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ABSTRACT ARTICLE HISTORY
We argue that our capacity to use imagination to acquire Received 8 April 2024
knowledge of objective possibilities should be explained in Accepted 9 October 2024
terms of the embodied nature of our imagination. Our ima- KEYWORDS

gination is able to be sufficiently reality oriented due to Imagination; simulation;
constraints that are a natural consequence of embodied embodiment; epistemology
simulation. That is, our bodies, shaped by their histories of of possibility; modal
interactions with the environment, can play a role in con- modesty

straining the imagination so that it, sometimes, is epistemi-

cally useful. However, insofar as these constraints support

our capacity to acquire knowledge of non-actual possibilities,

this support is only likely to accrue for knowledge of rela-

tively mundane and parochial possibilities, yet potentially

detrimentally distorting when dealing with possibilities that

are alien to our specific embodied ways of being. The cases

where embodied constraints are likely to fail to provide

epistemic support to the imagination include many of the

kinds of thought experiment that are central to philosophers’

attempts to gain knowledge of possibilities. Thus, at least

insofar as imagination is taken to play a central epistemic role

in these cases, one should exercise a degree of modesty.

1. Introduction

Epistemology of modality aims to explain how we have knowledge of
possibilities - i.e., of ways the world could be. Even though you are sitting
down, you could stand up and you know this. The problem is that we cannot
straightforwardly explain our knowledge of these non-actual possibilities.
One prominent suggestion has been that imagination plays an important
role: if you can imagine that you stand up, then it must be possible.
Opponents of imagination-based epistemologies of modality claim that we
can imagine impossibilities and that, thus, whenever we imagine something,
we don’t know whether what we have imagined is possible or not. However,
by constraining imagination, we can accept both that we can imagine

CONTACT Tom Schoonen @ t.schoonen@uva.nl @ Department of Philosophy & Institute for Logic, Language
and Computation, University of Amsterdam, Oude Turfmarkt 141-143, Amsterdam 1012 GC, The Netherlands

© 2024 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.
org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited. The terms on which this article has been published allow the posting of the Accepted Manuscript in a repository by
the author(s) or with their consent.


http://orcid.org/0000-0002-5403-8296
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/09515089.2024.2417990&domain=pdf&date_stamp=2026-01-03

PHILOSOPHICAL PSYCHOLOGY e 523

impossibilities (when imagination is unconstrained) and that imagination is
a guide to knowledge of what is possible, when constrained (see Kung, 2010;
Schoonen, 2020 for relevant discussions). This generalises. There are many
instances where imagination seems to be epistemically useful (cf. Kind, 2016;
Williamson, 2016a). However, we also often use imagination to enjoy
wondering about fanciful situations, for example, when we engage with
speculative fictions or contemplate the absurd. To explain these two, appar-
ently contradictory, uses of imagination, most agree that for imagination to
be epistemically useful it must be constrained (see Balcerak Jackson, 2018;
Kind, 2016; Kind & Kung, 2016; Williamson, 2016a)."

In this paper, we argue that the justificatory role of imagination in
acquiring knowledge of what is possible derives from it involving embodied
simulation and that by appealing to the role of embodied simulation in
imagination it is possible to show how imagination could provide knowl-
edge of objective modality.” Embodied simulation allows imagination to
inherit architectural constraints from the processes that are simulated, in
virtue of being partially constituted by the same processes as online inter-
action (note that we are not suggesting that these constraints are the only
constraints that might constrain imagination; it might very well be that
there are additional (architectural) constraints, for example those discussed
by Miyazono and Tooming (2023)). Importantly, these embodied con-
straints on imagination are likely to be epistemically useful only in
a limited range of cases, and, in some cases, they may even provide barriers
to modal knowledge.

We will first discuss our preferred view of embodied imagination, which is
based on embodied simulation — a notion that plays a crucial role in our
account (Section 2 and Section 3). After this, we discuss how we can get
knowledge of objective possibilities based on embodied imagination in
Section 4. The benefits accrued in terms of embodiment providing reality-
orienting constraints inevitably also come with the costs that these constraints
may not apply in more exotic cases and that we may inevitably also inherit
some reality-distorting illusions when outside of our comfort zone
(Section 4.2).

2. Embodied simulation: varieties of embodied cognition

Imagination, on our account, consists of simulated sensorimotor loops
(potentially chained together to simulate more distal interactions).
This means that our theory is an instance of a recreativist theory of
imagination. These theories suggest that imagination recreates or
simulates certain cognitive capacities (cf. Currie & Ravenscroft, 2002;
Goldman, 2006; Nichols & Stich, 2003). The recreation of, roughly,
two main capacities are discussed in the epistemology of imagination
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literature: beliefs/desires (Currie & Ravenscroft, 2002; Kind, 2018;
Langland-Hassan, 2012; Nichols & Stich, 2003; Williamson, 2007,
2020) and perceptual capacities (Balcerak Jackson, 2018; Gregory,
2010, 2020; Williamson, 2016a).” The latter - what we call appear-
ance-based theories of imagination - are the most prominent theories
that aim to explain the epistemological value of imagination (cf.
Balcerak Jackson, 2018; Gregory, 2020). According to appearance-
based theorists, the mental imagery of imaginative episodes is, very
roughly, the offline counterpart of perception.? Importantly, on
appearance-based accounts, imagination provides us with evidence
about possible experiences, as opposed to evidence that the world is
or could be a certain way. As Gregory puts it, “the sensations which
we imagine having when engaging in sensory imaginings seem to be
the kind of sensations that we could have” (2010, p. 336, emphasis
added). Yet, when we engage in the epistemology of modality, we are
interested in knowledge of ways the world could be, rather than ways
the world could look (cf. Strohminger & Yli-Vakkuri, 2018;
Williamson, 2016b).

We propose a new way of looking at the epistemic usefulness of imagina-
tion regarding knowledge of possibilities, according to which it depends on
the role of embodied simulation in imagination. Imagination involves reac-
tivation of bodily processes (neural or otherwise) and these processes are
restricted by the kind of embodied, cognitive agents we are. We refer to
imagination thus construed as embodied imagination. Embodied imagina-
tion is always at least partly constituted by, what we call, embodied simula-
tion. We do not claim that embodied simulation is all that there is to
imagination. Imagination may often (or always) involve more than just
embodied simulation (cf. Miyazono & Tooming, 2023). For example, ima-
gination may involve reality-monitoring processes that allow us to distin-
guish it from perception, which go beyond embodied simulation (Dijkstra
et al., 2022). However, embodied simulation always plays some role in
embodied imagination, and it is in virtue of this role, and the constraints
on imagination that it gives rise to, that imagination can be epistemically
useful.

On our account, imagination is more closely related to dynamic action
control and action selection, including active perceptual exploration, than it
is to static imagistic perception. In this sense, we diverge from most con-
temporary recreativists’ accounts of imagination. Moreover, different from
the appearance-based views, embodied simulation may or may not be
accompanied by relevant phenomenology, and is shaped by the environ-
ment we’ve developed in as well as by the skills that we have developed for
interacting with this environment. As such, the scope of our claims regard-
ing the role of embodied simulation in supporting the epistemic usefulness
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of imagination is broad, covering more paradigmatic cases of imagination
involving conscious mental imagery, but also going beyond the appearance-
based views by encompassing cases of purely propositional imagination or
aphantasics’ imagination, where conscious mental imagery may not be
present (Arcangeli, 2023; Myers, 2021; Nichols, 2009).

In the remainder of this section and the next, we will explain what we take
embodied simulation to be and locate it in the context of the diverse
embodied cognition research program. Then, in Section 4, we will elaborate
on how it restricts imagination and how it serves to help us acquire knowl-
edge of possibilities.

Embodied cognition is often used as an umbrella term for a large number
of different approaches and is thus best characterized as a research program,
rather than a specific theory (Shapiro, 2007; Steiner, 2014; M. Wilson, 2002;
R. A. Wilson & Foglia, 2017). Often, people talk of the 4E approach to
cognition: embodied, embedded, enacted, and extended. Here, we focus on
a particular way in which cognition can be said to be embodied, namely,
Embodied Simulation. Given the range of different positions that are fre-
quently characterized as embodied cognition, it is important to be clear
about precisely how embodied simulation fits in with various different
distinctions within the broad embodied cognition approach. The aim is to
provide a broad sense of embodied simulation that is compatible with
a range of different specific embodied approaches. This is our definition:>°

Embodied simulation

Embodied simulation of a scenario, X, by a subject, S, consists in partial reactivation or
re-enactment of some of the processes P that would constitute X if S were actually in X.

This broad definition of embodied simulation is neutral regarding the
dispute between neurocentric and more extended versions of embodied
cognition. For those that favour a weak version of embodied cognition,”
embodied simulation of X would be limited to partial reactivation of neural
systems that would be activated by actual interactions with X.® However, our
notion of embodied simulation can also capture strong embodied cognition
cases, where non-neural bodily processes and perhaps also parts of the
environment can constitute cognition (cf. Clark & Chalmers, 1998;
Rupert, 2004).”

There is a wealth of evidence that imagination involves more than just
neural reactivation. For example, people engage in saccades and changes of
gaze while imagining that closely reflect those that would be activated in
actual viewing (Spivey & Geng, 2001; see; Richardson et al., 2007 for
a review). Similarly, people’s pupil dilation varies depending on whether
they are imagining dark or light objects (Laeng & Sulutvedt, 2014). These
kinds of effects are not limited to the eyes either; imagining motor activity
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can lead to changes in respiratory and heart rate, muscular activity, and even
to involuntary movements in some cases (Decety et al., 1991; Diamond,
2000; Guillot et al., 2007). In each of these cases, the non-neural body plays
a covert role, in the sense that subjects tend not to be aware of their eye
movements or muscle twitches when imagining. However, on our broad
definition, embodied simulation need not be limited to cases of covert
bodily movements. The definition is liberal enough to encompass cases of
pretense, where imagining X may in part be constituted by S purposefully
enacting the movements that they would engage in in S. Insofar as such acts
of pretense may be understood as incorporating parts of the environment,
embodied simulation as we construe it can accommodate some extended or
enactivist approaches to imagination (Gallagher & Rucinska, 2021; Hutto,
2015; Rucinska & Gallagher, 2021)."°

In both weak and strong embodied cognition, some part of the process
that would be activated in scenario X plays a role in the constitution of
imagining X. In the weak cases, it may just be neural activation, but this is
still subject to relevant physical constraints from the environment, since our
sensorimotor neural systems are shaped by the kinds of bodies that we have
and the histories of our bodies interactions with the environment. In the
strong cases, the nature of the physical constraints will depend on the extent
of cognitive extension. In some cases, the non-neural involvement may be
relatively covert, constituted by bodily processes that the imagining subject
themselves are unaware of, e.g., micro-saccades, pupil-size changes, or
muscle twitches. In other cases, embodied simulation may be partly realized
by much more overt action or interactions with the environment. For
example, imagining striking a tennis ball may be partly constituted by
making the whole arm movement (in absence of racket or ball) or imagining
making a phone call may be partly constituted by an act of pretense with
a banana. In each case the salient feature is that some of the processes that
would be recruited in online engagement are recruited offline, such that
some of the (potentially epistemically relevant) constraints on online
engagement are inherited by imagination. Since Embodied Simulation is
compatible with various different views on constitution, we will remain
neutral with respect to the question of mental constitution, i.e., whether
imagination is just constituted by neural processes or is sometimes con-
stituted by non-neural bodily processes or even processes that extend out
into the environment.

On other, more radical accounts, embodied cognition involves rejecting
appeals to representations or computational inference in explaining the mind
(Chemero, 2009). We will refrain from going so far and allow the mind to be
explained in terms of embodied representations (i.e., in terms of sensorimotor or
modal representations, rather than amodal symbolic representations). Yet we
take our account to also be compatible with anti-representationalist approaches.



PHILOSOPHICAL PSYCHOLOGY e 527

It is tempting to see Embodied Simulation as incompatible with such
approaches, as simulation is often construed in representational terms.
However, we make no such commitment. Embodied imagination is merely
committed to imagination consisting in some form of reactivation or reenact-
ment of the processes involved in online interaction, regardless of whether any
such processes are best construed in representational terms. Much of what we
say may be open to reinterpretation in anti-representationalist terms by those
that are committed to these more radical approaches. For example, the idea that
imagination involves reactivation of perceptual and motor mechanisms we
discussed above need not commit one to the idea that these mechanisms
operate using representations (cf. Hutto, 2015; Rucinska & Gallagher, 2021).

A counterintuitive upshot of our definition of Embodied Simulation is that,
as a limit case, repetition of a whole action will qualify as embodied simulation
of the initial action."" While this is a quirk in the definition at the limit, it does
not hinder our account of the role of embodied simulation in imagination. We
are claiming that, insofar as it is epistemically useful, imagination involves
embodied simulation, but not that all cases of embodied simulation are cases
of imagination. Thus, we are happy to accept cases of action repetition as cases
of embodied simulation, since these aren’t straightforwardly characterized as
imagination. Moreover, this provides further support for the epistemic role of
embodied simulation, since a repetition of an action is presumably similarly
constrained to the initial action, such that one can learn about an action by
repeating it, lending support to the idea that one can also gain knowledge
through partial reenactment of an action in cases of genuine imagination (even
if it is only the neural portion of the action that is reenacted).

We only need to appeal to a broad definition of Embodied Simulation that is
compatible with both the weak and strong versions of embodied cognition (cf.
Rucinska & Gallagher, 2021). The central idea is that what are often referred to
in the literature as “offline” cognitive processes, such as thought, reasoning,
planning, and, importantly, imagination, utilise some of the same cognitive
resources as are involved in “online” interaction with the environment
(Barsalou, 1999, 2008, 2009; Pezzulo, 2011; Prinz, 2004).'* Cognition involves
reactivation of perceptual, motor, and affective systems, rather than distinct,
purely cognitive systems dedicated to processing amodal symbols. The vehicles
of higher cognitive processes strongly overlap with the vehicles that support
perception, emotion, and motor control, as well as, perhaps motor activity (cf.
Barsalou, 1999, 2008; Dove, 2014). It is important to stress that, however tight
one takes the link between online and offline activation of systems to be, the
mere fact that offline cognitive processes involve reactivation of perceptual and
motor systems is sufficient to imply that the nature of offline cognitive processes
will be shaped by the kinds of perceptual and motor systems we have. These
systems will, in turn, be shaped by the kinds of bodies that we have and the ways
that we are able to interact with our environment (see Section 4).
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3. Embodied simulation: from imagery to action and beyond

The phenomenal similarity of imagination and perception can be seen as
evidence for the role of embodied simulation in imagination, but it is
Embodied Simulation itself (and the inherent architectural constraints
that it brings with it), rather than any aspect of the phenomenology, that
provides the epistemic goods. Thus, phenomenal similarity provides, at best,
indirect evidence that it is possible for imagination to be epistemically
useful. Let us elaborate.

3.1. Mental imagery and embodied simulation

People tend to typically associate the imagination with conscious mental
imagery. For example, when considering whether one is able to fit a piece of
furniture through a doorway, it is common for subjects to report conscious
mental imagery of adjusting the position of the sofa and comparing it to the
doorway. In such cases, there is an apparent similarity between perceptual
and imaginative phenomenology. People report seeing things with their
“mind’s eye” when engaging in imaginative activity.

Although largely anecdotal, these kinds of descriptions of the phenom-
enology of imagination provide prima facie support to the embodied per-
spective, since it can explain the similarity between perceptual and
imaginative experience on the basis of the overlap between the underlying
mechanisms that support online perception, on the one hand, and imagery-
laden imagination, on the other. This link receives support from extensive
empirical investigations into mental imagery, such as landmark studies by
Shepard and colleagues (e.g., Shepard & Metzler, 1971) and Kosslyn and
colleagues (Kosslyn, 1973, 1980; Kosslyn et al., 1978).

Even though imagistic similarity provides evidence in support of
Embodied Simulation, not all embodied simulation results in correspond-
ing imagery (as there can be unconscious neural reactivation and uncon-
scious subtle muscle twitches or eye movements). So, the apparent viability
of an embodied account of imagery is not, in and of itself, sufficient to
support an embodied account of imagination for a number of reasons.
Firstly, there is a long-standing dispute about the format of the representa-
tions that support mental imagery (e.g., Pylyshyn, 2002). As things stand,
neither side of the debate should be seen as favouring an embodied account.
The embodied cognition approach would predict that the same format will
be utilised in perception and action as is utilised in imagination. Secondly,
the apparent phenomenological similarity between perception and mental
imagery may be based on a misconception about the nature of perception. It
is common to think of perception as providing us with picture-like snap-
shots of the world. However, perception is an active and dynamic process,
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which rarely, if ever, delivers us with anything like a static image (cf. Nog,
2002, 2004; O'Regan & No¢, 2001). As such, the appearance that imagina-
tion provides us with static images may render imagination less, rather than
more like, perception. Thirdly, it is not clear that conscious mental imagery
is an essential feature of imagination - e.g., some argue that we might purely
propositionally imagine that interest rates have doubled without any asso-
ciated mental imagery (Gaut, 2003; Myers, 2021; pace Kind, 2001).
Moreover, many report severely impoverished or even absent mental ima-
gery, in the case of subjects with aphantasia (Zeman et al., 2015, 2016), yet
these people are no less capable of engaging in imagination. Conversely,
there may be cases of engaging mental imagery that do not qualify as
imaginative activities (cf. Nanay, 2010). For example, dreaming arguably
involves mental imagery but few classify it as a form of imagination, and
episodic memory is characterized by the involvement of mental imagery,
but many want to distinguish episodic memory from imagination."” As
such, one should not expect an embodied account of the imagination to
be solely motivated by considerations about the nature of mental imagery.

The role of Embodied Simulation in imagination does not entail that
phenomenology of this kind will always accompany imagination. For
example, weak embodied cognition approaches suggest that all offline,
higher cognition involves reactivation of perceptual, affective, and motor
systems (internal or external, cf. Rucinska & Gallagher, 2021). However,
the majority of our offline (higher) cognition is not accompanied by
related phenomenology. Many of the more surprising pieces of evidence
in support of (strong) embodied cognition are surprising precisely
because they reveal effects that suggest involvement of perceptual, affec-
tive, or motor systems despite the absence of accompanying conscious
perceptual, emotional, or action imagery (see Barsalou, 2008, pp. 623-631
for an overview of some of these findings).

So, even though Embodied Simulation provides a convincing explana-
tion of imagery-laden imagining, invoking Embodied Simulation in
explaining imagination by no means commits one to the idea that imagina-
tion always or essentially involves imagery. One of the key features of
embodied simulation in imagination is that it can explain why there may
be constraints on imagination independently of there being any phenomen-
ological similarity between perception, emotion, and action, on the one
hand, and imagination, on the other.

3.2. From action to imagination

Rather than grounding the justificatory role of imagination in the appar-
ent similarity between perceptual experience and conscious mental ima-
gery in imagination, we see it as being more fruitful to avoid
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introspective analysis and look to empirically-informed accounts that
acknowledge the evolutionary origins of imaginative capacities and the
neural mechanisms that support them. When one turns to the question
of how imaginative capacities emerged in the first place, Embodied
Simulation is strongly supported. Despite our intuitive sense of the
imagination as closely related to perception, leading accounts of the
origins of imagination see it as more closely related to our capacity for
selection and control of action (cf. Van Leeuwen, 2011). In particular,
a number of theorists have explicitly developed embodied accounts of the
origins of imagination in systems for the selection and control of action
(Grush, 2004; Hesslow, 2002; Jeannerod, 1994, 2006; Pezzulo, 2011,
2017). According to these accounts, our capacity for imagination is
closely tied to anticipatory mechanisms that play an important role in
motor control.

Engaging in effective goal-directed action requires some way of select-
ing among a range of possible actions and of monitoring the progress of
a selected course of action. The brain needs some way of assessing
whether the motor system has adjusted the body in the manner desired.
One way to do this would be to continually adjust one’s movements in
response to sensory feedback concerning how the given action is going.
However, “the delays in most sensorimotor loops are large, making
feedback control too slow for rapid movement” (Wolpert et al., 1995,
p. 1880). Thus, rather than waiting for feedback, the brain actively
anticipates the outcome of a given action, producing a “forward model”
of the expected action dynamics from which the sensory consequences of
the action can be predicted (ibid.). The predicted sensory outcome can
then be compared with the actual resulting sensory input, correcting for
errors to derive a new model of the resultant bodily state. The important
aspect of this theory for current concerns is that basic motor control
already requires simulation of bodily dynamics and their sensory con-
sequences - i.e., the basic ingredients of motor control already include an
emulator of bodily processes (Grush, 2004). Predicting the sensory out-
comes of a range of potential actions can then also play a role in selecting
which action to engage in. Once an organism has the capacity to generate
forward models for the selection and control of action, they can then run
the same process offline (in the simulation-sense) in the absence of any
actual actions. Organisms can simulate what the sensory consequences of
an action would be even if no such action takes place. As such, even
online motor control requires something akin to imagination, whereby
non-actual scenarios are represented, albeit usually unconsciously (cf.
Clark, 2012, 2016).

As organisms evolved more sophisticated ways of interacting with the
environment, including actions directed at goals beyond the organism’s
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immediate surroundings, the capacity for anticipating the results of possible
actions also had to get more sophisticated, allowing for the chaining together
of anticipated pairs of possible actions and anticipated sensory conse-
quences into more and more elaborate action plans (Pezzulo &
Castelfranchi, 2009; Pezzulo & Cisek, 2016). Embodied simulations in
imagination “constrain the space” of imaginative operations “to those that
can effectively use forward models that were originally developed for online
[in the 4E sense] interaction” and, as a result, imagination “retains essential
features of online interactions [...] although it does not consist in online
interaction” (Pezzulo, 2017, p. 4, original emphases). Importantly, this
feature of Embodied Simulation is what sets it apart from the appearance-
based views, which focus on the recreation of first-person mental states. As
we will see in Section 4, this allows us to explain the role of (embodied)
imagination in the acquisition of knowledge of objective possibilities.

3.3. From action imagination to the environment

It’s clear that merely anticipating the outcomes of one’s own actions in the
world can only get one so far. To successfully interact with a changing
environment, one must also anticipate scenarios that are not the result of
one’s own actions (cf. Langland-Hassan, 2016, p. 71).

In order to explain the origins of imaginative capacities that go beyond
our own ability to directly affect the world, it is important to turn to
another important feature of motor control. Many of the kinds of action
that we engage in involve interacting with dynamic rather than static
features of the environment. In such cases, if one wants to effectively
coordinate action, it is not sufficient to merely anticipate one’s own
effects on the environment, one must also anticipate the way that the
environment will change over time as one carries out the given action (cf.
Burr & Jones, 2016; Pezzulo & Cisek, 2016). Luckily, this is something
that is part and parcel of many views on embodiment - i.e., that past
experiences of changes in our environment (whether or not caused by
our actions) are engrained in our sensorimotor simulations (cf. Burr &
Jones, 2016; Clark, 2017; Clavel Vazquez & Clavel-Vazquez, 2023; Jones
& Wilkinson, 2020; Moulton & Kosslyn, 2009; Pezzulo & Cisek, 2016;
Rucinska & Gallagher, 2021; Williams, 2021).'* It is thus easy to see that
on any embodied account, sensorimotor recreation will involve some way
of restricting imagination that tracks the environmental/causal changes,
and that thus Embodied Simulation does too (see Burr & Jones, 2016 for
a related discussion).

So, we have the following overall picture: “imagination involves possible
actions and experiences, generates constraints that come from two main
sources. The first is bodily constraints that are the result of the organism’s
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phenotype. The second is constraints from past experience” (Jones &
Wilkinson, 2020, p. 105; see also Moulton & Kosslyn, 2009). Imagination,
based on Embodied Simulation, is able to go beyond the effects of our own
actions - i.e., imagination reliably recreates the environmental causes and
changes - through its being shaped by the embedding environment of the
agent.

4. Embodied imagination and knowledge of possibilities

With our theory of Embodied Simulation (and embodied imagination) on the
table, let us now explain how it can play a role in the epistemology of possibility.
To show what an embodied simulation-based epistemology of possibility might
look like, we will do two things. First, we will explicate how it is that embodied
simulation is constrained (though perhaps this is obvious given our discussion
above). Secondly, we will explicate the kind of possibility-claims we can come to
know through embodied imagination (i.e., imagination that is always at least
partially constituted by embodied simulations).

On our theory, imagination always involves some degree of embo-
died simulation, where embodied simulation consists of simulated
sensorimotor loops. This way, imagination recreates our ordinary
interactions with the environment. Of course, our ordinary interac-
tions with the environment are inherently restricted by the kinds of
embodied beings we are (e.g., our neuro-physiological make-up, mus-
culature, etc.) and are shaped by the environments we have evolved in
and those that we have learned and developed in. Imagination is able
to provide justification because it is partly constituted by these simu-
lations and it inherits constraints on our online interactions with the
environment. To make this very explicit, consider the following toy
example.

Scenario X involves an agent S taking a step forward, a complex movement we’ll label
“m”. Making such a movement is of course constrained by physiological facts about
our body and the relevant neural and muscular pathways. Call these physiological
constraints “@”. Now, if agent S were to imagine taking a (similar) step, this imagina-
tion would, at least partially, be constituted by the reactivation or re-enactment of the
relevant processes of actually taking a step forward. As the actual taking of a step
forward is constrained by constraints @, the imagination is, by virtue of being an
embodied simulation, also constrained by constraints ®.'* It is these inherited con-
straints that make it so that the embodied imagination provides us with evidence that

it is possible to take a step forward.

So, imagination is constrained by our embodiment and the regularities of
the environments we have evolved and developed in (for more on this, see,
respectively, Rucifiska & Gallagher, 2021; Williams, 2021)."° It is these
constraints on online (or actual) interactions with our environment that
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are inherited by embodied imagination by virtue of being an embodied
simulation of such interactions."”

Let us now see how embodied imagination (i.e., imagination that is
always at least partially constituted by embodied simulations) could play
a role in the epistemology of possibility, by going through a number of
examples.

Consider standing a few feet away from a cliff.'"® Without actually
doing so, we can imagine whether it is possible to walk # steps toward
the edge. We simulate the sensorimotor loop of setting one step in that
direction, thereby evaluating how far we would be closer to the edge. If,
in this simulation, we are still on solid ground, we can conclude that it is
possible to take one step toward the edge without falling off. This
simulation involves only the outcome of a proximal event (i.e., taking
one step).

Now consider standing a few feet away from a cliff, where there is an
apple hanging from a tree just over the edge of the cliff. We can imagine, by
sensorimotor simulation, taking one step forward (as we saw in the previous
example). Given that these simulations are decoupled (i.e., offline), we can
use the outcome of that simulation as the input for a further simulation:
taking another step (cf. Pezzulo & Castelfranchi, 2009; Pezzulo & Cisek,
2016). Ultimately, we can simulate whether, once at the edge, we can reach
the apple safely. This way, we can use embodied imagination to judge
whether it is possible to safely grab the apple, a simulation involving more
distal actions and events.

Embodied imagination is not restricted to possibility judgments of such
immediate nature. We can even judge the possibilities of the now classic
example of using imagination to assess whether a piece of furniture fits
through a door (Pezzulo & Cisek, 2016, p. 422). Relatedly, our account of
embodied imagination goes beyond those who think that we can directly
perceive certain possibilities (e.g., Nanay, 2011, Strohminger, 2015), in that
embodied imagination can provide us with justification for beliefs in pos-
sibilities that go beyond the currently available possibilities for action
(Pezzulo & Cisek, 2016, p. 416). Going back to the example, through
embodied imagination we would be able to gain knowledge that it is possible
to grasp an apple hanging at such and such a position relative to the cliff
even if there are no apples actually hanging there.

4.1. Embodied imagination and objectivity

All of these examples concern ways the world could be, not ways the world
could look. Embodied simulation isn’t merely a process for generating static
images, mere snapshots of experience (cf. Noé, 2002; Thomas, 1999).
Rather, it is a dynamic process that is constitutively similar to the processes
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involved in actual interaction. We gain knowledge of what is possible (at
least in part) by making part of the dynamic unfolding of the possibility in
question actual. So, on our proposed account the embodied simulations
involve objective possibilities for action within our environment from the
get go (cf. Burr & Jones, 2016; Pezzulo, 2011, 2017).*

Importantly, this is the case regardless of whether one accepts a strong or
weak interpretation of embodied cognition (cf. Rucinska & Gallagher,
2021). In both cases it is clear that, given our broad definition of
Embodied Simulation, embodied imagination latches on to objective pos-
sibilities as opposed to mere possible sensations. This is because of the
evolutionary purpose of imagination on our account. The evolutionary
purpose of imagination is that we use it to “detect” possible opportunities
and risks that allow us to change our actions accordingly. In order to be
a useful tool for this, it makes no sense that imagination operates completely
independently of our knowledge of what we take the world to be like (cf.
Langland-Hassan, 2016; Nichols, 2006; Pezzulo, 2011; Pezzulo &
Castelfranchi, 2009; Pezzulo & Cisek, 2016; Williamson, 2016a). Pezzulo
explicitly discusses this evolutionary side of imagination: “living organisms
are selected by evolution to produce good indications for action, since
accuracy of their internal modeling processes is necessary for the success
of their schemas, and ultimately for their survival” (2011, p. 91). Embodied
imagination gets us this kind of knowledge, by allowing us to test the effects
of our actions on our environment, without actually engaging in the relevant
actions. These are real, objective possibilities that are tested, not merely
sensations thereof, as the tests consist of engaging in part of the very same
process that would be engaged in the possibility under consideration.

In general, imagination constituted by Embodied Simulation allows us
to “get an epistemic grasp over the external reality, [...] in terms of action
possibilities and action goals” (Pezzulo, 2011, p. 87, emphasis added). So,
imagination, from an embodied cognitive science perspective, provides us
with evidence of how things could be (in particular in relation to our own
actions), rather than phenomenal evidence of possible experiences, by being
constituted, in part, by parts of the process involved in the possible scenario
in question (whether this is mere neural reactivation, covert embodied
action, or full-blown bodily pretense).

There is an interesting subtlety that is highlighted by the kind of knowl-
edge agents get on our theory of embodied imagination. As we’ve shown
above, the kind of knowledge is objective modality in the sense that the
knowledge is about the way the world is and not about the way the world
looks (cf. Strohminger & Yli-Vakkuri, 2018; Williamson, 2016b). However,
the resulting knowledge is organism-dependent (see also Section 4.2.). That
is, what one (kind of) agent can reliably imagination on our account, might
differ from what another (kind of) agent can reliably imagine. This seems to
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introduce a kind of subjectivity. Our theory highlights an important subtlety
with regards to the term “objective” — namely that it is ambiguous between
“concerning worldly facts” and “independent of perspective”. What we
suggest is that even though knowledge might be dependent on perspective,
this does not make it less about the worldly facts (again, see the next
subsection about this).?°

4.2. The limits of embodied imagination

The role of Embodied Simulation in imagination implies that we are stuck
imagining from our own embodied perspectives. Since imagination is taken
to inherit constraints from our sensorimotor systems, we can expect it to be
reliable in delivering knowledge of objective possibilities just when these
concern natural and everyday environments. The flip side of this is that our
imagination may also inherit illusory reality-distorting features when we are
reusing sensorimotor systems outside of their comfort zone - the comfort
zone being situations that are similar to those non-experts encounter in our
ordinary life (cf. Ichikawa, 2016, p. 130). That is, the fact that embodied
imagination can provide us with justification for beliefs about possibilities,
comes at a cost. Namely that when we are considering more remote possi-
bilities, we can’t rule out that the machinery we use to do so may fail due to
being pushed beyond its limits, and there is no way to tell “from the inside”
whether a reality-distorting illusion has been brought along for the ride (cf.
Nichols, 2006, p. 253). This, we argue, entails that some instances of modal
knowledge will always be beyond justification by imagination - i.e., we have
to accept a form of modal modesty when our modal knowledge is based on
imagination.”'

This may seem like a radical suggestion, as one might expect the imagi-
nation to be just as reliable as the sensorimotor systems from which it
inherits its constraints, and we rarely doubt the general reliability of percep-
tion based on the existence of a few systematic cases of illusion. However, we
are only able to place this general faith in perception because we only use
perception to engage with actual and relatively mundane scenarios. It is not
obvious that we are justified in placing the same kind of faith in
imagination.

To flesh this out in more detail, it will be helpful to consider one example
where we can expect embodied constraints to fail to be epistemically useful,
namely the case of imagining the perspectives of differently embodied
others, which is convincingly argued for by Clavel Vazquez and Clavel-
Vazquez (2023). They argue that, since our imaginative experiences are
shaped by our embodiment, which is in turn shaped by our social and
cultural development, we should not expect to be able to successfully
simulate the experiences of others with significant differences in
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embodiment or life-history. They note that “[t]he very constraints that
maintain experiential imagination reality-oriented limit its capacity to
offer insight into what it is like for others who are differently situated” (p.
1413). We concur.

While we are convinced by the arguments of Clavel Vazquez and Clavel-
Vazquez (2023), we take this to be an instance of a broader phenomenon. As
such, our view goes beyond theirs in that we suggest to extend this kind of
modesty beyond mere perspective taking.>” That is, these epistemic limita-
tions need not be limited to cases where one fails to faithfully recapitulate
another’s phenomenology. The problem stems from the fact that the system
doing the simulating isn’t sufficiently similar to the system being simulated.
This may be the reason for the discrepancies in phenomenology, but the
same problem applies even in other cases. For example, one might go awry
when imagining someone’s behaviour from a third-person perspective or
when imagining other features in non-experiential or propositional imagin-
ing (e.g., imagining how others will vote). In this sense, what Clavel Vazquez
and Clavel-Vazquez (2023) present is only one example of the kinds of limits
that result from accepting Embodied Simulation playing an important role
in imagination. More generally, imagination is a reliable guide to those
mundane possibilities (“close by”) that are similar to situations that we
encounter in our ordinary life (not just the ones concerning perspective
taking); whereas if we go outside of this familiar domain and consider more
exotic or “far away” possibilities, our imagination becomes less reliable.
Thus, relying on embodied imagination in order to try to determine
whether disembodied ghouls or philosophical zombies are possible will
not result in modal knowledge.*

5. Conclusion

From the perspective of embodied cognitive science, imagination is in the
business of providing us justification for our beliefs about possible actions
and the effects thereof, given a particular environment. However, the source
of this virtue is also responsible for embodied imagination’s biggest limita-
tion: the situations we can justifiably believe to be possible based on
embodied simulations are rather limited (and perhaps in surprising ways).
We want to end with some final remarks.

First some consequences for the epistemology of modality. Remember
that the instances where imagination is a reliable guide to possibilities are
those mundane possibilities (“close by”) that are similar to situations that we
encounter in our ordinary life; whereas if we go out of this familiar domain
and consider more exotic or “far away” possibilities, our imagination
becomes less reliable. Consequently, one might suggest that we should
expect our imagination to only yield modal knowledge about physical
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possibility, since our sensorimotor systems evolved to guide actions that are
governed by the laws of physics in this world (cf. Nichols, 2006, p. 253).
However, this may be a best-case scenario. Many physical laws seem irre-
levant to the way that we, as humans, interact with the world, and as such
our imagination may only be reliable in relation to the particular physical
possibilities that are important to our forms of interaction. As just one
example, at the scale that we ordinarily engage with the world, the laws of
quantum mechanics have little impact, so we should not expect our imagi-
nation to provide access to knowledge of quantum possibilities.

Thus, on the embodied approach we should expect imagination to yield
knowledge of modality only in restricted circumstances: an embodied ima-
gination-based epistemology of possibility is merely reliable when it comes
to possibilities that are perspicuous to the relevant agents — possibilities that
are at issue in everyday non-expert contexts (Ichikawa, 2016, p. 130).

This is of particular importance for philosophers, who (often) use imagi-
nation to consider a vast range of exotic situations, many of which differ
dramatically from the environments in which we rely on perception. So, we
should be wary of the potential for reality-distorting illusions to emerge by
reactivating sensorimotor systems to deal with these more exotic. Some may
tind this modal modesty threatening, as much of the modal knowledge that
is often relied on in philosophy and the sciences is precisely the kind of
modal knowledge that we take to go beyond the mundane possibilities that
imagination can help us with (e.g., philosophical zombies or swam persons).
Yet, this assumes that imagination is the only route to modal knowledge.
There are probably multiple routes to knowledge of what is possible.
Imagination can be a powerful tool for acquiring modal knowledge when
used in the right circumstances. For those seeking to justify modal knowledge
outside of such domains, it is incumbent on them to find their justification
from somewhere other than the imagination.

Secondly, if our theory is on the right track, there might be some con-
sequences for the externalism versus internalism debate with regards to
justification (for a related discussion see Boardman & Schoonen, 2023
Section 4.3). Note that we don’t seem to have introspective access to the
constraints on embodied simulation (and this is not because of a lack of
practice, but just by the nature of what these constraints are). This means,
that the most straightforward form of internalism, access internalism, might
not be able to explain our knowledge based on embodied simulation. The
most straightforward form of externalism, reliabilism, on the other hand,
seemingly doesn’t have such problems. This suggests that our account is
more in line with externalism with regards to justification. Though we are
very sympathetic to externalism, we believe that the proposal is ultimately
compatible with both views on justification - yet, if our account is right,
internalists have their work cut out for them.*
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Finally, note that even though we have focused, here, on the role of
embodied simulation in explaining the epistemic usefulness and limits of
imagination, there may be scope for extending this kind of analysis to other
faculties in which embodied simulation is implicated. For example, if one
adopts a reconstructivist view of episodic memory, as being similarly based
on embodied simulation, similar considerations may apply (De Brigard,
2014; Michaelian, 2024).*°

Conversely, although we believe that all forms of imagination involve
some form embodied simulation (and maybe other cognitive faculties do as
well), one might disagree with us on this. For example, you might think that
purely propositional imagination does not (or supposition, or conceiving;
cf. Balcerak Jackson, 2016). If that is the case, it might be that purely
propositional imagination is not epistemically useful, as some have sug-
gested (cf. Kung, 2010) or that such imagination is epistemically useful due
to other constraints (cf. Miyazono & Tooming, 2023). It seems to us that
purely propositional imagining is less epistemically useful than other forms
of imagination, however, on our account we explain this due to the involve-
ment (or lack thereof) of embodied simulation. Ultimately, it is an open
empirical question whether embodied simulation is involved in which
cognitive activities. Yet, we have good grounds for believing that it is
involved in many paradigmatic cases of imagination, and it is this involve-
ment that both gives imagination the power to provide knowledge of
possibilities and provides natural limits as to when it can do so.

Notes

1. See Stuart (2020) for some subtle distinctions with regards to this claim. He argues
that it is sometimes the lack of restrictions that makes imagination epistemically
useful. However, what he considers as “epistemically useful” is significantly different
from what we are considering. On his account, it is the exploratory role of imagina-
tion that is important, whereas we are concerned with the justification for certain
beliefs.

2. We follow epistemologists of modality in assuming that issues relating to the differ-
ence between knowledge and justified true beliefs are orthogonal to the important
issues in the epistemology of modality. In particular, we focus on what Stuart (2021)
calls ‘a process-based epistemology of imagination’ — that is, we are interested in
questions of what makes the cognitive capacity - i.e., imagination — epistemically
useful. We will, in the conclusion, reflect briefly on our theory of embodied simula-
tion and the externalism/internalism debate with regards to justification.

3. It is important to note that a more recent account of Miyazono and Tooming (2023)
resists easy classification in this picture. They argue that imagination inherits many
constraints and do so on the basis of empirical evidence in relation to mental
simulation, core cognition, and folk physics. It seems to us that, at least, on the
simulation part of their discussion, our account touches upon theirs - even though
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they do not explicitly address the embodied nature of the inherited constraints in
mental simulation. A full comparison with their account is left for future work.

It should be noted that there may be many other cases of mental imagery, where this
imagery does not qualify as imaginative episodes. For example, episodic memory,
dreaming, and even perception may recruit perceptual systems offline, yet fail to
qualify as imagination.

Our definition is intentionally vague to capture a broad range of theories and
interpretations of embodied cognition (such as the weak and strong interpretation,
see below).

Note that on a certain reading of our definition, all action will qualify as embodied
simulation (in the limit case) as actually engaging in an action does involve engaging
parts of processes that would be engaged if one were to engage in that action (namely
all the parts!). However, we take it to be clear that we are not concerned with trivial
limit cases of this sort, since we are interested in imagination’s role in the epistemol-
ogy of modality and thus focus on knowledge of non-actual possibilities, where
presumably full online interaction with the environment is not available.

We follow Alsmith and de Vignemont (2012) and Rucinska and Gallagher (2021) on
the distinction between weak and strong embodied cognition, which will feature in the
discussion below.

It is important to note that some embodied accounts of cognitive processes don’t
invoke embodied simulation in this simpler sense. For example, proponents of
Conceptual Metaphor Theory (Johnson, 2017; Lakoff & Johnson, 2008) take much
of our thought to be grounded in activation of sensory and motor systems but,
particularly in the case of more abstract thought, the sensory and motor systems
that would be activated would be different from those that would be activated were
one to actually be in the scenario under consideration. For example, metaphors such
as “the temperature is rising” may reveal that our thoughts about temperature are
grounded in our systems for spatial representation. The question of how embodied
simulation could play a role in justification on such accounts is an interesting avenue
to pursue, but not one that we will pursue here, as this kind of embodied cognition
approach is not usually invoked in the literature on the epistemology of imagination.
Claims to the effect that non-neural bodily processes or even parts of the environment
can constitute cognition are within the purview of extended cognition.

Enactivism has it that many forms of cognition are “enactments” of perceptual-motor
loops.

This follows, as repetition of a whole action A; in scenario X; at t; by performing the
same action A, in a similar scenario X, at t, will consist in (at least) partial reenact-
ment of part of the processes involved in X; (many thanks to a reviewer for pointing
out this quirk).

There is an important terminological note to be made here. In the literature on
imagination, “offline” is often used to signal the lack of stimulus input or behavioral
output. However, in the situated cognition literature, “offline” is used to refer to
cognitive processes that don’t require interaction with the environment. In most
cases, context is enough to differentiate between the two uses, where it isn’t, we will
do so explicitly. Thanks to Luke Roelofs for urging us to stress this point.

Although see (De Brigard, 2014) and (Michaelian, 2024) for accounts that take
imagination and episodic memory to be more closely related than is often assumed.
We will briefly return to these approaches in the concluding section.

In some cases, our imagination may be shaped by explicit memories of interactions
with environments that we’ve encountered in the past, but in most cases the effects of
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15.

16.

17.

18.
19.

20.

21.

22.

23.

past interactions will be more subtle. We can, for example, say that a cognitive process
is, perhaps due to evolutionary pressures, shaped by the past experiences in which that
cognitive process was involved (note that this can span multiple generations, espe-
cially if we think about the evolutionary aspect), or due to development of perceptual
and bodily skills that aren’t easily encompassed by (declarative) memory.

One might wonder whether or not the embodied simulation is itself a form of
imagination and, if so, whether imagination is providing imagination its justificatory
force. We can accept the first conjunct, without accepting the circularity worry
of second conjunct. For, regardless of whether we consider embodied simulation
itself to be a form of imagination, the constraints come from the online mechanisms
that are being simulated. The simulation is mediator, passing on the relevant
constraints.

Clavel Vazquez and Clavel-Vazquez (2023) make related comments, though they
focus on perspective taking. We will discuss their view in detail below.

We do not claim that all embodied constraints on imagination support imagination’s
epistemic usefulness. For example, the length of any imaginative episode is con-
strained by the body only being able to be awake (or alive) for a limited amount of
time. Rather we claim that insofar as the epistemic usefulness of imagination is the
result of constraints, the source of these constraints is the role of embodied simulation
in imagination.

This, and the next, example are adapted from Pezzulo and Cisek (2016).

One way of understanding this is in terms of partial reenactment of processes
involved in the direct perception of affordances in the environment, where affor-
dances are understood as real opportunities for action in the environment (Gibson,
1979; Reed, 1996). However, since ecological approaches of this kind are committed
to anti-representationalism, and we aim to remain neutral on the issue of mental
representations, this could also be understood in terms of action-oriented representa-
tion (Clark 1997; Mandik, 2005).

Thanks to an anonymous reviewer for urging us to address this subtle ambiguity in
the notion of “objective” in relation to our proposal.

Note that we are not saying that we cannot imagine these exotic situations, all we are
saying is that we cannot reliably imagine these situations. So, the resulting (embodied)
imagination will not result in a justified belief. That is, imagination is only a useful
epistemic tool in certain cases that it’s appropriate for. This, we think, shouldn’t be
too controversial, as we take it this is the same for other faculties (e.g., online
perception).

We discuss this in order to put more flesh on the bones of the limits of our embodied
imagination, not as a critique on Clavel Vazquez and Clavel-Vazquez (2023).
Additionally, note that the kind of modesty that we argue for is in a sense
stronger than the kind of modesty that Clavel Vazquez and Clavel-Vazquez
(2023) suggest. For example, in one example, Clavel Vazquez and Clavel-
Véazquez compare an experienced outdoor-climber with an occasional gym-
climber and note that the latter lacks “the relevant history of interactions”
such that their imagining certain (outdoor) climbing maneuvers is not “epis-
temically valuable” (p. 1413). This suggests that if the gym climber would have
had the relevant experiences, their imagination would be epistemically valuable
in the relevant sense. Our claim about the limits of embodied imagination,
however, is modally stronger. We suggest that in certain cases we simply cannot
get justification from imagination, regardless of any additional experiences.
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That is, there are possibilities such that we simply cannot get the relevant
experiences and, a fortiori, we can imagine given Embodied Simulation.

24. Thanks to an anonymous reviewer for suggesting to address these concerns more
explicitly.

25. The obvious difference here being that most tend to take episodic memory to
aim to provide us with knowledge of what was actual rather than knowledge of
what is possible. Thanks to an anonymous reviewer for suggesting we highlight
the relation between our account of imagination and certain theories of
memory.
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