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Abstract
Overt and imagined action seem inextricably linked. Both have similar timing, activate shared brain circuits, and motor 
imagery influences overt action and vice versa. Motor imagery is, therefore, often assumed to recruit the same motor pro-
cesses that govern action execution, and which allow one to play through or simulate actions offline. Here, we advance a very 
different conceptualization. Accordingly, the links between imagery and overt action do not arise because action imagery is 
intrinsically motoric, but because action planning is intrinsically imaginistic and occurs in terms of the perceptual effects one 
want to achieve. Seen like this, the term ‘motor imagery’ is a misnomer of what is more appropriately portrayed as ‘effect 
imagery’. In this article, we review the long-standing arguments for effect-based accounts of action, which are often ignored 
in motor imagery research. We show that such views provide a straightforward account of motor imagery. We review the 
evidence for imagery-execution overlaps through this new lens and argue that they indeed emerge because every action we 
execute is planned, initiated and controlled through an imagery-like process. We highlight findings that this new view can 
now explain and point out open questions.

Introduction

Overt and imagined action seems inextricably linked. Before 
undertaking a difficult motor task, people often experience 
themselves imagining what they intend to do, and the form 
this imagination takes (e.g., imagining intended outcomes or 
motor behaviors) affects task success and subsequent learn-
ing (e.g., Land et al., 2014; Woolfolk et al., 1985a, 1985b). 
Sometimes, people even imagine behaviors they will exe-
cute at a much later time and in a different environment, 
for example, when they mentally play through the actions 
of their sport from the privacy of their home. Again, this 
form of motor imagery—sometimes termed mental practice, 
mental training or motor imagery training (Schack et al., 
2014; for definitions and conceptualizations, see Morris 

et al., 2005)—affects later performance (for meta-analysis, 
Driskell et al., 1994; Simonsmeier et al., 2021; Toth et al., 
2020) and is recommended by most professional coaches 
(Mayer & Hermann, 2019). Purely mental practice can even 
increase measured muscle strength, from simple finger con-
tractions to leg pressing and triceps extension, albeit not 
to the same extent as physical practice (Yue & Cole, 1992; 
for recent replications and review, see Paravlik et al., 2018; 
Reiser et al., 2011; Smith et al., 2003).

Studies from experimental psychology and cognitive 
neuroscience support this coupling of overt and imagined 
action. There are tight correspondences between the tim-
ing of imagined and overt actions (Decety et al., 1989; 
Wohlschläger & Wohlschläger, 1998; for a critical review, 
see Guillot & Collet, 2005), between the activated brain 
structures in parietal and premotor cortices (for reviews, 
see Lotze & Halsband, 2006; Hétu et al., 2013; O’Shea 
& Moran, 2017), and between the lawful regularities that 
govern the kinematics of both overt and imagined action 
(e.g., Fitts’ law, Decety & Jeannerod, 1995; two-thirds power 
law, Karklinsky & Flash, 2015; Papaxanthis et al., 2012). 
Moreover, several studies show that motor imagery can 
engender (sub-threshold) activation in the muscles used in 
the imagined behavior (Guillot et al., 2007, 2010; Jacobson, 
1931, 1932; Lutz, 2003; Munzert & Krüger, 2018; Shaw, 
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1938), and, conversely, that executing motor actions makes 
imagining the same actions easier and imagining different 
actions harder (e.g., Wohlschläger, 1996, 2001; Callow 
et al., 2006; Guillot et al., 2013; for a broader review of 
the effects of such “dynamic motor imagery”, see Guillot, 
under review). The link from imagined to overt behavior is 
so strong that it provides the basis for several (stage) magical 
phenomena. In Chevreul’s pendulum and the Ouija board, 
for example, seemingly supernatural motions happen simply 
because participants’ imagined motions are, unbeknownst to 
them, translated into subliminal hand and finger movements 
that are made visible by the devices (Cantergi et al., 2021; 
Chevreul, 1833; Easton & Shor, 1975, 1976, 1977; Wegner 
et al., 1998).

A standard explanation for these findings is that imagery 
of action is an intrinsically motoric process. This view 
assumes that motor imagery, in a form of neural re-use (e.g., 
Anderson, 2010), draws upon the same neuronal networks 
and cognitive processes that underlie action execution itself 
(Jeannerod, 1994; Jeannerod & Decety, 1995). As a potential 
mechanism, it has been proposed that the brain predicts—via 
forward models—the sensory consequences that each of its 
motor commands will produce, so that it can anticipate the 
visual, tactile, and proprioceptive sensations that will soon 
be registered (e.g., Miall & Wolpert, 1996; Sperry, 1950). 
During overt action, such predictions may allow the actor to 
filter out predicted sensations (e.g., Reichenbach et al., 2014) 
or to correct for movement errors before they happen (e.g., 
Desmurget & Grafton, 2000; Shadmehr et al., 2010). Dur-
ing imagery, the same forward models could be used offline, 
triggered perhaps by sub-threshold motor commands, and 
allow one to mentally play through how different actions 
will unfold, without the signals ever reaching the muscles 
(e.g., Jeannerod, 1994; Jeannerod & Decety, 1995; Kilteni 
et al., 2018).

In these proposals, motor imagery is often described as 
“neural simulation of action” (e.g., Jeannerod, 2001), “covert 
execution” (e.g., Scheil et al., 2020), and imagined actions 
are taken as “real actions, except for the fact that they are 
not executed” (Jeannerod, 2001, p. 103). In essence, these 
accounts hold that people can imagine their actions because 
the motoric structures of the brain can, in some form, pre-
tend that the imagined actions are currently executed, and 
project their perceptual consequences into the imagination, 
so that one can watch them unfold in front of one’s mind’s 
eye. Imagination, therefore, has the same timing, is governed 
by the same regularities, and activates largely overlapping 
brain structures as overt action.

A different view on motor imagery

The previous section describes the “standard” conception 
of motor imagery. In this article, we would like to advance 
a markedly different conceptualization, which turns the 
proposed relationship on its head, and which—as we argue 
further below—provides a closer match to the extant data. 
On this view, the links between imagery and overt action 
do not arise because action imagery is intrinsically motoric, 
but—conversely—because the mechanisms people use to 
control their voluntary behavior are intrinsically imaginistic. 
In other words, the observed overlaps emerge not because 
motor imagery recruits motor-based resources but because 
every action we execute is planned, initiated and controlled 
through imagery (e.g., Colton et al., 2018; Hommel, 2009; 
Hommel et al., 2001; Janczyk & Kunde, 2020; Pfister, 2019; 
Pfister, 2019; Pfister et al., 2014; Prinz, 1997; Shin et al., 
2010).

This proposal is not new. In fact, it is the classic solution 
of the ideomotor theorists (e.g., Carpenter, 1852; Harleß, 
1861; James, 1890; Lotze, 1852) to the puzzle of how people 
can achieve voluntary control over their body movements, 
given that they have very little actual insight into the actual 
working of their motor apparatus. Even the simplest act of 
reaching and grasping requires complex coordination of a 
multitude of muscles, most of which a person is not aware 
of, including those in one’s back that prevent one from fall-
ing forward when extending one’s arm. The reader could 
ask themselves, for example, where in fact the muscles they 
use to control their finger movements are located, what pro-
duces the sounds when they snap their fingers, or how they 
make a bicycle go left or right. Surprisingly, most people 
answer these questions incorrectly, even though they have 
performed the actions many times (see1 for answers). This 
“executive ignorance” (Turvey, 1977) into the motor activi-
ties that make up our daily lives was neatly summarized by 
William James: “we are only conversant with the outward 
results of our volition, and not with the hidden inner machin-
ery of nerves and muscles which are what primarily sets it 
at work” (1890, p. 499).

Ideomotor theorists argue that imagery is the trick that 
people use to gain control of a motor apparatus that is essen-
tially a black box to them. The idea is that people do not 
try to—and actually cannot—directly control their “hidden 
machinery of nerves of muscles” (James, 1890, p. 499). 
They can only ever bring to mind a mental image of the 

1  Many of the muscles that control finger movements are located in 
the arms, not the fingers. The particular sound when snapping the fin-
gers is produced when the finger hits the palm of one’s hand, not by 
the fingers rubbing together. One makes a bicycle go left or right by 
leaning in this direction, not by moving the handlebars.
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“outward results” that they want to achieve, which then acti-
vates the motor patterns that will bring this result about. The 
mechanisms that are assumed to underlie this transformation 
of imagery into action are surprisingly simple and can be 
accounted for by established laws of associative learning. 
Accordingly, human agents learn to link, through a lifetime 
process of self-observation, the different efferent/motor 
activities that they produce, at first accidentally (‘motor 
babbling’), with the perceptual effects these activities reli-
ably cause (Hommel & Elsner, 2001; James, 1890; Prinz, 
1997). In short, they learn how their body movements look, 
feel, and sound, and how they affect the environment. The 
main argument is that as soon as a behavior and its likely 
effects are robustly associated, the mere intention to produce 
any perceivable effect activates the motor pattern to which 
it was associated by previous experience. Thus people can 
purposefully control their black box motor apparatus, merely 
by thinking of the perceptual effects they wish to achieve: we 
imagine what it looks like to move our fingers, we bring to 
mind the sound of our fingers snapping, or where we want 
our bicycle to go next—and by the previously formed asso-
ciations the corresponding efferent activities are recollected, 
without us ever needing to know how they internally real-
ized: imagery of the intended “outward results” is enough 
to elicit the motor behaviors itself.

While such proposals of effect-based action control 
have been only rarely connected to the phenomenon of 
motor imagery, they form the core of modern accounts 
of effect-based action control (for reviews, see Shin et al., 
2010; Pfister, 2019), and are captured by recent ideas of 
action control through internal (inverse and forward) mod-
els (Wolpert, 1997) and predictive coding/active inference 
(e.g., Adams et al., 2013). They are supported by a large 
body of evidence. A full review is not possible here (see 
Pfister, 2019), but studies have shown that any manipulation 
that helps people bring to mind the effects of their actions 
indeed activates the motor behaviors themselves, in line with 
the idea that both are closely associated. For example, par-
ticipants execute actions more quickly when primed, just 
before execution, with an image of the finger (or other body 
part) movements they should make (e.g., Bach et al., 2007; 
Brass et al., 2001), even if this prime is only anticipated but 
not perceived (Kunde et al., 2004; see Badets et al., 2016 for 
review). In some cases, this priming is enough to inadvert-
ently cause participants to execute actions they have been 
asked to withhold (Colton et al., 2018). Even distal percep-
tual consequences of one’s actions (like a sound elicited by 
a button press) prime the motor behaviors that usually bring 
them about, provided they have been robustly associated 
before (e.g., Hommel & Elsner, 2001; Ziessler et al., 2012).

Neuroimaging research is also consistent with the pro-
posed tight coupling of motor and effect-related repre-
sentations. In the last decades, it has become clear that, 

throughout the cortical hierarchy, neuronal populations 
often code for both, efferent (motor) activities and the 
afferent (perceptual) states they produce, to the extent 
that it has become increasingly difficult to delineate 
purely afferent or efferent regions. Regions in early and 
late visual cortex, for example, previously thought to play 
purely perceptual roles, have been found to be involved 
in action planning, and specifically to encode the effects 
one wants to cause with one’s actions (Kühn et al., 2011; 
van Steenbergen et al., 2017; Zimmermann et al., 2016, 
2018). A similar “common coding” (Prinz, 1997) of per-
ceptual and motor components also exists in the parietal 
lobe (e.g., Monaco et al., 2020; Oosterhof et al., 2012) and 
the premotor cortex, where neurons have been identified 
that code actions equally when they are executed and when 
their effects are perceived, both visually and auditorily 
(i.e., “mirror neurons”, di Pellegrino et al., 1992; Gallese 
et al., 1996; Kohler, et al., 2002). Even the primary motor 
cortex, often implicated in motor output exclusively, seems 
to play perceptual roles by representing the anticipated 
proprioceptive/kinesthetic consequences of one’s behavior 
(de Lange et al., 2013; Gandolla et al., 2014; Naito, 2004). 
Indeed, it has been argued that the motor commands it 
sends to the spinal cord may be, in fact, nothing else than 
proprioceptively coded goal states for one’s limbs (e.g., 
Adams et al., 2013).

Together, therefore, there is ample evidence from both 
experimental psychology and neuroscience that actions are 
represented in terms of their intended effects, which then 
activate the motor behaviors to which they are associated. 
Recent proposals have extended this simple associative 
architecture towards alternative mechanisms for acquiring 
motor-perceptual links (e.g., propositional relationships, Sun 
et al., 2022), describe how they can account for complex, 
hierarchical or multi-step actions (e.g., Kachergis et al., 
2014; Moeller & Frings, 2019; Moeller & Pfister, 2022), 
and how motor behavior can be dynamically adjusted in 
response to error, when actual motor output diverges from 
the intended goal states (Adams et al., 2013; Kunde et al., 
2017; Wolpert, 1997).

If these ideas of effect-based action control are taken seri-
ously, they lead to a subtle but—in our minds—illuminat-
ing re-conceptualization of motor imagery. Motor imagery, 
in such frameworks, does not rely on neural re-use of exe-
cution-related (efferent) structures in the brain, but instead 
reflects specifically the perceptual process through which 
people plan, initiate and control their action: the bringing 
to mind of the goal states—the effects—an actor wants to 
achieve: how they want their actions to look, sound and feel, 
when they are carried out. The difference to overt action is 
only that, during motor imagery, this imaginistic process is 
decoupled from the motor apparatus, to prevent the imagined 
action effects from inadvertently causing overt behavior.
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Several—not mutually exclusive—alternatives exist how 
this decoupling may work. One possibility is that efferent 
activities are somehow inhibited (e.g.,Berthoz, 1996; Di 
Rienzo et al., 2014; Guillot et al., 2012; Rieger et al., 2017). 
Another possibility is that the activation threshold to trig-
ger associated motor patterns is deliberately upregulated to 
prevent an automatic outflow of efferent activity (see also, 
Berthoz, 1996). Both alternatives would make it possible for 
people to plan/imagine actions freely, without being in dan-
ger of inadvertently releasing the associated motor behav-
iors. In fact, this increase of the execution threshold might 
be the very reason for why agents can become aware of their 
action imagery at all. During most everyday activities, peo-
ple move their body without experiencing the mental images 
they use to control these movements, suggesting that even 
weak, subliminal action images can drive motor behavior 
effectively (for evidence, see Kunde, 2004; Linser & Gos-
chke, 2007). From an ideomotor perspective, the upregula-
tion of the motor threshold may therefore be precisely what 
makes motor imagery possible. It allows people to imagine 
their actions strongly enough to be consciously experienced 
while still not eliciting overt behavior.

A recent series of experiments (Colton et  al., 2018) 
tested the idea that imagined actions are planned actions 
that are activated just below the execution threshold. Par-
ticipants were asked to imagine—but not execute—different 
sequences of finger movements. In some trials, we unex-
pectedly strengthened this imagination through a visual cue 
that showed the effects of the action they currently imag-
ined (e.g., a specific finger depressing), in the hope that 
this surprising additional activation would drive the action 
super-threshold and cause its involuntary release. This is 
exactly what was found. When imagery and visual cues were 
congruent and could therefore combine, participants found 
themselves sometimes executing actions they were asked 
to withhold. If, however, the visual cue did not match what 
was imagined, the likelihood of an accidental action slip 
was reduced compared to baseline (for similar evidence, see 
Kunde et al., 2004; Maslovat et al., 2013).

Other studies show that overt action can be effectively 
influenced even when the relevant action images are weak 
and remain subliminal, for example, when very briefly pre-
sented before participants make a relevant motor response 
(e.g., Kunde, 2004; Linser & Goschke, 2007). Importantly, 
a recent study showed that vividly imagined actions have 
stronger effects on subsequent motor behavior than even 
actions that have been explicitly prepared for action (Toovey 
et al., 2021). This is consistent with the idea that motor 
imagery involves a hyper-activation of the movement images 
that people use to control their behavior so that they can 
be consciously experienced, while at the same time being 
prevented from causing motor output.

This conceptualization of motor imagery as (hyper-acti-
vated) effect imagery differs from conventional accounts 
in that it does not require information from output-related 
components of the motor apparatus. Instead, it conceptu-
alizes motor imagery simply as the planning-related pro-
cesses that otherwise shape’s people overt motor behavior 
(see also Glover & Baran, 2017; Jeannerod, 1994; Toovey 
et al., 2021) by specifying its goals as well as those more 
proximal components that are important for action success 
(e.g., movements speeds, specific trajectories around goals, 
etc.)2. In other words, human agents can imagine actions 
because they have done them over and over in their daily 
life and have internalized how they look, sound, and feel. 
From then on, they can then simply recall this perceptual 
knowledge to produce a vivid experience of the actions they 
want to imagine.

Importantly, while this account does not require a contri-
bution of motoric knowledge, it does not imply that imagery 
cannot make use of it. In a radical ideomotor view, effer-
ent (“motor”) activities are bidirectionally associated to the 
effects they will cause (cf. Hecht et al., 2001; Hommel and 
Elsner, 2001; Hommel et al., 2001). Via these links, imagin-
ing or intending a specific effect can bring about the associ-
ated motor behaviors, but—once they are selected—the acti-
vated motor behaviors can also activate the effects they will 
most likely cause. This is functionally important because the 
effects used to select a motor behavior and those it will cause 
do not need to be identical; any action will bring with itself 
changes that have not been explicitly intended. For exam-
ple, one may intend to grasp a coffee mug, by anticipating 
the required visual and proprioceptive components of the 
movement trajectory towards the goal, as well as the specific 
points of contact with the mug, but without anticipating the 
tactile experience of one’s pullover’s sleeve moving across 
the forearm, when carrying out that movement.

2  Our terminology throughout the manuscript follows the classic 
distinction between action planning and control, which is central to 
both effect-based (e.g., Hommel et al., 2001; Thomaschke et al. 2012; 
Wühr & Müsseler, 2001) and conventional accounts of motor control 
(e.g., Glover, 2004; Woodworth, 1899). While both planning and exe-
cution are important components of successful action, they subserve 
different functions. Planning captures primarily cognitive and voli-
tional contributions, that is, the setting of action goals and relevant 
parameters (e.g., the speed of the action and the intended kinemat-
ics, trajectory). Control, in contrast, reflects the downstream (effer-
ent) processes, which ensure that these goals are achieved, by guiding 
motor output towards the specified goal states. Of course, in practice, 
the boundary between both components is fluid, and research often 
observes a gradual transition between planning-related contributions 
at the start of the action, towards more control-related contributions 
at the end (for a review, see Glover, 2004). Moreover, recent propos-
als argue that even those downstream execution-related processes 
might be mediated by ideomotor-like mechanisms that move our 
effectors towards proprioceptively defined goal states (e.g., Adams 
et al., 2013)
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Through these links, any motor behavior that is activated 
may, therefore, enrich or further constrain imagery with what 
is most likely to happen when it is executed. This associa-
tive activation of the effects an action will also cause might 
be called a “prediction” and is functionally equivalent to the 
output of a forward model (cf. Kawato, 1999). Such a bi-
directional associative architecture, therefore, fully implements 
the main functional mechanism of conventional accounts of 
imagery, through which (subliminal) motor activation can 
project ahead which perceptual effects it will most likely 
cause. The difference is that, in effect-based accounts, this 
motor-based prediction is not the default mode. Instead, it is 
considered as an additional, optional step, that one can draw 
upon only after motor activities have been accessed through 
the intended perceptual changes in the first place. There is 
still no pure “motoric” imagination that is not triggered by a 
prior imagination of the intended action outcomes. However, 
once a specific motor behavior that implements these desired 
effects is activated, it can be supplemented or adjusted through 
associations to the effects this motor behavior will also have, 
if carried out.

We believe that such effect-based accounts of motor 
imagery solve (or sidestep) most problems and inconsisten-
cies in standard accounts. Note for example that, in standard 
accounts, imagery emerges from motor commands being fed 
to a forward model-like mechanism, which then plays through 
the sequence of perceptual consequences these actions will 
achieve. What is usually left open is where these motor com-
mands come from in the first place. Why, if one already knows 
the sequence of movements one wants to imagine, is it neces-
sary (a) to identify the precise motor command that brings 
about this imagination, and (b) how is the relevant chain of 
motor commands selected, so that it matches this (sometimes 
quite complex) imagination goal? This ambiguity is even more 
pronounced if one considers that the mechanisms (i.e., forward 
models, efference copies) that are proposed to serve as the 
basis for this imagination are usually assumed to have evolved 
to predict the outcomes of actions that the organism does 
indeed execute (i.e., for anticipatory error control or filtering 
out expected stimulation). How then is it possible (c) to fool 
these mechanisms into completing the same job for actions 
that one does decidedly does not want to execute, because one 
only wants to imagine them? Effect-based accounts of motor 
imagery solve, or sidestep, all these problems by providing a 
straightforward associative account of how action imagery can 
affect the motor apparatus, and how, in turn, motoric activity 
can feed back into what people imagine.

Accounting for the evidence

We believe that a re-formulation of motor imagery as 
action planning decoupled from execution has various 
conceptual advantages over standard accounts. Here, we 
briefly review how the major findings, which are usually 
taken as evidence for the standard account, are explained 
by effect-based accounts of motor imagery.

Motor imagery elicits muscular activity

One central finding is that motor imagery often engen-
ders measurable activation in the muscles involved in the 
action (e.g., Guillot et al., 2007; Jacobson, 1931, 1932). 
The traditional explanation is that this shows the work-
ing of an execution-related process, for example, the sub-
liminal activation of motor routines that—via forward 
modeling—supply imagery with the relevant “material” 
to play through, such as the precise kinematics or timing 
of the action one imagines. In effect-based accounts, the 
explanation of this motor outflow is more straightforward. 
It simply reflects that the neuronal codes that make up 
one’s imagery of an action are the same ones that one 
would use—via the previously formed associations—to 
initiate this action. In such views, it is not surprising that 
some subliminal activation would persist and reach the 
relevant muscles, even if the motor threshold itself is not 
passed and no full action is ever released. In the words of 
William James, “every mental representation of a move-
ment awakens to some degree the actual movement which 
is its object” (James, 1890). Thus, while these motor acti-
vations may indicate that some form of action imagery 
takes place, they do not necessarily play a functional role 
in the imagery process.

Several findings suggest that this is exactly what is 
going on. Several studies show striking dissociations 
between imagery and motor processes. It has long been 
observed, for example, that muscular responses during 
mental practice are often only loosely related to the actions 
one tries to imagine (Heuer, 1985), and that motor imagery 
can elicit motor-like brain activity even if motor output is 
fully controlled (Zabicki et al., 2017). Moreover, motor 
imagery has been found to typically capture the (ideal) 
actions one would want to carry out but less so the actual 
motor behavior that results, such as the errors one  makes 
(e.g., Dahm & Rieger, 2019; Rieger et al., 2011a, b) or 
the variability of one’s movements (Niziolek et al., 2013). 
Such dissociations are problematic for accounts in which 
motor processes are the causal driver of action imagery, 
but they are of course fully in line with effect-based views 
where imagery is primarily perceptually driven, reflecting 
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one’s prior knowledge of how these behaviors should 
look, sound and feel, and not how they actually do when 
executed. 

Other studies show that imagery of non-motor behavior 
is often just as effective in causing overt behavior as that of 
the motor behavior itself, if this non-motor behavior repre-
sents possible effects one can cause. One only needs to take 
a pendulum in one’s hand and image it is swinging: one’s 
hand will produce these swings, even though one does not 
imagine the hand itself moving, and is in fact often unaware 
that it does so (Cantergi et al., 2021; Chevreul, 1833; Easton 
& Shor, 1975, 1976, 1977; Wegner et al., 1998). Such find-
ings can be replicated in lab-situations, where visualizing 
certain shapes is enough to induce a tendency to reproduce 
these shapes with one’s hands, even if these shapes belong 
to objects that one never has interacted with before (e.g., 
the circle shape of the moon), so that any action imagery 
is unlikely (Bach et al., 2010a). Both findings are much more 
in line with the idea that motor output during imagery is 
ultimately driven by bringing to mind the intended action 
effects, rather than the motor behaviors themselves.

A final example is tool use. For many tools, the effects 
they produce are clearly dissociable from the motor behav-
iors that cause them. For example, the Fulcrum effect (Kunde 
et al., 2007) denotes the fact that in laparoscopic surgery, 
movements of the hand upwards produce downwards move-
ments of the endoscopic tool, and vice versa (for a review 
of similar tool transformation findings, see Heuer & Sülzen-
brück, 2013). Importantly, when people plan such actions, 
then bringing to mind the intended motions of the tool suf-
fices to elicit the relevant motor behaviors, even if they are 
opposite to intended tool motion (Müsseler et al., 2008). For 
example, imaging a clockwise rotation of an object facili-
tates counter-clockwise manual rotations of a steering wheel, 
provided this produces an intended clockwise rotation of the 
task-relevant visual object (which applies to current displays 
in aviation, Janczyk et al., 2012). These findings, therefore, 
provide clear evidence that motor imagery—like action plan-
ning—occurs not in terms of motoric outflow, but in terms of 
the effects one wants to achieve with one’s actions (Hommel 
et al., 2001; Prinz, 1997), and there is evidence that also the 
neuronal coding of these actions seems to occur to a large 
extent in such an effect-based rather than motoric format 
(e.g., Ferrari et al., 2005).

Action execution can help or hinder imagery

A second class of important findings is that executing motor 
behaviors disrupts imagery of different actions, but helps 
imagery of similar ones (e.g., Wohlschläger, 1996, 2001; 
Callow et al., 2006; for a review, see Guillot, under review). 
In the standard view, these effects emerge because carrying 
out an action occupies one’s execution-related resources so 

that they cannot be deployed for motor imagery, or because 
a forward model that is fed by mismatching motor com-
mands will also conjure up mismatching mental images. In 
principle, these explanations can also work in frameworks 
of effect-based action control, as they assume not only that 
effect imagery triggers motor behavior, but also that motor 
behavior, in turn, is associated to the relevant perceptual 
effects it will bring about (e.g., Hommel et al., 2001; Müs-
seler & Hommel, 1997). Executing movements that differ 
from imagination will therefore by necessity also conjure up 
inappropriate effect images and interfere with the imagery 
process.

However, we suspect that there might be a simpler expla-
nation for many of these findings. Executing a movement 
is not perception-free. Even if people are not looking at the 
body parts they move, they still receive (proprioceptive, 
tactile, etc.) feedback from their limbs and muscles. And 
of course, this feedback can also be congruent or incon-
gruent with the perceptual effects they imagine, so that any 
interference can arise not only from predicted feedback, but 
also from the actual feedback that is inconsistent imagina-
tion. A classic example is that people can mentally rotate 
an object more easily if they rotate their hands in the same 
direction, compared to the opposite direction (Wohlschläger, 
1996, 2001). This does not necessarily reflect the anticipa-
tion of incongruent movement effects, but also the multi-
sensory associations of clockwise proprioceptive feedback 
with clockwise visual motions (cf. de Lange et al., 2006; 
Shenton et al., 2004).

Findings from deafferented patients—who receive no 
proprioceptive feedback—provide direct evidence for such 
multisensory associations. Usually, people find it difficult to 
draw when they only see the mirror image of their drawing 
hand, as there is a mismatch between visual and propriocep-
tive information: leftward hand movements look rightwards 
in the mirror and vice versa. To compensate, neurotypical 
agents often try to ignore such mismatching propriocep-
tive feedback, causing ‘functional haptic neglect’ (Heuer & 
Rapp, 2012; Liesner & Kunde, 2020). Strikingly, however, 
the problems with mirror drawing are absent in deaffer-
ented patients, showing that the interference indeed largely 
emerges from a perceptual (proprioceptive to visual) locus 
(Lajoie et al., 1992).

Temporal and kinematic similarities 
between imagery and action

A central piece of evidence for motoric accounts is the tight 
temporal link between overt and imagined action (e.g., 
Decety et al., 1989; Wohlschläger & Wohlschläger, 1998) 
and the finding that both are governed by similar regulari-
ties, such as Fitts’ law, or the two-thirds Power law between 
speed and curvature of biological movements (Decety & 
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Jeannerod, 1995; Karklinsky & Flash, 2015; Papaxanthis 
et al, 2012). As these constraints are argued to emerge from 
the motor system, their re-occurrence in imagery is taken as 
evidence that imagery must reflect a “read out” of a motoric 
process.

Please note that such findings can be accommodated in 
effect-based accounts, if one assumes that not only activated 
action images can activate the efferent activities that bring 
them about (i.e., the inverse route), but also that activated 
motor actions can activate the perceptual effects they pro-
duce (i.e., the forward route), and in doing so can retrieve 
perceptual consequences that are not fully specified in the 
original action plan (see above). Nevertheless, we do believe 
that many of the findings that are usually provided as evi-
dence for such influences should not be taken at face value. 
Typical research participants have ample perceptual experi-
ence with their own behavior (and that of others) throughout 
their lifetime, and it would be no surprise that their imagi-
nation—and ability to plan their actions—has internalized 
these regularities and takes them into account. A strong case 
for motoric readout could therefore only be made in cases 
where imagery can be shown to be governed by a regularity 
that (a) unambiguously reflects constraints from the motor 
apparatus, and which (b) participants had no prior perceptual 
experience with. We are not aware of any such demonstra-
tion (but see Rieger, Boe, Ingram, Bart, Dahm, under review, 
this volume, for a different view). Instead, several studies 
have suggested that regularities originally attributed to the 
motor apparatus may in fact reflect perceptual or imaginistic 
constraints. For example, it is well-established that people 
find it almost impossible to perform particular irregular 
bimanual movements, for example when having to describe 
three circles with one hand while the other hand performs 
four (Kelso, 1995). These limitations have been put down 
to constraints of the motor apparatus, such as a synchro-
nization of motor commands in the spinal cord. However, 
in an impressive series of demonstrations, Mechsner and 
colleagues (Mechsner, 2003; Mechsner et al., 2001) have 
shown that these phenomena may instead reflect constraints 
of imaginistic action planning. The limitations were alle-
viated when participants were given help to perceptually 
coordinate—imagine—these actions, so that “impossible” 
movements suddenly became possible (for an earlier dem-
onstration of similar effects, see Swinnen et al., 1997; for a 
review of related effects, see Shea et al., 2016).

In addition, many of the initial findings of tight tem-
poral overlaps between overt and imagined actions have 
been recently challenged, with several showing either con-
sistent over- or under-estimation of the timings of imag-
ined actions, for different task and stimulus contexts (e.g., 
Reed, 2002; for a review, see Guillot & Collet, 2005). 
This temporal elasticity is problematic for approaches 
that assume that people’s mental motor imagery emerges 

from a subliminal engagement of the underlying motor 
routines, which should then closely match their actual 
time course. However, if imagery reflects a planning pro-
cess that is decoupled from execution (see also Jeannerod, 
1994; Glover & Baran, 2017), such differences are not sur-
prising, and indeed expected, if one assumes that people 
flexibly decide to either faithfully follow their memories 
of action execution, or go through their major functional 
stages only, or even speed up or slow down specific steps 
to extract the information required for their particular 
imagery goal.

Imagery and action activate similar brain regions

A final important piece of evidence for motoric accounts 
is the tight overlap between brain structures activated 
by overt and imagined action (for reviews, see Lotze & 
Halsband, 2006; O’Shea & Moran, 2017). In our view, 
an interesting, but often ignored, aspect of these observa-
tions is that this overlap is primarily observed in struc-
tures associated with action planning—like premotor and 
parietal cortices—but it is much less robust in execution-
related structures, like the primary motor cortices, basal 
ganglia and cerebellum (for review and meta-analysis, see 
O’Shea & Moran, 2017; Hétu et al., 2013; Munzert et al., 
2009). For motoric accounts of action imagery, such a 
finding should be puzzling. Yet, it is exactly what would 
be predicted by accounts of effect-based action control, 
where action imagery is conceptualized precisely as a shift 
towards planning away from execution-related resources 
(see also Jeannerod, 1994; Baran & Glover, 2017).

An elegant study confirmed this link between motor 
imagery and planning-related instead of execution-related 
processes, while controlling for actual body movement 
(Raffin et al., 2012). The authors asked amputees, who 
still subjectively felt the presence of their phantom limbs, 
to either really move their absent limbs or imagine moving 
them. No movement—and no proprioceptive feedback—
was of course present in either case. Nevertheless, there 
were clear differences in brain activation. The execution 
instruction more strongly activated primary somatosensory 
and motor cortices and the anterior lobe of the cerebellum. 
In contrast, during imagination, there was more activity 
in the parietal and occipital lobes, and the posterior cer-
ebellum (see also Hanakawa et al., 2008). Importantly, 
it was found that these regions matched those when the 
patients really moved, or only imagined moving, their still 
intact limbs on the other side. This shows both: that motor 
execution and imagery are indeed different, and that these 
differences map onto the proposed shift from motor to 
planning-related resources of effect-based control.
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Open questions and outlook

Motoric views of motor imagery have left several puz-
zles open that have either been unresolved, or not been 
addressed. An effect-based view provides a new view on 
them, and—in many cases—clear avenues how they can be 
resolved, including testable predictions. Below, we provide 
a first sketch for some of these open questions.

When does imagery draw upon motor resources?

In effect-based accounts, motor imagery primarily reflects 
the planning stages of actions, that is, the bringing to mind 
of how the target actions would manifest perceptually, 
based on one’s prior experience with them. In contrast 
to conventional accounts, there is usually no need for 
imagery to draw upon knowledge encoded by the motor 
apparatus, for example, by accessing a forward model 
that is fed with the motor commands that would gener-
ate the behaviors one wants to imagine. As pointed out 
above, this does not mean that such an influence is not 
possible, however. The simple associative architecture of 
effect-based control predicts not only that the effects one 
intends will elicit the motor behaviors that will bring these 
effects about, but also that—via the same associations—
the motor behaviors, once selected, activate the effects 
they will produce (e.g., Hommel et al., 2001; Müsseler & 
Hommel, 1997). These latter pathways, therefore, allow 
one to derive how one’s behaviors will play out, providing 
a secondary “motoric” path to imagery.

An important question is under what circumstances this 
secondary route is made use of. We suspect that this hap-
pens specifically when the effects usually used to plan a par-
ticular action do not correspond to the information required 
by the current imagery task. For example, it is typically 
assumed that the effects agents use to control their behavior 
are coded in a relatively sparse manner, capturing mainly 
the intended “distal” bodily or environmental effects (Hom-
mel et al., 2001), the required transitions between current 
and intended perceptual states (Kunde et al., 2017), or the 
major functional sub-steps of an action sequence (Schack & 
Mechsner, 2006). As the specific timing and kinematic of 
one’s skilled movements emerge, to a large extent, from bio-
mechanical constraints within the muscular and skeletal sys-
tem during execution, they are most likely not represented 
on this planning level, unless the skill specifically requires 
controlling them (e.g., in dance, or for unusual actions cf., 
Mechsner et al., 2001). If this is correct, then the motoric 
route might be necessary whenever the imagery task requires 
access to action features that are not captured by the percep-
tual goal states people use to control their actions.

Accordingly, for motor behavior where timing and 
kinematics do not need accurate endogenous controlled, 
imagery should similarly only engender limited activa-
tion in brain structures involved in action execution, and 
outflow to muscles should be limited. However, as soon 
as one’s imagery task requires deriving accurate timing, 
precise kinematics, or access to internal bodily feedback, 
such motoric effects should emerge also for these move-
ments. Several studies show that motoric indices of motor 
imagery indeed emerge for such instructions (e.g., Stinear 
et al., 2006), and this notion is also well supported by the 
implicit practice of motor imagery researchers. To ensure 
that motoric activations are found, researchers often 
instruct their participants to focus on the proprioception 
and kinesthesis, or the sensations of the actions, not just 
their visual representation, or tasks are made sufficiently 
complex to require such forward modeling.

Why is mental practice effective?

One rarely addressed conflict in standard approaches is the 
evidence that mental practice is particularly effective in con-
ditions in which it should not be. If motor imagery practice 
relies on a subliminal playthrough of motor routines, why 
is it more effective in sports with strong cognitive instead 
of motor components (such as chess and golf; see Ryan & 
Simons, 1981, 1983 for the original distinction), why are 
effect sizes usually smaller for purely motoric ones (for 
meta-analyses, see Driskell et al., 1994; Toth et al., 2020; 
Weinberg, 2008), and why is the myoelectric activity that 
accompanies it only loosely connected to the practiced 
movements (Heuer, 1985)? The findings are similar for stud-
ies that test how learners are best instructed in a motor skill. 
It is usually better to instruct people in terms of the con-
sequences—the effects—they want to achieve their actions 
(e.g., focus on hitting the darts board in the bullseye) than 
reminding them of the proper motoric technique (pulling 
back the hand, flick of the finger, etc.), which can even be 
counter-productive (for review, see Wulf, 2013).

If one assumes that mental practice is effective because it 
affords a subliminal playthrough of motor routines, stronger 
benefits in the absence of motoric instructions should be at 
least slightly puzzling. However, such results are of course 
precisely what would be expected under and effects-based 
imagery view. In such views, playing through one’s action 
would simply help in deriving better plans for one’s actions, 
without necessary input from efferent/motor activities. 
Repeated effect imagery alone can (a) make these effect 
images more accessible so that they are more easily brought 
to mind in the performance situation, it (b) can make these 
images sharper and more salient so that they become better 
drivers of muscular activities, and (c), especially for longer 



1798	 Psychological Research (2024) 88:1790–1804

1 3

action sequences, it might help one to imagine different sub-
steps and schedule them more efficiently.

Consistent with these views, recent work shows that 
athletes represent skilled actions (such as a golf putt) in 
a hierarchical manner (Schack & Mechsner, 2006). These 
perceptual-cognitive representations describe the interrela-
tions between the action’s functional parts, each of them 
being linked to particular perceptual effects that need to be 
achieved by that component of the motor skill (Bläsing et al., 
2009; Schack, 2004, 2020). When novices physically prac-
tice these skills,  these  representations become stabilized 
and structurally revised into functional groups (e.g., a prepa-
ration phase, a clubhead-ball impact phase, and an attenu-
ation phase after the putt; Frank, 2016; Frank et al., 2013).

From an effect-based view, mental practice can similarly 
stabilize these acquired skill structures and cause similar 
revisions as physical practice (Frank, 2014; Schack, 2006; 
Schack & Frank, 2019). Indeed, when novices practice men-
tally, their perceptual-cognitive representation system shows  
changes to a skill’s cognitive representation that match those 
after physical practice (Frank et al., 2014). Strikingly, how-
ever, while changes in novices’ representations also lead to 
overt behavioral changes after physical practice, they do not 
do so necessarily after mental practice; they only emerge 
if athletes had some prior physical experience in which the 
different parts of a skill’s structure were associated with 
the motor activities that produce these effects (Frank et al., 
2014). In this way, the effect-based approach suggests some 
clear boundary conditions when mental practice should be 
effective, pointing specifically to the requirement of pre-
existing ideomotor associations that can link the mentally 
practiced effects to the efferent activities that would achieve 
them (i.e., an inverse model).

An interesting avenue for future research is attempts to 
enrich actions by additional perceptual feedback (e.g., soni-
fication for the case of auditory feedback, e.g., Effenberg 
et al., 2016). The idea here is to provide agents with auditory 
feedback of their body movements that is more discrimi-
nable than the perceptual (visual, interoceptive) feedback 
these movements naturally produce. This should not only 
enable agents to distinguish motor patterns that were not 
discriminable without such feedback, but also provide them 
with another means to imagine their movements. They can 
imagine how it sounds to move in specific ways, rather than 
just visually or proprioceptively imagine doing so, just as 
musicians plan their playing in terms of these musical effects 
instead of body movements (Brooks, 1995; Drost et al., 
2005a, 2005b).

Integration of motor with non‑motor imagery?

Most everyday tasks require the integration of own action 
capabilities with the characteristics of the environment. 

For example, for a successful golf swing, the golfer needs 
to coordinate their (upper) body and limbs with respect to 
the grass surface, the club they use, direction and speed of 
the wind, among other factors. Similarly, during everyday 
tool use, people need to consider motoric features (e.g., the 
flexion and extension of arms during hammering), relative 
to the mechanical properties of the tool and the object it is 
applied to (e.g., a nail vs. a pane of glass) (see Osiurak & 
Badets, 2016, for a review of mechanical problem solving 
in tool use).

An account that can describe how such actions are 
planned, or imagined, needs a means of integrating motoric 
with extra-motoric information form the physical and social 
environment (see  for similar ideas in an action observation 
context). It is difficult to see how such integration would 
be implemented in conventional accounts of motor imagery 
that rely on a motor-to-perceptual route only, as it is unclear 
how non-motoric knowledge about the physical behavior of 
objects could interact with motoric knowledge of one’s own 
action (but see Schubotz, 2007 for an interesting approach). 
However, if one assumes, as effect-based accounts do, that 
action planning generally relies on the same cognitive codes 
as imagery of physical events, such an integration is no 
mystery. One’s perceptual learning about the behavior of 
physical system and about one’s own motor behavior can be 
seamlessly integrated (see Prinz, 1992, for a similar argu-
ment in action control).

Some recent evidence from monkey single cell recordings 
studies shows that the perceptual systems indeed support 
such integration. In one study, monkeys first had to iden-
tify a relevant object, then trace its outline, and then direct 
an action towards its endpoint. Early visual cortex played 
a central role in each of these steps, initially highlighting 
the relevant object, then amplifying its outline, and then its 
endpoint, which then served as the basis for eye movements 
towards it (Moro et al., 2010, Roelfsema et al., 2003; for 
a review, see Roelfsema & de Lange, 2016). These find-
ings are, therefore, exactly in line with effect-based account, 
where relevant paths are first perceptually organized, and the 
exact same representations can then form as basis for action 
control. We are looking forward to future studies that show 
such interactions in human participants.

Imagery (and control) of complex actions

Imagery, especially for training purposes, often involves 
complex actions, such as the playing through of a martial 
arts kata, the complex motions of a platform dive, or even 
the different stages of a reach-to-grasp action (e.g., Driskell 
et al., 1994; Morris et al., 2005; Simonsmeier et al., 2018; 
Toth et al., 2020). In contrast, most empirical research on 
ideomotor control focusses on much simpler actions, which 
involve mostly discrete stimuli and responses, and which 



1799Psychological Research (2024) 88:1790–1804	

1 3

occur for the most part ballistically (e.g., button presses). It 
may, therefore, seem challenging for effect-based approaches 
to provide an account for how more complex actions are 
controlled—and, therefore, imagined.

We believe that, fundamentally, the difference between 
the simple actions used in classical ideomotor experiments 
and those more complex actions is probably smaller than 
one may assume, as even the simple button presses involve 
a carefully orchestrated sequence and press and release of 
multiple muscles, and even very simple action effects (such 
as visual cue) need to be distinguished in often complex 
ways (in terms, of shape, timing, location, etc.) from other 
unrelated stimuli that can occur at the same time. Thus, 
many of the difficulties that characterize complex actions 
are already present for the simple actions that have been 
subject of most research in the lab.

A central assumption is that the representations used for 
effect-based control of both simple and complex actions are 
organized in a hierarchical fashion, with higher level (distal) 
action goals at the top, and the required sequence of more 
proximal, body-related effects at the bottom, each robustly 
linked to the efferent/motor activities that would bring these 
effects about (e.g., Hommel et al., 2001, Hommel, 2009; for 
a recent review, see Moeller & Pfister, 2022). During execu-
tion, imaginistic control can then access—and modify—each 
of these more proximal action components to fulfill task 
requirements, such as making a less forceful button press 
than usual (Cao et al., 2020), varying the musical notes one 
is playing in a longer piece (e.g., Keller & Koch, 2008), or 
forming a more pronounced circular trajectory than usual 
during gesturing (e.g., Bach et al., 2010a). Moreover, dur-
ing learning more complex action hierarchies can be built 
form the ground up from simpler elements and assembled 
into larger chunks (e.g., Moeller & Pfister, 2019). Indeed, 
a large variety of work now reveals effect-based control in 
more complex actions (e.g., throwing, Land, 2018), music 
sequences (e.g., Keller & Koch, 2008), gesturing (Bach 
et al., 2010a), motor sequence learning (e.g., Brown et al., 
2022; Stöcker & Hoffmann, 2004) or in tool use (e.g., Mas-
sen & Prinz, 2009; Müsseler et al., 2008; for review and 
theoretical argument, see Badets & Osiurak, 2017), demon-
strating that the described ideomotor principles do indeed 
apply such more complex behaviors.

When imagining such complex actions, imagery can 
then make use of the existing hierarchies, just as would be 
the case for imagery of more simple action. Similar to how 
agents would plan the execution of such actions, during 
imagery they can simply step through the sequence on the 
desired level of the hierarchy, either in terms of the major 
action steps (e.g., the route when driving home from work), 
or by accessing the more fundamental proximal representa-
tion that reflect the body movements required to achieve 
these goals, explaining perhaps the variety in how the timing 

of imagined actions matches or does not match the timing of 
overt execution (for a review, see Guillot & Collet, 2005). 
Indeed, studies that probe the cognitive representation of 
more complex skills show that the same hierarchies under-
lie imagery and overt action, so that less effective cogni-
tive representations translate into less effective action (e.g., 
Schack & Mechsner, 2006; for a review, see Land et al., 
2013), and that changes during imagery of a known motor 
skills induce analogous changes during overt action, and 
vice versa (Frank et al., 2014).

A related challenge is how imagery can model non-bal-
listic behaviors in which one’s required behavior in one step 
depends on what has happened in the previous steps, for 
example when correcting errors in performance, or when 
compensating for unexpected contributions from external 
influences (e.g., a partner’s movements in dance, or a wob-
ble of the balance board one stands on). To flexibly con-
trol—and imagine—such dynamic responses to feedback, 
it has been argued that proximal effect representations may 
not only code discrete perceptual end states, but the transi-
tions between a given (or imagined) perceptual state and 
an intended goal state (e.g., Kunde et al, 2017), or reduce 
the difference between both (i.e., prediction error mini-
mization, Adams et al., 2013; Wolpert, 1997). Note, how-
ever, that feedback from one’s own actions—or from such 
external sources—is missing during imagery. Executive 
resources might therefore be necessary to supply such infor-
mation (Glover & Baran, 2017; Martel & Glover, 2022), 
or imaginers might need to engage the “forward mode” of 
ideomotor learning to retrieve which outcomes the particular 
motor behaviors they imagined will have on the next com-
ponents of their actions. Imagery of such multi-step actions, 
where one component depends on the previous ones, may 
therefore be a key example where motor imagery engages 
not only planning-related resources, but  execution-related 
mechanisms to derive the specific outcomes one’s (imag-
ined) motor behaviors will have.

Evolution of motor imagery

The ability to imagine one’s actions undoubtedly brings sub-
stantial advantages to human behavior, allowing actors to 
play through different action alternatives in their mind before 
committing to one (e.g., Bennett, 2021), or to practice their 
skills offline before testing them “in the wild” (e.g., Simons-
meier et al., 2018; Toth et al., 2020). An interesting question 
is, therefore, when these imagery abilities, and the effect-
based control of action on which they build, have evolved. 
Some theorists propose a co-evolution of ideomotor-like 
mechanisms together with abilities for action prediction, tool 
use and language (e.g., Badets & Osiurak, 2017). Others, 
in contrast, argue for an earlier emergence of effect-based 
control, and that even the behavior of simple organisms is 
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well-described not in terms of a simple stimulus–response 
learning, but as an attempt to resolve, through the action, the 
mismatch between perceptually defined (homeostatic) goal 
states, and the organism’s actual state (i.e., active inference, 
Adams et al, 2013; Friston, 2013).

Several pieces of evidence point, in our mind, towards 
such an earlier evolution. For example, the phenomenon of 
outcome devaluation (Adams & Dickinson, 1981) marks the 
finding that even strongly overlearned stimulus–response 
associations (i.e., habits) do not lead to action when the asso-
ciated outcomes are undesirable in the given situation. This 
and related phenomena are present in several animals, cer-
tainly in rodents (for a review, de Wit & Dickinson, 2009). 
At least for these animals therefore action planning already 
occurs on the basis of desired action outcomes and suggests 
an emergence of effect-based control already in non-human 
mammals.

Other findings suggest that also the ability to imagine 
behaviors and their outcomes, without overt motor output, 
is present in animals. It is known since Tolman (1948) that 
rats sometimes stop at critical junctions in a maze, as if con-
sidering—playing through in their mind—which path leads 
to the better outcome. Indeed, a plethora of studies since 
then suggest that is exactly what happens (for a review, see 
Reddish, 2016). Rats that exhibit this “vicarious trial and 
error” behavior are more successful in their navigation and 
arrive at the reward shortly after. Moreover, recording of 
hippocampal place cells confirm that during these instances 
the rat mentally travels along the paths within the maze, 
with associated firing of reward-related brain regions once 
the reward is (virtually) reached. This suggests again that 
rats, and potentially several species of birds (Sulikowski & 
Burke, 2015), have some abilities for motor imagery in the 
absence of action.

We are very much agnostic about this debate. For the 
account of motor imagery presented here, it is only neces-
sary that these abilities are fully formed in humans. We note, 
however, that the ideas of effect-controlled action provide an 
excellent framework to account for the findings in animals 
above. We therefore suspect that what sets the remarkable 
human action planning abilities apart from that of animals 
is not the ability for effect-based control and imagery itself, 
which may be more fundamental than usually assumed, but 
the ability to withhold action when imagining. The key evo-
lutionary step would then be the development of the pre-
frontal cortex, and the associated cognitive resources for 
response inhibition or up-regulating one’s motor threshold. 
These abilities would enable humans to imagine their actions 
in peace, without engaging in overt action, while still being 
able to derive the consequences these actions will have, 
therefore, opening up capacities for foresight, planning for 
(currently) counterfactual realities, and practicing skills in 
the absence of overt action.

Conclusions

We have described how motor imagery can be conceptual-
ized in effect-based views of action control. These views 
hold that actions are planned in term of their intended per-
ceptual effects—how a successful action should look, feel, 
and sound—, which are then made reality by automatic 
motor processes. In such views, motor imagery reflects 
this imaginistic planning process, which is decoupled from 
execution. Imagery experience simply reflects the recall of 
one’s perceptual (visual, auditory, proprioceptive) experi-
ence with one’s actions, without requiring efferent (motoric) 
contributions. If these views are taken seriously, the term 
“motor imagery” becomes a misnomer; “effect imagery” 
might be a better description of how people imagine—and 
plan—their (motor) actions. The evidence reviewed here 
makes an explicit case for such an account.
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