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The process of transmitting ballet’s complex technique to young dancers can interfere with the innate processes that give rise to efficient, expressive and harmonious movement. With the intention of identifying possible solutions, this article draws on research across the fields of neurology, psychology, motor learning, and education, and considers their relevance to ballet as an art form, a technique, and a training methodology. The integration of dancers’ technique and expressivity is a core theme throughout the paper. A brief outline of the historical development of ballet’s aesthetics and training methods leads into factors that influence dancers’ performance. An exploration of the role of the neuromotor system in motor learning and the acquisition of expert skills reveals the roles of sensory awareness, imagery, and intention in cuing efficient, expressive movement. It also indicates potentially detrimental effects of conscious muscle control, explicit learning and persistent naïve beliefs. Finally, the paper presents a new theory regarding the acquisition of ballet skills. Recontextualization theory proposes that placing a problematic task within a new context may engender a new conceptual approach and/or sensory intention, and hence the genesis of new motor programs; and that these new programs may lead to performance that is more efficient, more rewarding for the dancer, more pleasing aesthetically, and more expressive. From an anecdotal point of view, this theory appears to be supported by the progress of many dancers at various stages of their dancing lives.
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INTRODUCTION

Dance is a natural and universal form of expression, but classical ballet has a sophisticated aesthetic and complex technique. Ballet dancers strive to make this aesthetic and technique look and feel completely spontaneous and expressive. Physical factors may limit a dancer’s skill, but various other elements can impede realization of a dancer’s technical and artistic potential. Part One of this paper outlines historical, aesthetic and training perspectives. Part Two describes research relating to common difficulties faced by dancers. Part Three presents a new theory for overcoming impediments to optimal performance.

BACKGROUND

Historical Development

From the 17th century, ballet has exemplified the classical ideals of proportion, harmony, and mastery. Early instruction manuals (Weaver, 1706; Noverre, 1803; Blasis, 1820, 1828) made little reference to joint articulation or torso control, so we can assume that dancers achieved the desired lines and movement according to their individual physiques and preferences. Over the last century, aesthetic purity and technical virtuosity have become increasingly important. Dancers now require finer control throughout the body, with the limbs and upper body tracing clear lines around the “calm center” of the pelvis.

Aesthetic Criteria

To the observer, ballet dancers’ bodies create pure geometric shapes, even though some of these shapes are anatomically impossible. When the dancer imagines the ideal, the observer’s mirror system (Calvo-Merino et al., 2005; Cross et al., 2006; Shamay-Tsoory, 2011; Cross and Ticini, 2012; Gentsch et al., 2016) allows the observer “to understand the action of others ‘from the inside’ and gives the observer a first-person grasp of the motor goals and intentions of other individuals” (Rizzolatti and Sinigaglia, 2010). Hence, the observer perceives the dancer’s intention rather than human limitations, making her performance aesthetically convincing.

Contemporary Approaches to Training Dancers

Due to its complexity, ballet training is often delivered through verbal description and physical demonstration. In verbal instruction, some teachers focus on the placement and movement of body parts, for instance “straighten your knee.” Although this approach seems sound, it relies on existing motor programs that may be suboptimal.

Others describe and show muscle recruitment, as in “pull up your thigh.” Muscle instruction usually refers to contraction of the main agonist, doubtless because it is easy to see and palpate. However, conscious muscle activation counteracts the role of the neuromotor system (NMS) in creating the complex muscular coordination and response to perturbation essential for smooth, efficient movement (Carson and Riek, 2001; Hanakawa et al., 2001, 2003; Nielsen, 2004).

Some teachers say “lengthen your hamstrings,” even though the hamstrings cannot be lengthened independently. The image prompts the NMS to coordinate various other muscles to lengthen the hamstrings and so straighten the knee. Imagery of energy streaming from the hip through the leg also stimulates the NMS to straighten the knee.

RESEARCH RELATING TO POTENTIAL IMPEDIMENTS TO DANCE PERFORMANCE

Dancers apply instruction in the context of their pre-existing motor programs, individual beliefs, and learning approach. Current research illuminates these and other factors that can impede or facilitate optimal performance, so forming a basis for the strategies presented in part 3.

Motor Control

Although current theories on the initiation and execution of voluntary movement differ in detail, it is generally considered that the NMS coordinates sensory information and conscious intention to formulate and monitor motor programs in order to produce the intended movement (Lau et al., 2004; Haggard, 2005, 2009; Jensen et al., 2014; Grüneberg et al., 2015; Gentsch et al., 2016). Each motor program coordinates a variety of neural impulses that signal specific muscles to behave in certain ways to achieve a goal, and these impulses are continually modified in response to feedback from the sensory system (Ioffe, 2004; Pacherie, 2008; Koziol et al., 2012). Even when movement appears to be limited to a few body parts, the NMS is involved in moving, supporting, and stabilizing the whole body and responding to breathing and postural sway (Lam et al., 2009; Masters and Maxwell, 2004; Miller et al., 2010). Each person develops his own repertoire of motor programs according to his daily experiences and physical capabilities. Regular use strengthens the relationship between these motor programs and their goal, and they become the basis for learning further movement skills (Criscimagna-Hemminger and Shadmehr, 2008; Kantak et al., 2012; Scheidt et al., 2012).

As ballet instruction often focuses on muscle recruitment, dancers frequently oppose any inaccuracies with muscular force. The resulting conflict between habitual and new motor actions creates inefficient tension, precluding natural coordination and the formation of more efficient motor programs, and increasing injury risk. Further explicit instruction exacerbates the problem. If the dancer’s conceptual understanding of the task changes, motor imagery can activate the different non-conscious processes involved in learning new motor tasks (Jackson et al., 2001).

Motor Imagery (MI)

The literature cites many forms of mental imagery, including movement imagery, mental practice, imagery rehearsal, visualization, kinaesthetic imagery, visuomotor behavioral rehearsal and internal imagery (Lotze and Halsband, 2006; Guillot and Collet, 2008; McAvinue and Robertson, 2008). Imagery is often effective in improving performance (Ranganathan et al., 2004; Smith et al., 2007, 2008; Lebon et al., 2010), although exceptions are found in certain types, time, duration, and other conditions and with negative imagery (Beilock et al., 2001; Weinberg, 2008; Kingsley et al., 2013).

MI is frequently defined as the mental rehearsal of movements without actual execution (Solodkin et al., 2004; Anema and Dijkerman, 2013). MI activates most of the areas that will execute the specific movement (Ehrsson et al., 2003), including motor programming (Naito et al., 2002). In contrast to imagery of the movement itself, metaphorical MI presents other shapes, movements and ideas that may enhance motor performance (Short et al., 2001).

Kinaesthetic MI involves “feeling” the sensations the imagined movement would produce (Naito et al., 2002). They may be realistic sensations such as “hinging” or metaphorical sensations like “evaporating”. Kinaesthetic images rely on sensory awareness and an internal representation of the body (Longo et al., 2009). Body representation can be changed through visual and tactile stimuli (Ehrsson et al., 2005; Moseley, 2008; Rothgangel et al., 2011; Walsh et al., 2011), and sustained practice (Classen et al., 1998).

Visual MI entails mentally “seeing” a shape or movement. Internal visual imagery is a mental picture of yourself. External visual imagery is a mental picture of another person or your image in the mirror (Guillot et al., 2009; Heremans et al., 2009). Internal imagery produces stronger motor activation than external imagery (Jackson et al., 2006).

Visual and kinaesthetic imagery “are mediated through separate neural systems, which contribute differently during processes of motor learning” (Guillot et al., 2009). Kinaesthetic imagery bears a closer resemblance to actual movement execution and even influences heart and respiratory rates, possibly as preparation for actual movement (Solodkin et al., 2004). The NMS responds to kinaesthetic and visual imagery by retrieving motor memories of similar movements (Nyberg et al., 2001; Naito et al., 2002).

Metaphorical imagery can stimulate sensory, kinaesthetic, emotional and aesthetic responses. “A dart” may assist speed and lightness. “Feet sinking through the floor” may improve foot alignment and proprioception, and may also help the dancer feel emotionally “grounded.” “Seeing with the back of your body” may evoke motor responses that are difficult to convey technically. Ballet’s fundamental aesthetic of mastery may be inspired by the metaphor of sunlight radiating from the body in every direction. The kinaesthetic cues embedded in metaphors may assist the NMS in improving motor skill (Solodkin et al., 2004). As a form of imagery, metaphorical thinking “provides a cognitive and emotional mode of communication between choreographer, performer, and observer” (Stevens et al., 2003). Imagery can encapsulate the dancer’s intention, sensory experience, and emotion, and these are received by the observer’s mirror system (Hayes et al., 2008).

In ballet training, the body is often manipulated consciously, with each part arranged as directed to produce a facsimile of the technique’s shapes and movements. Conversely, metaphor, analogy, and imagery are direct cues to the NMS, promoting physical ease and artistic richness and facilitating implicit learning (Liao and Masters, 2001).

Implicit and Explicit Learning

Learning in dance can occur implicitly, in response to imagery and sensory cues, or explicitly, through conscious verbal-analytical processing of a movement’s rules or mechanics. Implicit and explicit learning employ partly distinct neural circuitry, with implicit learning systems relying on phylogenetically older processes (Karabanov et al., 2010). In learning very complex skills, dancers may benefit by “hybrid learning,” which ideally combines the benefits of implicit and explicit processes (Raab, 2015).

Explicit learning increases motor performance through rules and feedback, and is dominated by declarative forms of control (Masters and Maxwell, 2004; Lam et al., 2009). Explicit learning involves conscious recollection of each element and its order in the sequence (Kantak et al., 2012). Since explicit processes depend on working memory, they are vulnerable to disruption by stressors or fatigue (Lam et al., 2009).

Implicit motor learning is a “background subconscious mental subroutine establishing the correct combination, timing, or magnitude of activation of the muscle” (Matsumura et al., 2004). Most simple skills are acquired implicitly, with the NMS selecting the most efficient way to achieve the goal, thereby maximizing facility and minimizing energy expenditure (Bläsing et al., 2012). Implicitly learned skills require less working memory and are robust against disruption (Karabanov et al., 2009; Zhu et al., 2011). When asked to describe an implicitly learned skill, people’s responses are usually delayed while they translate implicit knowledge into verbal form.

Implicit motor learning techniques circumvent effortful, cognitive stages that are typical of unskilled performers, thereby promoting more expert-like performance (Masters and Maxwell, 2004; Masters et al., 2008). Implicit processes should dominate at the expert level, although explicit learning can become implicit with practice (Lam et al., 2009). In situations of high pressure, experts sometimes find their normally high-level skills become confused and inefficient. Maxwell et al. (2006) and Masters and Maxwell (2008) suggest this is due to reinvestment, where rules acquired during explicit learning interrupt implicitly controlled skills. An early and continued focus on implicit learning may protect the performer against reinvestment (Masters and Maxwell, 2004).

Dancers usually receive extensive explicit instruction throughout their training, and are constantly asked to verbalize their learning. Given the difficulty of resisting their strong explicit knowledge, dancers could benefit by placing the task in a completely different context and so “learning a new movement.”

Beliefs and Movement

From their earliest years, children acquire naïve beliefs to make sense of their experiences. A child wears a “warm coat” in winter. Since the “warm coat” makes him warm, he believes that it generates heat. Similarly, young children believe that the sun revolves around the earth and whales are fish (Shtulman and Valcarcel, 2012). Later, scientific facts challenge naive beliefs, leading to the formation of new “learned” beliefs. However, the naïve beliefs remain. When there is no conflict between beliefs, people employ fast, unconscious processes to make decisions. When naïve and learned beliefs differ, the “right” belief must be selected through cognitive processing, resulting in slower responses and less accuracy under pressure (Osman and Stavy, 2006; Stavy and Babai, 2010). Stress, fatigue and cognitive pressure encourage reversion to naïve beliefs (Kelemen and Rosset, 2009; Shtulman and Valcarcel, 2012; Kelemen et al., 2013).

I have observed that dancers’ motor programs can be strongly affected by naïve childhood beliefs. Frequent reference to “pointed toes” promotes the belief that toes should curl under. Remarks about “dancers’ lovely straight backs” encourage the belief that dancers have rigid spines. Praise for “working hard” convinces children that muscle tension is key to success. Consequently, children willingly acquire motor programs that correspond with their inaccurate naïve beliefs.

Training should ensure the development of beneficial beliefs and motor programs. However, the NMS still supports the motor programs allied with the naïve beliefs, ready to take over when the dancer is fatigued, stressed or under cognitive pressure. Fatigued and stressed dancers are particularly vulnerable to injury when the motor programs attached to a counterproductive naïve belief unexpectedly interfere with their seemingly well-established motor control.

Several strategies have been proposed to overcome conflict between naïve and learned beliefs (Guzzetti, 2000; Baxter et al., 2004; Babai et al., 2010). These approaches may help correct errors, but they do not appear to influence strongly established motor programs. Ohlsson (2009) proposed transferring a concept from another domain or context to the problem situation, but I propose transferring the problematic task to another context.

Expressivity

From birth, we are adept at expressing sadness, contentment and anger, conveying our emotions through contracted muscles, restricted breathing, sweating, restlessness or tears. The mirror system activates “common circuits when observing sensations or emotions felt by others, and when experiencing these sensations and emotions ourselves” (Bastiaansen et al., 2009). “Understanding the current state, future intentions, and emotions of another person via observing them is crucial for social interactions” (Hayes et al., 2008). The source of empathetic experience in dance is fundamentally somatic, and bodily empathy allows observers to feel the dancer’s expressive intent (Warburton, 2011; Sevdalis and Raab, 2014).

Conversely, the body and movement can influence emotions. Various studies show that manipulating subjects’ facial expressions, body posture, and head movements can influence their emotional state (Niedenthal, 2007). In class, dancers are positively affected by exuberant exercises. Expressive choreography stimulates dancers’ emotions, enabling them to convey the choreographer’s meaning to others. By contrast, focusing on movement mechanics is unlikely to activate the brain regions that convey emotion to the observer (Bastiaansen et al., 2009).

Inevitably, ballet teachers give verbal instruction based on their own experience, so students receive knowledge through the prism of motor programs appropriate for their teacher’s individual physicality. When demonstrating movements, teachers also transmit their own cultural background, personality, musicality and artistic sensibility. Replicating the teacher’s movement style and expression may restrict development of the young dancer’s unique potential.

Young dancers attempting to reproduce a sophisticated style of movement designed for adult dancers frequently subjugate their natural expressivity in favor of stereotypical expression. This can disconnect their true emotional life from their technique. By rediscovering technical movements in a different context, the natural fusion of emotion and movement can gradually be restored.

RECONTEXTUALIZATION THEORY: PLACING TASKS IN NEW CONTEXTS TO ENHANCE PERFORMANCE

Conversations with exceptionally successful dancers reveal a common theme—they trust imagery and their sensory systems to produce dance. For most of her training and professional career as a Principal dancer, Kirsty Martin (2015, personal communication) focused on imagery rather than technical rules, and on feeling balanced, calm, and relaxed. After a period of explicit coaching at the height of her career, her dancing felt awkward and unenjoyable. She regained ease and expressivity by refocusing on imagery and “the feeling of dancing.” After long experience as a teacher specializing in dancers’ underperformance, I conclude that persistent difficulties are usually related to the context within which the dancer sees the task. A jump may be seen in the context of conscious muscle activation. In an imagery context, the dancer may embody a bounding kangaroo. In a sensory context, the jump may “be” a beach ball that has been pushed under the water and then released. Each context will cue the NMS differently, and the outcome will reflect the context.

Words have different meanings according to their context. In the kitchen, the meaning of the word “tap” is related to water. In the dance world, “tap” may mean Fred Astaire or Gregory Hines. Different meanings are attached to a tap at the door, on a keyboard, with a hammer, and into a telephone line. I theorize that placing problematic skills within different contexts prompts the NMS to identify them as new skills. In particular, sensory and/or imagery contexts may lead to more effective motor programs and consequently better performance and expressive ability. Often, sensory and imagery cues are integrated to strengthen multimodal processing.

Cueing within a Sensory Context

Ideally, all voluntary movement is guided by information from the sensory system (Dijkerman and de Haan, 2007).

Explicit instruction can align bones in simple postures, but dancers need efficient alignment throughout all positions and movements. By placing alignment in a sensory context, focused awareness of the back half of the body improves body representation, prompts the NMS to align the body efficiently when still and moving, improves balance and increases expressivity.

Breathing, emotions and movement are normally strongly interwoven, with each influencing the others. Young dancers often hold their breath, interfering with their movement’s integrity and precluding expressivity. In a sensory context, exploring various relationships between breathing and moving may enhance expressive potential and release physical and psychological tension (Brodie and Lobel, 2012).

Some dancers respond to challenge by “pulling up,” or generally engaging their muscles. This often leads to breath-holding, inefficient muscle tension and instability. In a sensory context, dancers may allow their weight to melt through the floor, increasing stability and a sense of security.

Sensory images such as moving underwater, skiing into the wind, melting into the floor, or swooping down a roller coaster may awaken expressive responses. Limitless combinations of breathing, music, movement and spatial awareness can give the dancer a richly expressive vocabulary.

Cueing within an Imagery Context

Kinaesthetic imagery provides the NMS with new cues for optimal performance (Jackson et al., 2001).

Kinaesthetic imagery of a fluid central line flowing through the major weight-bearing joints while adapting to the position or movement cues the NMS to activate the stabilizing muscles and maintain safe function.

For some dancers, “arabesque” means forceful co-contraction of the back and abdominal muscles, preventing natural coordination and increasing risk of injury. In an imagery context, “arabesque” may be a crescent moon, a swoosh, or a floating bowl, reconceptualising arabesque as an embodiment of harmony and beauty.

A naïve belief in balance as total stillness can interfere with natural proprioception and postural sway. In an imagery context, balancing can be reconceptualised as being “suspended in space by spider-webs.”

In traveling steps, explicit control resists unwanted pelvic movement with conscious muscular effort. In an imagery context, the pelvis may glide smoothly along shiny steel rails, prompting the NMS to program effortless control.

CONCLUSION

I theorize that each dancer contextualizes each task differently, and this context influences the way the NMS programs the movement. If the NMS fails to produce the desired result, I propose that placing the task in a different context may facilitate optimal performance and unleash the dancer’s potential.

AUTHOR CONTRIBUTIONS

The author confirms being the sole contributor of this work and approved it for publication.

REFERENCES

Anema, H. A., and Dijkerman, H. C. (2013). “Motor and kinaesthetic imagery,” in Multisensory Imagery, eds S. Lacey and R. Lawson (New York, NY: Springer), 93–113.

Babai, R., Sekal, R., and Stavy, R. (2010). Persistence of the intuitive conception of living things in adolescence. J. Sci. Educ. Technol. 19, 20–26. doi: 10.1007/s10956-009-9174-2

Bastiaansen, J. A. C. J., Thioux, M., and Keysers, C. (2009). Evidence for mirror systems in emotions. Philos. Trans. R. Soc. B Biol. Sci. 364, 2391–2404. doi: 10.1098/rstb.2009.0058

Baxter, P., Lyndon, H., Dole, S., and Battistutta, D. (2004). Less pain, more gain: rapid skill development using old way new way. J. Vocat. Educ. Training 56, 21–50. doi: 10.1080/13636820400200244

Beilock, S. L., Afremow, J. A., Rabe, A. L., and Carr, T. H. (2001). “Don’t miss!” the debilitating effects of suppressive imagery on golf putting performance. J. Sport Exerc. Psychol. 23, 200–221.

Bläsing, B., Calvo-Merino, B., Cross, E. S., Jola, C., Honisch, J., and Stevens, C. J. (2012). Neurocognitive control in dance perception and performance. Acta Psychol. 139, 300–308. doi: 10.1016/j.actpsy.2011.12.005

Blasis, C. (1820). Traité Élémentaire, Théorique et Pratique de l’art de la Danse, Vol. 107. Bologna: Forni Editore.

Blasis, C. (1828). The Code of Terpsichore, trans. R. Barton. London: James Bulcock.

Brodie, J. A., and Lobel, E. E. (2012). Dance and Somatics: Mind-body Principles of Teaching and Performance. Jefferson, NC: McFarland.

Calvo-Merino, B., Glaser, D. E., Grèzes, J., Passingham, R. E., and Haggard, P. (2005). Action observation and acquired motor skills: an FMRI study with expert dancers. Cereb. Cortex 15, 1243–1249. doi: 10.1093/cercor/bhi007

Carson, R. G., and Riek, S. (2001). Changes in muscle recruitment patterns during skill acquisition. Exp. Brain Res. 138, 71–87. doi: 10.1007/s002210100676

Classen, J., Liepert, J., Wise, S. P., Hallett, M., and Cohen, L. G. (1998). Rapid plasticity of human cortical movement representation induced by practice. J. Neurophysiol. 79, 1117–1123.

Criscimagna-Hemminger, S. E., and Shadmehr, R. (2008). Consolidation patterns of human motor memory. J. Neurosci. 28, 9610–9618. doi: 10.1523/JNEUROSCI.3071-08.2008

Cross, E. S., Hamilton, A. F., and Grafton, S. T. (2006). Building a motor simulation de novo: observation of dance by dancers. Neuroimage 31, 1257–1267. doi: 10.1016/j.neuroimage.2006.01.033

Cross, E. S., and Ticini, L. F. (2012). Neuroaaesthetics and beyond: new horizons in applying the science of the brain to the art of dance. Phenomenol. Cogn. Sci. 11, 5–16. doi: 10.1007/s11097-010-9190-y

Dijkerman, H. C., and de Haan, E. H. F. (2007). Somatosensory processes subserving perception and action. Behav. Brain Sci. 30, 189–201. doi: 10.1017/S0140525X07001392

Ehrsson, H. H., Geyer, S., and Naito, E. (2003). Imagery of voluntary movement of fingers, toes, and tongue activates corresponding body-part-specific motor representations. J. Neurophysiol. 90, 3304–3316. doi: 10.1152/jn.01113.2002

Ehrsson, H. H., Holmes, N. P., and Passingham, R. E. (2005). Touching a rubber hand: feeling of body ownership is associated with activity in multisensory brain areas. J. Neurosci. 25, 10564–10573. doi: 10.1523/JNEUROSCI.0800-05.2005

Gentsch, A., Weber, A., Synofzik, M., Vosgerau, G., and Schütz-Bosbach, S. (2016). Towards a common framework of grounded action cognition: relating motor control, xperception and cognition. Cognition 146, 81–89. doi: 10.1016/j.cognition.2015.09.010

Grüneberg, P., Kadone, H., and Suzuki, K. (2015). Voluntary initiation of movement: multifunctional integration of subjective agency. Front. Psychol. 6:688. doi: 10.3389/fpsyg.2015.00688

Guillot, A., and Collet, C. (2008). Construction of the motor imagery integrative model in sport: a review and theoretical investigation of motor imagery use. Int. Rev. Sport Exerc. Psychol. 1, 31–44. doi: 10.1080/17509840701823139

Guillot, A., Collet, C., Nguyen, V. A., Malouin, F., Richards, C., and Doyon, J. (2009). Brain activity during visual versus kinaesthetic imagery: an fMRI study. Hum. Brain Mapp. 30, 2157–2172. doi: 10.1002/hbm.20658

Guzzetti, B. J. (2000). Learning counter-intuitive science concepts: what have we learned from over a decade of research? Read. Writ. Q. 16, 89–98. doi: 10.1080/105735600277971

Haggard, P. (2005). Conscious intention and motor cognition. Trends Cogn. Sci. 9, 290–295. doi: 10.1016/j.tics.2005.04.012

Haggard, P. (2009). The sources of human volition. Science 324, 731–733. doi: 10.1126/science.1173827

Hanakawa, T., Dimyan, M., and Hallett, M. (2001). Neural correlates underlying explicit and implicit motor imagery: an event-related fMRI study. Soc. Neurosci. Abstr. 27, 65.1.

Hanakawa, T., Immisch, I., Toma, K., Dimyan, M. A., Van Gelderen, P., and Hallett, M. (2003). Functional properties of brain areas associated with motor execution and imagery. J. Neurophysiol. 89, 989–1002. doi: 10.1152/jn.00132.2002

Hayes, A. E., Paul, M. A., Beuger, B., and Tipper, S. P. (2008). Self produced and observed actions influence emotion: the roles of action fluency and eye gaze. Psychol. Res. 72, 461–472. doi: 10.1007/s00426-007-0125-3

Heremans, E., Helsen, W. F., De Poel, H. J., Alaerts, K., Meyns, P., and Feys, P. (2009). Facilitation of motor imagery through movement-related cueing. Brain Res. 1278, 50–58. doi: 10.1016/j.brainres.2009.04.041

Ioffe, M. E. (2004). Brain mechanisms for the formation of new movements during learning: the evolution of classical concepts. Neurosci. Behav. Physiol. 34, 5–18. doi: 10.1023/B:NEAB.0000003241.12053.47

Jackson, P. L., Lafleur, M. F., Malouin, F., Richards, C., and Doyon, J. (2001). Potential role of mental practice using motor imagery in neurologic rehabilitation. Arch. Phys. Med. Rehabil. 82, 1133–1141. doi: 10.1053/apmr.2001.24286

Jackson, P. L., Meltzoff, A. N., and Decety, J. (2006). Neural circuits involved in imitation and perspective-taking. Neuroimage 31, 429–439. doi: 10.1016/j.neuroimage.2005.11.026

Jensen, M., Vagnoni, E., Overgaard, M., and Haggard, P. (2014). Experience of action depends on intention, not body movement: an experiment on memory for mens rea. Neuropsychologia 55, 122–127. doi: 10.1016/j.neuropsychologia.2013.07.022

Kantak, S. S., Mummidisetty, C. K., and Stinear, J. W. (2012). Primary motor and premotor cortex in implicit sequence learning–evidence for competition between implicit and explicit human motor memory systems. Eur. J. Neurosci. 36, 2710–2715. doi: 10.1111/j.1460-9568.2012.08175.x

Karabanov, A., Blom,Ö., Forsman, L., and Ullén, F. (2009). The dorsal auditory pathway is involved in performance of both visual and auditory rhythms. Neuroimage 44, 480–488. doi: 10.1016/j.neuroimage.2008.08.047

Karabanov, A., Cervenka, S., de Manzano,Ö., Forssberg, H., Farde, L., and Ullén, F. (2010). Dopamine D2 receptor density in the limbic striatum is related to implicit but not explicit movement sequence learning. Proc. Natl. Acad. Sci. U.S.A. 107, 7574–7579. doi: 10.1073/pnas.0911805107

Kelemen, D., and Rosset, E. (2009). The human function compunction: teleological explanation in adults. Cognition 111, 138–143. doi: 10.1016/j.cognition.2009.01.001

Kelemen, D., Rottman, J., and Seston, R. (2013). Professional physical scientists display tenacious teleological tendencies: purpose-based reasoning as a cognitive default. J. Exp. Psychol. Gen. 142, 1074–1083. doi: 10.1037/a0030399

Kingsley, J. D., Zakrajsek, R. A., Nesser, T. W., and Gage, M. J. (2013). The effect of motor imagery and static stretching on anaerobic performance in trained cyclists. J. Strength Cond. Res. 27.1, 265–269. doi: 10.1519/JSC.0b013e3182541d1c

Koziol, L. F., Budding, D. E., and Chidekel, D. (2012). From movement to thought: executive function, embodied cognition, and the cerebellum. Cerebellum 11, 505–525. doi: 10.1007/s12311-011-0321-y

Lam, W. K., Maxwell, J. P., and Masters, R. S. W. (2009). Analogy versus explicit learning of a modified basketball shooting task: performance and kinematic outcomes. J. Sports Sci. 27, 179–191. doi: 10.1080/02640410802448764

Lau, H. C., Rogers, R. D., Haggard, P., and Passingham, R. E. (2004). Attention to intention. Science 303, 1208–1210. doi: 10.1126/science.1090973

Lebon, F., Collet, C., and Guillot, A. (2010). Benefits of motor imagery training on muscle strength. J. Strength Cond. Res. 24, 1680–1687. doi: 10.1519/JSC.0b013e3181d8e936

Liao, C. M., and Masters, R. S. (2001). Analogy learning: a means to implicit motor learning. J. Sports Sci. 19, 307–319. doi: 10.1080/02640410152006081

Longo, M. R., Kammers, M. P. M., Gomi, H., Tsakiris, M., and Haggard, P. (2009). Contraction of body representation induced by proprioceptive conflict. Curr. Biol. 19, R727–R728. doi: 10.1016/j.cub.2009.07.024

Lotze, M., and Halsband, U. (2006). Motor imagery. J. Physiol. Paris 99, 386–395. doi: 10.1016/j.jphysparis.2006.03.012

Masters, R., and Maxwell, J. (2008). The theory of reinvestment. Int. Rev. Sport Exerc. Psychol. 1, 160–183. doi: 10.1080/17509840802287218

Masters, R. S. W., and Maxwell, J. P. (2004). “Implicit motor learning, reinvestment and movement disruption: what you don’t know won’t hurt you?,” in Skill Acquisition in Sport: Research, Theory and Practice, eds A. M. Williams and N. J. Hodges (London: Routledge), 207–228.

Masters, R. S. W., Poolton, J. M., Maxwell, J. P., and Raab, M., (2008). Implicit motor learning and complex decision making in time-constrained environments. J. Mot. Behav. 40, 71–79. doi: 10.3200/JMBR.40.1.71-80

Matsumura, M., Sadato, N., Kochiyama, T., Nakamura, S., Naito, E., Matsunami, K.-I., et al. (2004). Role of the cerebellum in implicit motor skill learning: a PET study. Brain Res. Bull. 63, 471–483. doi: 10.1016/j.brainresbull.2004.04.008

Maxwell, J. P., Masters, R. S. W., and Poolton, J. M. (2006). Performance breakdown in sport: the roles of reinvestment and verbal knowledge. Res. Q. Exerc. Sport 77, 271–276. doi: 10.5641/027013606X13080769704721

McAvinue, L. P., and Robertson, I. H. (2008). Measuring motor imagery ability: a review. Eur. J. Cogn. Psychol. 20, 232–251. doi: 10.1080/09541440701394624

Miller, K. J., Schalk, G., Fetz, E. E., den Nijs, M., Ojemann, J. G., and Rao, R. P. N. (2010). Cortical activity during motor execution, motor imagery, and imagery-based online feedback. Proc. Natl. Acad. Sci. U.S.A. 107, 4430–4435. doi: 10.1073/pnas.0913697107

Moseley, G. L. (2008). I can’t find it! Distorted body image and tactile dysfunction in patients with chronic back pain. Pain 140, 239–243. doi: 10.1016/j.pain.2008.08.001

Naito, E., Kochiyama, T., Kitada, R., Nakamura, S., Matsumura, M., Yonekura, Y., et al. (2002). Internally simulated movement sensations during motor imagery activate cortical motor areas and the cerebellum. J. Neurosci. 22, 3683–3691.

Niedenthal, P. M. (2007). Embodying emotion. Science 316, 1002–1005. doi: 10.1126/science.1136930

Nielsen, J. B. (2004). Sensorimotor integration at spinal level as a basis for muscle coordination during voluntary movement in humans. J. Appl. Physiol. 96, 1961–1967. doi: 10.1152/japplphysiol.01073.2003

Noverre, J. G. (1803). Lettres sur la Danse, sur les Ballets et les Arts, Vol. 1. St. Petersbourg: Jean Charles Schnoor.

Nyberg, L., Petersson, K. M., Nilsson, L.-G., Sandblom, J., Åberg, C., and Ingvar, M. (2001). Reactivation of motor brain areas during explicit memory for actions. Neuroimage 14, 521–528. doi: 10.1006/nimg.2001.0801

Ohlsson, S. (2009). Resubsumption: a possible mechanism for conceptual change and belief revision. Educ. Psychol. 44, 20–40. doi: 10.1080/00461520802616267

Osman, M., and Stavy, R. (2006). Development of intuitive rules: evaluating the application of the dual-system framework to understanding children’s intuitive reasoning. Psychon. Bull. Rev. 13, 935–953. doi: 10.3758/BF03213907

Pacherie, E. (2008). The phenomenology of action: a conceptual framework. Cognition 107, 179–217. doi: 10.1016/j.cognition.2007.09.003

Raab, M. (2015). SMART-ER: a situation model of anticipated response consequences in tactical decisions in skill acquisition—extended and revised. Front. Psychol. 5:1533. doi: 10.3389/fpsyg.2014.01533

Ranganathan, V. K., Siemionow, V., Liu, J. Z., Sahgal, V., and Yue, G. H. (2004). From mental power to muscle power—gaining strength by using the mind. Neuropsychologia 42, 944–956. doi: 10.1016/j.neuropsychologia.2003.11.018

Rizzolatti, G., and Sinigaglia, C. (2010). The functional role of the parieto-frontal mirror circuit: interpretations and misinterpretations. Nat. Rev. Neurosci. 11, 264–274. doi: 10.1038/nrn2805

Rothgangel, A. S., Braun, S. M., Beurskens, A. J., Seitz, R. J., and Wade, D. T. (2011). The clinical aspects of mirror therapy in rehabilitation: a systematic review of the literature. Int. J. Rehabil. Res. 34, 1–13. doi: 10.1097/MRR.0b013e3283441e98

Scheidt, R. A., Zimbelman, J. L., Salowitz, N. M. G., Suminski, A. J., Mosier, K. M., Houk, J., et al. (2012). Remembering forward: neural correlates of memory and prediction in human motor adaptation. Neuroimage 59, 582–600. doi: 10.1016/j.neuroimage.2011.07.072

Sevdalis, V., and Raab, M. (2014). Empathy in sports, exercise, and the performing arts. Psychol. Sport Exerc. 15.2, 173–179. doi: 10.1016/j.psychsport.2013.10.013

Shamay-Tsoory, S. G. (2011). The neural bases for empathy. Neuroscientist 17, 18–24. doi: 10.1177/1073858410379268

Short, S. E., Afremow, J., and Overby, L. (2001). Using mental imagery to enhance children’s motor performance. J. Phys. Educ. Recreat. Dance 72, 19–23. doi: 10.1080/07303084.2001.10605829

Shtulman, A., and Valcarcel, J. (2012). Scientific knowledge suppresses but does not supplant earlier intuitions. Cognition 124, 209–215. doi: 10.1016/j.cognition.2012.04.005

Smith, D., Wright, C., Allsopp, A., and Westhead, H. (2007). It’s all in the mind: PETTLEP-based imagery and sports performance. J. Appl. Sport Psychol. 19, 80–92. doi: 10.1080/10413200600944132

Smith, D., Wright, C. J., and Cantwell, C. (2008). Beating the bunker: the effect of PETTLEP imagery on golf bunker shot performance. Res. Q. Exerc. Sport 79, 385–391. doi: 10.5641/193250308X13086832906111

Solodkin, A., Hlustik, P., Chen, E. E., and Small, S. L. (2004). Fine modulation in network activation during motor execution and motor imagery. Cereb. Cortex 14, 1246–1255. doi: 10.1093/cercor/bhh086

Stavy, R., and Babai, R. (2010). Overcoming intuitive interference in mathematics: insights from behavioral, brain imaging and intervention studies. ZDM 42, 621–633. doi: 10.1007/s11858-010-0251-z

Stevens, C., Malloch, S., McKechnie, S., and Steven, N. (2003). Choreographic cognition: the time-course and phenomenology of creating a dance. Pragmat. Cogn. 11, 297–326. doi: 10.1075/pc.11.2.06ste

Walsh, L. D., Moseley, G. L., Taylor, J. L., and Gandevia, S. C. (2011). Proprioceptive signals contribute to the sense of body ownership. J. Physiol. 589, 3009–3021. doi: 10.1113/jphysiol.2011.204941

Warburton, E. C. (2011). Of meanings and movements: re-languaging embodiment in dance phenomenology and cognition. Dance Res. J. 43, 65–84. doi: 10.1017/S0149767711000064

Weaver, J. (1706). Orchesography, or the Art of Dancing. Farnborough: Gregg International.

Weinberg, R. (2008). Does imagery work? Effects on performance and mental skills. J. Imagery Res. Sport Phys. Act. 3, 1–21. doi: 10.2202/1932-0191.1025

Zhu, F. F., Poolton, J. M., Wilson, M. R., Maxwell, J. P., and Masters, R. S. W. (2011). Neural co-activation as a yardstick of implicit motor learning and the propensity for conscious control of movement. Biol. Psychol. 87, 66–73. doi: 10.1016/j.biopsycho.2011.02.004

Conflict of Interest Statement: The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2016 Karin. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) or licensor are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/cover.jpg
, frontiers
in Psychology

Recontextualizing Dance Skills:
Overcoming Impediments to
Motor Learning and Expressivity in
Ballet Dancers





OPS/images/cross.jpg
®

o fark





OPS/images/logo.jpg
’ frontiers
in Psychology





