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Imagery, Expertise, and Action: A Window into Embodiment

Tadhg E. MacIntyre, Christopher R. Madan, Noel E. Brick, Jürgen Beckmann,
and Aidan P. Moran

1 Introduction
In 1890 William James discussed the “idea that sensations modify the nervous system,
and enable mental reproductions to emerge in the mind” (Park and Kosslyn 1990,
183). Furthermore, he categorized people on the basis of individual differences in their
modality-specific imagery ability (e.g., visual and motor types). In 1990, Park and Kosslyn
duly described how William James (1890) had been prescient in his synthesis of the key
challenges in mental imagery research a century earlier. They asserted that his ideas on
“the sensory-perceptual aspects of the mind have largely been neglected” (Park and
Kosslyn, 1990, 183). Now, a quarter of a century after Park and Kosslyn’s remarks, we
have witnessed not only the proliferation of motor imagery research (Gabbard 2013;
Glover and Baran 2017; Madan and Singhal 2012a; Moran et al. 2012) but also the
emergence of embodied cognition approaches in the past two decades (Glenberg 2015;
Loeffler, Raab, and Cañal-Bruland 2016; Wilson and Golonka 2013; Wilson 2002). This
latter paradigm shift is at the forefront of cognitive science, as demonstrated by the
surge in related research topics (Borghi and Pecher 2011; Lynott, Connell, and Holler
2013) and handbooks (e.g., Calvo and Gomila 2008; Shapiro 2011) and the emergence
of a variety of approaches to the embodied cognition approach (Wilson 2002).
In this chapter, we explore the aforementioned paradigm shifts and how they offer
an avenue for new research. We first elucidate what precisely “mental imagery,” the
parent construct of motor imagery, is and explain the research milestones that have
elucidated our understanding of this complex topic. The construct of motor imagery
has become a thriving research topic thanks to the development of the action simulation model by Marc Jeannerod, which provided a framework in which imagery and
movement are viewed as part of an action continuum ( Jeannerod 1994, 2006).
—-1
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paradigm; each is explained in turn. Subsequently, the potential for grounded cognition accounts to explain the interactions among our cognition, action, and emotional
systems is evaluated (Shapiro 2011). The grounded cognition approach to investigating
motor imagery arguably provides an opportunity for the interdisciplinary investigation of questions on the nature of representation with implications for researchers
and practitioners alike. Finally, new directions for both scientists and practitioners are
addressed, with the emphasis on athletic samples, including those suffering from sport
injury. First, we consider the construct of mental imagery and its link to expertise and
skill acquisition.
William James (1890) wrote how your imagination could allow you learn to swim in
winter and learn to skate in summer. This application of imagery, as we shall see later in
this chapter, is known as mental practice, and while understanding the utility of imagery as a simulation process was central to scientific interest since James’s first musings,
mental imagery and its motor equivalent are also of interest for theoretical reasons. For
example, research on visual imagery has elucidated our understanding of visual perception (Kosslyn, Thompson, and Ganis 2006). Similarly, findings from motor imagery
(the simulation of action) have enhanced our knowledge of action-control mechanisms in
both healthy and pathological brains (de Lange, Roelofs, and Toni 2008). Understanding action is important because, historically, it has been a neglected topic in psychological science (Rosenbaum 2005). Among the reasons for its neglect is the “dumb-jock
hypothesis,” which, according to Rosenbaum, (2005) suggests that “one does not have
to be highly intelligent, as measured by IQ tests, to move well” (311). The work of
Bartlett (1932) on motor schema provided a welcome exploration from cognitive perspective on action concepts (Moran 2012). However, this was an exception among psychology researchers who had largely been “preoccupied with disembodied perceptions
… and indifferently concerned with translating perceptions and higher processes into
action” (Adams 1987, 66).
Inspired by the ecological approach of Gibson (1979), the development of directperception explanations for action spawned an alternative theoretical account. These
approaches were no longer dominated by a concern with the internal representations
and computations underlying action prevalent in disembodied perspectives (e.g., Newell
and Simon 1972) that had led to the exclusion of embodied cognition approaches
previously.
Embodied cognition is the idea that cognitive representations are “grounded in,
and simulated through, sensorimotor activity” (Slepian et al. 2011, 26) or that mental
-1—

processes that evolved to control action can also be used off-line to simulate motor
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proposition that (1) cognitive processes are influenced by the body, (2) cognition exists
in the service of action, (3) cognition is situated in the environment, and (4) cognition
may occur without internal representation” (Goldinger et al. 2016, 959). To explain,
Lorey et al. (2009) proposed that body-related experiences also shape processes such
as imagery formerly conceptualized as purely “cognitive” or disembodied. Conflicting
evidence has led to researchers varying in the degree to which their explanations are
in fact embodied. These range from grounded cognition to enactivism, and conflicting evidence has emerged that has been discussed in preceding chapters. Emerging
accounts of grounded cognition outline how sensation, motor activity, and perceptual
imagery shape cognitive processes ranging from object representation to emotion recognition (Slepian et al. 2011).
Research on aspects of embodied cognition in sport has been one impetus for the
return of action research to the realm of interdisciplinary scientific discovery. Philosophers (Cappuccio 2015) and neuroscientists concerned with action (Beilock 2008), language (Bergen 2012), and concepts (Barsalou 2008) have all looked to sport to explain
the implications of embodied cognition approaches (see also Shapiro and Spaulding,
this volume).
2 What Is Mental Imagery?
To illuminate how motor imagery offers a window into embodied cognition, it is
necessary to revisit how mental imagery, the overarching construct, has been operationalized. Our capacity to reexperience scenarios or events that we’ve encountered
previously is remarkable, perhaps superseded only by our ability to “experience objects
or events that do not exist in the world through our imagination” (Pearson and Kosslyn
2013, 5). According to Pearson and Kosslyn, this ability is critical to our capacity to
reanalyze our past, plan our future goals and actions, and even simulate events that
may never occur.
Mental imagery has been operationalized in a myriad of ways since William James’s
chapters on imagination were written (1890). The diverse definitions of mental imagery to date reflect both the dominant paradigm of the time and the orientation of
the researchers involved (i.e., whether experimental or applied in focus). For example,
cognitive scientists have proposed that mental imagery can be defined as the cognitive
simulation process by which we can represent perceptual information in our minds in
the absence of appropriate sensory input (Munzert, Lorey, and Zentgraf 2009). An array
of terms have been employed to explain the application of mental imagery, includ-
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visuo-motor behavior rehearsal (VMBR), and motor imagery (see Moran et al. 2012). To
explain, one of the earliest studies was conducted by Vandell et al. (1943), in which
they explored the efficacy of mental practice in enhancing free-throw performance.
Mental practice is “the systematic use of mental imagery to rehearse an action in the
minds’ eye without engaging the actual physical movements involved” (Moran 2012,
349), and it has been shown to be an effective performance-enhancement strategy,
according to meta-analytic reviews with sport samples (Driskell, Copper, and Moran
1994) and randomized controlled trials with surgeons (Arora et al. 2011). Similarly,
VMBR was developed by Richard Suinn (1972) and describes a procedure that combines
relaxation and mental practice (Suinn 1997). From this we can conclude that mental
imagery is a covert process, but it has been used to encompass a range of cognitive and
behavioral processes including relaxation. Consequently, the operationalization of the
term is challenging for researchers.
Not surprisingly, researchers have noted that “there continues to be no consensus
on the definitions of imagery” (Schack et al. 2014, 5). Schack et al. (2014) explained
that “imagery refers to a collection of abilities, including, for example, visual imagery,
kinesthetic imagery, imagery of movements or combinations of imagery modalities”
(5). This multisensory approach is supported by a long line of mental imagery research
(Betts 1909; Belardinelli et al. 2004, 2009; Madan and Singhal 2012a; Sheehan et al.
1967). Sport psychologists have focused on the potential multisensory nature of the
imagery experience and have defined it as “a symbolic sensory experience that may
occur in any sensory mode” (Hardy, Jones, and Gould 1996, 28). This contrasts with
the emphasis on imagery as a representation by cognitive scientists. For instance,
Wraga and Kosslyn (2002) describe it as “an internal representation that gives rise to
the experience of perception in the absence of the appropriate sensory input” (466).
The above dichotomy, whether imagery is conceptualized as a quasi-perceptual phenomenological experience or as a mental representation, was central to it becoming a legitimate area of study in the zeitgeist (Cornoldi and De Beni 2012). The complex and
ephemeral nature of phenomenological accounts of imagery led to imagery being a
neglected topic of study during the era of behaviorism. Even within the cognitive revolution, the topic generated a controversy that became known as the imagery debate (see
Pylyshyn 2002). While the focus of the neuroscience research conducted by Stephen
Kosslyn and other proponents of the analogical account of imagery was on the nature
of the representation underlying visual imagery experiences (Kosslyn, Thompson,
and Ganis 2006), motor imagery was also central to the illumination of the construct.
-1—

This latter concern with action and imagery opened a window for the exploration
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representations, it is worthwhile to ascertain what precisely we mean by the term motor
imagery and to evaluate whether there is agreement among researchers with regard to
operational definitions of the term.
2.1 What Is Motor Imagery?
William James neatly summed up the embodied complexity of motor imagery when
he wrote that “every representation of a movement awakens in some degree the
actual movement” (1890, 526). Consequently, one can infer that, within the mental
imagery construct, “motor imagery” refers to the mental representation of an action
without engaging in its actual execution (Madan and Singhal 2012b; Moran et al.
2012). Again, we are confronted with a disembodied account of motor imagery. And
the entropy only increases, as motor imagery typically occurs in conjunction with
visual imagery, for example, rather than in isolation. On the other hand, visual imagery
is commonly reported without other senses (Kosslyn et al. 1990). The interaction
between visual and motor imagery only blurs the conceptual clarity further.
2.2 Is Motor Imagery Limited by Visual Imagery Perspective?
The dual visual viewpoint that one can adopt during imagery (whether first- or thirdperson) led to findings in which it was assumed that motor imagery was limited to
an egocentric or first-person viewpoint (see Moran et al. 2012). This artifact, in which
visual perspective during imagery was conflated with the presence or absence of motor
imagery, created further confusion among researchers. Moran et al. (2012) refer to this
issue as the “limited perspective problem.” Only recently have researchers reconciled
this issue, as both neuroscience evidence (Fourkas, Ionta, and Aglioti 2006) and phenomenological studies with elite performers has confirmed the possibility of motor
imagery from a third-person perspective or allocentric viewpoint (Callow and Roberts
2010; Moran and MacIntyre 1998).
Thus the definitional dilemma erroneously linked to visual perspective has been
averted to some degree (Moran et al. 2012). A recent definition provides further clarity
by specifying that motor imagery is a dynamic mental state during which the representation of a given motor act or movement is rehearsed in working memory without
any overt motor output (Guillot and Collet 2010). The term overt motor output is used to
highlight that it’s not the absence of movement per se but the activation at the muscular level that should be absent. For example, gripping a basketball in your hand while
standing on the free-throw line will entail a degree of motor activation (e.g., postural
activation, isometric force to grip the ball, and so on) even without any overt movement.

—-1
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researchers and practitioners alike. However, William James wasn’t wrong when he
suggested that mental imagery of movement awakens to some extent the actual movement. This contamination of a cognitive simulation technique by motor processes, as we
discuss later, has been termed quasi-movements by Nikulin et al. (2008) and is central to
the argument in this paper that motor imagery is a construct highly relevant in advancing our accounts of grounded cognition.
3 Movement in Measurement Research
Since William James’s early treatise, in which he discussed the nature of individual differences in imagery (1890), the topic of mental imagery had been hampered in its quest
for legitimacy until an innovation in imagery measurement by Shepard and Metzler
(1971). They devised the mental rotation paradigm, which was an implicit objective
measure of what had been previously viewed only as a subjective experience impenetrable to rigorous measurement. Briefly, mental rotation involves the comparison of
two 3-D block figure objects, which are presented in different orientations. To compare
whether the two objects match, it was hypothesized that participants would mentally
rotate one object to see if matched the criterion object. Response times increased linearly with increased differences in angular disparity. In other words, a second-order
isomorphism existed, in that physical properties of objects influenced our operations
on them in our mental world. Interestingly, “kinesthetic” sensations appeared to be
present during mental rotation for some subjects, according to Jackie Metzler (coauthor
with Roger Shepard, 1971). So visual imagery investigations were recognized as potentially involving the motor system. Kosslyn and Sussman later argued that “visual mental
images are transformed in part via motor processes” (1995, 345). If this were the case,
it would have implications for studies that were concerned with the localization of
mental rotation processes at a neural level.
One question that emerged was whether the involvement of motor processes in
mental rotation was due to a voluntary strategy adopted by participants. A subsequent
neural study employed positron emission tomography (PET) while subjects mentally
rotated either their hands or the original 3-D block objects (Kosslyn et al. 1998; also
see Ganis et al. 2000). The results highlighted that two mechanisms could be applied:
“one mechanism that recruits processes that prepare motor movements and another
that does not” (Kosslyn et al. 1998, 151; also see Madan and Singhal 2012a). Was this
a case of embodied cognition? Again we turn to a mental rotation study comparing
-1—
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in a familiarization training condition prior to the mental rotation experiment. Participants viewed a 3-D block object being moved by an electric motor (exogenous force)
or, in the alternative condition, were required to twist the object with their right hand
to orient it (endogenous force).
The familiarization process influenced the strategy adopted by participants in the
study, and only in the latter condition (endogenous force) was the primary motor cortex activated. Recent studies have also examined mental rotation of human figures,
with results indicating an effect of embodiment (Madan and Singhal 2012c, 2014,
2015). These finding provided tentative evidence for grounded cognition in action
simulation, a conclusion that became stronger as further empirical evidence to demonstrate that motor imagery was grounded in the physical experiences of the imager
accumulated. The theoretical backdrop to these findings is now discussed in advance
of the evaluation of the recent empirical evidence.
3.1 From Ideomotor Theory to Motor Cognition
William James had expounded on ideomotor theory, which he remarked “combined the
driving force of a dominant idea with the resulting involuntary motor activity” (1890).
This concept resonates clearly with the thrust of the current theoretical accounts from
simulation theory. In the past two decades, a new domain of study called “motor cognition” has emerged ( Jeannerod 1994, 2006). This field of study explores how the mind
plans, simulates, and produces goal-directed movements. Specifically, it is concerned
with the “preparation and production of actions as well as the processes involved in
recognizing, anticipating, predicting and interpreting the actions of others” ( Jackson
and Decety 2004, 259).
An important distinction is made between the terms movement and action. “Action”
is posited to have both covert stages (action simulation including motor imagery)
and overt stages (movement execution), and movement related to when the activation leads to the displacement of a limb in space (i.e., proximal or distal). Within this
approach, motor imagery is predicted to be functionally equivalent to action because it
has been shown to share common neurological mechanisms, and information is processed in comparable ways. The discovery of mirror neurons stimulated research on the
neural basis of action representations (Rizzolatti, Fogassi, and Gallese 2001).
According to Jeannerod (2006), the action continuum predicts that the difference
between the simulation of an action and its executed counterpart is one of degree
and not one of kind. Consequently, the continuum posits that at one end of the spectrum is an action representation and at the other end is intentional movement. This
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conceptualization, although not without criticism (Gallese and Sinigaglia 2011; Glover
and Baran 2017) is of particular interest from an embodied cognition perspective, and
it has implications for psychological science and applied psychology.
3.2 Is Motor Imagery Uncoupled from Action?
The motor cognition paradigm undoubtedly returns the study of action to psychology
(Moran et al. 2012; MacIntyre et al. 2013). In addition, the motor cognition account
questions the artificial decoupling of motor imagery from movement by providing an
action spectrum encompassing imagery and motor execution. Traditionally, imagery,
by definition, occurred in the absence of movement. Empirical evidence and practicebased evidence have questioned this decoupling. For example, at least one contemporary
model of imagery in athletes postulates that movement is possible during imagined
action (Holmes and Collins 2001). We now focus our attention on this issue.
Morris, Spittle, and Watt (2005), in their monograph on the topic of imagery in sport,
state that imagery “may be considered as the creation or re-creation of an experience generated from memorial information, involving quasi-sensorial, quasi-perceptual and quasiaffective characteristics, that is under the volitional control of the imager, and which may
occur in the absence of the real stimulus antecedents normally associated with the actual
experience” (19, emphasis added). This definition retains key elements of traditional definitions (e.g., multisensory, conscious experience) but is novel in that it includes the possibility that imagery and action may co-occur.
The traditional definitions of mental imagery presuppose that the simulation occurs
in the absence of actual perception or movement execution. However, as we discovered with motor imagery in mental rotation, the complexity of these processes means
they are not easily dissociable. In the visual imagery literature, for example, it has been
suggested that there is no such thing as immaculate perception (Kosslyn and Sussman
1995). Thus, visual imagery was seen to be central to perception in providing topdown knowledge that influenced our visual recognition abilities. Indeed, early studies
by Perky (1910) attempted to answer the question of the role of imagery in perceptual
recognition by projecting a faint illustration of objects during imagery of either congruent or incongruent objects. While debate over the methods continues, the principle
that imagery can facilitate visual recognition processes remains.
In the motor context, quasi-movements—a term used by Nikulin et al. (2008) to
describe volitional movements that are suppressed during motor imagery and thus
are neither movement execution nor motor imagery per se—have been recorded. The
-1—

inhibition of such movements is integral to motor imagery processes (Guillot et al.
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imagery (MacIntyre and Moran 2010). Again, by definition, motor imagery is said to
occur in the absence of any overt movement or motor output (Guillot and Collet
2010). However, on the basis that athletes often engage in movements while engaging in
imagery, sport psychologists have recommended that performers apply dynamic imagery
in their imagery practice (Holmes and Collins 2001). Researchers had noted that athletes
engaged in either synchronous movements (e.g., moving the appropriate limbs to simulate the executed skill) or asynchronous movements (e.g., other movements in which,
for example, their hand may simulate the carving movement of a surfboard) during
imagery (MacIntyre and Moran 2010). Interestingly, a broad definition of mental imagery encompasses coactivation of simulation and motor execution processes to account
for dynamic imagery (Morris, Spittle, and Watt 2005).
A number of studies within sport psychology suggest that motor imagery is superior
to visual imagery in improving athlete’s performance (Driskell, Copper, and Moran 1994).
Guillot, Moschberger, and Collet (2013) conducted a study with twelve elite high-jump
athletes to test the hypothesis that movement during imagery would enhance the participants’ imagery. Their measure was temporal accuracy—the comparison between duration of simulation and motor execution of the run-up jump and landing for dynamic
imagery and motionless imagery. They reported a significant difference between imagery
and actual times when participants performed motionless imagery. In contrast, they
achieved temporal congruence during dynamic imagery. Furthermore, ratings on the
quality of their imagery supported previous quasi-experimental findings (Callow, Roberts, and Fawkes 2006) and qualitative reports. For instance, in another study. one elitelevel canoe-slalom competitor explained, “It can help … if you move your arms in a
similar motion as you’re going to move them in the boat, it can help with the timing a
little bit more and you can sort of feel how you’re anticipating” (MacIntyre and Moran
2007). While one can tentatively conclude that the evidence suggests athletes find this
beneficial, it requires further study.
The implications of these findings go beyond the performance-enhancement role,
however, and question the traditional definitions of motor imagery as occurring without any overt motor output. Jeannerod’s (1994, 2006) action-simulation model proposes that imagery processes are involved in motor planning (covert process), and this
enables the off-line simulation of action. As noted earlier, motor imagery is part of the
action spectrum, with other simulation activities on this spectrum including shadow
shots (e.g., a low-amplitude post-execution practice swing) and action-observation, which
have varying degrees of motor activation, potential for motor output, and visual cognition. As we shall see later in this chapter, sport experts have demonstrated specific meta-
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processes. These expertise effects have consequences for our future research directions.
First, we should consider the breadth of evidence supporting the grounded cognition
approach within motor imagery research.
Recently, Ionta et al. (2012) reported that variations in the hand position of participants during mental rotations tasks influenced the latencies for congruent stimuli.
They concluded that sensorimotor and postural information coming from the body
might influence mental rotation of body parts according to specific, somatotopic rules.
These preliminary findings were congruent with the body-specificity hypothesis, which
claims that body-specific patterns of motor experience shape the way we think (Casasanto 2011, 2014). An interesting study tested this same concept of the body-specificity
hypothesis using the mental travel paradigm. Body position was controlled across different conditions to be either congruent or incongruent with the action (e.g., standing:
congruent with walking; sitting: incongruent with walking), and the duration of the
motor imagery was compared across the conditions (Saimpont et al. 2012). Using both
elderly and youth samples, the researchers reported that simulation times in the congruent (standing) position were closer to actual walking times, and this effect appeared
to be maintained across the lifespan. Furthermore, research by Ionta and colleagues
(2013) has provided evidence that motor constraints—for example, anatomically plausible versus illusory posture—affects the mental rotation of body parts. Imagery of
heavy objects has been demonstrated to increase the duration of response times relative to motor imagery of lighter objects (Ionta et al. 2012). Furthermore, future findings
from this line of inquiry may have ramifications for the recent accounts of embodiment and cognition (Borghi and Cimatti 2010; Gallese and Sinigaglia 2011).
Providing further evidence that cognition is embodied, rather than merely being fully
explained by an information-processing approach, is a range of findings that demonstrate an interaction between motor and cognitive processes. For example, Gentilucci
and Gangitano (1998) demonstrated this directly, wherein people differentially reached
toward blocks that had the words “long” and “short” printed on them. Specifically,
peak reaching acceleration, velocity, and deceleration were higher for the “long” block,
even though the two blocks were identical in physical dimensions. Similarly, Gentilucci
et al. (2000) observed differences in reaching toward blocks that had the words “near”
and “far” printed on them, but not in a control condition in which the words on the
block were unrelated to motor actions. Glover et al. (2004) demonstrated that these
effects of language on motor actions are not constrained to words directly related to
motor actions, but that words representing the names of relatively large and small grasp-1—

able objects (e.g., “apple” and “grape,” respectively) can influence peak grip aperture.
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execution. Functional properties of objects represented by words and images have been
shown to influence later memory (Madan and Singhal 2012c) and have been associated
with automatic motor simulations (Madan, Chen, and Singhal 2016).
4 What Can We Learn from Experts?
Individual differences in imagery abilities have been acknowledged by researchers
since the time of Galton (1880). Evidence for consistent differences in imagery abilities related to sporting expertise has emerged (Milton et al. 2007). For example, studies
with elite performers have indicated that they have more advanced imagery abilities
than their non-elite counterparts (MacIntyre et al. 2013; MacIntyre and Moran 2010).
This also includes metacognitive knowledge (Dunlosky and Metcalfe 2009) or, more
specifically, meta-imagery, which is athletes’ knowledge of, and control over, their own
mental imagery skills and experiences (Moran 2002). Imagery ability is a moderating
variable in the mental practice effect (Driskell, Copper, and Moran 1994). In other words,
those with greater proficiency on imagery ability tests gain more from mental practice
than their less-proficient counterparts. This may be due to more experienced performers having a more accurate representation of their movement. For example, a novice
may not have knowledge about the grip, stance, and target area during mental practice
of a free throw and thus may gain little from the rehearsal. Mental travel research, in
which the duration of simulated and executed motor skills are compared, also supports
expertise effects (Guillot and Collet 2008). Not surprisingly, numerous studies have
shown motor imagery ability to be a promising indicator of an athlete’s success (Madan
and Singhal 2012a).
The aforementioned expertise effects provided an impetus for motor cognition
researchers to explore the natural laboratory of sport. This emphasis on investigating the abilities of experts has been termed the strength-based approach (MacIntyre
et al. 2013). It augments the prototypical deficit-based approach, which comprised
both patients and healthy subjects and may have overlooked the potential for unique
insights from those who are highly skilled on imagery ability measures. Rather than
replacing traditional paradigms, this approach simply widens the net based on specific
criterion for expertise (MacIntyre et al. 2013). The strength-based approach isn’t simply
preselecting athlete samples or those who excel on a task. It includes those who demonstrate specialist learning and abilities.
One such example is the patient IW, who suffered from chronic deafferentation and
had been a participant in over two decades of research. A recent case study with the
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patient IW used mental rotation of animate versus inanimate stimuli to investigate if
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his imagery abilities reflected his impaired motor system (Horst et al. 2012). The authors
reported that IW’s motor imagery processes were impaired but that visual imagery processes were enhanced compared with controls. This relative expertise is important to
recognize, as in this case it helped the patient overcome the fundamental challenge to
his motor system by developing his visual imagery ability.
Similarly, much is still to be learned from the comparison of patient and non-patient
groups, as recent mental travel research has demonstrated (Fusco et al. 2014, 2016).
The implications of research using the strength-based approach are even greater for
those engaged in performance domains, for example, participants in elite sport (Beilock
2008; MacIntyre et al. 2013) and professional dance (Bläsing, Puttke, and Schack 2010;
Calvo-Merino et al. 2005, 2006: Nordin and Cumming 2005). A potential bidirectional
benefit may occur from research insights with these participants, as not only may theories be tested but, moreover, knowledge that may benefit performance also may arise
from such research (Cappuccio 2015).
5 Five Questions to Be Answered
5.1 To What Extent Is Our Knowledge Constrained by Neural Operations
That Embody Previous Actions and Experiences?
Those with extensive motor skill experience in a particular domain should represent
information in that domain quite differently than those without such experiences, even
when there is no intention to act. Is motor imagery grounded in our prior experiences?
Tentative evidence suggests that this is the case with regard to expert-novice differences
( Jansen and Lehmann 2013; Olsson and Nyberg 2012). Expertise effects among mental
imagery abilities have been demonstrated among dancers (Bläsing, Puttke, and Schack
2010). Furthermore, Olsson and Nyberg (2012), in their comparative study of a wheelchair athlete and a control sample, used fMRI of motor imagery of stair walking and
wheelchair slalom to show that only tasks that we have physical experience of recruit
the motor system. More recently, Jansen and Lehmann (2013), in a mental rotation
study, reported higher mental rotation accuracy for human figures compared to cubed
figures for athletic samples compared to non-athletes. They concluded that their study
added to the literature of the coupling of perception and action and deserves further
attention in the literature on embodied cognition. They recommended taking consideration of prior expertise in body representation in future investigations of the extent
to which cognitive processes are rooted in the body and its interaction with the world.
-1—
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movements. For example, if exploring golfers’ expertise, it may be useful to measure
their putting ability and consistency prior to a study on simulated putting (MacIntyre
et al. 2013). This may be of particular interest in illuminating our understanding of
the developmental trajectory of cognitive abilities, including motor imagery, that may
be influenced by developmental milestones in motor capacity (Gabbard 2013).
5.2 Can Measures of Imagery Ability Be Used to Advance Our Understanding
of Embodied Cognition?
As a complementary approach to manipulating motor imagery within a cognitive
task, inter-individual ability can be evaluated using questionnaires. The most common
questionnaires of motor imagery ability were inspired by the Vividness of Visual Imagery Questionnaire (VVIQ) (Marks 1973), which asked participants to imagine a visual
scene and then to judge the vividness of the imagery on a Likert scale. The related
motor imagery questionnaires are the Vividness of Movement Imagery Questionnaire
(VMIQ) (Isaac, Marks, and Russell 1986; also see Roberts et al. 2008) and the Movement
Imagery Questionnaire (MIQ) (Hall and Pongrac 1983; Hall, Pongrac, and Buckholz
1985; also see Gregg, Hall, and Butler 2010). Eton, Gilner, and Munz (1998) found that
the VMIQ, but not the VVIQ, differed between athletes and nonathletes. Furthermore,
VMIQ scores were significantly correlated with self-assessments of imagery use (e.g.,
“Do you use mental imagery to enhance sport performance?”). Unfortunately, because
these questionnaires are subjective, non-imagery factors may also influence responses.
For instance, participants may calibrate their vividness responses to be consistent with
their own views of their deliberate use of motor imagery and motor skills.
As an alternative approach, objective measures of motor imagery—in which there
is a correct response, rather than a subjective Likert scale—may provide a less biased
assessment of the role of motor imagery in sports. One such measure is the Test of Ability
in Movement Imagery (TAMI) (Madan and Singhal 2013, 2014). In the TAMI, participants are instructed to imagine a series of five movement instructions that manipulate
the head, arm/hand, torso, or leg/foot. After reading the instructions, participants flip
to the response page and must select from a set of five body-positioning images, along
with the options “none of the above” and “unclear.” The TAMI consists of ten questions, preceded by a practice question.
The TAMI was further refined to a weighted-scoring procedure, wherein more difficult questions are weighted more heavily, specifically to improve sensitivity for use
with athlete populations (Madan and Singhal 2014). The general procedure of the TAMI
was inspired by the Controllability of Motor Imagery Test (CMI) (Nishida et al. 1986).
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instance, while it is well known that there are sex differences in the mental rotations
test (Parsons 1987; Peters et al. 1995; Voyer 2011), sex differences were not found in
the TAMI (Madan and Singhal 2015). The literature contains many useful measures of
inter-individual ability in motor imagery, including some designed specifically within
the domain of sport psychology. Careful consideration is necessary when selecting the
appropriate measures (both subjective and objective) for evaluating imagery ability,
and future research is necessary to understand how these imagery questionnaires relate
to extant approaches for studying embodied cognition.
5.3 Can Motor Imagery and Embodied Cognition Provide a Portal
into Our Emotional State?
Previously researchers have utilized embodied cognition perspectives to elucidate our
understanding of choking behavior in sport (Beilock 2008; Cappuccio 2015; see also
Montero, Toner, and Moran, this volume). Interestingly, recent research has demonstrated that motor retardation, a symptom of depression, is also evident during motor
imagery tasks (Chen et al. 2013). To explain, a slowdown in motor execution has been
reported in mental rotation studies that compared differences between the response
times for two sets of stimuli. Briefly, in a study with patients with unipolar depression, their mental rotation of animate stimuli reflected slower reaction times in comparison with the latencies for another condition that used inanimate stimuli (e.g., block
objects). This raises an interesting question for researchers: Does this impairment reflect
our negative emotional state through embodied cognition? Evidence for these effects
are accumulating (Bennabi et al. 2014), but research is required with those with lessprofound emotional distress to explore whether our action system and simulation
processes convey mood disturbances across the spectrum (i.e., positive and negative
mood). For example, injured athletes compared with those in flow state may differ
vastly both in their emotional state and their ability to react to stimuli; the possibility
of developing implicit measures of mood state from motor imagery research remains.
5.4 Can Embodied Cognition Perspectives Help Optimize Injury Recovery
and Rehabilitation?
Mental imagery more broadly and, indeed, motor imagery have been widely recommended as interventions for injury recovery for athletes (Callow and Roberts 2010;
Driediger, Hall, and Callow 2006). The psychological consequences of sport injury are
often profound, with psychological distress commonly reported (Brewer 2010). For
-1—
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failing to return to play). This type of imagery may increase athletes’ fear of reinjury
and provide a significant obstacle in their return to play by reducing their adherence
to rehabilitation protocols. Thus it is paramount that, if an imagery intervention is
employed, specific recommendations are followed to enhance the psychological recovery (i.e., reduce fear of reinjury). Limited evidence supports mental imagery being
applied as a global recovery strategy, as individual differences in imagery ability, among
other factors, should be considered. Imagery rescripting (reediting the imagery to ensure
it’s facilitative) offers a promising therapeutic strategy that has been previously demonstrated among clinical patients (Holmes et al. 2015). It is necessary to develop specific protocols for performance enhancement to ensure the goals set are achieved. For
example, McIsaac and Eich (2004) reported that traumatic images retrieved from a
third-person perspective were experienced as less emotional than those retrieved from
a first-person perspective. An interesting topic for study would be the evaluation of
the relative efficacy of different perspectives (which may involve different levels of
embodiment) in rescripting imagery interventions. Moreover, the role of prospective
positive images (e.g., return to play) may be more valuable than simply using imagery
of skill acquisition (Brewer 1994). For example, Baird, Smallwood, and Schooler (2011)
found that positive constructive daydreaming tends to be future-oriented and that
those with greater working memory assets are more likely to engage in future-oriented
daydreaming. Thus, idle working memory resources are essential to adaptive, prospective daydreaming. Whereas retrospective mind wandering tends to be loosely related to
personal goals, Baird, Smallwood, and Schooler (2011) conclude that spontaneous prospective thought is adaptive because it advances personally relevant goals, and embodied cognition may be central to elucidating our understanding of such daydreaming or
spontaneous mental imagery (McMillan, Kaufman, and Singer 2013).
The implications for recovery from sport injury may also have consequences for those
with impairments to their neural function (e.g., stroke patients). Motor imagery has
been employed in stroke rehabilitation with varying degrees of success (Grangeon et al.
2012). A greater understanding of the role of embodiment in cognition undoubtedly has
implications for the application of mental imagery as an injury-recovery strategy and
rehabilitation strategy.
5.5 Does Our Perception of Our Environment Have Implications
for Our Cognition and Emotional State?
Adams and Galinsky (2012) proposed the concept of enclothed cognition to illustrate
the interaction between what we wear and our cognition. They posited that the term
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processes” which “depend on both a) the symbolic meaning of the clothes and b)
whether people are actually wearing the clothes” (919). The broader environment may
indeed have a wider influence on our cognition than has been previously thought. For
example, exercise and physical activity in natural spaces—what has been termed green
exercise—has distinct effects on our attentional capacity and emotions (Barton and Pretty
2010). Emerging evidence suggests that even rambling on a forest trail can enhance
working memory capacity (a process called attention restoration; e.g., Kaplan 1995) relative to the similar physical activity in an urban setting. The differences between urban
and rural settings are potentially substantial in terms of visual stimuli, social factors (i.e.,
whether solitary or social activity), and environmental factors like air pollution and
noise, but other factors may also be at play here. Walking is a complex motor behavior
with a special relevance in social interactions (for review, see Pavlova 2012). By observing walking, people can extract a considerable amount of information, including emotional states and intentions of the agent (Dalla Volta et al. 2015). Natural environments
provide a rich sensory experience, often without the threat (e.g., crime) or risk (e.g.,
traffic) obvious in other settings. Walking supports various psychological mechanisms
for reconciliation, including creativity, locomotion motivation, and embodied notions
of forward progress (Webb, Rossignac-Milon, and Higgins 2017). Another possibility
is that the vividness of our memories of these natural experiences (e.g., walk along a
beach), mediated by embodied cognition, provides a multisensory episodic procedural
memory that gives green exercise its sticky behavior effect (i.e., increased adherence and
higher propensity for future engagement). Embodied cognition should be considered
a worthy framework from which to investigate green exercise and other nature-based
solutions for well-being.
6 Conclusion
One commonality between embodied cognition and motor imagery is their long past
in philosophical discourse but relatively short empirical history within psychology.
Nevertheless, criticism still abounds, and scientific debate is seldom far from both imagery (Madan and Singal 2012a; Pylyshyn 2002) and embodied cognition (Gallese and
Sinigaglia 2011; Glenberg 2015; Mahon and Caramazza 2008). Nevertheless, a notable
benefit of the shared interest in these topics from psychologists (including practitioners), neuroscientists, and philosophers is the potential synergies that arise from the
interdisciplinary discourse. This arguably will develop new avenues of research with
-1—

the potential to create more comprehensive understanding of the human mind (Denis
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2012). It is possible that transdisciplinary approaches will emerge from the fusion of
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research questions from both paradigms. As Stock and Stock (2004) noted in their historical review of ideomotor theory, we should not forget to learn from its past. It is
apparent that William James’s research, which expounded on the confluence of action
and motor imagery, has finally come of age.
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