, X., C. B. Jeter, D. Yang, P. R. Montague, and D. M. Eagleman. 2007. “Vividness of
mental imagery: Individual Variability can Be Measured Objectively” Vision Research
47:4474-8.

Currie, G. 1995a. “Visual Imagery as the Simulation of Vision” Mind and Language
10: 25-44.

Currie, G. 1995b. “Imagination as Simulation: Aesthetics Meets Cognitive Science” In
M. Davies and T. Stone (eds.), Mental Simulation. Oxford: Blackwell, pp. 151-69.

Currie, G. and I. Ravenscroft. 1997. “Mental Simulation and Motor Imagery.” Philosophy of
Science 64(1): 161-80.

Currie, G. and 1. Ravenscroft. 2002. Recreative Minds: Imagination in Philosophy and
Psychology. Oxford: Oxford University Press.

Cutter, B. and M. Tye. 2011. “Tracking Representationalism and the Painfulness of Pain
Philosophical Issues 21(1): 90-109.

D’Angiulli, A. and A. Reeves. 2003/2004. “Probing Vividness Increment through Imagery
Interruption.” Imagination, Cognition and Personality 23: 63-78.

Dainton, B. 2008. “Sensing Change.” Philosophical Issues 18: 362-84.

Dairymple-Alford, E. C. 1972. “Associative Facilitation and Interference in the Stroop
Color-Word Task” Perception and Psychophysics 11: 274-6.

Darwin, C. R. 1871. The Descent of Man, and Selection in Relation to Sex. London:
John Murray.

David, A. S. 2004. “The Cognitive Neuropsychiatry of Auditory Verbal Hallucinations: An
Overview.” Cognitive Neuropsychiatry 9: 107-23.

Davidson, D. 1978. “What Metaphors Mean.” Critical Inquiry 5: 31-47.

Davidson, D. 1980. Essays on Actions and Events. Oxford: Oxford University Press.

Dawes, A., R. Keogh, T. Andrillon, and J. Pearson. 2020. “A Cognitive Profile of Multi-
Sensory Imagery, Memory and Dreaming in Aphantasia.” Scientific Reports 10: 10022.
De Brigard, E 2014. “Is Memory for Remembering? Recollection as a Form of Episodic

Hypothetical Thinking.” Synthese 191(2): 155-85.

Deroy, O. and M. Auvray. 2012. “Reading the World through the Skin and Ears: A New
Perspective on Sensory Substitution.” Frontiers in Psychology 3: 457.

de Gelder, B, M. Tamietto, A. J. Pegna, and J. Van den Stock. 2015. “Visual Imagery
Influences Brain Responses to Visual Stimulation in Bilateral Cortical Blindness.” Cortex
72:15-26.



REFERENCES 265

de Groot, E, F. Huettig, and C. N. L. Olivers. 2016. “When Meaning Matters: The Temporal
Dynamics of Semantic Influences on Visual Attention” Journal of Experimental
Psychology: Human Perception and Performance 42: 180-96.

De Houwer, J. 2009. “The Propositional Approach to Associative Learning as an Alternative
for Association Formation Models.” Learning and Behavior 37(1): 1-20.

De Houwer, J. 2011. “Evaluative Conditioning: A Review of Functional Knowledge and
Mental Process Theories” In T. Schachtman and S. Reilly (eds.), Associative Learning
and Conditioning Theory: Human and Non-Human Applications. New York: Oxford
University Press.

De Houwer, J., S. Thomas, and E Baeyens. 2001. “Association Learning of Likes and
Dislikes: A Review of 25 Years of Research on Human Evaluative Conditioning”
Psychological Bulletin 127(6): 853-69.

De Lange, E. P, M. Heilbron, and P. Kok. 2018. “How Do Expectations Shape Perception?”
Trends in Cognitive Sciences 22(9): 764-79.

De Meo, R., M. M. Murray, S. Clarke, and P. J. Matusz. 2015. “Top-Down Control and
Early Multisensory Processes: Chicken vs. Egg” Frontiers in Integrative Neuroscience 9: 17.

De Vries, J., M. Byrne, and E. Kehoe. 2014. “Cognitive Dissonance Induction in Everyday
Life: An fMRI Study” Social Neuroscience 10: 268-81.

De Weerd, P, R. Desimone, and L. G. Ungerleider. 1998. “Perceptual Filling-In: A
Parametric Study” Vision Research 38: 2721-34.

De Weerd, P, R. Gattass, R. Desimone, and L. G. Ungerleider. 1995. “Responses of Cells in
Monkey Visual Cortex during Perceptual Filling-in of an Artificial Scotoma” Nature
377:731-4.

De Weerd, P, E. Smith, and P. Greenberg. 2006. “Effects of Selective Attention on
Perceptual Fillingin”” Journal of Cognitive Neuroscience 18: 335-47.

Decety, J., D. Perani, M. Jeannerod, V. Bettinardi, B. Tadary, R. Woods, J. C. Mazziotta, and
E Fazio. 1994. “Mapping Motor Representations with PET” Nature 371: 600-2.

Decety, J., H. Sjoholm, E. Ryding, G. Stenberg, and D. Ingvar. 1990. “The Cerebellum
Participates in Cognitive Activity: Tomographic Measurements of Regional Cerebral
Blood Flow.” Brain Research 535: 313-17.

Dechent, P, K. D. Merboldt, and J. Frahm. 2004. “Is the Human Primary Motor Cortex
Involved in Motor Imagery?” Cognitive Brain Research 19: 138-44.

Defrin R., A. Ohry, N. Blumen, and G. Urca. 2002. “Sensory Determinants of Thermal
Pain”” Brain 125: 501-10.

Degenaar, M. J. L. 1996. Molyneux’s Problem: Three Centuries of Discussion on the Perception
of Forms. Dordrecht: Kluwer Academic Publishers.

Dehaene, S., J.-P. Changeux, L. Naccache, J. Sackur, and C. Sergent. 2006. “Conscious,
Preconscious, and Subliminal Processing: A Testable Taxonomy.” Trends in Cognitive
Sciences 10: 204-11.

Del Pinal, G. and S. Spaulding. 2018. “Conceptual Centrality and Implicit Bias.” Mind and
Language 33: 95-111.

Dennett, D. 1969. “The Nature of Images and the Introspective Trap” Reprinted in Content
and Consciousness. London: Routledge and Kegan Paul, pp. 132-46.

Dennett, D. C. 1991. Consciousness Explained. Boston, MA: Little, Brown.

Dennett, D. C. 1996. “Seeing Is Believing—Or Is It?” In K. Akins (ed.), Perception. Oxford:
Oxford University Press, pp. 111-31.

Dentico, D., B. L. Cheung, J. Y. Chang, J. Guokas, M. Boly, G. Tononi, and B. Van Veen.
2014. “Reversal of Cortical Information Flow during Visual Imagery as Compared to
Visual Perception” Neuroimage 100: 237-43.



266 REFERENCES

Deonna, J. and E Teroni. 2012. The Emotions. London: Routledge.

Deonna, J. and E. Teroni. 2015. “Emotions as Attitudes.” Dialectica 69(3): 293-311.

Derbyshire, S. W. G., M. G. Whalley, V. A. Stenger, and D. A. Oakley. 2004. “Cerebral
Activation during Hypnotically Induced and Imagined Pain” NeuroImage 23: 392-401.

Deroy, O. and C. Spence. 2013. “Training, Hypnosis, and Drugs: Artificial Synaesthesia, or
Artificial Paradises?” Frontiers in Psychology 4: 660.

Deutsch, R. and Strack, E 2010. “Building Blocks of Social Behavior: Reflective and
Impulsive Processes” In Handbook of Implicit Social Cognition: Measurement, Theory,
and Applications, edited by B. Gawronski and B.K. Payne, 62-79. New York:
Guilford Press.

Deutsch, R., R. Kordts-Freudinger, B. Gawronski, and F. Strack. 2009. “Fast and Fragile: A
New Look at the Automaticity of Negation Processing” Experimental Psychology
56(6): 434-46.

Di Lollo, V. 1977. “Temporal Characteristics of Iconic Memory.” Nature 267: 241-3.

Diekhof, E. K., H. E. Kipshagen, P. Falkai, P. Dechent, J. Baudewig, and O. Gruber. 2011.
“The Power of Imagination—How Anticipatory Mental Imagery Alters Perceptual
Processing of Fearful Facial Expressions.” NeuroImage 54(2): 1703-14.

Dijkstra, N., S. E. Bosch, and M. A. J. van Gerven. 2017a. “Vividness of Visual Imagery
Depends on the Neural Overlap with Perception in Visual Areas.” Journal of Neuroscience
37:1367-73.

Dijkstra, N., S. E. Bosch, and M. A. J. van Gerven. 2019. “Shared Neural Mechanisms of
Visual Perception and Imagery” Trends in Cognitive Sciences 23: 423-34.

Dijkstra, N., M. Mazor, P. Kok, and S. Fleming. 2021. “Mistaking Imagination for Reality:
Congruent Mental Imagery Leads to More Liberal Perceptual Detection” Cognition
212:1-9.

Dijkstra, N., P. Zeidman, S. Ondobaka, M. A. J. van Gerven, and K. Friston. 2017b.
“Distinct Top-Down and Bottom-Up Brain Connectivity during Visual Perception and
Imagery”” Scientific Reports 7: 5677.

Dixon, M. J., D. Smilek, and P. M. Merikle. 2004. “Not All Synaesthetes Are Created Equal:
Projector versus Associator Synaesthetes” Cognitive, Affective and Behavioral
Neuroscience 4(3): 335-43.

Djordjevic, J., R. J. Zatorre, M. Petrides, J. A. Boyle, and M. Jones-Gotman. 2005.
“Functional Neuroimaging of Odor Imagery.” Neuroimage 24: 791-801.

Dodsworth, C., L. J. Norman, and L. Thaler. 2020. “Navigation and Perception of Spatial
Layout in Virtual Echo-Acoustic Space” Cognition 197: 104185.

Doggett, T. and A. Egan. 2007. “Wanting What You Don't Want?” Philosophers’ Imprint 7: 1-17.

Doéring, S. 2007. “Seeing What to Do: Affective Perception and Rational Motivation”
Dialectica 61: 363-94.

Doring, S. 2014. “What Is an Emotion? Musil’s Adverbial Theory.” The Monist 97: 47-65.

Douglas, R. J. and K. A. Martin. 2007. “Mapping the Matrix: The Ways of Neocortex.”
Neuron 56(2): 226-38.

Dretske, E 1988. Explaining Behavior. Reasons in a World of Causes. Cambridge, MA: The
MIT Press.

Dretske, F. 2006. “Perception Without Awareness.” In T. S. Gendler and J. Hawthorne
(eds.), Perceptual Experience. Oxford: Oxford University Press.

Dunham, Y., A. S. Baron, and M. R. Banaji. 2008. “The Development of Implicit Intergroup
Cognition” Trends in Cognitive Sciences 12: 248-53.



REFERENCES 267

Eagleman D. M., A. D. Kagan, S. S. Nelson, D. Sagaram and A. K. Sarma. 2007. A
Standardized Test Battery for the Study of Synesthesia” Journal of Neuroscience Methods
159: 139-45.

Eagleman, D. M. 2009. “The Objectification of Overlearned Sequences: A New View of
Spatial Sequence Synesthesia” Cortex 45: 1266-77.

Echeverri, S. 2016. “Object Files, Properties and Perceptual Content.” Review of Philosophy
and Psychology 7: 283-307.

Edquist, J., A. N. Rich, C. Brinkman, and J. B. Mattingley. 2006. “Do Synaesthetic Colours
Act as Unique Features in Visual Search?” Cortex 42(2): 221-31.

Ehinger, B. V., K. Hausser, J. P. Ossandon, and P. Konig. 2017. “Humans Treat Unreliable
Filled-In Percepts as More Real than Veridical Ones.” eLife 6: €21761.

Ekman, M., P. Kok, and E P. de Lange. 2017. “Time-Compressed Preplay of Anticipated
Events in Human Primary Visual Cortex.” Nature Communications 8: 15276.

Ekroll, V., B. Sayim, R. Van der Hallen, and J. Wagemans. 2016. “Illusory Visual Completion
of an Object’s Invisible Backside Can Make Your Finger Feel Shorter” Current Biology
26:1029-33.

Emmanouil, T. and T. Ro. 2014. “Amodal Completion of Unconsciously Presented Objects.”
Psychonomic Bulletin and Review 21(5): 1188-94.

Erle, T. M., R. Reber, and S. Topolinski. 2017. “Affect from Mere Perception: Illusory
Contour Perception Feels Good” Emotion 17(5): 856-66.

Evans, G. 1985. “Molyneux’s Question” In A. Phillips (ed.), Gareth Evans: Collected Papers.
Oxford: Clarendon Press.

Fang, F, H. Boyaci, D. Kersten, and S. O. Murray. 2008. “Attention-Dependent
Representation of a Size Illusion in Human V1. Current Biology 18: 1707-12.

Fardo, E, M. Allen, E.-M. E. Jegindo, A. Angrilli, and A. Roepstorff. 2015. “Neurocognitive
Evidence for Mental Imagery-Driven Hypoalgesic and Hyperalgesic Pain Regulation”
Neurolmage 120: 350-61.

Farina, M. 2013. “Neither Touch nor Vision: Sensory Substitution as Artificial
Synaesthesia?” Biology and Philosophy 28: 639-55.

Fazekas, P. and B. Nanay. 2021. “Attention Is Amplification, Not Selection.” British Journal
for the Philosophy of Science 72: 299-324.

Fazekas, P, B. Nanay, and J. Pearson. 2021. “Offline Perception” Special issue of
Philosophical Transaction of the Royal Society B, 376 (1817): 20190686.

Feltz, D. L. and D. M. Landers. 1983. “The Effects of Mental Practice on Motor Skill
Learning and Performance: A Meta-Analysis.” Journal of Sport Psychology 5: 25-57.

Fernandez, J. 2019. Memory: A Self-Referential Account. Oxford: Oxford University Press.

Ferretti, G. 2017. “Two Visual Systems in Molyneux Subjects” Phenomenology and the
Cognitive Sciences 17(4): 643-79.

Festinger, L. 1957. A Theory of Cognitive Dissonance. Stanford, CA: Stanford
University Press.

Festinger, L. and N. Maccoby. 1964. “On Resistance to Persuasive Communications.” The
Journal of Abnormal and Social Psychology 68(4): 359-66.

Festinger, L., H. W. Riecken, and S. Schachter. 1956. When Prophecy Fails. Minneapolis,
MN: University of Minnesota Press.

Ffytche, D. 2008. “The Hodology of Hallucinations.” Cortex 44: 1067-83.

Fiehler K, I. Schiitz, T. Meller, and L. Thaler. 2015. “Neural Correlates of Human
Echolocation of Path Direction during Walking” Multisensory Research 28: 195-226.



268 REFERENCES

Filimon, E, J. D. Nelson, D. J. Hagler, and M. I. Sereno. 2007. “Human Cortical
Representations for Reaching: Mirror Neurons for Execution, Observation, and
Imagery” Neurolmage 37(4): 1315-28.

Findlay, J. M. and I. D. Gilchrist. 2003. Active Vision: The Psychology of Looking and Seeing.
Oxford: Oxford University Press.

Fiorani, J. M., M. G. Rosa, R. Gattass, and C. E. Rocha-Miranda. 1992. “Dynamic
Surrounds of Receptive Fields in Primate Striate Cortex: A Physiological Basis for
Perceptual Completion?” Proceedings of the National Academy of Sciences USA 89:
8547-51.

Firestone, C. and B. J. Scholl. 2014. “Top-Down’ Effects Where None should be Found:
The El Greco Fallacy in Perception Research.” Psychological Science 25(1): 38-46.

Firestone, C. and B. J. Scholl. 2016. “Cognition Does Not Affect Perception” Behavioral
and Brain Sciences 39: 1-72.

Fish, W. 2010. Philosophy of Perception. London: Routledge.

Flanagin, V. L., S. Schornich, M. Schranner, N. Hummel, L. Wallmeier, M. Wahlberg,
T. Stephan, and L. Wiegrebe. 2017. “Human Exploration of Enclosed Spaces through
Echolocation.” Journal of Neuroscience 37: 1614-27.

Flombaum, J. I. and B. J. Scholl. 2006. “A Temporal Same-Object Advantage in the Tunnel
Effect: Facilitated Change Detection for Persisting Objects” Journal of Experimental
Psychology: Human Perception and Performance 32: 840-53.

Forscher, P. S., C. K. Lai, J. Axt, C. R. Ebersole, M. Herman, P. G. Devine, and B. A. Nosek.
2016. “A Meta-Analysis of Procedures to Change Implicit Measures” August 15.
Available at https://doi.org/10.31234/osf.io/dv8tu.

Fougnie, D. and G. A. Alvarez. 2011. “Object Features Fail Independently in Visual
Working Memory: Evidence for a Probabilistic Feature-Store Model.” Journal of Vision
11(12): 3.

Fourkas, A. D., S. Ionta, and S. M. Aglioti. 2006. “Influence of Imagined Posture and
Imagery Modality on Corticospinal Excitability” Behavioural Brain Research
168(2): 190-6.

Fox, P. T,, J. V. Pardo, S. E. Petersen, and M. E. Raichle. 1987. “Supplementary Motor and
Premotor Responses to Actual and Imagined Hand Movements with Positron Emission
Tomography.” Society for Neuroscience Abstracts 13: 1433.

Frak, V. G., Y. Paulignan, and M. Jeannerod. 2001. “Orientation of the Opposition Axis in
Mentally Simulated Grasping.” Experimental Brain Research 136: 120-7.

French, C. 2018. “Naive Realism and Diaphaneity” Proceedings of the Aristotelian Society
118: 149-75.

Frijda, N. 2007. The Laws of Emotion. Mahwah, NJ: Lawrence Erlbaum.

Frith, C. D. and D. J. Done. 1988. “Towards a Neuropsychology of Schizophrenia.” British
Journal of Psychiatry 153: 437-43.

Fritsche, M., S. G. Solomon, and F. P. de Lange. 2022. “Brief Stimuli Cast a Persistent Long-
term Trace in Visual Cortex.” Journal of Neuroscience 42: 1999-2010.

Frost, K. 2014. “On the Very Idea of Direction of Fit” Philosophical Review 123: 429-84.

Funkhouser, E. 2006. “The Determinable-Determinate Relation.” Nous 40: 548-69.

Gaddy, M. A. and R. E. Ingram. 2014. “A Meta-analytic Review of Mood-Congruent
Implicit Memory in Depressed Mood.” Clinical Psychological Review 34: 402-16.

Gagnier, K. M. and H. Intraub. 2012. “When Less Is More: Line-Drawings Lead to Greater
Boundary Extension than Color Photographs” Visual Cognition 20: 815-24.

Galton, E. 1880. “Statistics of Mental Imagery” Mind 5: 301-18.


https://doi.org/10.31234/osf.io/dv8tu

REFERENCES 269

Gandevia, S. C. and J. Rothwell. 1987. “Knowledge of Motor Commands and the
Recruitment of Human Motoneurons.” Brain 110: 1117-30.

Gandhi, S. P. et al. 1999. “Spatial Attention Affects Brain Activity in Human Primary Visual
Cortex.” Proceedings of the National Academy of Sciences 96: 3314-19.

Gandhi, T. K., S. Ganesh, and P. Sinha. 2014. “Improvement in Spatial Imagery Following
Sight Onset Late in Childhood?” Psychological Science 25: 693-701.

Gandrey, P, C. Paizis, V. Karathanasis, N. Gueugneau, and C. Papaxanthis. 2013.
“Dominant vs. Nondominant Arm Advantage in Mentally Simulated Actions in Right
Handers.” Journal of Neurophysiology110: 2887-94. D0i:10.1152/jn.00123.2013.

Gao, T. and Scholl, B. J. 2010. “Are Objects Required for Object Files? Roles of Segmentation
and Spatiotemporal Continuity in Computing Object Persistence” Visual Cognition
18(1): 82-109.

Gatzia, D. and B. Brogaard. 2016. “Psilocybin, Lysergic Acid Diethylamide, Mescaline, and
Drug-Induced Synesthesia” In V. R. Preedy (ed.), Neuropathology of Drug Addictions
and Substance Misuse, Vol. 2. Amsterdam: Academic Press-Elsevier, pp. 890-905.

Gauker, C. 2020. “On the Difference between Realistic and Fantastic Imagining.” Erkenntnis
87:1563-82.

Gawronski, B. and E. LeBel. 2008. “Understanding Patterns of Attitude Change: When
Implicit Measures Show Change, but Explicit Measures Do Not.” Journal of Experimental
Social Psychology 44(5): 1355-61.

Gawronski, B., E. Walther, and H. Blank. 2005. “Cognitive Consistency and the Formation
of Interpersonal Attitudes: Cognitive Balance Affects the Encoding of Social Information”
Journal of Experimental Social Psychology 41: 618-26.

Gelbard-Sagiv, H., R. Mukamel, M. Harel, R. Malach, and I. Fried. 2008. “Internally
Generated Reactivation of Single Neurons in Human Hippocampus During Free Recall”
Science 322(5898): 96-101.

Gendler, T. Sz. 2000. “The Puzzle of Imaginative Resistance” Journal of Philosophy
97:55-81.

Gendler, T. Sz. 2006. “Imaginative Resistance Revisited” In S. Nichols (ed.), The
Architecture of the Imagination, Oxford: Oxford University Press, pp. 149-73.

Gendler, T. Sz. 2008. “Alief in Action (and Reaction).” Mind and Language 23: 552-85.

Gentili, R., V. Cahouet, Y. Ballay, and C. Papaxanthis. 2004. “Inertial Properties of the Arm
are Accurately Predicted during Motor Imagery.” Behavioural Brain Research 155: 231-9.

Georgopoulos, A. P, J. T. Lurito, M. Petrides, A. B. Schwartz, and J. T. Massey. 1989.
“Mental Rotation of the Neuronal Population Vector” Science 243: 234-6.

Gerard, H. B. and G. C. Mathewson. 1966. “The Effects of Severity of Initiation of Liking
for a Group.” Journal of Experimental Social Psychology 2: 278-87.

Gerbino, W. 2020. “Amodal Completion Revisited” i-Perception 11(4): 2041669520937323.

Gerdes, A. B. M., M. ]. Wieser, and G. W. Alpers. 2014. “Emotional Pictures and Sounds: A
Review of Multimodal Interactions of Emotion Cues in Multiple Domains.” Frontiers in
Psychology 5: 1351.

Ghazanfar, A. A. and C. E. Schroeder. 2006. “Is Neocortex Essentially Multisensory?”
Trends in Cognitive Sciences 10: 278-85.

Ghijsen, H. 2016. “The Real Epistemic Problem of Cognitive Penetration” Philosophical
Studies 173: 1457-75.

Girard, P, J. M. Hupe, and J. Bullier. 2001. “Feedforward and Feedback Connections
between Areas V1 and V2 of the Monkey Have Similar Conduction Velocities.” Journal
of Neurophysiology 85: 1328-31.



270 REFERENCES

Giummarra, M. and L. Moseley. 2011. “Phantom Limb Pain and Bodily Awareness:Current
Concepts and Future Directions.” Current Opinions in Anesthesiology 24: 524-31.

Glass, D. C. 1964. “Changes in Liking as a Means of Reducing Cognitive Discrepancies
between Self-Esteem and Aggression”” Journal of Personality 32: 531-49.

Glenney B. 2013. “Philosophical Problems, Cluster Concepts and the Many Lives of
Molyneux’s Question.” Biology and Philosophy 28(3): 541-58.

Goffaux, P., W. J. Redmond, P. Rainville, and S. Marchand. 2007. “Descending Analgesia—
When the Spine Echoes What the Brain Expects” Pain 130: 137-43.

Goldie, P. 2004. On Personality. London: Routledge.

Goldman, A. 1999. Knowledge in A Social World. Oxford: Clarendon Press.

Gombrich, E. H. 1964. “Moment and Movement in Art” Journal of the Warburg and
Courtauld Institutes 27: 293-306.

Gonsalves, B., P. ]. Reber, D. R. Gitelman, T. B. Parrish, M. M. Mesulam, and K. A. Paller.
2004. “Neural Evidence that Vivid Imagining can Lead to False Remembering”
Psychological Science 15: 655-60.

Goodale, M. A., D. Pelisson, and C. Prablanc. 1986. “Large Adjustments in Visually Guided
Reaching Do Not Depend on Vision of the Hand or Perception of Target Displacement.”
Nature, 320: 748-50.

Gongzales, V. 2001. Beauty and Islam. London: I.B. Tauris Publishers.

Gonzalez, J., A. Barros-Loscertales, F. Pulvermuller, V. Meseguer, A. Sanjuan, and
V. Beloch. 2006. “Reading Cinnamon Activates Olfactory Brain Regions” Neuroimage
32:906-12.

Goodale, M. A. and A. D. Milner. 2004. Sights Unseen. Oxford: Oxford University Press.

Gordon, R. D. and D. E. Irwin. 1996. “What’s in an Object File? Evidence from Priming
Studies” Perception and Psychophysics 58(8): 1260-77.

Gordon, R. D. and D. E. Irwin. 2000. “The Role of Physical and Conceptual Properties in
Preserving Object Continuity” Journal of Experimental Psychology: Learning, Memory,
and Cognition 26(1): 136-50.

Gosden, T., P. G. Morris, N. B. Ferreira, C. Grady, and D. T. Gillanders. 2013. “Mental
Imagery in Chronic Paln Prevalence and Characteristics” European Journal of Pain
18: 721-8.

Gottesman, C. V. and H. Intraub. 2002. “Surface Construal and the Mental Representation
of Scenes” Journal of Experiment Psychology: Human Perception and Performance
28(3): 589-99.

Gottesman, C. V. and H. Intraub. 2003. “Constraints on the Spatial Extrapolation in the
Mental Representation of Scenes: View-Boundaries vs. Object-Boundaries” Visual
Cognition 10(7): 875-93.

Gottfried, J. A., A. P. Smith, M. D. Rugg, and R. J. Dolan. 2004. “Remembrance of Odors
Past: Human Olfactory Cortex in Cross-Modal Recognition Memory” Neuron
42: 687-95.

Gottfried, J. A., J. O'Doherty, and R. J. Dolan. 2002. “Appetitive and Aversive Olfactory
Learning in Humans Studied Using Event-Related Functional Magnetic Resonance
Imaging?” Journal of Neuroscience 22: 10829-37.

Gow, L. 2019. “Everything Is Clear: All Perceptual Experiences Are Transparent” European
Journal of Philosophy 27: 412-25.

Gray, R. 2011. “On the Nature of the Senses” In E MacPherson (ed.), The Senses. Oxford:
Oxford University Press, pp. 243-60.

Green, E. J. and J. Quilty-Dunn. 2021. “What Is an Object File?” British Journal for the
Philosophy of Science 72: 665-99.



REFERENCES 271

Green, M. 2017. “Imagery, Expression and Metaphor.” Philosophical Studies 174: 33-46.

Green, E. J. 2018. “What Do Object Files Pick Out?” Philosophy of Science 85: 177-200.

Green, M. C. and T. C. Brock. 2000. “The Role of Transportation in the Persuasiveness of
Public Narratives” Journal of Personality and Social Psychology 79(5): 701-21.

Greenspan, P. 1988. Emotions and Reasons. London: Routledge.

Greenwald, A. 1970. “Sensory Feedback Mechanisms in Performance Control: With
Special Reference to the Ideo-Motor Mechanism.” Psychological Review 77: 73-99.

Greenwald, A. and B. Nosek. 2009. “Attitudinal Dissociation: What Does It Mean?” In
R. Petty, R. Fazio, and P. Brinol (eds.), Attitudes: Insights from the New Implicit Measures.
New York: Psychology Press.

Greenwald, A., D. McGhee, and J. Schwartz. 1998. “Measuring Individual Differences in
Implicit Cognition: The Implicit Association Test” Journal of Personality and Social
Psychology 74(6): 1464-80.

Gregory, A. 2012. “Changing Direction on Direction of Fit” Ethical Theory and Moral
Practice 15(5): 603-14.

Gregory, A. 2017. “Might Desires Be Beliefs About Normative Reasons for Action?” In
E Lauria and J. A. Deonna (eds.), The Nature of Desire. Oxford: Oxford University Press.

Gregory, D. 2010. “Imagery, the Imagination and Experience” Philosophical Quarterly
60: 735-53.

Gregory, D. 2014. Showing, Sensing, and Seeming: Distinctively Sensory Representations and
Their Contents. Oxford: Oxford University Press.

Gregory, D. 2018. “Visual Expectations and Visual Imagination” Philosophical Perspectives
31: 187-206.

Gregory, D. 2020. “Imagery and Possibility.” Noiis 54: 755-73.

Gregory, R. L. 1987. The Oxford Companion to The Mind. Oxford: Oxford University Press.

Grice, H. P. 1961. “The Causal Theory of Perception.” Proceedings of the Aristotelian Society,
Suppl. 35: 121-53.

Grice, H. P. 1962. “Some Remarks about the Senses” In R. J. Butler (ed.), Analytical
Philosophy. Basil Blackwell, pp. 133-53.

Grill-Spector, K. and R. Malach. 2004. “The Human Visual Cortex” Annual Review of
Neuroscience 27: 649-77.

Gross, S. and J. Flombaum. 2017. “Does Perceptual Consciousness Overflow Cognitive
Access? The Challenge from Probabilistic, Hierarchical Processes” Mind ¢ Language
32:358-91.

Grospretre, S., F. Lebon, C. Papaxanthis, and A. Martin. 2019. “Spinal Plasticity with Motor
Imagery Practice” Journal of Physiology 597: 921-34.

Grossberg, S. and E. Mignolla. 1985. “Neural Dynamics of Form Perception: Boundary
Completion, Illusory Figures, and Neon Color Spreading” Psychological Review 92:
173-211.

Grossenbacher, P. G. and C. T. Lovelace. 2001. “Mechanisms of Synesthesia: Cognitive and
Physiological Constraints.” Trends in Cognitive Sciences 5: 36-41.

Guillot, A., E. Lebon, D. Rouffet, S. Champely, J. Doyon, and C. Collet. 2007. “Muscular
Responses during Motor Imagery as a Function of Muscle Contraction Types.
International Journal of Psychophysiology 66: 18-27.

Hahn, A., C. M. Judd, H. K. Hirsh, and I. V. Blair. 2014. “Awareness of Implicit Attitudes.”
Journal of Experimental Psychology: General 143(3): 1369-92.

Hall, R. J. 2008. “If It Itches, Scratch!” Australasian Journal of Philosophy 86(4): 525-35.

Hamann, S. 2001. “Cognitive and Neural Mechanisms of Emotional Memory. Trends in
Cognitive Sciences 5: 394-400.



272 REFERENCES

Hanakawa, T., M. A. Dimyan, and M. Hallett. 2008. “Motor Planning, Imagery, and
Execution in the Distributed Motor Network: A Time-Course Study with Functional
MRI?” Cerebral Cortex 18: 2775-88.

Hansen, T., L. Pracejus, and K. R. Gegenfurtner. 2009. “Color Perception in the
Intermediate Periphery of the Visual Field” Journal of Vision 9(4): 1-12.

Harman, G. 1984. “Logic and Reasoning.” Synthese 60: 107-27.

Harmon-Jones, C., N. Haslam, and B. Bastian. 2017. “Dissonance Reduction in Nonhuman
Animals: Implications for Cognitive Dissonance Theory” Animal Sentience 12(4). DOI:
10.51291/2377-7478.1191.

Harvey, K., E. Kemps, and M. Tiggemann. 2005. “The Nature of Imagery Processes
Underlying Food Cravings.” British Journal of Health Psychology 10: 49-56.

Harrison, J. and S. Baron-Cohen. 1997. “Synesthesia: A Review of Psychological Theory”
In S. Baron-Cohen and J. E. Harrison (eds.), Synaesthesia: Classic and Contemporary
Readings. Basil Blackwell, Oxford, UK, pp. 109-22.

Hauk, O., C. Coutout, A. Holden, and Y. Chen. 2012. “The Time-Course of Single-Word
Reading: Evidence from Fast Behavioral and Brain Responses” Neurolmage 60:
1462-77.

Hayes, S. C. et al. 2004. “Measuring Experiential Avoidance: A Preliminary Test of a
Working Model” The Psychological Record 54(4): 553-78.

Hazenberg, S. and R. Van Lier. 2016. “Disentangling Effects of Structure and Knowledge in
Perceiving Partly Occluded Shapes: An ERP Study”” Vision Research 126: 109-19.

Hazenberg, S. J., M. L. Jongsma, A. Koning, and R. van Lier. 2014. “Differential Familiarity
Effects in Amodal Completion: Support from Behavioral and Electrophysiological
Measurements.” Journal of Experimental Psychology: Human Perception and Performance
40(2): 669-84.

Hegdé, J., E. Fang, S. O. Murray, and D. Kersten. 2008. “Preferential Responses to Occluded
Objects in the Human Visual Cortex.” Journal of Vision 8: 16-35.

Heil, J. 1983. Perception and Cognition. Stanford, CA: University of California Press.

Heil, J. 2011. “The Senses.” In F. MacPherson (ed.), The Senses. Oxford: Oxford University
Press, pp. 284-96.

Held, R., Y. Ostrovsky, T. Gandhi, S. Ganesh, U. Mathur, and P. Sinha. 2011. “The Newly
Sighted Fail to Match Seen with Felt” Nature Neuroscience 14(5): 551-3.

Helm, B. 2001. Emotional Reason. Cambridge: Cambridge University Press.

Helton, G. 2020. “If You Can’t Change What You Believe, You Don’t Believe It” Noiis
54: 501-26.

Helton, G. and B. Nanay. 2019. “Amodal Completion and Knowledge.” Analysis 79: 415-23.

Helton, G. and B. Nanay. 2022. Against the very idea of perceptual beliefs. Analytic
Philosophy, in print.

Henkin, R. I., L. M. Levy, and C. S. Lin. 2000. “Taste and Smell Phantoms Revealed by
Brain Functional MRI (fMRI).” Journal of Computer Assisted Tomography 24(1):
106-23.

Herholz, S. C., A. R. Halpern, and R. J. Zatorre. 2012. “Neuronal Correlates of Perception,
Imagery, and Memory for Familiar Tunes” Journal of cognitive neuroscience 24(6):
1382-97.

Hertrich, I., S. Dietrich, and H. Ackermann. 2011. “Cross-Modal Interactions during
Perception of Audiovisual Speech and Nonspeech Signals: An fMRI Study.” Journal of
Cognitive Neuroscience 23: 221-37.

Hirsch, C. R. and E. A. Holmes. 2007. “Mental Imagery in Anxiety Disorders” Psychiatry
6:161-5.



REFERENCES 273

Hirst, P, P. J. Khomami, A. Gharat, and S. Zangenehpour. 2012. “Cross-Modal Recruitment
of Primary Visual Cortex by Auditory Stimuli in the Nonhuman Primate Brain: A
Molecular Mapping Study.” Neural Plasticity 1: 197264.

Hobbes, T. 1651. Leviathan. London: Andrew Crooke.

Hobbes, T. 1655. De Corpore. London: J. Bohn.

Hoenen, M., K. T. Lubke, and B. M. Pause. 2015. “Somatosensory Mu Activity Reflects
Imagined Pain Intensity of Others” Psychophysiology 52: 1551-8.

Hoerl, C. 2009. “Time and Tense in Perceptual Experience.” Philosopher’s Imprint 9(12).

Holmes, E. A. and A. Mathews. 2005. “Mental Imagery and Emotion: A Special
Relationship?” Emotion 5: 489-97.

Holmes, E. A. and A. Mathews. 2010. “Mental Imagery in Emotion and Emotional
Disorders.” Clinical Psychology Review 30: 349-62.

Holmes, E. A., E. L. James, E. J. Kilford, and C. Deeprose. 2010. “Key Steps in Developing a
Cognitive Vaccine against Traumatic Flashbacks: Visuospatial Tetris versus Verbal Pub
Quiz” PLoS ONE 5: e13706.

Holroyd, J. and J. Sweetman. 2016. “The Heterogeneity of Implicit Bias” In M. Brownstein
and J. Saul (eds.), Implicit Bias and Philosophy: Metaphysics and Epistemology, Vol. 1.
Oxford: Oxford University Press, pp. 80-103.

Holton, R. 2009. Willing, Wanting, Waiting. Oxford: Oxford University Press.

Hommel, B. 2004. “Event Files: Feature Binding in and across Perception and Action”
Trends in Cognitive Sciences 8: 494-500.

Hommel, B. and L. S. Colzato. 2009. “When an Object Is More than a Binding of its
Features: Evidence for Two Mechanisms of Visual Feature Integration.” Visual Cognition
17: 120-40.

Hopkins, R. 2012. “What Perky Did Not Show.” Analysis 72: 431-9.

Hopkins, R. 2018. “Imagining the Past” In F. Macpherson (ed.), Sensory Imagination and
Perceptual Memory. Oxford: Oxford University Press, pp. 46-71.

Hoppe, J. M., E. A. Holmes, and T. Agren. 2021. “Exploring the Neural Basis of Fear
Produced by Menal Imagery: Imaginal Exposure in Individuals Fearful of Spiders”
Philosophical Transactions of the Royal Society B 376: 20190690.

Horikawa, T. and Y. Kamitani. 2017. “Hierarchical Neural Representation of Dreamed
Objects Revealed by Brain Decoding with Deep Neural Network Features.” Frontiers
Computational Neuroscience 11: 4.

Hubbard, E. M., A. Cyrus Arman, V. S. Ramachandran, and G. M. Boynton. 2005.
“Individual Differences among Grapheme-Color Synesthetes: Brain-Behavior
Correlations” Neuron 45(6): 975-85.

Hubbard, T. L. 2013. “Auditory Imagery Contains More Than Audition” In S. Lacey and
R. Lawson (eds.), Multisensory Imagery. New York: Springer, pp. 221-47.

Hubbard, T. L., J. L. Hutchison, and J. R. Courtney. 2010. “Boundary Extension: Findings
and Theories” Quarterly Journal of Experimental Psychology 63: 1467-94.

Hulse, D., C. N. Read, and T. Schroeder. 2004. “The Impossibility of Conscious Desire.”
American Philosophical Quarterly 41: 73-80.

Humberstone, I. L. 1992. “Direction of Fit.”” Mind 101: 59-83.

Hurley, S. and A. Noé. 2003. “Neural Plasticity and Consciousness.” Biology and Philosophy
18:131-68.

Hyun, J.-S. and S. J. Luck. 2007. “Visual Working Memory as the Substrate for Mental
Rotation.” Psychonomic Bulletin and Review 14(1): 154-8.

Tamshchinina, P, D. Kaiser, R. Yakupov, D. Haenelt, A. Sciarra, H. Mattern, F. Luesebrink,
E. Duezel, O. Speck, N. Weiskopf, and R. M. Cichy. 2021. “Perceived and Mentally



274 REFERENCES

Rotated Contents Are Differentially Represented in Cortical Depth of V17
Communications Biology 4: 1069.

Imbriano, G., T. J. Sussman, J. Jin, and A. Mohanty. 2020. “The Role of Imagery in Threat-
Related Perceptual Decision Making.” Emotion 20: 1495-501.

Immenroth, M., T. Burger, J. Brenner, M. Nagelschmidt, H. Eberspacher, and H. Troidl.
2007. “Mental Training in Surgical Education: A Randomized Controlled Trial” Annals
of Surgery 245: 385-91.

Innes-Brown, H., A. Barutchu, M. N. Shivdasani, D. P. Crewther, D. B. Grayden, and
A. G. Paolini. 2011. “Susceptibility to the Flash-Beep Illusion Is Increased in Children
Compared to Adults” Developmental Science 14: 1089-99.

Intraub, H. 2002. “Anticipatory Spatial Representation of Natural Scenes: Momentum
without Movement?” Visual Cognition 9: 93-119.

Intraub, H. 2004. “Anticipatory Spatial Representation of 3D Regions Explored by Sighted
Observers and a Deaf-and-Blind Observer.” Cognition 94(1): 19-37.

Intraub, H. 2012. “Rethinking Visual Scene Perception” Wiley Interdisciplinary Reviews:
Cognitive Science 3: 117-27.

Intraub, H. and M. Richardson. 1989. “Wide-Angle Memories of Close-Up Scenes.” Journal
of Experimental Psychology: Learning, Memory, and Cognition 15: 179-87.

Intraub, H., K. K. Daniels, T. S. Horowitz, and J. M. Wolfe. 2008. “Looking at Scenes while
Searching for Numbers: Dividing Attention Multiplies Space” Perception and
Psychophysics 70: 1337-49.

Intraub, H., C. V. Gottesman, E. V. Willey, and 1. J. Zuk. 1996. “Boundary Extension for
Briefly Glimpsed Photographs: Do Common Perceptual Processes Result in Unexpected
Memory Distortions?” Journal of Memory and Language 35: 118-34.

Ishiguro, H. 1967. “Imagination” Proceedings of the Aristotelian Society Supplementary
Volume 41: 37-56.

Turilli, G., D. Ghezzi, U. Olcese, G. Lassi, C. Nazzaro, R. Tonini, V. Tucci, F. Benfenati, and
P. Medini. 2012. “Sound-Driven Synaptic Inhibition in Primary Visual Cortex.” Neuron
73:814-28.

Izuma, K., M. Matsumoto, K. Murayama, K. Samejima, N. Sadato, and K. Matsumoto.
2010. “Neural Correlates of Cognitive Dissonance and Choice-Induced Preference
Change” PNAS 107: 22014-19.

Jacobs, C., D. S. Schwarzkopf, and J. Silvano. 2017. “Visual Working Memory Performance
in Aphantasia” Cortex 105: 61-73.

Jacomuzzi A. C., P. Kobau, and N. Bruno. 2003. “Molyneux’s Question Redux”
Phenomenology and the Cognitive Sciences 2: 255-80.

Jajdelska, E., M. Anderson, C. Butler, N. Fabb, E. Finnigan, I. Garwood, S. Kelly, W. Kirk,
K. Kukkonen, S. Mullally, and S. Schwan. 2019. “Picture This: A Review of Research
Relating to Narrative Processing by Moving Image Versus Language” Frontiers in
Psychology 10: 1161.

James, E. L., M. B. Bonsail, L. Hoppitt, E. M. Tunbridge, J. R. Geddes, A. L. Milton and
E. A. Holmes. 2015. “Computer Game Play Reduces Intrusive Memories of Experimental
Trauma via Reconsolidation Update Mechanisms.” Psychological Science 26: 1201-15.

James, T. W, G. K. Humpbhrey, J. S. Gati, P. Servos, R. S. Menon, and M. A. Goodale. 2002.
“Haptic Study of Three-Dimensional Objects Activates Extrastriate Visual Areas”
Neuropsychologia 40: 1706-14.

James, W. 1890. The Principles of Psychology, in Two Volumes. New York: Henry
Holt and Co.



REFERENCES 275

Jarick, M., C. Jensen, M. J. Dixon, and D. Smilek. 2011. “The Automaticity of Vantage Point
Shifts within a Synaesthetes? Spatial Calendar”” Journal of Neuropsychology 5(2): 333-52.

Jeannerod, M. 1994. “The Representing Brain: Neural Correlates of Motor Intention and
Imagery.” Behavioral and Brain Sciences 17: 187-245.

Jeannerod, M. 1997. The Cognitive Neuroscience of Action. Oxford: Blackwell.

Jeannerod, M. 2001. “Neural Simulation of Action: A Unifying Mechanism for Motor
Cognition” NeuroImage 14: S103-9.

Jeannerod, M. 2006. Motor Cognition. New York: Oxford University Press.

Jensen, J., A. R. McIntosh, A. P. Crawley, D. J. Mikulis, G. Remington, and S. Kapur. 2003.
“Direct Activation of the Ventral Striatum in Anticipation of Aversive Stimuli” Neuron
40: 1251-7.

Ji, J. L., E. A. Holmes, and S. E. Blackwell. 2017. “Seeing Light at the End of the Tunnel:
Positive Prospective Mental Imagery and Optimism in Depression.” Psychiatry Research
247:155-62.

Jiang, Y., P. Costello, F. Fang, M. Huang, and S. He. 2006. “A Gender- and Sexual
Orientation-Dependent Spatial Attentional Effect of Invisible Images” PNAS 103(45):
17048-52.

Johansson, R., J. Holsanova, and K. Holmgqvist. 2006. “Pictures and Spoken Descriptions
Elicit Similar Eye Movements during Mental Imagery, Both in Light and in Complete
Darkness.” Cognitive Science 30: 1053-79.

Johnson, G. M. 2020. “The Structure of Bias” Mind 129: 1193-236.

Johnston, W. E. 1921. Logic: Part I. Cambridge: Cambridge University Press.

Jonas, C. N., A. J. G. Taylor, S. Hutton, P. H. Weiss, and J. Ward. 2011. “Visuospatial
Representations of the Alphabet in Synaesthetes and Non-Synaesthetes” Journal of
Neuropsychology 5(2): 302-22.

Jones, C. L., M. A. Gray, L. Minati, ]. Simner, H. D. Critchley, and J. Ward, 2011. “The
Neural Basis of Illusory Gustatory Sensations: Two Rare Cases of Lexicalgustatory
Synaesthesia” Journal of Neuropsychology 5(2): 243-54.

Jones, S. R. and C. Fernyhough. 2007. “Neural Correlates of Inner Speech and Auditory
Verbal Hallucinations: A Critical Review of Theoretical Integration.” Clinical Psychology
Review 27: 140-54.

Jordan, K. E., K. Clark, and S. R. Mitroff. 2010. “See an Object, Hear an Object File: Object
Correspondence Transcends Sensory Modality.” Visual Cognition 18(4): 492-503.

Judge, J. and B. Nanay. 2021. “Expectations” In N. Nielsen, J. Levinson, and T. McAuley
(eds.), Oxford Handbook of Music and Philosophy. New York: Oxford University Press,
pp. 997-1018.

Just, M. A, S. D. Newman, T. A. Keller, A. McEleney and P. A. Carpenter. 2004. “Imagery
in Sentence Comprehension: An fMRI Study” Neurolmage 21: 112-24.

Kaas, A., S. Weigelt, A. Roebroeck, A. Kohler, and L. Muckli. 2010. “Imagery of a Moving
Object: The Role of Occipital Cortex and Human MT/V5+” Neuroimage 49: 794-804.
Kadriu, E, L. Claes, C. Witteman, J. Norre, E. Vrieze, and J. Krans. 2019. “Characteristics
and Content of Intrusive Images in Patients with Eating Disorders” European Eating

Disorders Review 27: 495-506.

Kahneman, D., A. Treisman, and B. J. Gibbs. 1992. “The Reviewing of Object Files: Object-
Specific Integration of Information.” Cognitive Psychology 24: 175-219.

Kanizsa, G. 1972. “Schrumpfung von visuellen Feldern bei amodaler Erganzung.” Studia
Psychologica 14: 208-210.

Kaplan, D. 1968. “Quantifying in” Synthese 19: 178-214.



276 REFERENCES

Katzner, S. and S. Weigelt. 2013. “Visual Cortical Networks: Of Mice and Men.” Current
Opinion in Neurobiology 23: 202-6.

Kavanagh, D. J., J. Andrade, and J. May. 2005. “Imaginary Relish and Exquisite Torture:
The Elaborated Intrusion Theory of Desire” Psychological Review 112(2): 446-67.

Kavanagh, D. J., . May, and J. Andrade. 2009. “Tests of the Elaborated Intrusion Theory of
Craving and Desire: Features of Alcohol Craving during Treatment for an Alcohol
Disorder” British Journal of Clinical Psychology 48: 241-54.

Keeley, B. L. 2002. “Making Sense of the Senses: Individuating Modalities in Human and
Other Animals.” Journal of Philosophy 99: 5-28.

Keltner, J. R., A. Furst, C. Fan, R. Redfern, B. Inglis, and H. K. Fields. 2006. “Isolating the
Modulatory Effect of Expectation on Pain Transmission: An fMRI Study” Journal of
Neuroscience 26: 4437-43.

Kemps, E. and M. Tiggemann. 2007. “Modality-Specific Imagery Reduces Cravings for
Food: An Application of the Elaborated Intrusion Theory of Desire to Food Craving””
Journal of Experimental Psychology-Applied 13(2): 95-104.

Kemps, E. and M. Tiggemann. 2015. “A Role for Mental Imagery in the Experience and
Reduction of Food Cravings.” Froniers in Psychiatry 5: 193.

Kemps, E., M. Tiggemann, J. Orr, and J. Grear. 2014. “Attentional Retraining Can Reduce
Chocolate Consumption.” Journal of Experimental Psychology-Applied 20(1): 94-102.
Kemps, E., M. Tiggemann, and J. Parnell. 2010. “The Selective Impact of Chocolate Craving

on Visuospatial Working Memory” Appetite 55: 44-8.

Kentridge, R. W., C. A. Heywood, and L. Weiskrantz. 1999. “Attention without Awareness
in Blindsight” Proceedings of the Royal Society of London B 266: 1805-11.

Kentridge, R. W., T. C. W. Nijboer, and C. A. Heywood. 2008. “Attended but Unseen: Visual
Attention Is Not Sufficient for Visual Awareness” Neuropsychologia 46: 864-9.

Keogh, R. and J. Pearson. 2011. “Mental Imagery and Visual Working Memory.” PLoS ONE
6:€29221.

Keogh, R. and J. Pearson. 2017. “The Perceptual and Phenomenal Capacity of Mental
Imagery” Cognition 162: 124-32.

Keogh, R. and J. Pearson. 2018. “The Blind Mind: No Sensory Visual Imagery in
Aphantasia” Cortex 105: 53-60.

Keogh, R. and J. Pearson. 2021. “Attention Driven Phantom Vision: Measuring the Sensory
Strength of Attentional Templates.” Philosophical Transactions of the Royal Society B:
Biological Sciences 376(1817): 20190688.

Khayat, P. S., S. Spekreijse, and P. R. Roelfsema. 2004. “Correlates of Transsaccadic
Integration in the Primary Visual Cortex of the Monkey.” Proceedings of the National
Academy of Scienes USA 101(34): 12712-17.

Kilintari, M., V. Raos, and H. Savaki. 2011. “Grasping in the Dark Activates Early Visual
Cortices” Cerebral Cortex 21: 949-63.

Kilteni, K., B. J. Andersson, C. Houborg, and H. H. Ehrson. 2018. “Motor Imagery Involves
Predicting the Sensory Consequences of the Imagined Movement” Nature
Communications 9: 1617.

Kind, A. 2001. “Putting the Image Back to Imagination” Philosophy and Phenomenological
Research 62: 85-109.

Kind, A. 2013. “The Heterogeneity of the Imagination.” Erkenntnis 78(1): 141-59.

Kind, A. 2017. “Imaginative Vividness.” Journal of the American Philosophical Association
3:32-50.



REFERENCES 277

Kind, A. 2020. “The Skill of Imagination.” In E. Fridland and C. Pavese (eds.), The Routledge
Handbook of Philosophy of Skill and Expertise. London and New York: Routledge,
pp. 335-46.

Kind, A. and P. Kung (eds.). 2016. Knowledge through Imagination. New York: Oxford
University Press.

Kitcher, P. 1981. “Explanatory Unification” Philosophy of Science 48(4): 507-31.

Kleemann, A. M., R. Kopietz, J. Albrecht, V. Schopf, O. Pollatos, and T. Schreder. 2009.
“Investigation of Breathing Parameters during Odor Perception and Olfactory Imagery”
Chemical Senses 34: 1-9.

Klein, C. 2007. “An Imperative Theory of Pain.” Journal of Philosophy 104(10): 517-32.

Klein, C. 2012. “Imperatives, Phantom Pains, and Hallucination by Presupposition.”
Philosophical Psychology 25(6): 917-28.

Klein, C. 2015. What the Body Commands: The Imperative Theory of Pain. Cambridge, MA:
MIT Press.

Klein, C. and M. Martinez. 2018. “Imperativism and Pain Intensity” In D. Bain, M. Brady;,
and J. Corns (eds.), The Nature of Pain. London: Routledge, pp. 13-26.

Koenig-Robert, R. and J. Pearson. 2019. “Decoding the Contents and Strength of Imagery
before Volitional Engagement.” Scientific Reports 9: 3504.

Koenig-Robert, R. and J. Pearson. 2020. “Decoding Non-Conscious Thought
Representations during Successful Thought Suppression” Journal of Cognitive
Neuroscience, 32: 2272-84.

Koenig-Robert, R. and J. Pearson. 2021. “Why Do Imagery and Perception Look and Feel
So Different?” Philosophical Transactions of the Royal Society B: Biological Sciences
376(1817): 20190703.

Kok, P, L. J. Bains, T. Van Mourik, D. G. Norris, and E. P. de Lange. 2016. “Selective
Activation of the Deep Layers of the Human Primary Visual Cortex by Top-Down
Feedback” Current Biology 26: 371-6.

Kok, P, M. E Failing, and E P. de Lange. 2014. “Prior Expectations Evoke Stimulus
Templates in the Primary Visual Cortex.” Journal of Cognitive Neuroscience 26: 1546-54.

Kok, P, P. Mostert, and F. P. de Lange. 2017. “Prior Expectations Induce Prestimulus
Sensory Templates” Proceedings of the National Academy of Sciences USA 114(39):
10473-8.

Kolarik, A. J., S. Cirstea, S. Pardhan, and B. C. J. Moore. 2014. “A Summary of Research
Investigating Echolocation Abilities of Blind and Sighted Humans” Hearing Research
310: 60-8.

Komatsu, H. 2006. “The Neural Mechanisms of Perceptual Filling-In” Nature Review
Neuroscience 7: 220-31.

Komatsu, H., M. Kinoshita, and I. Murakami. 2000. “Neural Responses in the Retinotopic
Representation of the Blind Spot in the Macaque V1 to Stimuli for Perceptual Filling-In”
Journal of Neuroscience 20: 9310-19.

Kompus, K., L. E. Falkenberg, J. J. Bless, E. Johnsen, R. A. Kroken, B. Krakvik, E. Laroi, E.-
M. Loberg, E. Vedul-Kjelsas, R. Westerhausen, and K. Hugdahl. 2013. “The Role of the
Primary Auditory Cortex in the Neural Mechanism of Auditory Verbal Hallucinations.”
Frontiers in Human Neuroscience. 7: 144.

Kompus, K., R. Westerhausen, and K. Hugdahl. 2011. “The ‘Paradoxical’ Engagement of
the Primary Auditory Cortex in Patients with Auditory Verbal Hallucinations: A Meta-
Analysis of Functional Neuroimaging Studies.” Neuropsychologia 49: 3361-9.



278 REFERENCES

Koritnik, B., S. Azam, C. M. Andrew, P. N. Leigh, and S. C. Williams. 2009. “Imaging the
Brain during Sniffing: A Pilot fMRI Study” Pulmonary Pharmacology and Therapeutics
22:97-101.

Kosslyn, S. M. 1980. Irmage and Mind. Cambridge, MA: Harvard University Press.

Kosslyn, S. M., M. Behrmann, and M. Jeannerod. 1995a. “The Cognitive Neuroscience of
Mental Imagery.” Neuropsychologia 33: 1335-44.

Kosslyn, S. M., W. L. Thompson, and G. Ganis. 2006. The Case for Mental Imagery. Oxford:
Oxford University Press.

Kosslyn, S. M., W. L. Thompson, L. J. Kim and N. M. Alpert. 1995b. “Topographical
Representations of Mental Images in Primary Visual Cortex” Nature 378: 496-8.

Kouider, S. and S. Dehaene. 2007. “Levels of Processing during Non-Conscious Perception:
A Critical Review of Visual Masking” Philosophical Transactions of the Royal Society B
362: 857-75.

Kouider, S., V. de Gardelle, J. Sackur, and E. Dupoux. 2010. “How Rich is Consciousness?
The Partial Awareness Hypothesis” Trends in Cognitive Sciences 14: 301-7.

Kovacs, G., R. Vogels, and G. A. Orban. 1995. “Selectivity of Macaque Inferior Temporal
Neurons for Partially Occluded Shapes.” Journal of Neuroscience 15: 1984-97.

Koyama, T., J. G. McHaffie, P. J. Laurienti, and R. C. Coghill. 2005. “The Subjective
Experience of Paln Where Expectations Become Reality” PNAS 102: 12950-5.

Kozhevnikov, M., O. Louchakova, Z. Josipovic, and M. A. Motes. 2009. “The Enhancement
of Visuospatial Processing Efficiency through Buddhist Deity Meditation” Psychological
Science 20: 645-53.

Kraemer, D. J. M., C. N. Macrae, A. E. Green, and W. M. Kelley. 2005. “Musical Imagery:
Sound of Silence Activates Auditory Cortex.” Nature 434: 158.

Kremer, L., S. E. J. Klein-Holkenborg, I. Reimert, J. E. Bolhuis, and L. E. Webb. 2020. “The
Nuts and Bolts of Animal Emotion” Neuroscience and Biobehavioral Reviews
113:273-86.

Kriegel, U. 2007. “The Phenomenologically Manifest” Phenomenology and the Cognitive
Sciences 6: 115-36.

Kringelbach, M. L., A. R. McIntosh, P. Ritter, V. K. Jirsa, and G. Deco. 2015. “The
Rediscovery of Slowness: Exploring the Timing of Cognition” Trends in Cognitive
Sciences 19: 616-28.

Kubler, G. 1987. “Eidetic Imagery and Paleolithic Art” Yale University Art Gallery Bulletin
40: 78-85.

Kulpe, O. 1895. Outlines of Psychology. London: Sonnenschein.

Kulvicki, J. 2009. “Heavenly Sight and the Nature of Seeing-in” Journal of Aesthetics and
Art Criticism 67(4): 387-97.

Kulvicki, J. 2014. Images. London: Routledge.

Kung, P. 2010. “Imagining as a Guide to Possibility” Philosophy and Phenomenological
Research 81(3): 620-63.

Kupers, R. and M. Ptito. 2014. “Compensatory Plasticity and Cross-Modal Reorganization
Following Early Visual Deprivation” Neuroscience Biobehavioral Review 41: 36-52.

Kupers, R., D. R. Chebat, K. H. Madsen, O. B. Paulson, and M. Ptito. 2010. “Neural
Correlates of Virtual Route Recognition in congenital Blindness” Proceedings of the
National Academy of Sciences USA 107: 12716-21.

Kupers, R., P. Pietrini, E. Ricciardi, and M. Ptito. 2011. “The Nature of Consciousness in
the Visually Deprived Brain.” Frontiers in Psychology 2: 19.



REFERENCES 279

Kwok, E. L., G. Leys, R. Koenig-Robert, and J. Pearson. 2019. “Measuring Thought-Control
Failure: Sensory Mechanisms and Individual Differences” Psychological Science.
30: 811-21.

Kyriakatos, A., R. Mahmood, J. Ausborn, C. P. Porres, A. Biischges, and A. El Manira.
2011. “The Initiation of Locomotion in Adult Zebrafish” Journal of Neuroscience 31(23):
8422-31.

LaBar, K. S. and R. Cabeza. 2006. “Cognitive Neuroscience of Emotional Memory.” Nature
Reviews Neuroscience 7: 54-64.

LaBerge, S., B. Baird, and P. G. Zimbardo. 2018. “Smooth Tracking of Visual Targets
Distinguishes Lucid REM Sleep Dreaming and Waking Perception from Imagination.”
Nature Communications 9: 3298.

Lacey, S. and R. Lawson (eds.). 2013. Multisensory Imagery. New York: Springer.

Laeng, B. and U. Sulutvedt. 2014. “The Eye Pupil Adjusts to Imaginary Light.” Psychological
Science 25: 188-97.

Laeng, B. and D.-S. Teodorescu. 2002. “Eye Scanpaths during Visual Imagery Re-Enact
Those of Perception of the Same Visual Scene.” Cognitive Science 26: 207-31.

Laeng, B., I. M. Bloem, S. D’Ascenzo, and L. Tommasi. 2014. “Scrutinizing Visual Images:
The Role of Gaze in Mental Imagery and Memory.” Cognition, 131: 263-83.

Lai, C. K., M. Marini, S. A. Lehr, C. Cerruti, J.-E. L. Shin, J. A. Joy-Gaba, A. K. Ho,
B. A. Teachman, S. P. Wojcik, S. P. Koleva, R. S. Frazier, L. Heiphetz, E. E. Chen,
R. N. Turner, J. Haidt, S. Kesebir, C. B. Hawkins, H. S. Schaefer, S. Rubichi, G. Sartori,
C. M. Dial, N. Sriram, M. R. Banaji, and B. A. Nosek. 2014. “Reducing Implicit Racial
Preferences: I. A Comparative Investigation of 17 Interventions.” Journal of Experimental
Psychology: General 143: 1765-85.

Lamarque, P. 1987. “The Puzzle of the Flash Stockman: A Reply to David Lewis.” Analysis
47:93-4.

Lamme, V. A. and P. R. Roelfsema. 2000. “The Distinct Modes of Vision Offered by
Feedforward and Recurrent Processing.” Trends in Neuroscience 23: 571-9.

Langland-Hassan, P. 2015. “Imaginative Attitudes” Philosophy and Phenomenological
Research 40: 664-86.

Langland-Hassan, P. 2016. “On Choosing What to Imagine” In A. Kind and P. Kung (eds.),
Knowledge through Imagination. New York: Oxford University Press, pp. 85-109.

Langland-Hassan, P. 2020. Explaining Imagination. Oxford: Oxford University Press.

Larson, J., . P. Redden, and R. Elder. 2014. “Satiation from Sensory Simulation: Evaluating
Foods Decreases Enjoyment of Similar Foods.” Journal of Consumer Psychology 24: 188-94.

Lauria, F. 2017. “The Guise of the ‘Ought To Be.” In F. Lauria and J. A. Deonna (eds.), The
Nature of Desire. Oxford: Oxford University Press.

Lawrence, S. J. D., T. van Mourik, P. Kok, P. J. Koopmans, D. G. Norris, and E P. de Lange.
2018. “Laminar Organization of Working Memory Signals in Human Visual Cortex.”
Current Biology 28: 3435-40.e4.

Leaver, A. M., J. Van Lare, B. Zielinski, A. R. Halpern, and J. P. Rauschecker. 2009. “Brain
Activation during Anticipation of Sound Sequences” The Journal of Neuroscience 29(8):
2477-85.

Lebrecht S., M. Bar, L. E Barrett, and M. J. Tarr. 2012. “Micro-Valences: Perceiving
Affective Valence in Everyday Objects” Frontiers in Psychology 3:107.

Lee, A. Y., J. Myers, and G. O. Rabin. 2022. “The Structure of Analog Representations.”
Nots, forthcoming. doi.org/10.1111/nous.12404.



280 REFERENCES

Lee, G. 2014. “Temporal Experience and the Temporal Structure of Experience”
Philosopher’s Imprint 14(3).

Lee, H. and S. P. Vecera. 2005. “Visual Cognition Influences Early Vision: The Role of
Visual Short-Term Memory in Amodal Completion” Psychological Science
16(10): 763-8.

Lee, H. and S. P. Vecera. 2010. “Spatial Short-Term Memory Assists in Maintaining
Occluded Objects” Psychonomic Bulletin and Review 17(6): 846-52.

Lee, S.-H., D. J. Kravitz, and C. I. Baker. 2012. “Disentangling Imagery and Perception of
Real-World Objects” NeuroImage 59: 4064-73.

Lee, T. S. and M. Nguyen. 2001. “Dynamics of Subjective Contour Formation in the Early
Visual Cortex.” Proceedings of the National Academy of Sciences 98: 1907-11.

Leibniz, G. W. 1704/1765. Nouveaux essais sur lentendement humain. Amsterdam, Leipzig:
Rudolf Erich Raspe.

Lennon, P. forthcoming. “Aphantasia and Conscious Thought.” Oxford Studies in Philosophy
of Mind, 3: in print.

Lerner, Y., M. Harel, and R. Malach. 2004. “Rapid Completion Effects in Human High-
Order Visual Areas” Neurolmage 21: 516-26.

Levin, J. 2006. “Can Mental Images Provide Evidence for What Is Possible?” Anthropology
and Philosophy 7: 108-19.

Levin, J. 2008. “Molyneux’s Question and the Individuation of Perceptual Concepts”
Philosophical Studies 139: 1-28.

Levinson, J. 2016. “Sound in Film: Design vs. commentary.” In: J. Levinson: Aesthetic pur-
suits. Oxford: Oxford University Press, pp. 1974-94.

Levy, N. 2015. “Neither Fish nor Fowl: Implicit Attitudes as Patchy Endorsements.” Noiis
49: 800-23.

Lewis, D. 1983. “Postscript to “Truth in Fiction.” In D. Lewis, Philosophical Papers, I. New
York: Oxford University Press, pp. 279-80.

Lewis, D. 1988. “Desire as Belief” Mind 97: 323-32.

Lewis, D. E., M. J. O'Reilly, and S. K. Khuu. 2013. “Conditioning the Mind’s Eye Associative
Learning with Voluntary Mental Imagery.” Clinical Psychological Science 1: 390-400.

Li, S., D. G. Kamper, J. A. Stevens, and W. Z. Rymer. 2004. “The Effect of Motor Imagery on
Spinal Segmental Excitability” Journal of Neuroscience 24: 9674-80.

Lieberman, M. D., K. N. Ochsner, D. T. Gilbert, and D. L. Schachter. 2001. “Do Amnesics
Exhibit Cognitive Dissonance Reduction? The Role of Explicit Memory and Attention
in Attitude Change.” Psychological Science 12: 135-40.

Litt, M. D. and N. L. Cooney. 1999. “Inducing Craving for Alcohol in the Laboratory”
Alcohol Research and Health 23(3): 174-8.

Liu, M. 2022. “Mental Imagery and Polysemy Processing”” Journal of Consciousness Studies
29(5-6): 176-89.

Locke, J. 1690. An Essay Concerning Human Understanding. London: E. Holt.

Loeftler, S. N., M. Myrtek, and M. Peper. 2013. “Mood-congruent Memory in Daily Life:
Evidence from Interactive Ambulatory Monitoring” Biological Psychology 93: 308-15.
Logue, H. 2012. “Why Naive Realism?” In Proceedings of the Aristotelian Society

112: 211-37.

Lommertzen, J., R. Van Lier, and R. Meulenbroek. 2009. “Grasping Partly Occluded
Objects: Effects of Global Stimulus Information on Action?” Perception 38: 200-14.

Lopes, D. M. 2003. “Out of Sight, Out of Mind” In M. Kieran and D. M. Lopes (eds.),
Imagination, Philosophy, and the Arts. London: Routledge, pp. 208-24.



REFERENCES 281

Luck, S. J. and E. K. Vogel. 2013. “Visual Working Memory Capacity: From Psychophysics
and Neurobiology to individual Differences.” Trends in Cognitive Sciences 17: 391-400.

Ludwig, V. U. and J. Simner. 2013. “What Colour Does That Feel? Tactile-Visual Mapping
and the Development of Cross-Modality.” Cortex 49: 1089-99.

Lui, M. forthcoming. “Mental Imagery and Poetry.” Journal of Aesthetics and Art Criticism.

Lupyan, G., S. L. Thompson-Schill, and D. Swingley. 2010. “Conceptual Penetration of
Visual Processing.” Psychological Science 21(5): 682-91.

Luria, A. R. 1960. “Memory and the Structure of Mental Processes.” Problems of Psychology
4: 81-94.

Lyons, J. 2011. “Circularity, Reliability, and the Cognitive Penetrability of Perception.”
Philosophical Issues 21(1): 289-311.

Lyons, J. C. 2015. “Unencapsulated Modules and Perceptual Judgment” In J. Zeimbekis
and A. Raftopoulos (eds.), The Cognitive Penetrability of Perception: New Philosophical
Perspectives. Oxford University Press, pp. 103-122.

Ma, Q., L. Meng, L. Wang, and Q. Shen. 2014. “I Endeavor to Make It: Effort Increases
Valuation of Subsequent Monetary Reward.” Behavioural Brain Research 261: 1-7.

MacEvoy, S. P. and M. A. Paradiso. 2001. “Lightness Constancy in Primary Visual Cortex.”
PNAS 98: 8827-31.

Machery, E. 2016. “De-Freuding Implicit Attitudes” In M. Brownstein and J. Saul (eds.),
Implicit Bias and Philosophy Metaphysics and Epistemology, Vol. 1. Oxford: Oxford
University Press, pp. 104-29.

Maclver, K., D. M. Lloyd, S. Kelly, N. Roberts, and T. Nurmikko. 2008. “Phantom Limb
Pain, Cortical Reorganization and the Therapeutic Effect of Mental Imagery.” Brain 131:
2181-91.

MacLeod, C. M. 1991. “Half a Century of Research on the Stroop Effect: An Integrative
Review?” Psychological Bulletin 109: 163-203.

Macpherson, E 2011. “Cross-Modal Experiences.” Proceedings of the Aristotelian Society
111: 429-68.

Macpherson, E 2012. “Cognitive Penetration of Colour Experience” Philosophy and
Phenomenological Research 84: 24-62.

Macpherson, F. 2018 (ed.), Sensory Substitution and Augmentation, Proceedings of the
British Academy Series, Oxford: Oxford University Press.

Madva, A. 2016. “Why Implicit Attitudes Are (Probably Not Beliefs.” Synthese 193: 2659-84.

Maertens, M., S. Pollmann, M. Hanke, T. Mildner, and H. Moller. 2008. “Retinotopic
Activation in Response to Subjective Contours in Primary Visual Cortex.” Frontiers in
Human Neuroscience 2: 2.

Mainland, J. and N. Sobel. 2006. “The Sniff Is Part of the Olfactory Percept” Chemical
Senses 31: 181-96.

Maley, C. J. 2011. “Analog and Digital, Continuous and Discrete” Philosophical Studies
155:117-31.

Malik, P, J. C. Dessing, and J. D. Crawford. 2015. “Role of Early Visual Cortex in Trans-
Saccadic Memory of Object Features.” Journal of Vision 15(11): 7.

Mamus, E. and A. Boduroglu. 2018. “The Role of Context on Boundary Extension.” Visual
Cognition 26: 115-30.

Mancosu, P. 2005. Visualization in Logic and Mathematics” In P. Mancosu, K. Jorgensen,
and S. Pedersen (eds.), Visualization, Explanation and Reasoning Styles in Mathematics.
New York: Springer, pp. 13-30.

Mandelbaum, E. 2013. “Against Alief” Philosophical Studies 165(1): 197-211.



282 REFERENCES

Mandelbaum, E. 2016. “Attitude, Inference, Association.” Noils 50: 629-58.

Mandelbaum, E. 2019. “Troubles with Bayesianism: An Introduction to the Psychological
Immune System.” Mind and Language 34: 141-57.

Mandelbaum, E. and J. Quilty-Dunn. 2019. “Non-inferential Transitions: Imagery and
Association” In A. Nes and T. Chan (eds.), Inference and Consciousness. London:
Routledge, pp. 151-71.

Mar, R. A. 2004. “The Neuropsychology of Narrative: Story Comprehension, Story
Production and Their Interrelation” Neuropsychologia 42(10): 1414-34.

Markland D., C. R. Hall, L. R. Duncan, and J. Simatovic. 2015. “The Effects of an Imagery
Intervention on Implicit and Explicit Exercise Attitudes” Psychology of Sport and
Exercise 17: 24-31.

Mar6thi, R. and S. Kéri. 2018. “Enhanced Mental Imagery and Intact Perceptual
Organization in Schizotypal Personality Disorder.” Psychiatry Research 259: 433-8.

Marotta, A., E. R. Ferre, and P. Haggard. 2015. “Transforming the Thermal Grill Effect by
Crossing the Fingers.” Current Biology 8: 1069-73.

Martin, M. G. E. 2002. “The Transparency of Experience” Mind and Language 17: 376-425.

Martin, M. G. F. 2004. “The Limits of Self-awareness.” Philosophical Studies 120: 37-89.

Martin, M. G. E 2006. “On Being Alienated” In T. Gendler and J. Hawthorne (eds.),
Perceptual Experience. Oxford: Oxford University Press, pp. 354-410.

Martin, J-R. and E. Le Corre. 2015. “Sensory Substitution Is Substitution” Mind &
Language 30: 209-233.

Martinez, M. 2010. “Imperative Content and the Painfulness of Pain” Phenomenology and
the Cognitive Sciences 10: 67-90.

Martinez, M. and B. Nanay forthcoming. Many-to-one intentionalism. Journal of
Philosophy.

Martuzzi, R., M. M. Murray, C. M. Michel, J.-P. Thiran, P. P. Maeder, S. Clarke, and
R. A. Meuli. 2007. “Multisensory Interactions within Human Primary Cortices Revealed
by BOLD Dynamics.” Cerebral Cortex 17: 1672-9.

Masataka, N. and L. Perlovsky. 2012. “The Efficacy of Musical Emotions Provoked by
Mozart’s Music for the Reconciliation of Cognitive Dissonance.” Scientific Reports 2: 694.

Masrour, E. 2011. “Is Perceptual Phenomenology Thin?” Philosophy and Phenomenological
Research 83: 366-97.

Mast, E. W. and S. M. Kosslyn. 2002. “Eye Movements during Visual Mental Imagery”
Trends in Cognitive Sciences 6: 271-2.

Mast, E. W,, D. M. Merfeld, and S. M. Kosslyn. 2006. “Visual Mental Imagery during
Caloric Vestibular Stimulation.” Neuropsychologia 44: 101-9.

Matt, G. E., C. Vazquez, and W. K. Campbell. 1992. “Mood-congruent Recall of Affectively
Toned Stimuli: A Meta-analytic Review?” Clinical Psychology Review 12: 227-55.

Matthen, M. 2004. “Features, Places and Things.” Philosophical Psychology 17: 497-519.

Matthen, M. 2005. Seeing, Doing, and Knowing: A Philosophical Theory of Sense-Perception.
Oxford: Clarendon Press.

Matthen, M. 2010. “On the Diversity of Auditory Objects” Review of Philosophy and
Psychology 1: 63-89.

Matthen, M. 2017. “When Is Synaesthesia Perception?” In O. Deroy (ed.), Sensory Blending.
Oxford: Oxford University Press, pp. 166-78.

Matthen, M. and J. Cohen. 2019. “Many Molyneux Questions.” Australasian Journal of
Philosophy, 98: 47-63.

Matthews, A. and Mackintosh, B. 2004. “Take a Closer Look: Emotion Modifies the
Boundary Extension Effect” Emotion 4(1): 36-45.



REFERENCES 283

May, J., J. Andrade, H. Batey, L.-M. Berry, and D. J. Kavanagh. 2010. “Less Food for
Thought: Impact of Attentional Instructions on Intrusive Thoughts about Snack Foods”
Appetite 55: 279-87.

May, J., J. Andrade, D. J. Kavanagh, and L. Penfound. 2008. “Imagery and Strength of
Craving for Eating, Drinking and Playing Sport.” Cognition and Emotion 22: 633-50.
May, J., D. J. Kavanagh, and J. Andrade. 2014. “The Elaborated Intrusion Theory of Desire:
A 10-Year Retrospective and Implications for Addiction Treatments” Addictive

Behaviors 44: 29-34.

McCarroll, C. 2018. Remembering from the Outside. New York: Oxford University Press.

McCarroll, C. J., K. Michaelian, and B. Nanay. forthcoming. “Explanatory Contextualism
about Episodic Memory: Towards a Diagnosis of the Causalist-Simulationist Debate.”
Erkenntnis.

McClelland, J. L., E Hill, M. Rudolph, J. Baldridge, and H. Schiitze. 2019. “Extending
Machine Language Models Toward Human-Level Language Understanding”
arXiv:1912.05877.

McConnell, A. R. and J. M. Leibold. 2001. “Relations among the Implicit Association Test,
Discriminatory Behaviour, and Explicit Measures of Racial Attitudes” Journal of
Experimental Social Psychology 37: 435-42.

McCormick, S. A., J. Causer, and P. S. Holmes. 2013. “Active Vision during Action
Execution, Observation and Imagery: Evidence for Shared Motor Representations.”
PLoS ONE 8(6): €67761. doi:10.1371/journal.pone.0067761.

McDunn, B. A., A. P. Siddiqui, and J. M. Brown. 2014. “Seeking the Boundary of Boundary
Extension.” Psychonomic Bulletin and Review 21: 370-5.

McMahon, C. E. 1973. “Images as Motives and Motivators: A Historical Perspective.”
American Journal of Psychology 86: 465-90.

Mechelli, A., C. J. Price, K. J. Friston, and A. Ishai. 2004. “Where Bottom-Up Meets Top-
Down: Neuronal Interactions during Perception and Imagery” Cerebral Cortex 14:
1256-65.

Meier, B. and N. Rothen. 2013. “Grapheme-Color Synaesthesia Is Associated with a
Distinct Cognitive Style” Frontiers in Psychology 4: 632.

Meijer, P. B. L. 1992. “An Experimental System for Auditory Image Representations.” IEEE
Transactions on Biomedical Engineering 39: 112-121.

Mele, A. R. 1992. Springs of Action. Oxford: Oxford University Press.

Michaelian, K. 2011. “Generative Memory.” Philosophical Psychology 24: 323-42.

Michaelian, K. 2016. Mental Time Travel: Episodic Memory and Our Knowledge of the
Personal Past. Cambridge, MA: MIT Press.

Michotte, A. and L. Burke. 1951. “Une nouvelle énigme de la psychologie de la perception:
le ‘donnée amodal’ dans lexperience sensorielle” Actes du XIII Congrés Internationale de
Psychologie, Stockholm, Proceedings and papers, pp. 179-80.

Michotte A., G. Thinés, and G. Crabbé. 1964. “Les complements amodaux des structures
perceptives [Amodal Completion of Perceptual Structures]” In G. Thinés, A. Costall,
and G. Butterworth (eds.), Michotte’s Experimental Phenomenology of Perception.
Hillsdale, NJ: Erlbaum, pp. 140-69.

Miller, K. J., G. Schalk, E. E. Fetz, M. de Nijs, J. G. Ojemann, and R. P. N. Rao. 2010.
“Cortical Activity during Motor Execution, Motor Imagery and Imagery-Based Online
Feedback” Proceedings of the National Academy of Sciences USA 107: 4430-5.

Miller, L. E., C. Fabio, V. Ravenda, S. Bahmad, E. Koun, R. Salemme, ]. Lauate, N. Bolognini,
V. Hayward, and A. Farne. 2019. “Somatosensory Cortex Efficiently Processes Touch
Located beyond the Body.” Current Biology 29: 4276-83.¢5.



284 REFERENCES

Millikan, R. G. 1995. “Pushmi-Pullyu Representations” Philosophical Perspectives IX:
185-200.

Millikan, R. G. 2004. Varieties of Meaning. Cambridge, MA: The MIT Press.

Missbach, B., A. Florack, L. Weissmann, and J. Konig. 2014. “Mental Imagery Interventions
Reduce Subsequent Food Intake only when Self-Regulatory Resources are Available”
Frontiers in Psychology 5: 1391.

Mitroff, S. R., B. J. Scholl, and K. Wynn. 2005. “The Relationship between Object Files and
Conscious Perception.” Cognition 96: 67-92.

Mok, J. N, D. Kwan, L. Green, J. Myerson, C. E. Craver, and R. S. Rosenbaum. 2020. “Is it
Time? Episodic Imagining and the Discounting of Delayed and Probabilistic Rewards in
Young and Older Adults” Cognition 199: 104222.

Mole, C. 2015. “Attention and Cognitive Penetration.” In J. Zeimbekis and A. Raftopoulos
(eds.), The Cognitive Penetrability of Perception: New Philosophical Perspectives (Oxford:
Oxford University Press), pp. 218-37.

Moran, R. 1994. “The Expression of Feeling in Imagination” The Philosophical Review
103: 75-106.

Morewedge, C. K., Y. E. Huh, and J. Vosgerau. 2010. “Thought for Food: Imagined
Consumption Reduces Actual Consumption.” Science 330: 1530-3.

Morgan, M. J. 1977. Molyneux’s Question: Vision, Touch and the Philosophy of Perception.
Cambridge: Cambridge University Press.

Moseley, G. L. 2004. “Graded Motor Imagery Is Effective for Long-Standing Complex
Regional Pain Syndrome: A Randomised Controlled Trial” Pain 108: 192-8.

Moseley, G. L. 2006. “Graded Motor Imagery for Pathologic PaIn A Randomized
Controlled Trial” Neurology 67: 2129-34.

Moseley, L., A. Gallace, and C. Spence. 2008. “Is Mirror Therapy All It Is Cracked Up To
Be? Current Evidence and Future Directions.” Pain 138: 7-10.

Moulton, S. T. and S. M. Kosslyn. 2011. “Imagining Predictions: Mental Imagery as Mental
Emulation” In M. Bar (ed.), Predictions in the Brain: Using our Past to Generate a Future.
Oxford: Oxford University Press.

Mroczko-Wasowicz, A. and M. Werning. 2012. “Synesthesia, Sensory-Motor Contingency,
and Semantic Emulation: How Swimming Style-Color Synesthesia Challenges the
Traditional View of Synesthesia” Frontiers in Psychology 3: 279.

Muckli, L. 2010. “What Are We Missing Here? Brain Imaging Evidence for Higher
Cognitive Functions in Primary Visual Cortex V1. International Journal of Imaging
Systems and Technology 20(2): 131-9.

Muckli, L. and L. S. Petro. 2013. “Network Interactions: Non-Geniculate Input to V17
Current Opinion in Neurobiology 23: 195-201.

Mucklj, L., E De Martino, L. Vizioli, L. S. Petro, E. W. Smith, K. Ugurbil, and E. Yacoub.
2015. “Contextual Feedback to Superficial Layers of V1.” Current Biology 25: 2690-5.

Mubhlnickel, W., T. Elbert, E. Taub, and H. Flor. 1998. “Reorganization of Auditory Cortex
in Tinnitus” PNAS 95: 10340-3.

Mullally, S. L., H” Intraub, and E. A. Maguire. 2012. “Attenuated Boundary Extension
Produces a Paradoxical Memory Advantage in Amnesic Patients” Current Biology
22(4): 261-8.

Munger, M. P. and K. S. Multhaup. 2016. “No Imagination Effect on Boundary Extension”
Memory and Cognition 44: 73-88.

Munro, D. forthcoming. “Mental Imagery and the Epistemology of Testimony.” Canadian
Journal of Philosophy.



REFERENCES 285

Murphy, M. C., A. C. Nau, C. Fisher, S. G. Kim, J. S. Schuman, and K. C. Chan 2016. “Top-
Down Influence on the Visual Cortex of the Blind During Sensory Substitution”
Neuroimage 125: 932-40.

Murphy, S. E., M. C. O'Donoghue, E. G. S. Drazich, S. E. Blackwell, and A. C. Nobre. 2015.
“Imagining a Brighter Future: The Effects of Positive Imagery Training on Mood,
Prospective Mental Imagery and Emotional Bias in Older Adults” Psychiatry Research
230: 36-43.

Murray, S. O., H. Boyaci, and D. Kersten. 2006. “The Representation of Perceived Angular
Size in Human Primary Visual Cortex.” Nature Neuroscience 9: 429-34.

Murray, S. O., D. Kersten, B. A. Olshausen, P. Schrater, and D. L. Woods. 2002. “Shape
Perception Reduces Activity in Human Primary Visual Cortex” PNAS 99: 15164-9.

Mylopoulos, M., and E. Pacherie. 2020. “Self-control as Hybrid Skill” In A. R. Mele (ed.),
Surrounding Self-Control. Oxford University Press, pp. 81-100.

Nair, A. and D. Brang. 2019. “Inducing Synesthesia in Non-Synesthetes: Short-Term Visual
Deprivation Facilitates Auditory-Evoked Visual Percepts” Consciousness and Cognition
70: 70-9.

Nanay, B. 2006. “Does What We Want Influence What We See?” Proceedings of the 28th
Annual Conference of the Cognitive Science Society (CogSci 2006). Hillsdale, NJ:
Lawrence Erlbaum, pp. 615-21.

Nanay, B. 2009a. “Imagining, Recognizing and Discriminating. Reconsidering the Ability
Hypothesis.” Philosophy and Phenomenological Research 79: 699-717.

Nanay, B. 2009b. “Shape Constancy, Not Size Constancy: A (Partial Explanation for the
Miiller-Lyer Illusion” In N. A. Taatgen and H. van Rijn (eds.), Proceedings of the 31st
Annual Conference of the Cognitive Science Society (CogSci 2009). Mahwah, NJ: Lawrence
Erlbaum, pp. 579-84.

Nanay, B. 2009¢. “How Speckled Is the Hen?” Analysis 69: 499-502.

Nanay, B. 2010a. “Perception and Imagination: Amodal Perception as Mental Imagery”
Philosophical Studies 150: 239-54.

Nanay, B. 2010b. “Attention and Perceptual Content.” Analysis 70: 263-70.

Nanay, B. 2010c. “Imaginative Resistance and Conversational Implicature” The
Philosophical Quarterly 60(240): 586-600.

Nanay, B. 2011a. “Do We See Apples as Edible?” Pacific Philosophical Quarterly 92: 305-22.

Nanay, B. 2011b. “Ambiguous Pictures, Attention and Perceptual Content” Phenomenology
and the Cognitive Sciences 10: 557-61.

Nanay, B. 2011c. “What If Reality Has No Architecture?” The Monist 94: 181-97.

Nanay, B. 2011d. “Do We Sense Modalities with Our Sense Modalities?” Ratio 24: 299-310.

Nanay, B. 2011le. “Three Ways of Resisting Essentialism about Natural Kinds” In
J. K. Campbell and M. H. Slater (eds.), Carving Nature at its Joints. Topics in
Contemporary Philosophy, Vol. 8. Cambridge, MA: MIT Press, pp. 175-97.

Nanay, B. 2012a. “The Philosophical Implications of the Perky Experiments” Analysis
72:439-43.

Nanay, B. 2012b. “Perceiving Tropes.” Erkenntnis 77: 1-14.

Nanay, B. 2012c. “Perceptual Phenomenology.” Philosophical Perspectives 26: 235-46.

Nanay, B. 2012d. “Action-oriented Perception.” European Journal of Philosophy 20: 430-46.

Nanay, B. 2013a. Between Perception and Action. Oxford: Oxford University Press.

Nanay, B. 2013b. “Singularist Semirealism.” British Journal for the Philosophy of Science
64:371-94.

Nanay, B. 2014a. “Natural Properties and Bottomless Determination” American
Philosophical Quarterly 51: 215-26.



286 REFERENCES

Nanay, B. 2014b. “Naturalizing Action Theory” In M. Sprevak and J. Kallestrup (eds.), New
Waves in the Philosophy of Mind. London: Palgrave Macmillan, pp. 226-41.

Nanay, B. 2014c. “An Experiential Account of Creativity” In E. Paul and S. B. Kaufman
(eds.), The Philosophy of Creativity. Oxford: Oxford University Press, pp. 17-35.

Nanay, B. 2014d. “Empirical Problems with Anti-Representationalism.” In B. Brogaard
(ed.), Does Perception Have Content? New York: Oxford University Press, pp. 39-50.

Nanay, B. 2015a. “Perceptual Content and the Content of Mental Imagery” Philosophical
Studies 172: 1723-36.

Nanay, B. 2015b. “Perceptual Content” In M. Matthen (ed.), Oxford Handbook of the
Philosophy of Perception. Oxford: Oxford University Press, pp. 153-67.

Nanay, B. 2015c. “The Representationalism versus Relationalism Debate: Explanatory
Contextualism about Perception.” European Journal of Philosophy 23: 321-36.

Nanay, B. 2016a. “Hallucination as Mental Imagery” Journal of Consciousness Studies
23(7-8): 65-81.

Nanay, B. 2016b. “Imagination and Perception” In A. Kind (ed.), Routledge Handbook of
Philosophy of Imagination. London: Routledge.

Nanay, B. 2016¢. “The Role of Imagination in Decision-making” Mind and Language
31:126-42.

Nanay, B. 2016d. “Aesthetics as Philosophy of Perception. Oxford: Oxford University
Press.

Nanay, B. 2016e. “Philosophy of Perception: A Roadmap with Many Bypass Roads” In
B. Nanay (ed.), Current Controversies in Philosophy of Perception. London: Routledge,
pp. 1-20.

Nanay, B. 2017a. “Sensory Substitution and Multimodal Mental Imagery.” Perception 46:
1014-26.

Nanay, B. 2017b. “Pain and Mental Imagery.” The Monist 100: 485-500.

Nanay, B. 2017c. “All Actions Are Emotional Actions” Emotion Review 9: 350-2.

Nanay, B. 2018a. “Multimodal Mental Imagery.” Cortex 105: 125-34.

Nanay, B. 2018b. “The Importance of Amodal Completion in Everyday Perception.”
i-Perception 9(4): 1-16.

Nanay, B. 2018c¢. “Blur and Perceptual Content.” Analysis 78: 254-60.

Nanay, B. 2019a. “Portraits of People Not Present” In H. Maes (ed.), Portraits and
Philosophy. London: Routledge, pp. 113-32.

Nanay, B. 2019b. Aesthetics: A Very Short Introduction. Oxford: Oxford University Press.

Nanay, B. 2020a. “Motor Imagery and Action Execution.” Ergo 7: 13.

Nanay, B. 2020b. “Multimodal Completion and Naturalized Epistemology” In D. Gatzia
and B. Brogaard (eds.), The Epistemology of Nonvisual Perception. New York: Oxford
University Press, pp. 76-97.

Nanay, B. 2020c. “Vicarious Representation: A New Theory of Social Cognition” Cognition
205: 104451.

Nanay, B. 2020d. “Molyneux’s Question and Interpersonal Variations in Multimodal
Mental Imagery among Blind Subjects” In G. Ferretti and B. Glenney (eds.), Molyneux’s
Question and the History of Philosophy. London: Routledge, pp. 257-63.

Nanay, B. 2020e. “Perceiving Indeterminately.” Thought 9: 160-66.

Nanay, B. 2020f. “Resist or Yield? What to do with temptations? In: Al Mele (ed.):
Surrounding Self-Control. Oxford: Oxford University Press, pp. 242-56.

Nanay, B. 2021f. “Imagining One Experience To Be Another” Synthese 199: 13977-991.

Nanay, B. 2021a. “Unconscious Mental Imagery” Philosophical Transactions of the Royal
Society B 376(1817): 20190689.



REFERENCES 287

Nanay, B. 2021b. “Implicit Bias as Mental Imagery.” Journal of the American Philosophical
Association 7: 329-47.

Nanay, B. 2021c. “Synesthesia as (Multimodal Mental Imagery” Multisensory Research
34:281-96.

Nanay, B. 2021d. “Zoomorphism.” Erkenntnis 86: 171-86.

Nanay, B. 2021e. “Boundary Extension as Mental Imagery.” Analysis 81: 647-56.

Nanay, B. 2022a. “Entity Realism about Mental Representations” Erkenntnis 87: 75-91.

Nanay, B. 2022b. “Amodal Completion and Relationalism.” Philosophical Studies 179: 2537-51.

Nanay, B. 2022c. “What Do We See In Pictures? The Sensory Individuals of Picture
Perception.” Philosophical Studies 179: 3729-46.

Nanay, B. 2022d. “Going Global: A Cautiously Optimistic Manifesto” Contemporary
Aesthetics. Special Volume 10: n. p.

Nanay, B. 2023. “Music and Multimodal Mental Imagery.” In G. Florirou and M. Kussner
(eds.), Music and Mental Imagery. London: Routledge, pp. 64-73.

Nanay, B. forthcoming a. Global Aesthetics. Oxford: Oxford University Press.

Nanay, B. forthcoming b. “The Selective Advantage of Representing Correctly” Philosophy
and Phenomenological Research.

Nanay, B. forthcoming c. ‘Against Imagination” In J. Cohen and B. McLaughlin (eds.),
Contemporary Debates in the Philosophy of Mind. London: Blackwell.

Nanay, B. forthcoming d. “Frissons in Dance.” Journal of Aesthetics and Art Criticism.

Nanay, B. forthcoming e. The Philosophy of Robert Musil. New York: Oxford University Press.

Nanay, B. forthcoming f. “Perception and the Arts” In A. King (ed.), Art and Philosophy.
Oxford: Oxford University Press.

Nanay, B. forthcoming g. The Fragmented Mind. New York: W. W. Norton.

Nanay, B. forthcoming h. “Opaque Beliefs” In E. Schwitzgebel and J. Jong (eds.), What is
Belief? Oxford: Oxford University Press.

Naselaris, T., C. A. Olman, D. E. Stansbury, K. Ugurbil, and J. L. Gallant. 2015. “A Voxel-
Wise Encoding Model for Early Visual Areas Decodes Mental Images of Remembered
Scenes” Neuroimage 105: 215-28.

Neufeld, J., C. Sinke, M. Zedler, H. M. Emrich, and G. R. Szycik. 2012. “Reduced Audio-
Visual Integreation in Synaesthetes Indicated by the Double-Flash Illusion” Brain
Research 1473: 78-86.

Newell, F. and K. J. Mitchell. 2016. “Multisensory Integration and Cross-Modal Learning
in Synaesthesia: A Unifying Model” Neuropsychologia 88: 140-50.

Newell, F. N. 2013. “Synaesthesia, Meaning and Multi-Lingual Speakers” In J. Simner and
E. Hubbard (eds.), Oxford Handbook of Synesthesia. Oxford: Oxford University Press.
Newman, G., G. Diesendruck, and P. Bloom. 2011. “Celebrity Contagion and the Value of

Objects.” The Journal of Consumer Research 38: 215-28.

Nichols, S. 2003. “Imagination and the Puzzles of Iteration” Analysis 63: 182-7.

Nichols, S. and S. Stich. 2003. Mindreading. Oxford: Oxford University Press.

Nier, J. 2001. “How Dissociated Are Implicit and Explicit Racial Attitudes? A Bogus
Pipeline Approach.” Group Process and Intergroup Relations 8(1): 39-52.

Nikoli¢, D., S. Hausler, W. Singer, and W. Maass. 2009. “Distributed Fading Memory for
Stimulus Properties in the Primary Visual Cortex.” PLoS Biology 7(12): €1000260.

Nikoli¢, D., U. Jiirgens, N. Rothen, B. Meier, and A. Mroczko. 2011. “Swimming-style
Synesthesia.” Cortex 47(7): 874-9.

Noé, A. 2004. Action in Perception. Cambridge, MA. The MIT Press.

Noles, N. S, B. J. Scholl, and S. R. Mitroff. 2005. “The Persistence of Object File
Representations.” Attention, Perception & Psychophysics 67: 324-34.



288 REFERENCES

Noordhof, P. 2002. “Imagining Objects and Imagining Experiences.” Mind and Language
17: 426-55.

Noordhof, P. 2008. “Expressive Perception as Projective Imagining” Mind and Language
23(3): 329-58.

Noorman, S., D. A. Neville, and I. Simanova. 2018. “Words Affect Visual Perception by
Activating Object Shape Representations.” Scientific Reports 8: 14156.

Norman, L. J. and L. Thaler. 2019. “Retinotopic-like Maps of Spatial Sound in Primary.
“Visual” Cortex of Blind Human Echolocators” Proceedings of the Royal Society B 286:
20191910.

Nudds, M. 2004. “The Significance of the Senses.” Proceedings of the Aristotelian Society
104: 31-51.

Nudds, M. 2011. “The Senses as Psychological Kinds” In E MacPherson (ed.), The Senses.
Oxford: Oxford University Press, pp. 311-40.

Nudds, M. 2014. “Is Audio-Visual Perception ‘amodal’ or ‘crossmodal’?” In D. Stokes,
M. Matthen, and S. Biggs (eds.), Perception and Its Modalities. Oxford: Oxford University
Press, pp. 166-88.

Nunn, J. A, L. J. Gregory, M. J. Brammer, S. C. Williams, D. M. Parslow, M. J. Morgan,
R. G. Morris, E. T. Bullmore, S. Baron-Cohen, and J. A. Gray. 2002. “Functional
Magnetic Resonance Imaging of Synesthesia: Activation of V4/V8 by Spoken Words.”
Nature Neuroscience 5(4): 371-5.

Nussbaum, M. 2001. Upheavals of Thought. Cambridge: Cambridge University Press.

O’Callaghan, C. 2008a. “Object Perception: Vision and Audition” Philosophy Compass
3:803-29.

O’Callaghan, C. 2008b. “Seeing What You Hear: Cross-Modal Illusions and Perception”
Philosophical Issues 18(1): 316-38.

O’Callaghan, C. 2011. “Lessons from Beyond Vision.” Philosophical Studies 153: 143-60.

O’Callaghan, C. 2014. “Not All Perceptual Experience Is Modality Specific” In D. Stokes,
M. Matthen, and S. Biggs (eds.), Perception and Its Modalities. Oxford: Oxford University
Press, pp. 133-65.

O’Callaghan, C. 2015a. “Objects for Multisensory Perception.” Philosophical Studies 173:
1269-89.

O’Callaghan, C. 2015b. “Not All Perceptual Experience Is Modality Specific” In D. Stokes,
M. Matthen, and S. Biggs (eds.), Perception and Its Modalities. Oxford: Oxford University
Press, pp. 133-65.

O’Connor, D. H., M. M. Fukui, M. A. Pinsk, and S. Kastner. 2002. “Attention Modulates
Responses in the Human Lateral Geniculate Nucleus” Nature Neuroscience 5(11): 1203-9.

O’Craven, K. M. and N. Kanwisher. 2000. “Mental Imagery of Faces and Places Activates
Corresponding Stimulus-Specific Brain Regions.” Journal of Cognitive Neuroscience 12:
1013-23.

Oddie, G. 2005. Value, Reality, and Desire. Oxford: Oxford University Press.

Okamoto, H., H. Stracke, W. Stoll, and C. Pantev. 2010. “Listening to Tailor-Made Notched
Music Reduces Tinnitus Loudness and Tinnitus-Related Auditory Cortex Activity”
PNAS 107: 1207-10.

Osuagwu, B. A. and A. Vuckovic. 2014. “Similarities between Explicit and Implicit Motor
Imagery in Mental Rotation of Hands: An EEG Study” Neuropsychologia 65: 197-210.

Pacherie, E. 2000. “The Content of Intentions.” Mind and Language 15: 400-32.

Pacherie, E. 2011. “Nonconceptual Representations for Action and the Limits of Intentional
Control?” Social Psychology 42: 67-73.



REFERENCES 289

Page, ]. W,, P. Duhamel, and M. A. Crognale. 2011. “ERP Evidence of Visualization at Early
Stages of Visual Processing.” Brain and Cognition 75(2): 141-6.

Paivio, A. 1971. Imagery and Verbal Processes. New York: Holt, Rinehart and Winston.

Paivio, A. 1986. Mental Representations: A Dual Coding Approach. Oxford: Oxford
University Press.

Palfai, T. P. 2006. “Activating Action Tendencies: The Influence of Action Priming on
Alcohol Consumption among Male Hazardous Drinkers.” Journal of Studies on Alcohol
67:926-33.

Pan, Y., M. Chen, J. Yin, X. An, X. Zhang, Y. Lu, H. Gong, W. Li, and W. Wang. 2012.
“Equivalent Representation of Real and Illusory Contours in Macaque V4. The Journal
of Neuroscience 32: 6760-70.

Papies, E. K. and L. W. Barsalou. 2015. “Grounding Desire and Motivated Behavior: A
Theoretical Framework and Empirical Evidence” In W. Hofmann and L. E. Nordgren
(eds.), The Psychology of Desire. New York: Guilford.

Park, S. and M. M. Chun. 2014. “The Constructive Nature of Scene Perception” In
K. Kveraga and M. Bar (eds.), Scene Vision: Making Sense of What We See. Cambridge,
MA: The MIT Press, pp. 45-72.

Park, S. J., H. Intraub, D. J. Yi, D. Widders, and M. M. Chun. 2007. “Beyond the Edges of a
View: Boundary Extension in Human Scene-Selective Visual Cortex.” Neuron 54: 335-42.

Parthasarathi, T., M. H. McConnell, J. Leury, and J. W. Kable. 2017. “The Vivid Present:
Visualization Abilities Are Associated with Steep Discounting of Future Rewards”
Frontiers in Psychology 8: 289.

Pascual-Leone, A., and R. Hamilton. 2001. “The Metamodal Organization of the Brain”
Progress in Brain Research 134: 427-45.

Paulignan, Y., C. L. MacKenzie, R. G. Marteniuk, and M. Jeannerod. 1991. “Selective
Perturbation of Visual Input during Prehension Movements: 1. The Effect of Changing
Object Position.” Experimental Brain Research 83: 502-12.

Payne, K. B. 2001. “Prejudice and Perception: The Role of Automatic and Controlled
Processes in Misperceiving a Weapon.” Journal of Personality and Social Psychology
81(2): 181-92.

Peacocke, C. 1985. “Imagination, Experience, and Possibility: A Berkeley-an View
Defended” In J. Foster and H. Robinson (eds.), Essays on Berkeley. Oxford: Clarendon,
pp. 19-35.

Peacocke, C. 1983. Sense and Content: Experience, Thought and Their Relation. Oxford:
Oxford University Press.

Peacocke, C. 1986. “Analogue Content” Proceedings of the Aristotelian Society
Supplementary Volume 60: 1-17.

Peacocke, C. 1989. “Perceptual Content” In J. Almong, J. Perry, and H. Wettstein (eds.),
Themes from Kaplan. Oxford: Oxford University Press, pp. 297-329.

Peacocke, C. 2019. The Primacy of Metaphysics. Oxford: Oxford University Press.

Pearson, J. 2019. “The Human Imagination: The Cognitive Neuroscience of Visual Mental
Imagery” Nature Reviews Neuroscience 20: 624-34.

Pearson, J. and R. Keogh. 2019. “Redefining Visual Working Memory: A Cognitive-Strategy,
Brain-Region Approach” Current Directions in Psychological Science 28: 266-73.

Pearson, J. and S. M. Kosslyn. 2015. “The Heterogeneity of Mental Representation: Ending
the Mental Imagery Debate” PNAS 112(33): 10089-92.

Pearson, J. and F. Westbrook. 2015. “Phantom Perception: Voluntary and Involuntary
Nonretinal Vision.” Trends in Cognitive Sciences 19: 278-84.



290 REFERENCES

Pearson, J., C. Clifford, and F. Tong. 2008. “The Functional Impact of Mental Imagery on
Conscious Perception.” Current Biology 18: 982-6.

Pearson, J., T. Naselaris, E. A. Holmes, and S. M. Kosslyn. 2015. “Mental Imagery:
Functional Mechanisms and Clinical Applications” Trends in Cognitive Sciences 19:
590-602.

Pearson, J., R. L. Rademaker, and F. Tong. 2011. “Evaluating the Mind’s Eye: The
Metacognition of Visual Imagery.” Psychological Science 22: 1535-42.

Peck, T. C,, S. Seinfeld, S. M. Aglioti, and M. Slater. 2013. “Putting Yourself in the Skin of a
Black Avatar Reduces Implicit Racial Bias.” Consciousness and Cognition 22: 779-87.

Peerdeman, K. J., A. I. van Laarhoven, S. M. Keij, L. Vase, M. M. Rovers, M. L. Peters, and
A. W. Evers. 2016. “Relieving Patients’ Pain with Expectation Interventions: A Meta-
Analysis” Pain 157: 1179-91.

Pekkola, J., V. Ojanen, T. Autti, I. P. Jaaskelainen, R. Mottonen, A. Tarkainen, and M. Sams.
2005. “Primary Auditory Cortex Activation by Visual Speech: An fMRI Study at 3 T
NeuroReport 16: 125-8.

Pelisson, D., C. Prablanc, M. A. Goodale, and M. Jeannerod. 1986. “Visual Control of
Reaching Movements without Vision of the Limb: II. Evidence of Fast Unconscious
Processes Correcting the Trajectory of the Hand to the Final Position of a Double-Step
Stimulus.” Experimental Brain Research 62: 303-11.

Perky, C. W. 1910. “An Experimental Study of Imagination.” American Journal of Psychology
21:422-52.

Perlovsky, L., A. Cabanac, M.-C. Bonniot-Cabanac, and M. Cabanac. 2013. “Mozart Effect,
Cognitive Dissonance, and the Pleasure of Music.” Behavioral Brain Research 244: 9-14.

Perniss, P, R. L. Thompson, and G. Vigliocco. 2010. “Iconicity as a General Property of
Language” Frontiers in Psychology 1: 227.

Pessoa, L. and L. G. Ungerleider. 2005. “Visual Attention and Emotional Perception” In
L. Itti, G. Rees, and J. K. Tsotsos (eds.), Neurobiology of Attention. San Diego, CA: Elsevier.

Phelps, E. A. 2004. “Human Emotion and Memory: Interactions of the Amygdala and
Hippocampal Complex.” Current Opinion in Neurobiology 14: 198-202.

Philips, H. C. 2011. “Imagery and Pain: The Prevalence, Characteristics, and Potency of
Imagery Associated with Pain.” Behavioural and Cognitive Psychotherapy 39: 523-40.
Phillips, I. 2011a. “Perception and Iconic Memory: What Sperling Doesn't Show.” Mind

and Language 26: 281-311.

Phillips, I. 2011b. “Indiscriminability and Experience of Change.” Philosophical Quarterly
61: 808-27.

Phillips, I. 2013. “Afterimages and Sensation.” Philosophy and Phenomenological Research
87:417-53.

Phillips, I. 2014. “Lack of Imagination: Individual Differences in Mental Imagery and the
Significance of Consciousness.” In J. Kallestrup and M. Sprevak (eds.), New Waves in
Philosophy of Mind. London: Palgrave Macmillan, pp. 278-300.

Phillips, I. 2020. “Object Files and Unconscious Perception: A Reply to Quilty-Dunn.”
Analysis 80(2): 293-301.

Pitt, D. 2004. “The Phenomenology of Cognition—Or, What Is It Like To Think That P?”
Philosophy and Phenomenological Research 59: 1-36.

Platts, M. 1979. Ways of Meaning. London: Routledge and Kegan Paul.

Ploghaus, A., L. Becerra, C. Borras, and D. Borsook. 2003. “Neural Circuitry Underlying
Pain Modulation: Expectation, Hypnosis, Placebo” Trends in Cognitive Sciences 7:
197-200.



REFERENCES 291

Ploghaus, A., . Tracey, J. S. Cati, S. Clare, R. S. Menon, P. M. Matthews, and J. N. P. Rawlins.
1999. “Dissociating Pain from Its Anticipation in the Human Brain” Science 284:
1979-81.

Ploner, N., E. Schmitz, H. J. Freund, and A. Schnitzler. 2000. “Differential Organization of
Touch and Pain in Human Primary Somatosensory Cortex.” Journal of Neurophysiology
83:1770-6.

Poincaré, H. 1905/1958. The Value of Science. New York: Dover.

Poiroux, E., C. Cavaro-Menard, S. Leruez, . M. Lemee, 1. Richard, and M. Dinomais. 2015.
“What Do Eye Gaze Metrics Tell Us About Motor Imagery?” PLOS One 10(11):
€0143831. Available at https://doi.org/10.1371/journal.pone.0143831.

Pollatsek, A., K. Rayner, and W. E. Collins. 1984. “Integrating Pictorial Information across
Eye Movements.” Journal of Experimental Psychology: General 113(3): 426-42.

Pooresmaeili, A., R. Arrighi, L. Biagi, and M. C. Morrone. 2013. “Blood Oxygen Level-
Dependent Activation of the Primary Visual Cortex Predicts Size Adaptation Illusion.”
Journal of Neuroscience 33: 15999-6008.

Porro, C. A., P. Baraldi, G. Pagnoni, M. Serafini, P. Facchin, M. Maieron, and P. Nichelli.
2002. “Does Anticipation of Pain Affect Cortical Nociceptive Systems?” Journal of
Neuroscience 22: 3206-14.

Porro, C. A,, M. P. Francescato, V. Cettolo, M. E. Diamond, P. Baraldi, C. Zuiani,
M. Bazzocchi, and P. E. di Prampero. 1996. “Primary Motor and Sensory Cortex
Activation during Motor Performance and Motor Imagery: A Functional Magnetic
Resonance Imaging Study.” Journal of Neuroscience 16: 7688-98.

Porter, R. and R. Lemon. 1993. Corticospinal Function and Voluntary Movement. Oxford:
Clarendon Press.

Posner, M. L. 1980. “Orienting of Attention.” Quaterly Journal of Experimental Psychology
32:2-25.

Posner, M. I. 1984. “Current Research in the Study of Selective Attention” In E. Donchin
(ed.), Cognitive Psychophysiology: Event Related Potentials and the Study of Cognition.
Hillsdale, NJ: Erlbaum, pp. 37-50.

Posner, M. L, J. A. Walker, E. J. Friedrich, and R. D. Rafal. 1984. “Effects of Parietal Injury
on Covert Orienting of Attention.” Journal of Neuroscience 4: 1863-74.

Pounder, Z., J. Jacob, S. Evans, C. Loveday, A. F. Eardley, and J. Silvanto. 2022. “Only
Minimal Differences between Individuals with Congenital Aphantasia and Those
with Typical Imagery on Neuropsychological Tasks that Involve Imagery.” Cortex,
148: 180-92.

Pratte, M. S. 2018. “Iconic Memories Die a Sudden Death.” Psychological Science 29: 877-87.

Price, M. C. 2009a. “Spatial Forms and Mental Imagery.” Cortex 45: 1229-45.

Price, M. C. 2009b. “What Kind of Mental Images Are Spatial Forms.” Cognitive Processing
10(Suppl. 2): S276-8.

Prinz, J. J. 2004. Gut Reactions. New York: Oxford University Press.

Proulx, M. J. and P. Stoerig. 2006. “Seeing Sounds and Tingling Tongues: Qualia in
Synaesthesia and Sensory Substitution” Anthropology and Philosophy 7: 135-51.

Pryor, J. 2000. “The Skeptic and the Dogmatist” Notis 34(4): 517-49.

Purmann, S. and S. Pollmann. 2015. “Adaptation to Recent Conflict in the Classical Color-
Word Stroop-Task Mainly Involves Facilitation of Processing of Task-Relevant
Information.” Frontiers in Human Neuroscience 9: 88.

Pylyshyn, Z. 1981. “The Imagery Debate: Analogue Media versus Tacit Knowledge”
Psychological Review 88: 16-45.


https://doi.org/10.1371/journal.pone.0143831

292 REFERENCES

Pylyshyn, Z. 1999. “Is Vision Continuous with Cognition? The Case for Cognitive
Impenetrability of Visual Perception” Behavioral and Brain Sciences 22: 341-65.

Pylyshyn, Z. 2009. “The Empirical Case for Bare Demonstratives in Vision.” In C. Viger
and R. J. Stainton (eds.), Compositionality, Context, and Semantic Values: Essays in
Honour of Ernie Lepore. Dordrecht: Springer, pp. 255-74.

Qiu, E T. and R. von der Heydt. 2005. “Figure 12And Ground in the Visual Cortex: V2
Combines Stereoscopic Cues with Gestalt Rules” Neuron 47: 155-66.

Quoidbach, ], D. T. Gilbert, and T. D. Wilson. 2013. “The End of History Illusion” Science
339:96-98.

Quilty-Dunn, J. 2016. “Iconicity and the Format of Perception.” Journal of Consciousness
Studies 23(3-4): 255-63.

Quilty-Dunn, J. 2020. “Perceptual Pluralism.” Notis 54: 807-38.

Quilty-Dunn, J. “Unconscious Rationalization” Unpublished.

Quilty-Dunn, J. and E. J. Green. Forthcoming “Perceptual Attribution and Perceptual
Reference”” Philosophy and Phenomenological Research.

Quilty-Dunn, J. and E. Mandelbaum. 2018. “Against Dispositionalism: Belief in Cognitive
Science?” Philosophical Studies 175: 2353-72.

Quilty-Dunn, J. and E. Mandelbaum. 2019. “Non-inferential Transitions” In A. Nes (ed.),
Inference and Consciousness. London: Routledge, pp. 151-71.

Ramachandran, V. S. 1992. “Filling in the Blind Spot” Nature 356: 115.

Ramachandran, V. S. and R. Gregory. 1991. “Perceptual Filling-in of Artificially Induced
Scotomas in Human Vision” Nature 350: 699-702.

Ramachandran, V. S. and D. Rogers-Ramachandran. 1996a. “Denial of Disabilities in
Anosognosia” Nature 382: 501.

Ramachandran, V. S. and D. Rogers-Ramachandran. 1996b. “Synaesthesia in Phantom
Limbs Induced with Mirrors.” Proceedings of the Royal Society London B 263: 377-86.
Ramachandran, V. S., D. Rogers-Ramachandran, and S. Cobb. 1995. “Touching the

Phantom Limb?” Nature 377: 489-90.

Ramsey, R., J. Cumming, D. Eastough, and M. G. Edwards. 2010. “Incongruent Imagery
Interferes with Action Initiation” Brain and Cognition 74(3): 249-54.

Ranganath, K. A., C. Tucker Smith, and B. A. Nosek. 2008. “Distinguishing Automatic and
Controlled Components of Attitudes from Direct and Indirect Measurement Methods”
Journal of Experimental Social Psychology 44: 386-96.

Rappaport, S. J., G. W. Humphreys, and M. J. Riddoch. 2013. “The Attraction of Yellow
Corn: Reduced Attentional Constraints on Coding Learned Conjunctive Relations”
Journal of Experimental Psychology: Human Perception and Performance 39(4): 1016-31.

Rauschenberger, R. and S. Yantis. 2001. “Masking Unveils Pre-Amodal Completion
Representation in Visual Search” Nature 410: 369-72.

Rauschenberger, R., T. Liu, S. D. Slotnick, and S. Yantis. 2006. “Temporally Unfolding
Neural Representation of Pictorial Occlusion.” Psychological Science 17: 358-64.

Rayner, K., G. W. McConkie, and D. Zola. 1980. “Integrating Information across Eye
Movements.” Cognitive Psychology 12: 206-26.

Reeves, A. and C. Craver-Lemley. 2012. “Unmasking the Perky Effect: Spatial Extent of
Image Interference on Visual Acuity.” Frontiers in Psychology 3: 296.

Reid, T. 1764/1997 An Inquiry into the Human Mind on the Principles of Common Sense.
Edited by D. R. Brookes. University Park, PA: Pennsylvania State University Press, 1997.

Reisberg, D., D. G. Pearson, and S. M. Kosslyn. 2003. “Intuitions and Introspections About
Imagery: The Role of Imagery Experience in Shaping an Investigator’s Theoretical
Views.” Journal of Applied Psychology 17: 147-60.



REFERENCES 293

Renier, L., O. Collignon, C. Poirier, D. Tranduy, A. Vanlierde, A. Bol, C. Veraart, and A. De
Volder. 2005a. “Cross-modal Activation of Visual Cortex during Depth Perception
Using Auditory Substitution of Vision” Neuroimage 26: 573-80.

Renier, L., C. Laloyaux, O. Collignon, D. Tranduy, A. Vanlierde, R. Bruyer, A. De Volder.
2005b. “The Ponzo Illusion with Auditory Substitution of Vision in Sighted and Early-
Blind Subjects.” Perception 34: 857-67.

Renner, E, E C. Murphy, J. L. Ji, T. Manly, and E. A. Holmes. 2019. “Mental Imagery as a
‘Motivational Amplifier’ to Promote Activities.” Behaviour Research and Therapy 114: 51-9.

Requin, J., M. Bonnet, and A. Semjen. 1977. “Is There a Specificity in the Supraspinal
Control of Motor Structures during Preparation?” In S. Dornic (ed.), Attention and
Performance VI. Hillsdale, NJ: Erlbaum, pp. 139-74.

Richardson, A. 1969 Mental Imagery. New York: Springer Publishing Company, Inc.

Richter, W,, R. Somorjai, R. Summers, M. Jarmasz, R. S. Menon, J. S. Gati,
A. P. Georgopoulos, C. Tegeler, K. Ugurbil, and S. G. Kim. 2000. “Motor Area Activity
during Mental Rotation Studied by Time-Resolved Single-Trial fMRI” Journal of
Cognitive Neuroscience 12(2): 310-20.

Rizzolatti, G. 1994. “Unconscious Motor Images.” Behavioral and Brain Sciences 17: 220.

Roberts, R. C. 2003. Emotions: An Essay in Aid of Moral Psychology. Cambridge: Cambridge
University Press.

Robins, S. K. 2019. “Confabulation and Constructive Memory.” Synthese 196: 2135-51.

Rodrigues, E. C., T. Lemos, B. Gouvea, E. Volchan, L. A. Imbiriba, and C. D. Vargas. 2010.
“Kinesthetic Motor Imagery Modulates Body Sway.” Neuroscience 169: 743-50.

Roelfsema, P. R. and E P. de Lange. 2016. “Early Visual Cortex as a Multiscale Cognitive
Blackboard” Annual Review of Visual Science 2: 131-51.

Roland, P, B. Larsen, N. Lassen, and E. Skinhoj. 1980. “Supplementary Motor Area and
Other Cortical Areas in Organization of Voluntary Movements in Man.” Journal of
Neurophysiology 43: 118-36.

Rolls, E. T. and M. J. Tovee. 1994. “Processing Speed in the Cerebral Cortex and the
Neurophysiology of Visual Masking.” Proceedings of the Royal Society: Biological Sciences
257:9-15.

Rose, N. S., J. J. LaRocque, A. C. Riggall, O. Gosseries, M. J. Starrett, E. E. Meyerling, and
B. R. Postle. 2016. “Reactivation of Latent Working Memories with Transcranial
Magnetic Stimulation” Science 354: 1136-9.

Roseboom, W., T. Kawabe, and S. Nishida. 2013. “The Cross-Modal Double Flash Illusion
Depends on Featural Similarity between Cross-Modal Inducers” Scientific Reports 3:
3437-4359.

Rossman, M. L. 2000. Guided Imagery for Self-Healing: An Essential Resource for Anyone
Seeking Wellness. Tiburon, CA: HJ Kramer.

Roth, M., J. Decety, M. Raybaudi, R. Masserelli, C. Delon-Martin, C. Segebarth, S. Morand,
A. Gemignani, M. Decorps, and M. Jeannerod. 1996. “Possible Involvement of Primary
Motor Cortex in Mentally Simulated Movement: A Functional Magnetic Resonance
Imaging Study.” Neuroreport 7: 1280-4.

Rothen, N., D. Nikoli¢, U. M. Jurgens, A. Mroczko-Wasowicz, J. Cock, and B. Meier. 2013.
“Psychophysiological Evidence for the Genuineness of Swimming-Style Colour
Synaesthesia” Consciousness and Cognition 22: 35-46.

Royet, J.-P., C. Delon-Martin, and J. Plailly. 2013. Frontiers in Human Neuroscience 7: 87.

Rozin, P, M. Markwith, and B. Ross. 1990. “The Sympathetic Magical Law of Similarity,
Nominal Realism, and Neglect of Negatives in Response to Negative Labels”
Psychological Science 1(6): 383-4.



294 REFERENCES

Rozin, P, L. Millman, and C. Nemeroff. 1986. “Operation of the Laws of Sympathetic
Magic in Disgust and Other Domains.” Journal of Personality and Social Psychology
50: 703-12.

Russell, G. A. 1994. “The Impact of the Philosophus Autodidactus: Pocockes, John Locke,
and the Society of Friends” In G. A. Russell (ed.), The “Arabick” Interest of the Natural
Philosophers in Seventeenth-Century England. Leiden: Brill, pp. 224-65.

Ryle, G. 1949. The Concept of Mind. London: Hutchinson.

Sadeghi, S., H. Ekhtiari, B. Bahrami, and M. N. Ahmadabadi. 2017. “Metacognitive
Deficiency in a Perceptual But Not a Memory Task in Methadone Maintenance
Patience” Scientific Reports 7: 7052.

Sagiv, N., J. Heer, and L. Robertson. 2006. “Does Binding of Synesthetic Color to the
Evoking Grapheme Require Attention?” Cortex 42(2): 232-42.

Saito, Y. 1997. “The Japanese Aesthetics of Imperfection and Insufficiency” Journal of
Aesthetics and Art Criticism 55/4: 377-85.

Sampaio, E., S. Maris and P. Bach-y-Rita. 2001. “Brain Plasticity: ‘Visual’ Acuity of Blind
Persons via the Tongue.” Brain Research 908(2): 204-7.

Sanders, C. W.,, M. Sadoski, R. Bramson, R. Wiprud, and K. Van Walsum. 2004.
“Comparing the Effects of Physical Practice and Mental Imagery Rehearsal on Learning
Basic Surgical Skills by Medical Students” American Journal of Obstetrics and Gynecology
191: 1811-14.

Sanders, C. W., M. Sadoski, K. van Walsum R. Bramson, R. Wiprud and T. W. Fossum.
2008. “Learning Basic Surgical Skills with Mental Imagery: Using the Simulation Centre
in the Mind?” Medical Education 42: 607-12.

Sartre, J.-P. 1940. L'Tmaginaire. Paris: Gallimard (translated to English as The Psychology of
Imagination. New York: The Philosophical Library, 1948).

Saruco, E., E Di Rienzo, S. Nunez-Nagy, M. A. Rubio-Gonzalez, P. L. Jackson, C. Collet,
A. Saimpont, and A. Guillot. 2017. “Anodal tDCS over the Primary Motor Cortex
Improves Motor Imagery Benefits on Postural Control.” Scientific Reports 7: 480.

Sawamoto, N., M. Honda, T. Okada, T. Hanakawa, M. Kanda, H. Fukuyama, J. Konishi,
and H. Shibasaki. 2000. “Expectation of Pain Enhances Responses to Nonpainful
Somatosensory Stimulation in the Anterior Cingulate Cortex and Parietal Operculum/
Posterior Insula: An Event-Related fMRI Study.” Journal of Neuroscience 20: 7438-45.

Saxton, L. 2007. “Secrets and Revelations: Off-Screen Space in Michael Haneke’s Cache’
(2005)” Studies in French Cinema 7: 5-17.

Scanlon, T. 1998. What We Owe To Each Other. Cambridge, MA: Harvard University Press.

Scarantino, M. 2014. “The Motivational Theory of Emotions” In J. D’Arms and D. Jacobson
(eds.), Moral Psychology and Human Agency. Oxford: Oxford University Press, pp. 156-85.

Schellenberg, S. 2013. “Belief and Desire in Imagination and Immersion” Journal of
Philosophy 110: 497-517.

Scherer, K. R. 2009. “The Dynamic Architecture of Emotion: Evidence for the Component
Process Model” Cognition and Emotion 23(7): 1307-51.

Scherzer, T. R. and V. Ekroll. 2015. “Partial Modal Completion under Occlusion: What Do
Modal and Amodal Percepts Represent.” Journal of Vision 15: 1-20.

Schlenker, P. 2017. “Sign Language and the Foundations of Anaphora” Annual Review of
Linguistics 3: 149-77.

Schmitz, T. W,, E. De Rosa, and A. K. Anderson. 2009. “Opposing Influences of Affective
State Valence on Visual Cortical Encoding” The Journal of Neuroscience 29: 7199-207.
Schnitzler, A., S. Salenius, R. Salmelin, V. Jousmaki, and R. Hari. 1997. “Involvement of
Primary Motor Cortex in Motor Imagery: A Neuromagnetic Study.” Neurolmage

6:201-8.



REFERENCES 295

Schroeder, T. 2004. Three Faces of Desire. Oxford: Oxford University Press.

Schumacher, R. 2003. “What Are the Direct Objects of Sight? Locke on the Molyneux
Question.” Locke Studies 3: 41-62.

Schupp, H. T., B. N. Cuthbert, M. M. Bradley, C. H. Hillman, A. O. Hamm, and P. J. Lang.
2004. “Brain Processes in Emotional Perception: Motivated Attention” Cognition and
Emotion 18: 593-611.

Schut, M. J,, N. Van der Stoep, A. Postma, and S. Van der Stigchel. 2017. “The Cost of
Making an Eye Movement: A Direct Link between Visual Working Memory and
Saccade Execution.” Journal of Vision 17(6): 1-20.

Schwarzkopf, D. S., C. Song, and G. Rees. 2011. “The Surface Area of Human V1 Predicts
the Subjective Experience of Object Size” Nature Neuroscience 14: 28-30.

Schwitzgebel, E. 2002 “How Well Do We Know Our Own Conscious Experience? The Case
of Visual Imagery.” Journal of Consciousness Studies 9(5-6): 35-53.

Schwitzgebel, E. 2008. “The Unreliability of Naive Introspection” Philosophical Review
117: 245-73.

Schwoebel, J., C. B. Boronat, and H. B. Coslett. 2002. “The Man Who Executed. “Imagined”
Movements: Evidence for Dissociable Components of the Body Schema” Brain and
Cognition 50: 1-16.

Seamon, J. G., S. E. Schlegel, P. M. Hiester, S. M. Landau, and B. F. Blumenthal. 2002.
“Misremembering Pictures Objects: People of All Ages Demonstrate the Boundary
Extension Illusion” American Journal of Psychology 115(2): 151-67.

Searle, J. 1983. Intentionality: An Essay in the Philosophy of Mind. Cambridge: Cambridge
University Press.

Sechrist, G. and C. Stangor. 2001. “Perceived Consensus Influences Intergroup Behavior
and Stereotype Accessibility” Journal of Personality and Social Psychology 80(4): 645-54.

Segal, S. J. 1972. “Assimilation of a Stimulus in the Construction of an Image: The Perky
Effect Revisited” In P. W. Sheehan (ed.), The Function and Nature of Imagery. New York:
Academic Press, pp. 203-30.

Segal, S. J. and S. Nathan. 1964. “The Perky Effect: Incorporation of an External Stimulus
into an Imagery Experience under Placebo and Control Conditions.” Perceptual and
Motor Skills 19: 385-95.

Sekuler, A. B. and S. E. Palmer. 1992. “Perception of Partly Occluded Objects: A
Microgenetic Analysis.” Journal of Experimental Psychology General 121: 95-111.

Sekuler, R., A. B. Sekuler, and R. Lau. 1997. “Sound Alters Visual Motion Perception.”
Nature 285: 308.

Sellars, W. 1978. “The Role of Imagination in Kant's Theory of Experience” In
H. W. Johnstone (ed.), Categories: A Colloquium. University Park, PA: Pennsylvania
State University Press.

Senkowski, D., D. Saint-Amour, M. Hofle, and J. J. Foxe. 2011. “Multisensory Interactions
in Early Evoked Brain Activity Follow the Principle of Inverse Effectiveness.” Neurolmage
56: 2200-8.

Sergent, C., C. C. Ruff, A. Barbot, J. Driver, and G. Reese. 2011. “Top-down Modulation of
Human Early Visual Cortex after Stimulus Offset Supports Successful Postcued Report?”
Journal of Cognitive Neuroscience 23(8): 1921-34.

Seth, A. K. 2014. “A Predictive Processing Theory of Sensorimotor Contingencies:
Explaining the Puzzle of Perceptual Presence and Its Absence in Synesthesia” Cognitive
Neuroscience. 5: 97-118.

Seydell-Greenwald, A., X. Wang, E. Newport, Y. Bi, and E. Striem-Amit. 2020. “Spoken
Language Comprehension Activates the Primary Visual Cortex” bioRxiv.
doi:10.1101/2020.12.02.408765.



296 REFERENCES

Shams, L., Y. Kamitani, and S. Shimojo. 2000. “What You See Is What You Hear” Nature
408: 788.

Shea, N. 2018. Representation in Cognitive Science. Oxford: Oxford University Press.

Shepard, R. N. 1978. “Mental Images” American Psychologist 33: 125-37.

Shepard, R. N. and J. Metzler. 1971. “Mental Rotation of Three-Dimensional Objects”
Science 171: 701-3.

Sherwood, R. and J. Pearson. 2010. “Closing the Mind’s Eye: Incoming Luminance Signals
Disrupt Visual Imagery” PLOS ONE 5(12): e15217.

Shibata, K., T. Watanabe, Y. Sasaki, and M. Kawato. 2011. “Perceptual Learning Incepted by
Decoded fMRI Neurofeedback Without Stimulus Presentation”” Science 334: 1413-15.

Shoemaker, S. 1990. “Qualities and Qualia: Whats in the Mind” Philosophy and
Phenomenological Research 50: 109-31.

Sibley, E. 1959. “Aesthetic Concepts” Philosophical Review 68: 421-50.

Siegel, S. 2006. “Which Properties Are Represented in Perception?” In T. Gendler and
J. Hawthorne (eds.), Perceptual Experience. Oxford: Oxford University Press,
pp. 481-503.

Siegel, S. 2007. “How Can We Discover the Contents of Experience?” Southern Journal of
Philosophy (Supp), 45: 127-42.

Siegel, S. 2011. “Cognitive Penetrability and Perceptual Justification” Noiis 46: 201-22.

Siegel, S. 2020. “Bias and Perception” In E. Beeghly and A. Madva (eds.), An Introduction
to Implicit Bias. London: Routledge.

Silins, N. 2016. “Cognitive Penetration and the Epistemology of Perception” Philosophy
Compass 11: 24-42.

Simner, J. 2007. “Beyond Perception: Synesthesia as a Psycholinguistic Phenomenon.”
Trends in Cognitive Sciences 11: 23-9.

Simner, J. 2012. “Defining Synaesthesia.” British Journal of Psychology 103: 1-15.

Simner, J. 2013. “Why Are There Different Types of Synesthete?” Frontiers in Psychology 4: 558.

Simons, J. S., J. R. Garisson, and M. K. Johnson. 2017. “Brain Mechanisms of Reality
Monitoring” Trends in Cognitive Sciences 12: 462-73.

Sligte, I. G., H. S. Scholte, and V. A. F. Lamme. 2008. “Are there Multiple Visual Short-Term
Memory Stores?” PLoS 3(2): e1669.

Slofstra, C., M. H. Nauta, E. A. Holmes, C. L. H. Bockting. 2016. “Imagery Rescripting: The
Impact of Conceptual and Perceptual Changes to Aversive Autobiographical Memories.”
PloS One 11(8): e0160235.

Slotnick, S. D., W. L. Thompson, and S. M. Kosslyn. 2005. “Visual Mental Imagery Induces
Retinotopically Organized Activation of Early Visual Areas.” Cerebral Cortex 15: 1570-83.

Smilek, D., A. Callejas, M. ]. Dixon, and P. M. Merikle. 2007. “Ovals of Time: Timespace
Associations in Synaesthesia.” Consciousness and Cognition 16(2): 507-19.

Smith, E W. and L. Muckli. 2010. “Nonstimulated Early Visual Areas Carry Information
About Surrounding Context” PNAS 107: 20099-103.

Smith, M. 1987. “The Humean Theory of Motivation.” Mind 96: 36-61.

Smith, M. 1994. The Moral Problem. Cambridge, MA: Blackwell.

Sobel, N., V. Prabhakaran, J. E. Desmond, G. H. Glover, R. L. Goode, and E. V. Sullivan.
1998. “Sniffing and Smelling: Separate Subsystems in the Human Olfactory Cortex.”
Nature 392: 282-6.

Sober, E. 2015. Ockham’s Razors. Cambridge: Cambridge University Press.

Solomon, R. 1977. The Passions. New York: Anchor.

Somerville, K., M. Cooper, and A. Hackmann. 2007. “Spontaneous Imagery in Women
with Bulimia Nervosa: An Investigation into Content, Characteristics and Links to



REFERENCES 297

Childhood Memories” Journal of Behavior Therapy and Experimental Psychiatry
38:435-46.

Spada, M. M., G. Caselli, M. Slaifer, A. V. Nikcevic, and S. Sassaroli. 2013. “Desire Thinking
as a Predictor of Problematic Internet Use.” Social Science Computer Review 32: 474-83.

Spence, C. and J. Driver (eds.) 2004. Crossmodal Space and Crossmodal Attention. Oxford:
Oxford University Press.

Spence, C., K. Okajima, A. D. Cheok, O. Petit, and C. Michel. 2016. “Eating with Our Eyes:
From Visual Hunger to Digital Satiation.” Brain and Cognition 110: 53-63.

Spener, M. and T. Bayne. 2010. “Introspective Humility” Philosophical Issues 20: 1-22.

Spence, C. and T. Bayne. 2014. “Is Consciousness Multisensory?” In D. Stokes, M. Matthen,
and S. Biggs (eds.), Perception and Its Modalities. Oxford: Oxford University Press,
pp- 95-132.

Sperandio, I, P. A. Chouinard, and M. A. Goodale. 2012. “Retinotopic Activity in V1
Reflects the Perceived and Not the Retinal Size of an Afterimage” Nature Neuroscience
15: 540-2.

Sperling, G. 1960. “The Information Available in Brief Visual Presentations.” Psychological
Monographs 74(11): 498.

Spiller, M. J. and A. S. Jansari. 2008. “Mental Imagery and Synaesthesia: Is Synaesthesia
from Internally-Generated Stimuli Possible?” Cognition 109: 143-51.

Spiller, M. J., C. N. Jonas, J. Simner, and A. Jansari. 2015. “Beyond Visual Imagery: How
Modality-Specific is Enhanced Mental Imagery in Synesthesia?” Consciousness and
Cognition 31: 73-85.

Spillmann, L., T. Otte, K. Hamburger, and S. Magnussen. 2006. “Perceptual Filling-in from
the Edge of the Blind Spot” Vision Research 46: 4252-7.

Spivey, M. and Geng, J. 2001. “Oculomotor Mechanisms Activated by Imagery and
Memory: Eye Movements to Absent Objects.” Psychological Research 65: 235-41.

Sprague, T. C., E. E Ester, and J. T. Serences. 2016. “Restoring Latent Visual Working
Blackbmemory Representations in Human Cortex.” Neuron 91: 694-707.

Starr, G. 2013. Feeling Beauty: The Neuroscience of Aesthetic Experience. Cambridge, MA:
MIT Press.

Statham, D. ], J. P. Connor, D. J. Kavanagh, G. E X. Feeney, R. M. Young, J. May, and
J. Andrade. 2011. “Measuring Alcohol Craving: Development of the Alcohol Craving
Questionnaire.” Addiction 6: 1230-8.

Stazicker, J. 2011. “Attention, Visual Consciousness and Indeterminacy” Mind and
Language 26(2): 156-84.

Stephan, K. M., G. R. Fink, R. E. Passingham, D. Silbersweig, A. O. Baumann, C. D. Frith,
and R. S. J. Frackowiak. 1995. “Functional Anatomy of the Mental Representation of
Upper Extremity Movements in Healthy Subjects” Journal of Neurophysiology
73:373-86.

Stephan-Otto, C., S. Siddi, C. Senior, J. Cuevas-Esteban, M. R. Cambra-Marti, S. Ochoa,
and G. Brébion. 2017a. “Remembering Verbally-Presented Items as Pictures: Brain
Activity Underlying Visual Mental Images in Schizophrenia Patients with Visual
Hallucinations” Cortex 94: 113-22.

Stephan-Otto, C., S. Siddi, C. Senior, D. Mufioz-Samons, S. Ochoa, A. M. Sanchez-Laforga,
and G. Brébion. 2017b. “Visual Imagery and False Memory for Pictures: A Functional
Magnetic Resonance Imaging Study in Healthy Participants.” PloS one 12: €0169551.

Sterzer, P, J.-D. Haynes, and G. Rees. 2006. “Primary Visual Cortex Activation on the Path
of Apparent Motion Is Mediated by Feedback from hMT+/V5” Neurolmage 32(3):
1308-16.



298 REFERENCES

Stins, J. F, I. K. Schneider, S. L. Koole, and P. J. Beek. 2015. “The Influence of Motor
Imagery on Postural Sway: Differential Effects of Type of Body Movement and Person
Perspective” Advances in Cognitive Psychology 11: 77-83.

Stokes, D. 2012. “Perceiving and Desiring: A New Look at the Cognitive Penetrability of
Experience” Philosophical Studies 158: 479-92.

Stokes, D. 2014. “Cognitive Penetration and the Perception of Art” Dialectica 68: 1-34.

Stokes, D. 2018. “Attention and the Cognitive Penetrability of Perception” Australasian
Journal of Philosophy 96: 303-18.

Stokes, D. 2019. “Mental Imagery and Fiction.” Canadian Journal of Philosophy 49: 731-54.

Stokes, D. and B. Nanay. 2020. “Perceptual Skills” In E. Fridland and C. Pavese (eds.),
Routledge Handbook of the Philosophy of Skill and Expertise. London: Routledge,
pp- 314-23.

Stokes, D., M. Matthen, and S. Biggs. 2014. Perception and Its Modalities. Oxford: Oxford
University Press.

Stone, J. and J. Cooper. 2003. “The Effect of Self-Attribute Relevance on How Self-Esteem
Moderates Attitude Change in Dissonance Processes.” Journal of Experimental Social
Psychology 39: 508-15.

Strawson, P. E. 1962. “Freedom and Resentment”” In P. E. Strawson, Freedom and Resentment
and Other Essays. London: Methuen, 1974.

Strawson, P. F. 1974. “Imagination and Perception” In P. E. Strawson, Freedom and
Resentment. London: Methuen, pp. 45-65.

Striem-Amit, E., S. Ovadia-Caro, A. Caramazza, D. S. Margulies, A. Villringer, and
A. Amedi. 2015. “Functional Connectivity of Visual Cortex in the Blind Follows
Retinotopic Organization Principles” Brain 138: 1679-95.

Stroop, J. R. 1935. “Studies of Interference in Serial Verbal Reactions” Journal of
Experimental Psychology 18: 643-62.

Sugita, Y. 1999. “Grouping of Image Fragments in Primary Visual Cortex” Nature
401: 269-72.

Sullivan-Bissett, E. 2019. “Biased By Our Imaginings” Mind and Language 34: 627-47.

Supeér, H., C. van der Togt, H. Spekreijse, and V. A. F. Lamme. 2004. “Correspondence of
Presaccadic Activity in the Monkey Primary Visual Cortex with Saccadic Eye
Movements.” PNAS 101(9): 3230-5.

Talavage, T. M., M. . Sereno, J. R. Melcher, P. J. Ledden, B. R. Rosen, and A. M. Dale. 2004.
“Tonotopic Organization in Human Auditory Cortex Revealed by Progressions of
Frequency Sensitivity.” Journal of Neurophysiology 91(3): 1282-96.

Tang, J., J. Ward, and B. Butterworth. 2008. “Number Forms in the Brain” Journal of
Cognitive Neuroscience 20(9): 1547-56.

Tartaglia, E. M., L. Bamert, M. H. Herzog, and E. W. Mast. 2012. “Perceptual Learning of
Motion Discrimination by Mental Imagery.” Journal of Vision 12: 1-10.

Tartaglia, E. M., L. Bamert, . W. Mast, and M. H. Herzog. 2009. “Human Perceptual
Learning by Mental Imagery.” Current Biology 19: 2081-5.

Teeuwen, R. R. M., C. Waconge, U. H. Schnabel, M. W. Self, and P. R. Roelfsema. 2021. “A
Neuronal Basis of Iconic Memory in Macaque Primary Visual Cortex” Current Biology
31: 5401-14.

Tend, C. and D. J. Kravitz. 2019. “Visual Working Memory Directly Alters Perception”
Nature Human Behavior 3: 827-36.

Tenenbaum, S. 2007. Appearances of the Good. Cambridge: Cambridge University Press.

Teufel, C. and B. Nanay. 2017. “How to (and How Not to Think About Top-Down
Influences on Perception.” Consciousness and Cognition 47: 17-25.



REFERENCES 299

Teufel, C., S. C. Dakin, and P. C. Fletcher. 2018. “Prior Object-Knowledge Sharpens
Properties of Early Visual Feature-Detectors.” Scientific Reports 8: 10853.

Teufel, C., N. Subramaniam, V. Dobler, . Perez, J. Finnemann, P. R. Mehta, I. M. Goodyer
and P. C. Fletcher. 2015. “Shift Toward Prior Knowledge Confers a Perceptual Advantage
in Early Psychosis and Psychosis-Prone Healthy Individuals” Proceedings of the National
Academy of Sciences of the United States of America 112(43): 13401-6.

Tha'lab, A. Al-A. 1966. Qawa’id al-Shi’r. Edited by ‘Abd al-Tawwab. Cairo: Dar al-Maarif.

Thaler, L. and D. Foresteire. 2017. “Visual Sensory Stimulation Interferes with People’s
Ability to Echolocate Object Size” Scientific Reports 7: 13069.

Thaler, L., S. Arnott, and M. Goodale. 2011. “Neural Correlates of Natural Human
Echolocation in Early and Late Blind Echolocation Experts” PLoS ONE 6(5): €20162.
Thaler, L., R. C. Wilson, and B. K. Gee. 2014a. “Correlation between Vividness of Visual
Imagery and Echolocation Ability in Sighted, Echo-Naive People.” Experimental Brain

Research 232(6): 1915-25.

Thaler, L., J. L. Milne, S. R. Arnott, D. Kish, and M. A. Goodale. 2014b. “Neural Correlates
of Motion Processing through Echolocation, Source Hearing, and Vision in Blind
Echolocation Experts and Sighted Echolocation Novices.” Journal of Neurophysiology
111: 112-27.

Thibodeau, R. and E. Aronson. 1992. “Taking a Closer Look: Reasserting the Role of the
Self-Concept in Dissonance Theory. Personality and Social Psychology Bulletin,18(5):
591-602.

Thielen, J., S. E. Bosch, T. M. van Leeuwen, M. A. van Gerven, and R. van Lier. 2019.
“Neuroimaging Findings on Amodal Completion: A Review.” i-Perception 10(2):
2041669519840047.

Thomas, A. 2009. “Perceptual Presence and the Productive Imagination.” Philosophical
Topics 37: 153-74.

Thompson, E. 2007. “Look Again: Phenomenology and Mental Imagery.” Phenomenology
and the Cognitive Sciences 6: 137-70.

Thorpe, S., D. Fize, and C. Marlot. 1996. “Speed of Processing in the Human Visual
System.” Nature 381: 520-2.

Tiffany, S. T. and D. J. Drobes. 1990. “Imagery and Smoking Urges: The Manipulation of
Affective Content” Addictive Behaviors 15: 531-9.

Tiffany, S. T. and D. M. Hakenewerth. 1991. “The Production of Smoking Urges through
an Imagery Manipulation: Psychophysiological and Verbal Manifestations.” Addictive
Behaviors 16: 389-400.

Titchener, E. B. 1909. Lectures on the Experimental Psychology of the Thought-Processes.
New York: Macmillan.

Tolin, D. E et al. 1999. “Visual Avoidance in Specific Phobia” Behaviour Research and
Therapy 37(1): 63-70.

Tong, F. 2013. “Imagery and Visual Working Memory: One and the Same?” Trends in
Cognitive Sciences 17(10): 489-90.

Toribio, J. 2018. “Implicit Bias: From Social Structure to Representational Format.” Theoria
33(1): 41-60.

Treisman, A. M., D. Kahneman, and J. Burkell. 1983. “Perceptual Objects and the Cost of
Filtering.” Perception and Psychophysics 33(6): 527-32.

Trehub, A. 1991. The Cognitive Brain. Cambridge, MA: MIT Press.

Troncoso, X. G., S. L. Macknik, and S. Martinez-Conde. 2008. “Microsaccades Counteract
Perceptual Filling-in” Journal of Vision 8: 15-19.

Trope, Y. and N. Liberman. 2003. “Temporal Construal.” Psychological Review 110: 403-21.



300 REFERENCES

Trubutschek, D., S. Marti, A. Ojeda, J.-R. King, Y. Mi, M. Tsodyks, and S. Dehaene. 2017.
“A Theory of Working Memory without Consciousness or Sustained Activity” eLife
6: €23871.

Tucker, C. 2014. “If Dogmatists Have a Problem with Cognitive Penetration, You Do Too”
Dialectica 68: 35-62.

Tusek, D. L., J. M. Church, S. A. Strong, J. A. Grass, and V. W. Fazio. 1997. “Guided
Imagery: A Significant Advance in the Care of Patients Undergoing Elective Colorectal
Surgery”” Diseases of the Colon and Rectum 40: 172-8.

Tye, M. 1991. The Imagery Debate. Cambridge, MA: MIT Press.

Tye, M. 1995. Ten Problems of Consciousness: A Representational Theory of the Phenomenal
Mind. Cambridge: Bradford Books.

Tye, M. 2006. “Content, Richness, and Fineness of Grain” In T. S. Gendler and J. Hawthorne
(eds.), Perceptual Experience. Oxford: Oxford University Press.

Tyler, M. E., Y. Danilov, and P. Bach-y-Rita. 2003. “Closing an Open-Loop Control System:
Vestibular Substitution through the Tongue.” Journal of Integrative Neuroscience 2: 1-6.

van Dam, W. O. and B. Hommel. 2010. “How Object-Specific Are Object Files? Evidence
for Integration by Location.” Journal of Experimental Psychology: Human Perception and
Performance 36(5): 1184-92.

Van den Hout, M. A., N. Bartelski, and I. M. Engelhard. 2013. “On EMDR: Eye Movements
during Retrieval Reduce Subjective Vividness and Objective Memory Accessibility
during Future Recall” Cognition and Emotion 27: 177-83.

Van Essen, D. C. 2004. “Organization of Visual Areas in Macaque and Human Cerebral
Cortex” In L. Chalupa and J. S. Werner (eds.), The Visual Neurosciences. Cambridge,
MA: MIT Press, pp. 507-21.

Van Leeuwen, N. 2011. “Imagination Is Where The Action Is” Journal of Philosophy
108: 55-77.

Van Leeuwen, N. 2016. “The Imaginative Agent.” In A. Kind and P. Kung (eds.), Knowledge
through Imagination. New York: Oxford University Press, pp. 85-109.

van Leeuwen, T. M., H. E. den Ouden, and P. Hagoort. 2011. “Effective Connectivity
Determines the Nature of Subjective Experience in Grapheme-Color Synesthesia”
Journal of Neuroscience 31(27): 9879-84.

VandenBos, G. R. 2007. American Psychological Association: Dictionary of Psychology. New
York: Psychology Press.

Vargas, C., E. Olivier, L. Craighero, L. Fadiga, J. Duhamel, and A. Sirigu. 2004. “The
Influence of Hand Posture on Corticospinal Excitability during Motor Imagery: A
Transcranial Magnetic Stimulation Study” Cerebral Cortex 14(11): 1200-6.

Velleman, D. 1992. “The Guise of the Good.” Noils 26: 3-26.

Velleman, D. 1996. “Self to Self” Philosophical Review 105: 39-76.

Velleman, D. 2000. The Possibility of Practical Reason. Oxford: Oxford University Press.

Versland, A. and H. Rosenberg. 2007. “Effect of Brief Imagery Interventions on C'"raving in
College Student Smokers.” Addiction Research Theory 15(2): 177-87.

Vetter, P. and A. Newen. 2014. “Varieties of Cognitive Penetration in Visual Perception”
Consciousness and Cognition 27: 62-75.

Vetter, P, L. Bola, L. Reich, M. Bennett, L. Muckli, and A. Amedi. 2020. “Decoding Natural
Sounds in Early ‘Visual’ Cortex of Congenitally Blind Individuals” Current Biology 30:
3039-44.e2.

Vetter, P, K. Petrini, L. Piwek, F. Smith, V. Solanki, M. Bennett, F. Polick, and L. Muckli.
2016. “Decoding Emotional Valence of Sounds in Early Visual Cortex.” Journal of Vision
16(12): 472.



REFERENCES 301

Vetter P, F. W. Smith, and L. Muckli. 2014. “Decoding Sound and Imagery Content in
Early Visual Cortex” Current Biology 24: 1256-62.

Viera, G. and B. Nanay. 2020. “Temporal Mental Imagery” In A. Abraham (ed.), The
Cambridge Handbook of the Imagination. Cambridge: Cambridge University Press,
pp. 227-40.

Villey, P. 1930. The World of the Blind. Oxford: Macmillan.

Volz, M. S., V. Suarez-Contreras, A. L. Santos Portilla, and F. Fregni. 2015. “Mental
Imagery-Induced Attention Modulates Pain Perception and Cortical Excitability” BMC
Neuroscience 16: 15.

Vrins, S., T. C. J. De Wit, and R. Van Lier. 2009. “Bricks, Butter, and Slices of Cucumber:
Investigating Semantic Influences in Amodal Completion.” Perception 38: 17-29.

Vroomen, J., P. Bertelson, and B. de Gelder. 2001. “Auditory-Visual Spatial Interactions:
Automatic versus Intentional Components” In B. de Gelder, E. de Haan, and
C. Heywood (eds.), Out of Mind. Oxford: Oxford University Press, pp. 140-50.

Vul, E. et al. 2008. “The McCollough Effect Reflects Permanent and Transient Adaptation
in Early Visual Cortex.” Journal of Vision 8: 4.

Wager, T. D., J. K. Rilling, E. E. Smith, A. Sokolik, K. L. Casey, R. J. Davidson, S. M. Kosslyn,
R. M. Rose, and J. D. Cohen. 2004. “Placebo-Induced Changes in fMRI in the
Anticipation and Experience of Pain” Science 303: 1162-7.

Wallmeier, L., N. Gef3ele, and L. Wiegrebe. 2013. “Echolocation versus Echo Suppression
in Humans?” Proceedings of the Royal Society of London B: Biological Sciences 280(1769):
20131428.

Walton, K. 1990. Mimesis As Make-Believe. Cambridge, MA: Harvard University Press.

Walton, K. L. 1994. “Morals in Fiction and Fictional Morality (I)” Supplement to the
Proceedings of The Aristotelian Society 68: 27-50.

Wang, B., X. Cao, J. Theeuwes, C. N. L. Olivers, and Z. Wang. 2017. “Separate Capacities
for Storing Different Features in Visual Working Memory.” Journal of Experimental
Psychology: Learning, Memory, and Cognition 43(2): 226-36.

Ward, J. 2013. “Synaesthesia” Annual Review of Psychology 64: 2-27.

Ward, J. and J. B. Mattingley. 2006. “Synaesthesia: An Overview of Contemporary Findings
and Controversies.” Cortex 42: 129-36.

Ward, J. and P. Meijer. 2010. “Visual Experiences in the Blind Induced by an Auditory
Sensory Substitution Device” Consciousness and Cognition 19: 492-500.

Ward, J. and J. Simner. 2003. “Lexical-Gustatory Synaesthesia: Linguistic and Conceptual
Factors.” Cognition 89(3): 237-61.

Ward, J. and T. Wright. 2012. “Sensory Substitution as an Artificially Acquired
Synaesthesia.” Neuroscience and Biobehavioral Review 41: 26-35.

Ward, J., B. Huckstep, and E. Tsakanikos. 2006. “Sound-Colour Synaesthesia: To What
Extent Does It Use Cross-Modal Mechanisms Common To Us All?” Cortex 42(2):
264-80.

Ward, J., R. Li, S. Salih, and N. Sagiv. 2007. “Varieties of Grapheme-Colour Synaesthesia: A
New Theory of Phenomenological and Behavioural Differences” Consciousness and
Cognition 16: 913-31.

Watanabe, T. and T. Sato. 1989. “Effects of Luminance Contrast on Color Spreading and
Mlusory Contour in the Neon Color Spreading Effect” Perception and Psychophysics
45:427-30.

Watkins, S., L. Shams, S. Tanaka, J. D. Haynes, and G. Rees. 2006. “Sound Alters Activity in
Human V1 in Association with Illusory Visual Perception.” Neurolmage 31: 1247-56.

Weatherson, B. 2004. “Morality, Fiction, and Possibility” Philosophers’ Imprint 4(3): 1-27.



302 REFERENCES

Weeks, R., B. Horwitz, A. Aziz_Sultan, B. Tian, C. M. Wessinger, L. Cohen, M. Hallet, and
J. P. Rauschecker. 2000. “A Positron Emission Tomographic Study of Auditory
Localization in the Congenitally Blind” Journal of Neuroscience 20: 2664-72.

Weil, R. S., J. M. Kilner, J. D. Haynes, and G. Rees. 2007. “Neural Correlates of Perceptual
Filling-In of an Artificial Scotoma in Humans.” Proceedings of the National Academy of
Sciences USA 104: 5211-16.

Weil, R. S., S, Watkins, and G. Rees. 2008. “Neural Correlates of Perceptual Completion of
an Artificial Scotoma in Human Visual Cortex Measured Using Functional MRI”
Neuroimage 42: 1519-28.

Weiskrantz, L. 2009. Blindsight: A Case Study Spanning 35 Years and New Developments
(2nd edn). Oxford: Oxford University Press.

Welchman, A. E. and J. M. Harris. 2001. “Filling-in the Details on Perceptual Fading”
Vision Research 41: 2107-17.

Westheimer, G. 1981. “Visual Hypercauity.” Progress in Sensory Physiology 1: 1-30.

Wheeler, M., S. Peterson, and R. Buckner. 2000. “Memory’s Echo: Vivid Remembering
Reactivates Sensory-Specific Cortex” PNAS 97(20): 11125-9.

Wiers, R. W,, C. Eberl, M. Rinck, E. S. Becker, and J. Lindenmeyer. 2011. “Retraining
Automatic Action Tendencies Changes Alcoholic Patients’ Approach Bias for Alcohol
and Improves Treatment Outcome.” Psychological Science 22: 490-7.

Wiers, R. W.,, M. Rinck, R. Kordts, K. Houben, and E Strack. 2010. “Re-training
Automatic Action-Tendencies to Approach Alcohol in Hazardous Drinkers” Addiction
105: 279-87.

Wieser, M. J. et al. 2009. “Fear of Negative Evaluation and the Hypervigilance-Avoidance
Hypothesis: An Eye-Tracking Study.” Journal of Neural Transmission 116(6): 717-23.
Williams, A. D., S. E. Blackwell, A. Mackenzie, E. A. Holmes and G. Andrews. 2013.
“Combining Imagination and Reason in the Treatment of Depression: A Randomized
Controlled Trial of Internet-Based Cognitive-Bias Modification and Internet-CBT for

Depression.” Journal of Consulting and Clinical Psychology 81: 793-9.

Williams, B. 1973. “Imagination and the Self” In B. Williams, Problems of the Self.
Cambridge: Cambridge University Press, pp. 26-45.

Wilson, T., S. Lindsay and T. Schooler. 2000. “A Model of Dual Attitudes” Psychological
Review 107: 101-26.

Wiltsher, N. 2016. “Against the Additive View of Imagination” Australasian Journal of
Philosophy 94: 266-82.

Wiltsher, N. and B. Nanay. 2021. “Imagination, Selves and Knowledge of Self: Pessoa’s
Dreams in The Book of Disquiet” In A. Kind and C. Badura (eds.), Epistemic Uses of
Imagination. London: Routledge, pp. 298-318.

Winterowd, C., A. T. Beck, and D. Gruener. 2003. Eliciting and Modifying Imagery Cognitive
Therapy with Chronic Pain Patients. New York: Springer Publishing Co., pp. 183-207.
Wolff, M. J,, J. Jochim, E. G. Akyurek, and M. G. Stokes. 2017. “Dynamic Hidden States

Underlying Working-Memory-Guided Behavior” Nature Neuroscience 20: 864-71.

Wollheim, R. 1973. “Imagination and Identification” In R. Wollheim, On Art and the
Mind: Essays and Lectures. London: Allen Land, pp. 54-83.

Wu, W. 2017. “Shaking Up the Mind’s Ground Floor: The Cognitive Penetration of Visual
Attention.” Journal of Philosophy 114: 5-32.

Wundt, W. 1912. An Introduction to Psychology (2nd edn). New York: Macmillan.

Yates, F. 1966. The Art of Memory. London: Routledge.

Yeshurun, Y. and M. Carrasco. 1998. “Attention Improves or Impairs Visual Performance
by Enhancing Spatial Resolution” Nature, 396: 72-5.



REFERENCES 303

Yi, D.-J., N. B. Turk-Browne, J. I. Flombaum, M.-S. Kim, B. J. Scholl, and M. M. Chun.
2008. “Spatiotemporal Object Continuity in Human Ventral Visual Cortex” PNAS
105: 8840-5.

Ylikovski, P. 2013. “Causal and Constitutive Explanation Compared.” Erkenntnis 78: 277-97.

Yokosawa, K., S. Pamilo, L. Hirvenkari, R. Hari, and E. Pihko. 2013. “Activation of Auditory
Cortex by Anticipating and Hearing Emotional Sounds: An MEG Study” PLoS ONE
8(11): e80284.

Yolton, J. W. 1996. Perception and Reality: A History from Descartes to Kant. Ithaca, NY:
Cornell University Press.

Yonelinas, A. P. and M. Ritchey. 2015. “The Slow Forgetting of Emotional Episodic
Memories.” Trends in Cognitive Sciences 19: 259-67.

Young, B. 2016. “Smelling Matter” Philosophical Psychology 29: 520-34.

Young, B. 2020. “Olfactory Imagery.” Philosophical Studies 177: 3303-27.

Young, B. and B. Nanay. 2022. “Olfactory Amodal Completion.” Pacific Philosophical
Quarterly 103: 372-88.

Yun, Y., S. J. Hazenberg, and R. van Lier. 2018. “Temporal Properties of Amodal
Completion: Influences of Knowledge” Vision Research 145: 21-30.

Zacks, J. M., R. A. Mar, and N. Calarco. 2018. “The Cognitive Neuroscience of Discourse:
Covered Ground and New Directions” In M. E Schober, D. N. Rapp, and A. M. Britt
(eds.), The Routledge Handbook of Discourse Processes. New York: Routledge, pp. 269-94.

Zadbood, A., J. Chen, Y. C. Leong, K. A. Norman, and U. Hasson. 2017. “How we Transmit
Memories to Other Brains: Constructing Shared Neural Representations Via
Communication.” Cerebral Cortex 27(10): 4988-5000.

Zamarashkina, P,, D. V. Popovkina, and A. Pasupathy. 2020. “Timing of Response Onset
and Offset in Macaque V4: Stimulus and Task Dependence.” Journal of Neurophysiology
123:2311-25.

Zangaladze, A., V. D. Weisser, E. Stilla, S. C. Prather, and K. Sathian. 1999. “Involvement of
Visual Cortex in Tactile Discrimination of Orientation.” Nature 401: 587-90.

Zanna, M. P. and ]J. Cooper. 1974. “Dissonance and the Pill: An Attribution Approach to
Studying the Arousal Properties of Dissonance” Journal of Personality and Social
Psychology 29: 703-9.

Zatorre, R. J. and A. R. Halpern. 2005. “Mental Concert: Musical Imagery and Auditory
Cortex.” Neuron 47: 9-12.

Zelano, C., M. Bensafi, J. Porter, J. Mainland, B. Johnson, and E. Bremner. 2005. “Attentional
Modulation in Human Primary Olfactory Cortex.” Nature Neuroscience 8: 114-20.

Zelano, C., A. Mohanty, and J. A. Gottfried. 2011. “Olfactory Predictive Codes and
Stimulus Templates in Piriform Cortex” Neuron 72: 178-87.

Zeman, A., M. Dewar, and S. Della Sala. 2015. “Lives without Imagery: Congenital
Aphantasia” Cortex 73: 378-80.

Zeman, A., D. McGonigle, E. Gountouna, L. Torrens, S. Della Sala, and R. Logie. 2007.
“Blind Imagination™ Brain Activation after Loss of the Mind’s Eye.” Journal of Neurology
Neurosurgery and Psychiatry 78(2): 209-9.

Zeman, A., E. Milton, S. Della Sala, M. Dewar, T. Frayling, ]. Gaddum, A. Hattersley,
B. Heuerman-Williamson, K. Jones, M. MacKisack, and C. Winlove. 2020. “Phantasia—
The Psychological Significance of Lifelong Visual Imagery Vividness Extremes” Cortex
130: 426-40.

Zeman, A. Z. ], S. Della Sala, L. A. Torrens, V.-E. Gountouna, D. J. McGonigle, and
R. H. Logie. 2010. “Loss of Imagery Phenomenology with Intact Visuo-Spatial Task

»

Performance: A Case of ‘Blind Imagination.” Neuropsychologia 48: 145-55.



304 REFERENCES

Zhang, ]. Y., T. Zhang, E Xue, L. Liu, and C. Yu. 2009. “Legibility of Chinese Characters in
Peripheral Vision and the Top-Down Influences on Crowding.” Vision Research 49: 44-53.

Zmigrod, S., M. Spapé, and B. Hommel. 2009. “Intermodal Event Files: Integrating Features
across Vision, Audition, Taction, and Action?” Psychological Research 73(5): 674-84.

Zwaan, R. A. 2016. “Situation Models, Mental Simulations, and Abstract Concepts in
Discourse Comprehension.” Psychonomic Bulletin and Review 23(4): 1028-34.

Zwaan, R. A. and G. A. Radvansky. 1998. “Situation Models in Language Comprehension
and Memory.” Psychological Bulletin 123(2): 162.



Index

For the benefit of digital users, indexed terms that span two pages (e.g., 52-53) may, on

occasion, appear on only one of those pages.

action
akratic 208,210,213-14
inhibition of 208-9
mental see mental action
perceptually guided 202-4
presense 65, 205-7
action execution 189, 199, 202-4, 208-10,
212-13
addiction 190, 208,211-13,230-1
treatment 211-12,231
adverbialism 179
aesthetics 239-40, 241n.3, 248n.7, 249
aesthetically relevant property see property,
aestetically relevant
afterimage 28-9, 39, 154
Allen, Keith 39-40
Altmann, Gerry 55
amodal completion 18, 34-5, 41-2, 54-70,
81-4,96-7,102,111, 132, 134, 134n.1,
136, 141, 152-3, 161, 172n.1, 180,
184,215
olfactory 56,97-8, 102
top-down driven 59, 62
animal
non-human 146,218, 220
Anscombe, G. E. M. 193-4
Antonioni, Michelangelo 241-4
anxiety disorders 230-1
aphantasia 19-21, 24,27-32, 118
Arango-Muiios, Santiago 157-9
Arcangeli, Margherita 165-6
Aristotle 197
Armstrong, David 45-6
Aronson, Elliot 216-17
association 136-7, 139-40, 222-8,234
bound 136-7, 139-40
semantic 137,225
attention 3, 38, 69-71, 73-5, 81, 97, 149-50,
154-5,162-3,192-3,212-13, 220, 241
covert 73,81-2

overt 73,81

perceptual 73,189-91

unconscious 155
attentional shift 73, 81, 97, 220
attentional template 38, 41
attitude change 194n.3, 216, 220
Aydede, Murat 127-8

Bach, Kent 203
Bain, David 129
Barlassina, Luca 129, 178n.3
Barnett, Kylie J. 116
Bartolomeo, Paolo 52
Beck, Jacob 48, 134n.1
Beethoven, Ludwig van 243, 247
Behaviorism 13
Behrmann, Marlene 3-4
belief
core 217-20
explicit 84
belief-like imagination see imagination,
belief-like
Bendaiia, Joseph 217
Berger, Jacob 44, 97-8, 182-3,223
Berkeley, George 103-4
Bernecker, Sven 151, 157-9
besire theory 197
bias
implicit 222-9,233-4, 248-9
patchy endorsement account of 228
biasing representation 222-9,234
blackboard 8
blind
congenitally 103-6, 113
cortically 104-5
blind spot 33, 33n.1, 41, 54, 82, 183-5
Block, Ned 24, 80, 106, 108-9, 125n.1, 153,
153n.3, 156
Blomkvist, Andrea 19, 31
Bolafio, Roberto 180n.1, 182, 248-9



306 INDEX

boundary extension 151, 157-64
Brand, Myles 203, 208
Bratman, Michael 213
Bresson, Robert 242, 244
Brewer, Bill 44-6

Briscoe, Robert 17-18, 62, 65
Brogaard, Berit 112,228-9
Brook, Peter 247

Brozzo, Chiara 199

Bruegel, Pieter 239

Bruno, Michael 103

Bunuel, Luis 242

Burch, Noel 241

Burge, Tyler 43-4,72, 147
Burkell, Jacquelyn 131
Butterfill, Stephen A. 203

Campbell, John 44, 103
Carruthers, Peter 20, 153-4
Cartier-Bresson, Henri 245
Cavedon-Taylor, Dan 52n.2
Chalmers, David 166
Chang, Hasok 40
Churchland, P.S. 33n.1
Clark 45-6, 196
Clowes, Max 68
cognition

imagistic 145, 147, 220

linguistic 145, 147-9
cognitive dissonance 216-21
cognitive dissonance syllogism 218-20
cognitive penetration 79-84, 84n.3, 182-3
Cohen, Jonathan 45-7,116-17
conative 79
congenitally blind see blind, congenitally
consciousness

access 153

phenomenal 153
constancy

perceptual 68

size 39,67,110
constitutive dependence 52, 54-5, 64-5
content

emotional 162,173-6

imperative 129-30

indicative 129-30

temporal extension of 88-9
cortically blind see blind, cortically
control

motor see motor control
crossmodal

effect 98-9, 153,172

crossmodal activation 118,232
Currie, Gregory 11n.1, 12-13, 58n.2, 71-2,
72n.2, 199, 205-6

Darwin, Charles 17

Davidson, Donald 213,218, 248-9

De Brigard, Felipe 151, 157-9

decision-making 169-71

Degas, Edgar 160, 241

Delacroix, Eugéne 51-2,52n.1

Dennett, Daniel C. 13, 33n.1, 74-5, 89,

153-4

Deonna, Julien 176-7

depression 214,230

Deroy, Ophelia 95n.3, 99,108, 116

desire 79, 129, 189-98, 205-6, 208
elaborated intrusion theory of 198
reward-based theory of 197-8

desire-like imagination see imagination,

desire-like

determinable-determinate relation 70

determinate 19, 69-75, 148, 240, 248
super- 70,72-3

Dijkstra, Nadine 24n.1, 39, 52,71, 82-3

direction of fit 129-30, 129n.4, 193-8

directness
concept of 7

dogmatism 182

dreaming 18, 28, 37-8, 41, 53, 84n.3
lucid 18,37-8

Dretske, Fred I. 44, 153

Dual Coding Theory 148-9

Duchamp, Marcel 249

Duras, Marguerite 243

earworm 17, 165
eating disorders 230-2
echolocation 108, 112-14
egocentric space 17-21,110-11, 116, 119
non-egocentric space 19, 21
Ehrsson, H. H. 97-8
Ekroll, Vebjorn 56-8
elaborated intrusion theory of desire
see desire, elaborated intrusion
theory of
emotion 172-7,212,218-21, 225, 244
theory of 176
emotional state 172,175-9, 219-20
emotion-free mental imagery see mental
imagery, emotion-free
episodic memory see memory, episodic
Evans, Gareth 103-4



evidence insensitivity 189-92
experience
conscious 23, 24n.1, 102
perceptual 44-5,77-8,116-17,157-60
quasi-perceptual 12-13
experiential avoidance 219-20
explanatory unification 33, 121
extensionalism 88-9
eye movement 52-4,73, 81,101, 201, 231
desensitization and reprocessing 231

Fernandez, Jordi 157-9
Festinger, Leon 216
Firestone, Chaz 77

flashback 17,165, 247-8
fovea 41, 65,72, 74, 87-8,138
Frijda, Nico 175-6

Frith, Christopher D. 37n.4

Galton, Francis 3,13

Gauker, Christopher 181
Gendler, Tamar 167, 222,226
goal state 189-97,203
Godard, Jean-Luc 242-4
Goldie, Peter 214n.2
Gonzales, Valerie 241n.3
Goodale, Melvyn A. 23-5,204
Gordon, Robert D. 135, 137-8
Gow, Laura 71

Green, E. J. 134, 137

Gregory, Alec 194-5,197
Gregory, Dominic 51-2, 165, 181

hallucination 18, 35n.2, 36-8, 37n.3, 41, 68,
84n.3,116-17, 125n.1

Hayward, Max K. 129

Heil, John 108-9

Held, Richard 103-6

Helton, Grace 180, 183-4, 192

higher-order mental state see mental state,
higher-order

Hobbes, Thomas 11, 18, 37-8

Holmes, Emily A. 172, 230-1

Holroyd, Jules 222-3

Holton, Richard 190,211

homomorphism

spatial 100-1

Hopkins, Robert 71, 151

Hume, David 70

Hurley, Susan 108-9

hyperacuity 66, 66n.2

hyperphantasia 19-21, 118

INDEX 307

illusion
crossmodal 93,98-9
double flash 98, 123n.1, 134-5
horse 60, 83
McCollough effect 35-6
optical 35-6
Herman grid 35-6
Ponzo 67n.3,110
thermal grill 125-6
illusory contours 35-6, 44, 57, 83-4
image inspection 69
imagery see mental imagery
Imagery Debate, the 21,47
imagery rescripting 230
imagistic cognition see cognition, imagistic
imagistic representation see representation,
imagistic
imagination 11, 15, 22, 52, 55, 58,
58n.2, 84n.3, 165-71, 180-1,
205-7,228-9
belief-like 205-7
desire-like 205-7
propositional 165-9
sensory 122-3,165-7, 169
imaginative resistance 167-8, 167n.1
implicit bias see bias, implicit
initiation experiment 217
Intraub, Helene 157,159, 161-4
introspection 14, 19-21, 46, 166, 198, 213
Ishiguro, Hilde 71

James, William 3, 86-7,214n.2
Jeannerod, Marc 3-4, 199-204, 209, 227
Johnson, Gabbrielle M. 222

Kahneman, Daniel 131

Kanizsa triangle 15,59, 83-4, 136

Kant, Immanuel 51-5, 68

Kaplan, David 11n.1, 147

Keaton, Buster 160, 241

Keogh, Rebecca 25,27,30-1, 38, 52,73,
151-2,152n.2, 226

Kind, Amy 11n.1,17-19,71, 163-9,
180-1,228-9

Kitcher, Philip 33

Klein, Colin 129

knowledge 10, 180-5, 227, 240, 249

Koenig-Robert, Roger 27, 42

Kok, Peter 34-5, 38,42,57,90

Kosslyn, Stephen M. 3-4,7, 15,21, 36-7, 48,
52-3,69, 89

Kung, Peter 12,15,17-18, 180-1



308 INDEX

La Rochefoucauld, Frangois de 193
Lamarque, Peter 58n.2
Langland-Hassan, Peter 130, 165-6, 168,
180-1
language processing 146-50, 166-7, 177-8
learning
perceptual 52,81n.2, 83,174
reward-based 197-8
Leibniz, Gottfried Wilhelm 103-4
Levin, Janet 103, 181
Levy, Neil 224,228
Lewis, David 58n.2, 174, 197
linguistic representation see representation,
linguistic
Locke, John 102-4
lucid dreaming see dreaming, lucid

Machery, Edouard 223
Macpherson, Fiona 77, 84n.3,93, 108, 174
Madva, Alex 225
Mandelbaum, Eric 103,217,223-5
Martinez, Manolo 75, 129
Matthen, Mohan 45-6, 103, 116-17
McCarroll, Christopher 157
Mele, Alfred 213
memory
encoding 157-9
episodic 38,151,231
mood congruent 173
trans-saccadic 132-3, 138-41, 151
visual working 27, 151-3,192-3
mental action 165
mental imagery
action-guiding 225-6, 228

auditory 4,99, 121-2, 154, 165, 244, 246-7

determinable 19

determinate 240

emotionally charged 172-8,197,219-21,
225-6,244

emotion-free 173,175,177-9

gustatory 19, 190-3, 247-8

indeterminate 70,97, 148, 193, 242-3

involuntary 7,122-3, 165, 190, 232-4,
247-8

laterally triggered 19, 41

mirror-induced 126-7

motor see motor imagery

multimodal 7, 10, 93-106, 108-21, 153,
163,190, 244-8

olfactory 4,17, 46, 52-3,97-8,101-2,
190-3,247-8

phenomenology of 20,71, 75

pain 124-30
pragmatic 202-7
sensory 202,215
temporal 38, 85-90, 151-2, 154, 245-6
past-oriented 151-2
top-down triggered 8, 18, 41, 60-2, 77-84,
98-9, 182-3, 227, 240, 247, 249
unconscious 12-13, 19, 23-32, 40, 70,
155, 166
valenced 174-5,190-1, 197
visual 4,17-18,83,101-6, 109, 111-13,
122-4, 163, 170, 201, 205, 242, 244
voluntary 17,31, 154, 231-2, 234
mental rotation 23-4, 151-2
mental state
higher-order 18, 83
Michaelian, Kourken 151, 157-9
Millikan, Ruth G. 34-5, 196, 203
Mitroff, Stephen R. 138
mood congruency effect 173
Moran, Richard 168
motor control 149-50
motor imagery 123, 199-203, 208-15
unconscious 201
voluntary 200
MT 6, 6n.3, 8,44-5, 154, 183, 200
multisensory event 88-9,93,118

natural kind 40, 45, 152-3
neural plasticity 6n.3
Newen, Albert 80, 178n.3
Nichols, Shaun 58n.2, 205-6
nocebo 127-8

nociceptor 124-30

Noé, Alva 103, 108-9

object file 131-5,137-9

object reviewing paradigm 133
object tracking 132-3

object-specific preview benefit 132-5
occlusion 56-7, 108, 132,242-3
Oddie, Graham 198n.4

olfaction 36-7,46-7,94n.1,101-2
Orwell, George 248-9

overflow argument 156

Pacherie, Elisabeth 196,212,218
pain 124-30, 234-5

content of 129

neuropathic 127

phantom limb 125-7

referred 127,127n.2



pain imagery see mental imagery, pain
Paivio, Allan 148
Peacocke, Christopher 15, 48,72, 108-9, 48n.2
Pearson, Joel 4,17, 25,27,30-1, 36-8,42-3,
48,52,73,151-3,152n.2, 226, 230
perception
conscious 25, 45, 88-9, 138, 182-3
multimodal 93,215
phenomenology of 75
relationalism 44-5
sensory stimulation-driven 5, 51, 53-5, 59,
63-6, 68, 82, 85-9, 95,105, 117, 122,
180-5, 196
unconscious 24n.1, 25, 27-8
perceptual adjustment 157-9, 161
perceptual attention see attention, perceptual
perceptual expectation 38, 42, 60, 76, 246
perceptual experience
content of 44-5,74-5
perceptual justification 182-5
perceptual learning see learning, perceptual
perceptual processing
early 8,10, 35-6, 43, 57, 68, 78, 80-4, 95-6,
101, 116, 154, 183
post- 80, 145
perceptual representation see representation,
perceptual
perceptual schema 159, 161-3
peripheral vision see vision, peripheral
Perky experiment
modified 74
the 39,71
Perky, Cheves W. 39,71, 74
phantom limb pain see pain, phantom limb
phenomenal character 20, 44-5, 75,77,
84n.3,125
phenomenology
cognitive 20-1,20n.2
non-perceptual 20, 78-80
perceptual 20n.2,61,71,78-80, 83-4, 182-3
phenomenology of mental imagery see mental
imagery, phenomenology of
phenomenology of perception see perception,
phenomenology of
Philips, Ian 24
piriform cortex 101-2
placebo 127-8
post-perceptual processing see perceptual
processing, post-
post-traumatic stress disorder 230
pragmatic representation see representation,
pragmatic

INDEX 309

presense
action see action, pretense
feeling of 18-19,21-2,36-8, 53, 96-8,
110-11, 119, 125
primary motor cortex 200
primary visual cortex see V1
processing
early cortical 5-7,34-8,43,59, 61, 66n.2,
67,75,87,90,93,100, 102, 131, 148,
174, 226
property
aesthetically relevant 239-40
egocentric 203, 206
relational 203
propositional representation
see representation, propositional
Proust, Marcel 240, 241n.2, 243-4, 248
Pryor, James 182
PTSD see post-traumatic stress disorder
Pylyshyn, Zenon 21, 81,132

Quilty-Dunn, Jake 132,134, 134n.1,
137,217-18

Rauschenberg, Robert 59, 85, 249-50
Reid, Thomas 103, 103n.2
reliability 183-5, 184n.4
representation
early cortical 59, 85,123, 151, 160, 174
emotion-free 175,178-9
imagistic 48, 48n.2, 117, 146-7, 219-20
linguistic 27, 146, 149
mental 11-12,222
perceptual 4-9, 14, 43-5, 56n.1, 58, 67-8,
85,132,178-9,183-4, 196, 199n.1,
202-3
vehicle of 87-9
pragmatic 204-5
propositional 11n.1
retentionalism 88-9
retina 5-6,8-10, 15, 18, 33-6, 39-44, 51,
57-9, 66-8, 66n.2, 82, 85, 86n.1, 87,
104, 106, 124, 136, 154, 183, 200
retinotopic 8-10, 32, 48, 59-60, 86, 90,
104-5, 109, 154
reward-based learning see learning,
reward-based
reward-based theory of desire see desire,
reward-based theory of
Richardson, Alan 11n.1,12-13, 159, 161
Rimbertinus, Bartholomew 63-4
Rizzolatti, Giacomo 199n.2



310 INDEX

Robert, Musil 214
Robins, Sarah K. 157
Ryle, Gilbert 13-14

Sartre, Jean-Paul 52-3, 180-1
Scanlon, Thomas M. 192
Schellenberg, Susanna 65
Scherer, Klaus R. 178n.3
schizophrenia 37n.4, 230
Schroeder, Timothy 93, 95-6, 197-8
Searle, John 130, 193-5, 213
secondary visual cortex see V2
self-concept 217-18
self-imagining 169
Sellars, Wilfred 51-2
sense modality
tactile 106, 108-9
visual 5-9, 35n.2, 52-3, 82, 93, 98-9, 110,
113,116, 118, 134-5, 163
senses
individuation of 100, 111-12
Serrano, Andres 243
Seth, Anil K. 119
Shakespeare, William 179
Shoemaker, Sydney 46
Sibley, Frank 239-40
Siegel, Susanna 45, 77-8, 81, 182, 226, 240
Simner, Julia 115-18
Sinigaglia, Corrado 203
Smith, Michael 193-5, 197
somatosensory cortex 102
Sperling experiments, the 151, 153-6
Sperling, George 151, 153-6
sport psychology 209
Stokes, Dustin 38, 77,79, 81, 100, 166-7,
239-40, 247-8
Strawson, Peter F. 51-2
Stroop effect 149-50
Sullivan-Bissett, Ema 228
supposition 166-9
synesthesia 111n.4,115-23, 149
artificially induced 119-20
colored touch 115
grapheme-color 118,120
lexical-gustatory 115,118

temporal correspondence 9, 85-90, 154
Thomas, Alan 51-2
tinnitus 233

Titchener, Edward 3,13

Tolstoy, Leo 106

top-down triggered mental imagery
see mental imagery, top-down
triggered

Treisman, Anne 131

Tufail, Ibn 102-3

Tye, Michael 21, 47,129, 224-5

V1 6,10, 32,37-8,41-2,57, 61, 67, 85-6, 90,
96, 98, 104-5, 132, 152, 154, 200-1
V2 6,8, 32,80,200-1
V4 6,8,37-8,44-6, 67, 80, 135-6, 150,
183,200-1
V5 6,6n.3,8
V8 6,8,45,150, 183,200
valence 172n.1,173-5,177,179, 190-2, 197,
216, 219,227
Van Leeuwen, Neil 65,119, 165-6,
202-3, 207
Velleman, David 169, 194-5, 205-6
ventriloquism 93
Vermeer, Johannes 240, 245
Vetter, Petra 80, 93, 95-6, 104, 135,
166-7,172
Viera, Gerardo 86
vision
peripheral 34,41, 54, 65, 66n.2,70, 72,
87-8, 101, 138
visual cortex
primary see V1
secondary see V2
visual working memory see memory,
visual working
Visualizing 7,11,15,17-18, 21, 39, 52-3,
58n.2,71,74,110, 116, 119, 125-7,
154-5, 174-5, 195-6, 232-4

Walton, Kendall L. 18,37-8, 167
Weatherson, Brian 167
Weerasethakul, Apichatpong 243
Weiskrantz, Lawrence 23-5
Wiltsher, Nick 15n.2, 165, 171n.3
Wittgenstein, Ludwig 17n.1
Wundt, Wilhelm 3,13

Young, Benjamin D. 56, 101-2

Zeman, Adam 19, 28,118



	Cover
	Mental Imagery: Philosophy, Psychology, Neuroscience
	Copyright
	Contents
	Foreword
	List of Figures
	Part I: Mental Imagery
	1: Mental Imagery in Psychology and Neuroscience
	2: Mental Imagery in Philosophy
	3: Varieties of Mental Imagery
	4: Unconscious Mental Imagery
	5: The Unity of Mental Imagery
	6: The Content of Mental Imagery

	Part II: Perception
	7: Mental Imagery in Perception
	8: Amodal Completion
	9: Perception/Mental Imagery Mixed Cases
	10: Attention and Mental Imagery
	11: Top-Down Influences on Perception and Mental Imagery
	12: Temporal Mental Imagery

	Part III: Multimodal Perception
	13: Multimodal Mental Imagery
	14: Sense Modalities in Mental Imagery
	15: Sensory Substitution and Echolocation
	16: Synesthesia
	17: Pain
	18: Object Files

	Part IV: Cognition
	19: Language
	20: Memory
	21: Boundary Extension
	22: Mental Imagery versus Imagination
	23: Emotion
	24: Knowledge

	Part V: Action
	25: Desire
	26: Pragmatic Mental Imagery
	27: Motor Imagery and Action
	28: Cognitive Dissonance
	29: Implicit Bias
	30: Clinical Applications of Mental Imagery

	Part VI: Appendix
	31: Mental Imagery in Art
	Afterword: Is There Anything That Is Not Mental Imagery?

	References
	Index

