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Abstract

The issue of the format of mental imagery is still an open debate. The classical analogue (depictive)—propositional (descriptive)
debate has not provided definitive conclusions. Over the years, the debate has shifted within the frame of the embodied cognition
approach, which focuses on the interdependence of perception, cognition and action. Although the simulation approach still
retains the concept of representation, the more radical line of the embodied cognition approach emphasizes the importance of
action and clearly disregards the concept of representation. In particular, the enactive approach focuses on motor procedures
that allow the body to interact with the environment, whereas the sensorimotor approach focuses on the possession and exer-
cise of sensorimotor knowledge about how the sensory input changes as a function of movement. In this review, the embodied
approaches are presented and critically discussed. Then, in an attempt to show that the format of mental imagery varies according
to the ability and the strategy used to represent information, the role of individual differences in imagery ability (e.g., vividness
and expertise) and imagery strategy (e.g., object vs. spatial imagers) is reviewed. Since vividness is mainly associated with
perceptual information, reflecting the activation level of specific imagery systems, whereas the preferred strategy used is mainly
associated with perceptual (e.g., object imagery) or amodal and motor information (e.g., spatial imagery), the format of mental
imagery appears to be based on dynamic embodied representations, depending on imagery abilities and imagery strategies.
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representations of stimuli and events in the absence of sen-
sory inputs. Mental imagery plays a key role in different
cognitive operations, such as memory (Paivio 1986), plan-
ning for the future (Moulton and Kosslyn 2009), spatial
orientation (Palermo et al. 2008; Piccardi et al. 2017), navi-
gational planning (Bocchi et al. 2017) and creativity (Finke
et al. 1992; Palmiero et al. 2011, 2015, 2016a, b; Zaidel
2014). However, despite the introspective evidence of men-
tal imagery and its importance for cognition, it is difficult to
clarify its exact format.

Traditionally, the format of mental imagery has been

Introduction

Mental imagery is one of the most evident introspective
aspects of human thought. It arises in the mind as mental
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debated in terms of depictive (analogue) and descriptive
(propositional) approaches. The depictive approach is based
on visual imagery (Finke 1989; Kosslyn 1980, 1994; Koss-
lyn et al. 2006). The core assumption is that mental imagery
shares with perception common processes and mechanisms to
a significant degree and functions as a modal analogue of per-
ception. For Kosslyn (1980, 1994), mental images are picture-
like representations. These are topographically organized at
the neural level, allowing the generation of patterns of activa-
tion that make explicit geometric properties of representations
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stored in one’s long-term memory (Kosslyn and Thompson
2003). Visual mental images share inherent properties of real
stimuli, such as spatial extension, that would resemble arrays
or matrices (Kosslyn et al. 2006) and produce the same effects
as manipulating real objects. The depictive approach has also
been associated with non-visual imagery modalities (Palmiero
et al. 2014), although with some limitations (see the case of
olfactory imagery: Stevenson and Case 2005).

In this vein, Brogaard and Gatzia (2017) proposed the
quasi-pictorial (quasi-depictive) approach, positing that
the mechanisms underlying vision for perception and con-
scious imagery do not overlap, whereas those governing
vision for action and unconscious visual imagery do over-
lap. Vision for action relies on the dorsal stream, which
is action-related and unconscious, working as the organ-
izing principle of vision. (The ventral stream is percep-
tion-related and conscious.) According to this view, the
pictorial phenomenology of visual imagery would be pos-
sible because it is processed by visual systems that also
process matching visual experience. Thus, vividness of
visual imagery relies on differences in the involvement of
the primary visual cortex.

On the other hand, the descriptive approach (Pylyshyn
1973, 1979, 1981, 2002) assumes that mental images are
descriptive representations that rely on an abstract, language-
like format. A symbol system would transduce subsets of
perceptual states into non-perceptual representations. Since
these lose their link with perception, they become amodal
and take part in representational structures that form a func-
tional symbolic system, one characterized by a propositional
format. For Pylyshyn, mental imagery does exist but has no
symbolic independence. Mental images are epiphenomena
involving tacit knowledge of the world. For example, men-
tally scanning over a distance marked as 50 miles would take
longer than mentally scanning over a distance marked as 10
miles due to the individual’s knowledge that more time is
needed to cover longer distances. Therefore, the pattern of
activation that can arise in topographically organized sen-
sory areas is spurious.

Over the years, a new perspective on the format of men-
tal imagery has been offered by the embodied cognition
approach (Clark 1997; Gallagher 2005; Palmiero and Borsel-
lino 2018; Varela et al. 1991; Wilson 2002). This approach is
in progress and involves different views. In general, it rejects
the idea that cognition works by processing abstract sym-
bols. It focuses on the role of the body, action, environment
and sensorimotor experience. The basic assumption is that
perception is direct and serves to guide actions in coopera-
tion with the environment, offering affordances of interac-
tions in relation to the sensorimotor capacities of the organ-
ism, either for good or ill (Garbadini and Adenzato 2004;
Gibson 1966, 1979). For example, a set of stairs represents
an affordance that they be used for going up or down to a
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human adult, but not for a crawling infant that is not yet able
to walk. Thus, cognition is grounded in the body because it
emerges from both the brain and the dynamic interactions
between the body and its environment.

The concept of representation is addressed in different
ways within the embodied cognition framework. On the
one hand, the ‘conservative and moderately embodied’
approaches (Foglia and O’Regan 2016, p. 183) still retain
the concept of representation, such as the simulation view
(Barsalou 1999, 2008). On the other hand, the fully embod-
ied approaches bypass the notion of representation, such as
the enactive (Thomas 1999, 2009, 2014; Thompson 2007)
and sensorimotor (Noé& 2004; O’Regan and Noé& 2001)
views. This means that in using the lens of embodied cogni-
tion, the debate on the format of mental imagery has shifted
from a representationalist to an anti-representationalist view.

The simulation, enactive and sensorimotor approaches
are presented and discussed below. The goal was not to sys-
tematically review all studies, but to provide inputs in order
to highlight the strengths and weaknesses of the embod-
ied approaches to mental imagery. Next, based on insights
provided by the embodied framework, the format of mental
imagery is reviewed and discussed in terms of individual
differences in imagery ability and imagery strategy.

The simulation approach and mental
imagery

This approach posits that cognition works on the basis of
modal simulations that rely on the partial reactivation of
perceptual, motor and introspective states, underlying past
sensorimotor experience (Barsalou 1999, 2008). The ‘per-
ceptual symbol system’ (Barsalou 1999) assumes that selec-
tive attention allows one to extract schematic representations
of perceptual experience (e.g., the color green), which are
subsequently stored in memory to function as symbols. The
result is that these symbols are modal in nature because they
are neural representations that reside in sensory-motor areas.
Across different experiences, related perceptual symbols
become integrated into a simulator that produces limitless
simulations of the percept (e.g., simulations of green). Simu-
lators also develop aspects of proprioception and introspec-
tion. They implement a fully conceptual system, allowing
representation, categorization, productivity, abstraction, etc.
At the neural level, associated brain areas capture bottom-
up patterns of activation in sensory-motor areas. Afterward,
association areas partially reactivate sensory-motor areas
to implement perceptual symbols in a top-down manner.
According to Barsalou, different kinds of simulations are
possible. Mental imagery is the best-known case of non-
automatic simulation of perceptual symbols. Since neural
states underlying simulations of perceptual symbols arise
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across the sensory modalities, proprioception and introspec-
tion, this approach also supports the generation of multi-
modal images. In general, this approach implies that mental
imagery is based on simulations of sensorimotor processes
through the reactivation of the same neural regions that are
recruited in actual perception.

This approach is supported by studies that revealed inter-
ference (Craver-Lemley and Reeves 1992; Craver-Lemley
et al. 1999; Ishai and Sagi 1997b; Perky 1910; Segal and
Fusella 1970) and facilitation (Ishai and Sagi 1995, 1997a)
of visual imagery on a subsequent visual detection task,
because they account for common mechanisms at an early
perceptual level (Wu et al. 2012). On the other hand, stud-
ies showing the interference and facilitation effects (Finke
1986; Cabeza et al. 1997; Wu et al. 2012) of visual imagery
on subsequent visual identification tasks would account for
interactions at later stages of the visual information process-
ing stream, being more content-specific (Wu et al. 2012). In
this vein, interference (Okada and Matsuoka 1992; Segal
and Fusella 1970) and facilitation (Farah and Smith 1983)
effects revealed using auditory detection tasks and interfer-
ence effects of olfactory images using the odor detection
task (Djordjevic et al. 2004) also show interactions between
imagery and perception at an early stage of the information
processing stream.

Behavioral evidence in support of the simulation
approach also comes from studies of mental rotation (Borst
et al. 2011; Shepard and Metzler 1971), scaling (D’Angiulli
and Reeves 2007), scanning (Kosslyn et al. 1978; Borst and
Kosslyn 2008) and inspection (Thompson et al. 2008), as
they reveal that visual imagery preserves spatial properties.
Interestingly, auditory images of environmental sounds were
also found to preserve the structural properties of auditory
stimuli, such as temporal-like characteristics (Halpern
1988) and pitch information (Elkin and Leuthold 2011;
Intons-Peterson et al. 1992). Olfactory images of pleasant
stimuli were found to involve larger sniffing than imagery
of unpleasant odors, as in perception (Bensafi et al. 2003).
Motor images resulted in the preservation of the total tim-
ing properties (duration) of actual movements (Papaxantis
et al. 2002). However, structural and functional overlaps
between visual imagery and visual perception have been
questioned, given that visual images of objects (Intons-
Peterson and Roskos-Ewoldsen 1989), mental scanning and
mental rotation (Pylyshyn 1981) were found to be affected
by the implicit knowledge of the physical laws that govern
the world.

In addition, the neuroimaging evidence also leads one to
question the extent to which mental imagery and percep-
tion share common neural areas (see Olivetti Belardinelli
et al. 2009, 2011). Indeed, various studies have found acti-
vations of primary sensory cortices in visual (Amedi et al.
2005; Olivetti Belardinelli et al. 2009), tactile (Yoo et al.

2003), olfactory (Bensafi et al. 2007), gustatory (Kikuchi
et al. 2005) and motor (Porro et al. 1996) imagery modali-
ties. However, numerous other studies failed to detect the
activation of the primary cortices during visual (Daselaar
et al. 2010; Olivetti Belardinelli et al. 2004a, b), auditory
(Bunzeck et al. 2005), olfactory (Olivetti Belardinelli et al.
2004a, 2009) and motor (Hanakawa et al. 2003) imagery
modalities.

In summary, the simulation approach seems to account
for the overlap between imagery and perception better at
later than at earlier stages of the information processing
stream.

The enactive approach and mental imagery

This approach posits that cognition is based on dynamic
interactions between an organism and its environment
(Varela et al. 1991). The word ‘enactive’ refers to the con-
cept of embodied action, which has two implications: (a)
Cognition depends on the experience that derives from
the body characterized by different sensorimotor capaci-
ties embedded in a biological, psychological and cultural
context (Varela et al. 1991); and (b) perception and action
are inseparable (Thomas 1999, 2009; Varela et al. 1991).
Thus, there is no external representation of the world,
but rather an inner generation of a system of meanings
by actions and interactions that the individual establishes
within the world. In addition, perception is a form of active
action (Thomas 2014) that uses sensory systems in order
to actively search for specific information needed at a spe-
cific moment (Thomas 1999). Different procedures are
applied to extract specific information as a sort of ongoing
activity of schemata-guided perceptual exploration of the
environment (Thomas 1999). Consequently, during mental
imagery, perceptual exploration would also be almost as
active as during perception in order to search for specific
information (Thomas 1999). The perceptual acts that are
executed when the subject actually perceives are also par-
tially executed when the subject imagines (Thomas 2014).
This view implies that the visuospatial recollections of
stimuli stored in long-term memory are not schematic
spatial mental models, but rather correspond to visuospa-
tial behavior that is guided by overt attention shifts (eye
movements) according to the levels of visuospatial pro-
cessing (Sima 2011). Therefore, internal representations
are not necessary for mental imagery because there is no
experience of mental pictures (Thomas 1999, 2009). The
peculiarities of the body and the types of interactions with
the environment can give rise to different mental images in
terms of phenomenological and functional properties. In
general, according to this approach, imagery depends on
action and on the body interacting with the environment.
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This approach is also supported by studies that showed
the interference and facilitation effects of imagery on sub-
sequent perceptual detection or identification tasks. How-
ever, through the lens of the enactive approach, these effects
are explained by considering the allocation of attentional
resources (Farah 1989), given that the active search for infor-
mation needed at that particular moment is a form of selec-
tive attention. Sakai and Miyashita (1994) proposed that
visual imagery relies on the interaction between memory
retrieval and focal attention mechanisms. Thus, the atten-
tional resources devoted to the visual images of the target
would impair visual perception when images and targets are
different, whereas they would facilitate visual perception if
images and target were similar.

Neuropsychological evidence related to representational
neglect (the failure to represent and pay attention to the per-
sonal and extrapersonal contralesional space, following a
lesion involving the right hemisphere, especially the right
temporoparietal junction—Bartolomeo et al. 1994; Bisiach
and Luzzatti 1978; Committeri et al. 2015; Guariglia et al.
1993; 2013) also supports the enactive approach in terms
of allocation of attentional resources. Indeed, although rep-
resentational neglect indicates that the left sides of mental
images (and percepts) are not appropriately processed, items
located contralesionally may be recalled when located ipsile-
sionally to the imagined vantage point (Bisiach and Luz-
zatti 1978). Moreover, representational symptoms improve
when external attention is manipulated. Meador et al. (1987)
showed that when a neglect patient’s head/eye orientation
was physically shifted from the right to the left hemispace,
the recall for items imagined in the left hemispace improved.
Rode et al. (2001) also revealed that during a short adapta-
tion period to a prismatic shift of the visual field to the right,
two neglect patients were able to fully recover the left-sided
information from the mental image of a map of France.

The enactive approach is also supported by studies of
motor behavior occurring during imagery. In visual imagery,
eye movements are considered motor processes that occur
during active exploration of the environment, reflecting
the content and spatial features of visual inputs (Laeng and
Teodorescu 2002). However, according to Johansson et al.
(2010), eye movements relieved working memory load
during visual imagery, especially when the task complex-
ity increased. Indeed, maintaining central fixation while
inspecting a scene or hearing a scene description did not
affect eye movements during subsequent recall; eye move-
ments were spread out, reflecting the spatial positions and
directions within the picture (Johansson et al. 2010). Moreo-
ver, restricting fixation during recall impaired the retrieval
of the scene regardless of the type of encoding (visual or
auditory) (Johansson et al. 2012). The involvement of motor
processes during imagery has also been demonstrated by
studies of mental rotation (Voyer and Jansen 2017; Wexler
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et al. 1998; Wohlschliager 2001). Even olfactory imagery was
found to be associated with motor activity (the typical act of
sniffing) (Bensafi et al. 2003). The olfactomotor activity dur-
ing perception and imagery of olfactory stimuli are similar
in terms of respiratory volume and temporal characteristics
(Kleemann et al. 2008). In general, the recruitment of motor
cortices (e.g., premotor area and/or supplementary cortex)
was found in all mental imagery modalities (Djordjevic et al.
2005; Halpern et al. 2004; Kobayashi et al. 2004; Palmiero
et al. 2009; Yoo et al. 2003; Winlove et al. 2018).

In summary, these findings show that the enactive
approach entails the involvement of motor processes dur-
ing imagery, as a sort of allocation of attentional resources.

The sensorimotor approach and mental
imagery

This approach posits that perception depends on practical
(sensorimotor) knowledge of possibilities for action (Noé
2004, 2010; O’Regan and Nog 2001). Sensorimotor knowl-
edge is a set of rules of covariations between stimulation
(input) and movement (output). Therefore, perception is a
mode of exploration that is mediated by the mastery and
exercise of implicit and practical sensorimotor knowledge
(O’Regan and Noé& 2001). Bearing this in mind, mental
imagery is also characterized by the conscious use of practi-
cal knowledge of laws that explain the relationships between
sensory input and motor output (Foglia and O’Regan 2016).
In particular, mental imagery requires tuning (attunement)
to previously learned sensorimotor laws. The attunement
to sensorimotor laws is a state that changes continuously
to determine the contingency between sensory inputs and
movement outputs. In this way, mental imagery relies on
a state of familiarity and harmony with sensorimotor laws,
without rehearsing the exploration mechanisms of the envi-
ronment. What is being activated during imagery is ulti-
mately the knowledge of the potential applicability of the
law that describes the event corresponding to the content
of imagery (Foglia and O’Regan 2016). In general, this
approach entails two basic factors: (1) the possession and
exercise of sensorimotor know-how; and (2) no reenactment
of perceptual experience is required, but rather the expecta-
tion as to how the sensory input changes as a function of
movements.

This approach is also partially supported by neuroimag-
ing studies, which reveal epiphenomenal effects enabled by
the sensorimotor knowledge (Foglia and O’Regan 2016).
In this vein, studies revealing the interference and facilita-
tion effects of imagery on subsequent perceptual detection
tasks can also account for the sensorimotor approach. If the
evidence showing that perception and imagery activate the
same neural structures (e.g., the early visual cortex) does
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not go against the sensorimotor approach, then the interfer-
ence and facilitation effects between imagery and percep-
tual detection should also be considered as epiphenomenal
effects enabled by the sensorimotor knowledge (Foglia and
O’Regan’s 2016). However, considering that neuroimaging
results are contradictory and that the interference/facilitation
effects of imagery on perception can rely on interactions at
later stages of the information processing stream, mastery
of the sensorimotor knowledge is not necessarily processed
at early perceptual levels.

In addition, the sensorimotor approach is also supported
by studies that developed the analogue-propositional
imagery debate. Most of these studies showed that imagery
draws upon the physical laws of the external world, even
though the set of rules for covariations between stimulation
(input) and movement (output) was not explicitly entailed.
Specifically, mental rotation has been related to motor pro-
cesses (e.g., Jansen and Kellner 2015; Wexler et al. 1998;
Wohlschldger 2001). Even motor expertise plays a key role
in mental rotation (Pietsch and Jansen 2012; Voyer and
Jansen 2017), especially in the egocentric transformation
condition (Feng et al. 2017; Kaltner et al. 2014). This lat-
ter finding supports a better integration of proprioceptive
information (Lorey et al. 2009), being based on left-right
judgments about single fixed objects while the observer’s
point of view rotates in relation to the object or to the envi-
ronment. As shown above, mental imagery can also adhere
to the sensorimotor contingencies in non-visual imagery
modalities (e.g., Bensafi et al. 2003; Elkin and Leuthold
2011; Papaxantis et al. 2002). In this vein, the lack of a com-
plete overlap between imagery and perception would depend
on the lack of bodily processes that mediate the interac-
tion with the environment when imagining (Degenaar and
O’Regan 2015).

In summary, these findings show that the possession and
use of the sensorimotor knowledge (Kaltner et al. 2014;
Voyer and Jansen 2017) explains the ability to tune into sen-
sorimotor laws while generating and manipulating mental
images in different sensory modalities.

The limits of the embodied cognition
approaches to mental imagery

Regarding the simulation approach, the reenactment thesis
of perceptual symbols seems to suffer from the same prob-
lems that affected the original depictive approach. Indeed,
it is unclear the extent to which imagery and sensorimotor
processing share common mechanisms and neural structures.
In addition, even the observation that imagery and percep-
tion activate the psychological system in a similar manner
appears to be an insufficient argument for establishing the
successful shift of the imagery debate within the framework

of the embodied cognition approach. Such a shift in the
imagery debate requires the presence of the body interacting
with the external world, rather than the reenactment of past
experience. This point has not been sufficiently addressed
by the simulation approach. Studies of spatial cognition
have shown that the motor-dependent perceptual system is
involved in the perception of peripersonal space (Delevoye-
Turrell et al. 2010). This leads to the assumption that men-
tal imagery does not necessarily consist in the reenactment
of sensorimotor experience but can be predictive of action
preparation (Gallese 2009) while the body interacts with
an object. The emulation theory proposed that motor areas
drive an emulator of the body to produce imagery (Grush
2004). In other words, assuming that spatial perception
depends on representations of potential actions in the envi-
ronment, it is possible to assume that spatial imagery also
depends on representations of motor processes.

As for the enactive approach, the most problematic issue
is the concept of representation. It is difficult to imagine,
dream, plan, etc., without being supported by mental rep-
resentations (Foglia and O’Regan 2016). In addition, when
solving problems (e.g., mental rotation), the reenactment of
corresponding exploratory behaviors is insufficient; an inter-
nal model to which active behavior must be directed (Foglia
and Grush 2011) is also necessary. Following Gladziejewski
(2016, p. 576), this internal model represents an object that
would °...guide action by constituting map-like internal
stand-ins for worldly states of affairs.” Even though some
forms of basic imaginings can be apparently understood
without the aid of representational content (see Hutto and
Myin 2017), an internal mental model including content is
always necessary and needs to be corrected continuously in
order to carry out the task (e.g., adjust the rotating imaging
shape if it does not match the perceived shape) (Roelofs
2018).

In terms of the sensorimotor approach, the weakest
point also refers to the concept of representation. The issue
is that the mastery of the laws of contingencies between
sensory input and motor output is a form of knowledge that
must be stored somehow (Di Paolo et al. 2017), especially
if this mastery is assumed to support mental imagery.
Kosslyn et al. (2005) found that visual images gener-
ated by both memorized verbal descriptions of segments
and memorized visual segments yielded similar cortical
activations rather than different activations as guided by
different types of sensorimotor know-how. This finding
supports the notion that mental images are representa-
tions generated by information stored in memory rather
than by the active exercise of the mastery of sensorimotor
knowledge. In addition, the issue of the conscious pos-
session and exercise of sensorimotor know-how is also
questionable. According to Brogaard and Gatzia (2017),
the dorsal-stream processes, which basically correspond
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to sensorimotor know-how, do not constitute the con-
scious phenomenology of mental imagery because they
are largely unconscious.

Given these limits, it appears that the simulation approach
cannot account for the format of imagery because it focuses
on the reenactment thesis and neglects the role of action,
whereas the enactive and sensorimotor approaches highlight
the key role of the body and action while sacrificing the
concept of representation, which is undoubtedly a central
element of any theory of mental imagery. With this in mind,
an integrative view of the format of mental imagery, one that
combines a representation-based approach with an action-
based approach, seems possible and increasingly required.
It is possible to refer to this view as the ‘integrated embod-
ied representation approach.” The basic idea is that imagery
relies on mental representations that encompass both percep-
tual and motor components, which are intrinsically related to
specific experiences (e.g., seeing a book that involves both
the perceptual details of the book and the action of seeing).
When one generates a mental image, perceptual and motor
components that have been stored together in long-term
memory are recollected, activating a unique representation.

Since mental images generally rely on representations of
things that are not actually present to senses, their activation
vary widely according to two characteristics: the individual
ability to evoke subjective perceptual and motor experiences
manifested in terms of differences in the vividness of images,
and the strategy preferentially used in the individual process-
ing of the related sensory information. This does not mean that
imagery ability and imagery strategy are involved into organ-
izing principles and mechanisms of imagery, but that they are
fundamental characteristics of imagery that can be also added
on the top of the integrated embodied representation approach.
The study of individual differences in imagery ability and
imagery strategy can help to address the extent to which per-
ceptual and motor components contribute to mental imagery.

The role of individual differences in imagery
ability and imagery strategy

Hereafter, the way in which perceptual and motor informa-
tion is activated and represented is reviewed in terms of indi-
vidual differences in (1) mental imagery abilities (e.g., the
level of vividness) and (2) cognitive strategies (e.g., object
vs. spatial imagers).

(1) Individual differences in imagery ability: the role of
vividness

Imagery ability has been defined as ‘an individual’s capa-
bility of forming vivid, controllable images and retaining
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them for sufficient time to effect the desired rehearsal’ (Mor-
ris et al. 2005, p. 37). Traditionally, individual differences
in imagery abilities have been explored using self-report
questionnaires aimed at measuring the vividness (e.g., Betts
1909; Galton 1880; Marks 1973; Sheehan 1967) and control
(e.g., Gordon 1949) of images.

In particular, the vividness of mental imagery has been
associated with the preservation of perceptual information. For
Reeder (2017), the pictorial content of visual images varies
according to individual differences in vividness. Indeed, visual
vivid imagers were found to report significantly more colors
and details than non-vivid imagers (Hishitani and Murakami
1992) and to recruit brain areas more selectively, as if they
accessed more visual (perceptual) sources of knowledge than
low-vividness imagers (Fulford et al. 2018). This finding indi-
cates that the vividness of visual mental images plays a key
role in the retrieval of sensory traces from long-term mem-
ory (D’Angiulli et al. 2013) and allows more visual sensory
information to be available within the visuospatial sketchpad
of working memory (Baddeley and Andrade 2000). Similarly,
the vividness of images of sounds also seems to rely on the
strength of representation of auditory information contained
within the phonological loop of working memory (Baddeley
and Andrade 2000). Interestingly, good perceivers of odors
were also found to rely on the vividness of olfactory images to
evaluate their olfactory performance (Kollndorfer et al. 2015).
High-vividness imagers in the motor domain (classified on the
basis of the sum of the rating scales used in both the vividness
of visual and motor imagery questionnaires) were also revealed
to significantly take advantage of a mental practice program
with respect to low-vividness imagers, regardless of the level
of expertise (trampolinists vs. novices) (Isaac 1992). Vividness
of kinesthetic motor imagery was associated with sensorimotor
event-related desynchronization shared by motor (kinesthetic)
imagery and motor execution, as if the corticospinal excitability
during motor imagery was similar to that during motor execu-
tion in the presence of the high vividness of kinesthetic imagery
(Toriyama et al. 2018).

Moreover, subjective measures of vividness in modal-
ity-specific imagery were found to yield activations in the
early visual (e.g., Cui et al. 2007; Olivetti Belardinelli et al.
2009), tactile/proprioceptive, gustatory and motor (Olivetti
Belardinelli et al. 2009) cortices. Other studies showed that
vividness of modality-specific imagery yielded no activa-
tion of the early sensory cortices, but rather found increased
activity in higher-order visual (Fulford et al. 2018), auditory
(Herholz et al. 2012) and motor (Lorey et al. 2011) cortices.
These results do not invalidate the idea that vividness is cor-
related with perceptual information, given that neuroimaging
studies still show modality-specific brain activations in high-
vividness compared to low-vividness imagers.

Vividness of imagery has also been associated with
expertise, which generally refers to the highest level of
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performance on a specific task or within a specific domain
(Bourne et al. 2014). Morrison and Wallace (2001) showed
that individuals with higher visual art involvement reported
higher visual imagery vividness scores compared to indi-
viduals with lower visual art involvement. Hishitani (2009)
reported that musical experience was associated with higher
vividness of auditory imagery, suggesting that participants
with more musical experience were able to retain more audi-
tory perceptual information than non-musicians. The genera-
tion of olfactory images is also profoundly affected by the
level of expertise (Bensafi et al. 2007; Plailly et al. 2012).
In other studies, high-level athletes reported higher levels
of vividness of motor imagery (Eton et al. 1998; Isaac and
Marks 1994; Zhang et al. 2018).

In line with this evidence, vividness of imagery is barely
related to semantic information. Although a general associa-
tion between visual imagery vividness and picture-naming
in different categories was found, no association between the
vividness of modality-specific imagery and naming in differ-
ent categories emerged (Laws 2002). This finding indicates
that low-vividness imagers are probably more supported by
semantic information. This idea is consistent with Olivetti
Belardinelli et al. (2009), who found that low-vividness
imagers activated a different neural network compared to
high-vividness imagers, probably because, in their attempt
to generate mental images, they relied on semantic repre-
sentations rather than on sensory-modality representations.

In summary, these results suggest that high-vividness
imagery in different sensory (and motor) modalities pre-
serves more perceptual and motor components than seman-
tic ones, reflecting the activation level of specific imagery
systems. The extent to which the vividness of non-motor
imagery is also associated with motor components is not
clear. That is, motor components seem to play a key role in
imagery regardless of vividness. Using a mental rotation
task, Logie et al. (2011) showed that high-vividness imagers
revealed more activity in the visual and premotor cortices
than did low-vividness imagers, which in turn relied more
on the frontoparietal control network, including the supple-
mentary motor area. For the authors, high and low imagers
activated different neural networks, including different motor
cortices, because high-vividness imagers simulated the rota-
tion of the object in view, whereas low-vividness imagers
used a more self-referential strategy because they could not
use an adequate mental representation of external stimuli.
Using object tasks, Dijkstra et al. (2017) also revealed that
the overlap between visual imagery and visual perception,
regardless of vividness, extended beyond the visual cortex
to the parietal and premotor cortices. The idea that motor
components are required regardless of the vividness of
imagery is consistent with those studies that revealed the
participation of motor cortices in all mental imagery modali-
ties (Djordjevic et al. 2005; Halpern et al. 2004; Kobayashi

et al. 2004; Palmiero et al. 2009; Yoo et al. 2003; Winlove
et al. 2018).

(2) Individual differences in imagery strategy

Traditionally, people have been classified as either visu-
alizers (also called imagers), who process information rely-
ing primarily on mental images and holistic strategies, or
verbalizers, who process information relying primarily on
verbal and analytical strategies (e.g., Paivio 1971; Rich-
ardson 1977). In terms of visualizers, visual imagery has
actually been considered to comprise two distinct subsys-
tems that encode and process visual information in different
ways (Blajenkova et al. 2006; Blazhenkova and Kozhevnikov
2009, 2010): on the one hand, object imagery strategy, which
relies on pictorial representations of visual stimuli, defined
by specific attributes, such as shape, size, color and bright-
ness; and on the other hand, spatial imagery strategy, which
relies on relatively abstract representations of visual stimuli,
defined by specific spatial attributes, such as relations among
objects or parts of objects, location of objects in space and
movements of objects. Object imagers process visual infor-
mation globally, whereas spatial imagers do so analytically
and sequentially (Kozhevnikov et al. 2005). Interestingly,
Blajenkova et al. (2006) revealed that visual artists rely on
object imagery, whereas scientists and humanities profes-
sionals rely on spatial imagery. Blazhenkova (2016) also
found that object imagery and spatial imagery are supported
by separate dimensions of vividness: pictorial details and
schema or 3D structures in details, respectively.

Consistent with this evidence, properties of shapes, which
support object imagery, were found mostly related to acti-
vations in the early visual cortex (Kosslyn and Thompson
2003). In addition, object imagery is also associated with the
verbal system, favoring dual coding of information (Paivio
1986; Paivio and Yuille 1969). Neuroimaging evidence con-
firmed that object mental images cued by verbal descriptions
can activate both visual and language brain areas (Mazoyer
et al. 2002). This means that object imagery relies not only
on visual features but also on semantic information, which
is presumably attached to the visual attributes of the object
itself, and which also comprises categorical, functional and
associative information.

On the other hand, spatial imagery is more readily associ-
ated with motor components. Different studies have shown
that mental rotation is improved by motor expertise (Kaltner
et al. 2014; Voyer and Jansen 2017), even when it is based
on object-based transformations (Moreau et al. 2012; Pietsch
and Jansen 2012). Spatial imagery (e.g., mental rotation)
was also found supported by motor cortices (e.g., medial
superior precentral cortex) under conditions that favor motor
simulation (Zacks 2008), or by the portions of the parietal
lobe near the junction of the superior and inferior lobules,
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that may play a key role in spatial-transformation processes
(Thompson et al. 2009). In this vein, the premotor cortex
would serve as a relay station, projecting to the parietal cor-
tex during spatial imagery (Sack et al. 2008). To comply
with motor demands, spatial imagery can also be encoded
and processed independently from visual experience. Ric-
ciardi et al. (2017) revealed that when the affording object
(a small ball) was visually or auditorily cued within both
the subjects’ reach and another’s peripersonal space, sighted
and congenitally blind participants showed a comparable
spatial alignment effect. Sighted and blind participants also
showed comparable performances in terms of object identi-
fication and manipulation in the surrounding space (Postma
et al. 2007), suggesting that tool use relied on the contex-
tual motor demands of the peripersonal space (Serino et al.
2007). This evidence supports the amodal hypothesis of spa-
tial imagery (Delogu et al. 2010; Giudice et al. 2011). Yet
spatial imagery cued by verbal descriptions can also activate
both spatial and language brain areas, although the latter
are recruited less diffusely and at a lesser extent compared
with object imagery (Mazoyer et al. 2002). In general, given
that spatial and verbal processing might interfere in some
cases, reflecting modes of operations that serve as alternative
strategies to approach the same problem, spatial imagers can
simply use spatial skills more frequently than verbal strategy
and vice versa (Blazhenkova and Kozhevnikov 2009).

In summary, these results suggest that object imagery
strategy relies mostly on perceptual and semantic compo-
nents, whereas spatial imagery strategy relies on amodal
components with the involvement of motor components.

The extent to which object imagery strategy is also asso-
ciated with motor components must be fully addressed. The
literature shows that motor imagery can also be disentan-
gled in different modalities of execution. On the one hand,
there is the visual motor imagery modality, which requires
one to self-visualize a movement from a first-person (inter-
nal perspective; the individual takes part in the action him/
herself) perspective, and a third-person (external perspec-
tive; the individual observes someone else performing the
movement) perspective (Guillot et al. 2009). On the other
hand, there is the kinesthetic motor imagery modality, which
requires one to mentally feel the movement from a first-per-
son perspective (Guillot et al. 2009; White and Hardy 1995).
Visual motor imagery, both internal and external perspec-
tives, supports closed (Hardy and Callow 1999) and open
sports (Yu et al. 2016). The external perspective is more
useful to improve learning the movement throughout mental
observation, especially for novices (Montuori et al. 2018),
whereas the internal perspective, being more self-oriented
and kinesthetic-based, is more useful for higher-skill-level
athletes, regardless of the sport (Yu et al. 2016), serving to
train or to revise a gesture already internalized (Montuori
et al. 2018). Kinesthetic motor imagery is more associated
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with motor processing than with visual motor imagery. It
was found to modulate cortico-motor excitability (Stinear
et al. 2006) and facilitate the performance of complex move-
ments that rely on the use of forms in a relatively stable
environment (e.g., closed sports such as diving, gymnastics)
(Guillot et al. 2004; White and Hardy 1995), especially in
high-level performers, contributing an additional beneficial
effect to performance (Hardy and Callow 1999). In addition,
subjective vividness of kinesthetic motor imagery was asso-
ciated with cortical circuits corresponding to those of motor
execution (Toriyama et al. 2018). In the presence of the low
vividness of kinesthetic motor imagery, the primary visual
cortex is recruited, indicating that visual motor imagery is
inevitably used for the less vivid kinesthetic motor imagery
of difficult whole-body movements (Mizugochi et al. 2016).

Interactions between imagery ability
and imagery strategy

From the literature reviewed, it appears that mental imagery
is supported by mental representations. The extent to which
perceptual and motor components are part of the format
of mental imagery depends on both imagery ability (e.g.,
vividness) and imagery strategy (e.g., object vs. spatial
style). In this view, semantic components should also be
considered, because mental images are penetrable by con-
ceptual processing. Specifically, (1) a high ability of sensory
mental imagery preserves mostly perceptual components,
whereas a high ability of motor mental imagery preserves
mostly motor components; the semantic component is also
preserved, although it is expected to be mostly used in the
presence of the low ability of mental imagery. The motor
information seems to be involved in imagery regardless of
vividness; however, its involvement can take different forms
according to the imagery ability and the task carried out. (2)
The imagery strategy relies on different types of components
(e.g., object imagery mainly relies on pictorial and semantic
components, whereas spatial imagery relies on amodal and
motor components).

With this in mind, it is important to point out that the
interaction between imagery ability (high and low) and
imagery strategy (object and spatial) can give rise to differ-
ent combinations of integrated embodied representations in
support of mental imagery (see Table 1).

For example, the combination of high vividness and
object imagery strategy is supposed to support mental
images based mostly on the following: details about the
visual appearance of the object (shape, color, brightness,
etc.); motor components, which refer mainly to the action
of seeing the object (e.g., eye movements), but also include
hand movements, associated with the object use (Belar-
dinelli et al. 2015, 2016a, b), as well as to body position
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Table 1 Basic interactions between imagery ability and imagery strategy
Imagery ability Imagery strategy Component
Object Spatial
High Object details (e.g., shape, color, brightness) Spatial details (e.g., relations among objects, object Perceptual
location)
Action of seeing (e.g., eye movements), and hand move- Action of seeing, and activity aimed at complying with  Motor
ments, body position changes for object use. the spatial task
Conceptual relations to sensory attributes of the object ~ Relations to general conceptual information Semantic
(e.g., color=red); general conceptual information
(e.g., categorical, functional, encyclopedic, semanti-
cally explicable relationships between stimulus and
movement)
Low Few object details Few spatial details Perceptual
Action of seeing and activity for object use Action of seeing and activity for the spatial task Motor
High general conceptual information High general conceptual information Semantic

changes; semantic components, which are related to both
the sensory attributes of the object itself (rectangular shape,
red color, etc.), and more general conceptual information
(categorical, functional, encyclopedic information, semanti-
cally explicable relationships between stimulation and move-
ment). Following this reasoning, the combination of high
vividness and spatial imagery strategy should rely less on
the sensory attributes of the object and mostly on detailed
spatial structures (spatial attributes, relations among objects,
location of the object in space) and motor components that
include the action of seeing mostly spatial attributes, as well
as the actions aimed at complying with the imagery task in
the surrounding space, and general conceptual information.
On the other hand, the combination of low vividness and
object imagery strategy should rely scarcely on details about
the visual appearance of the object and even less on details
of spatial structure, but mostly on motor components and
general semantic components, whereas the combination of
low vividness and spatial imagery strategy would support
mental imagers based mostly on the following: low details
of spatial structures and even lower sensory attributes of
objects; motor components, which are mostly associated
with the action of seeing and the manipulation of the object
in the surrounding space; semantic components, which are
barely related to the sensory attributes of the object, but
highly related to general conceptual information. In all
cases, mental images are underpinned by integrated embod-
ied representations.

Of course, further study is necessary to clarify this view
and to precisely identify the way in which imagery ability and
imagery strategy interact while generating mental images in
different modalities. This would help to understand the con-
tribution of perceptual, semantic and motor components to
mental imagery. It might be useful to investigate individual
differences in quantitatively measured perceptual, semantic
and motor components with respect to a modality-specific

imagery task and clarify the extent to which these components
are mediated by imagery abilities and imagery strategies.

When proper mental images cannot be generated (Faw
2009, Zeman et al. 2015, 2016), especially when people are
asked to generate olfactory images (see Stevenson and Case,
2005, for a review), it might be that semantic knowledge of the
principles that govern the sensory system is used. The result
is a mental representation quite free of olfactory perceptual
information and probably partially supported by motor pro-
cesses. Indeed, olfactory stimuli may be partly encoded by
non-olfactory means, for instance, processing a picture of the
odor’s source (Lyman and McDaniel 1990) or using semantic
information about the odor with the possibility of an alter-
native encoding, which might affect the format of olfactory
imagery itself. In addition, according to Royet et al. (2013),
memory, sniffing, attention and odor expectation can also elicit
confounding effects, as they can contribute to activating the
primary olfactory cortex in non-experts, even if mental images
of odors are not actually generated. On the other hand, when
olfactory images are successfully generated, expertise (Bensafi
et al. 2007; Plailly et al. 2012), facility to name odors (Steven-
son et al. 2007) and sniffing activate sensorial-type representa-
tions stored in long-term memory.

Conclusions

This review highlighted the importance of combining rep-
resentation with action, or more broadly with both percep-
tual and motor components, without diminishing the con-
tribution of semantic components. This integrative view
could give rise to an integrated embodied representational
approach that is shaped according to individual differences
in imagery ability and imagery strategy. In other words,
mental imagery should be considered a dynamic embodied
representation that adapts and reorganizes itself according
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to different cognitive and personality factors. Studying the
links between mental imagery and these factors through the
lens of an integrative view such as that outlined above can
be a starting point for understanding the format of mental
imagery.
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