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Creative Imagination and Practice as Embodied Cognition: Towards the Education of Homo Synosius

What does it mean to make and create? What does it mean to understand? Are these discrete processes-or parts of a larger whole? We concern ourselves here with the disconnect between personal, intuitive ways of knowing and public, symbolic forms of communicating what is known. Understanding, which we define as the ability to implement knowledge for practical purposes, requires both. We argue that the break between theory and practice can be healed by considering learning and creating as cognitive processes deeply embedded in embodied cognition.

In particular, attention to mental "tools for thinking" provides a vocabulary for situating creative processes within that larger framework-and for spanning the concerns and interests of various disciplines researching, through various methodologies, a range of issues related to three focal thinking skills: imaging, empathizing, and body thinking. Our neologism, Homo synosius, describes both the creative individual and our creative species as a rational being and a maker simultaneously, one whose sensually and emotionally embodied knowledge yields actionable and novel understanding.

Creative Imagination and Practice as Embodied Cognition:

Towards the Education of Homo Synosius by Meredith Root-Bernstein, Michele Root-Bernstein and Robert Root-Bernstein What does it mean to make and create? What does it mean to understand? Are these discrete processes-or parts of a larger whole? In search of a starting point, consider this real-life scenario: A group of middle-school teachers are given instructions about how to build mobiles as an exercise for developing basic knowledge about the physics of levers. Half the teachers are first taught how to build the mobiles and then asked to explain the physical principle governing the construction. The other half are given the theory first and then asked to build their mobiles.

The majority of those who could build mobiles cannot explain how they work while a majority of those who can explain the theory are unable to build a functioning mobile. This is not a what-if situation, but a real-life one. Some thirty years ago, in her studies of classroom teaching and learning, [START_REF] Bamberger | The laboratory for making things[END_REF] put her finger on the crux of the matter that concerns us here, which is the disconnect too often experienced in our modern world between personal, intuitive ways of knowing and public, symbolic forms of communicating what is known. Understanding, which we define as the ability to implement knowledge for practical purposes, requires both. Here we argue that the break between theory and practice can be healed by considering learning and creating as cognitive processes deeply embedded in bodily understanding characterized by knowing what we feel and feeling what we know.

In our studies of learning and creating, we have consistently found that creative individuals, i.e. those with proven track records of productive thinking, express reliance on a common set of imagistic, sensory, and embodied thinking skills or "mental tools" [START_REF] Root-Bernstein | Sparks of Genius: The Thirteen Thinking Tools of the World's Most Creative People[END_REF]. Tools for thinking include observing with all one's senses, imaging sights, sounds, smells, and so forth, abstracting out essential information, recognizing and forming patterns, empathizing with both animate beings and inanimate objects, as well as body thinking with muscle tensions and emotions. These and other thinking tools enable creators from all walks of life to initiate problem finding and problem solving in the absence of words, numbers or other symbolic signifiers. The result is a highly idiosyncratic, personal understanding distinct from and antecedent to public communication and discourse [START_REF] Polanyi | Personal knowledge. Towards a post-critical philosophy[END_REF].

Attention to lived experience with tools for thinking thus provides a vocabulary for situating a great deal of creative phenomenology within the larger framework of embodied cognition. According to [START_REF] Wilson | Six views of embodied cognition[END_REF], "embodied cognition holds that cognitive processes are deeply rooted in the body's interactions with the world…" (p. 625). Many of our cognitive activities, she continues, "bring sensory and motor resources to bear on mental tasks whose references are distant in time and space or are altogether imaginary… [or] in the form of mental simulations" (p. 635). Little of the literature on embodied cognition has directly addressed creative practice per se [START_REF] Stanciu | Embodied creativity: A critical analysis of an underdeveloped subject[END_REF]. Yet anecdotal accounts by innovative makers and doers describing the phenomenology of pre-linguistic, pre-symbolic thinking make it possible to consider the creative individual as not just embodied, but also embedded in a physical world, enactive with that world, and extended through their senses and actions through that world [START_REF] Malinin | How radical is embodied creativity? Implications of 4E approaches for creativity research and teaching front[END_REF]. As [START_REF] Anderson | Embodied cognition: A field guide[END_REF] notes, embodied cognition as a field of inquiry "focuses attention on the fact that most real-world thinking occurs in very particular (and often very complex) environments, [and] is employed for very practical ends…" (p. 1). Among these ends, we assert, are the cognitive territories of problem-raising and problem-solving. Here we look at three thinking tools-imaging, empathizing, and body (kinesthetic and proprioceptive) thinking -that uniquely prepare individuals in the arts, sciences, and social sciences to navigate those terrains for creative outcomes.

Imaging

Imaging is the ability to recreate sensory impressions and feelings mentally in the absence of extrinsic or direct physical stimulation from our eyes, ears, nose, tongue, hands or body. We can recall the taste of the eggs we had for breakfast, for instance, or the song of the chickadee outside our window. When we think of a close friend, a visual image of their face flashes across our inner eye. Imaging is tied to that larger web of cognitive skills we call imagination, which generally refers to our mental images and conceptions, but also to what we can do with those images. We can alter, combine, synthesize, and otherwise manipulate sensory inputs to form images of things never wholly perceived before, by us or others. We may plan for the future with a "mental rehearsal" of actions. We may "reverse engineer" from present evidence what happened in the past, sight unseen. We may conjure things that do not yet exist or never will, as in make-believe play or daydreams. Imaging is a common and commonly shared personal, non-symbolic skill. Yet it can also purposely serve in the creative generation of scientific ideas, artistic inspirations, and other problem-probing insights.

Take the set of tracks in snow provided in Figure 1. Who or what left these prints? To essay an answer is to imagine-or more precisely, to image-certain animals engaged in a series of actions that "tell a story." The well-known American industrial designer George Nelson, for many years director of furniture design for Herman Miller, spoke of deliberately relying on images and visual narratives or "fantasies" to guide research: "If you deal with fantasy as productive input…you find that fantasy becomes a component in a whole process, because a fantasy can give you certain pictures which then connected to reality, can become a plan, and plan can be intellectually worked out and it could be made to become a reality" (cited in Rosner & Abt, 1970, p. 260). Many scientists and writers share this reliance on imaging, as did the pioneering plant adaptation researcher, Monica Gagliano. Participating in ritual experiences with indigenous peoples, she experienced interactions with hallucinations of plant spirits that revealed to her, without using words, research questions about plant behaviour and the experiments necessary to test them [START_REF] Gagliano | Thus spoke the plant[END_REF].

Empathizing

Empathizing involves a Zen-like "becoming of the thing" under study, an integration of 'I' and 'other'. It involves our capacity to experience for ourselves the emotional valence of behaviors and processes we see at some remove. In the last few decades, neuroscience has confirmed that the brain has "intricate circuitry for understanding other people's thoughts and feelings" [START_REF] Zimmer | A career spent learning how the mind emerges from the brain[END_REF]. To see a picture of someone stubbing their toe is to activate areas of the brain involved when you stub your own toe. As Michael Gazzaniga, a veteran founder of cognitive neuroscience, notes, "When I have an empathetic moment, I literally feel your pain" (cited in [START_REF] Zimmer | A career spent learning how the mind emerges from the brain[END_REF].

If our capacity to empathize is hardwired in the brain, our interpretation of our empathic experience can be trained to many creative purposes in the arts, sciences, and social sciences [START_REF] Root-Bernstein | Sparks of Genius: The Thirteen Thinking Tools of the World's Most Creative People[END_REF]. We take it as given that actors, novelists, painters and healthcare providers feel the pain of other people. It is only recently, however, that we have come to accept subjective feelings of the body in scientific thinking. Late 20 th-century advances by primatologists such as Jane Goodall, Shirley Strum, Robert Sapolsky and Franz de Waal, for instance, have been built on careful recognition of empathic responses to chimpanzees and baboons as a means of generating testable hypotheses about intentionality and behavior.

The same might be said of the embodied thinking practice of scientists such as Nobel Prize winner Barbara McClintock, who made "friends" (her word) with the chromosomes she studied, or her fellow Nobel laureate, chemist Peter Debye, who instead of trying to force carbon atoms to do what he wanted them to do, asked them instead "what did [they] want to do?" [START_REF] Root-Bernstein | Sparks of Genius: The Thirteen Thinking Tools of the World's Most Creative People[END_REF]. Similar empathic responses come into play in interpreting Figure 1. What do the animals we image want to do-and why? Making sense of the tracks they leave in the snow requires that we feel for ourselves something of their purposes. Indeed, understanding the other, whether inanimate or animate, animal or human, requires a heightened awareness as to how the empathic emotions affect the researcher's field experience and its interpretation (Kucklick, 2001;[START_REF] Jokinen | When bodies do not fit: an analysis of postgraduate fieldwork[END_REF][START_REF] Stodulka | Affective scholarship: Doing anthropology with epistemic affects[END_REF]). Learning to be empathetic means learning not to endow the 'other' with one's own feelings, but rather to gain perspective on how to feel like the 'other'.

Body Thinking

Empathizing is clearly related to thinking with the body. Body thinking may involve not only emotions or feelings such as pain (the typical focus of empathy), but a wider set of body sensations. It also goes beyond representation of bodily feeling and emotion to encompass highly metaphorical or abstract thinking [START_REF] Myers | Rendering life molecular. models, modelers, and excitable matter[END_REF]. Reflect on our immediate mental response to the following question: When buttoning a shirt, which hand pushes the button through the hole? Chances are the "answer" does not come initially in words. It comes, rather, as an imagemaybe visual, maybe muscular-of the button, the hole, the hand (right or left?) or a feeling of movement (or movement intention) in the hands. This is kinesthetic and/or proprioceptive thinking, the way we know a thing or process in images tied up with tensions, postures, movements, and core feelings of the body. It is what Auguste Rodin had in mind when he sculpted his famous "Thinker," a man cogitating not just with "brain," but, as Rodin expressed it, with "knitted brow" and "every muscle of arms, back and legs…" (Root-Bernstein & Root-Bernstein, 1999) By the same token, we may use "every muscle" in our imaginative efforts to comprehend the animal tracks in Figure 1. Can we feel our way into what happened here? Can we reenact the encounter?

There is a physical logic to body thinking not readily expressed in words or numbers, yet capable of communicating information intuitively. Dancers rely on this logic to transmit both narrative and emotion. Scientists use it to explore the physical possibilities of interaction and process. Bacteriologist John Cairns provides an example. Working on how bacterial genes regulated each other to perform specific functions, he came up with what he thought was an elegant experiment. He explained his plans to a colleague, Bob Edgar, on the way, as it just so happened, to a square dance: "Edgar proceeded to convert my beautiful design into instructions for an imaginary square dance, prancing from one side of the road to the other as he acted out a dance of bacteriophage particles, each marked with a different isotope, pairing and separating, moving in lines, re-assorting themselves and so on. This lasted for the 300 yards between his classroom and the lawn with its waiting human dancers, where he plunged off into the golden twilight" (Cairns, 2004, 23).

In the time it took to dance those three football fields, Cairns realized two things: First, that every experiment involves a series of manipulations of materials that interact in some way that the investigator must not only foresee but embody. Second, that his experiment wouldn't work, for it required some parts of the genes to be in two places at once. Body thinking his way through the experimental protocol had saved him weeks of useless lab work [START_REF] Cairns | The usefulness of parody[END_REF].

For Cairns, as well as others, the body can function as a "tool" for probing experience to some creative purpose. It may be metaphorically used to probe what we think about what we know. Indeed, one of us (Meredith) recruits the bodily feelings associated with crossing boggy terrain while writing papers such as this one. Constructing her argument is like trying to find a path through a wetland whose topography and texture constantly reveals itself as she "moves." Shuffling, teetering, jumping, or stomping through the landscape, she gets from one logical point to another. As she puts it, "Sometimes you see a way forward from a raised area, but as you cut your way through the dense reeds of evidence, you become lost. When you return to the wetland under new conditions, sometimes the landscape has changed and new routes to new positions reveal themselves to the probing body." See Figure 2 for how she renders this experience as a visual image.

Embodied Cognition: Combining Imaging, Empathizing, and Body Thinking

As [START_REF] Varela | The embodied mind, cognitive science and human experience[END_REF] point out, embodied cognition not only depends on the experience of the body and its sensorimotor capacities, these capacities have impact on and are embedded in biological, psychological and cultural contexts. Consider how the digital structure of the hand inextricably links with the development of mathematics. Most societies around the world count in blocks of ten, reflecting the number of fingers on both hands. But what if we had six fingers on each hand? (See Figure 3.) Only one in 500 babies are born with this form of polydactyly, but that doesn't keep dozenal (base 12) enthusiasts around the globe from arguing that counting on twelve fingers affords us a far more efficient mathematics, with potentially profound consequences for human numeracy [START_REF] Anonymous | Duodecimal. Wikipedia[END_REF][START_REF] Wolchover | What If Our Hands Had 6 Fingers? LiveScience[END_REF]. Think as well of how our technologies (such as the keyboard upon which we are composing this chapter) might be configured differently for a dozenal individual. The body as a whole must similarly influence our phenomenological understanding of creative thinking skills and their incorporation within larger, theoretical considerations of embodied cognition. Indeed, the methodological concerns of various disciplines may filter and account for the body's experience and the creative use of imaging, empathizing and the feelings of body thinking in various exploratory ways. Within the fields of anthropology and human geography, for instance, some social theorists interested in certain aspects of embodied cognition have talked about technology as forms of human "prostheses," that is, as extending the human body and with bodies, such tango dancers, horse and rider, or courting birds, integrate their body images. There is clear scope for further exploration of the cognitive aspects of embodied thinking, and their implications for how we understand autonomy, animism, and sociality beyond the simply human.

Anthropologists have also paid close attention to how bodies incorporate and enact social and biological phenomena [START_REF] Myers | Rendering life molecular. models, modelers, and excitable matter[END_REF]. Kucklick (2001) traces the history of the body within fieldwork. The 19 th -century polymath John Tyndall "made his body into a research tool, perilously edging his way over deep glacier crevasses in order to prove that glaciers moved in their beds as solid objects" (Kucklick, 2001 p. 13). As fieldwork emerged as part of science practice in the 19th century, it was validated as a form of bodily conditioning leading to moral development and self-control (Kucklick, 2001;[START_REF] Brooks | The road to character[END_REF]. Suffering leading to bodily and emotional control allowed sciences such as ethology and anthropology to justify interpretive and individualistic field methods (Kucklick, 2001).

Contemporary anthropologists and geographers interact with their research object through the interface of their own body as a social subject (Kucklick, 2001). Using one's own body as a way to interrogate other societies requires the development of reflexivity and awareness about how one's own emotional/physiological condition, observable body, socioeconomic position, and so on, affect the kinds of experiences one has and how one interprets those (see Kucklick, 2001;[START_REF] Jokinen | When bodies do not fit: an analysis of postgraduate fieldwork[END_REF][START_REF] Thompson | On writing notes in the field: Interrogating positionality, emotion, participation and ethics[END_REF]. Indeed, although one might assume that categories like class or education are not bodily issues, they are socialized, internalized and expressed through posture, movement, discomfort or ease, use of space, modes of physical interaction and other unconsciously acquired dispositions of the body -what sociologist Pierre Bourdieu called hexus and habitus (1972;[START_REF] Bourdieu | Distinction: A social critique of the judgement of taste[END_REF].

Anthropology and geography have also developed a large literature on the attention to emotion-both the researchers' and the interlocutors'-during fieldwork (e.g. [START_REF] Knudsen | Affective methodologies: Developing cultural research strategies for the study of affect[END_REF][START_REF] Stodulka | Affective scholarship: Doing anthropology with epistemic affects[END_REF]. Emotions can be signs that something matters-while figuring out what it means may be an issue for analytical thinking (cf. [START_REF] Despret | Responding bodies and partial affinities in human-animal worlds[END_REF]. The reverse might also be true-if an event that is represented as mattering a great deal occurs, the emotions on experiencing it (fear? relief? embarrassment?) might help to clarify what exactly it means to oneself and to others. Attention to emotion can aid empathy, and thus interpretation of social situations.

Emotions are an important aspect of cognition that cannot be ignored in analysis of the meanings and importance of situations. [START_REF] Damasio | Descartes' error: Emotion, reason, and the human brain[END_REF] demonstrated that individuals who lacked emotional affect cannot be strategic. The deficit was not cognitive as they could be taught games such as poker and accurately analyze their chances of winning any particular hand. However, they always lost because they did not care about the game. Feelings and emotions imbue knowledge with value. The anthropological literature, in showing how certain social values are expressed by certain uses of the body, also extends the understanding of embodied cognition to include not only the recognition of other's values, but the ways in which our own values cannot be divorced from our interactions in the world.

We would suggest that by thinking of each of these embodied cognition issues as being composed of thinking practices including imaging, empathizing, and body thinking, communication between different disciplines can be facilitated. For example, when talking about our ability to dance the tango or bacterial processes, to discern the flow of glacial ice underfoot, or to probe the tacit meanings of ritual, we might ask how subconscious dispositions of bodily hexis express or constrain our ability to image, empathize with, or use body thinking for creative purposes.

Conclusion: The Embodied Education of Homo Synosius

In their study of creative thinking, Root-Bernstein and Root-Bernstein (1999) came across so many artists, writers, scientists, and inventors referring to sensory imaging, emotional empathizing, and proprioceptive thinking with body and tool, as to suggest that most successful thinkers access this terrain as regularly as they can, wielding access to their embodied thinking as problem-exploring/problem-solving tool (see also [START_REF] Root-Bernstein | A review of studies demonstrating the effectiveness of integrating arts, music, performing, crafts and design into science, technology, engineering, mathematics and medical education. Part 2: Controlled studies of transdisciplinary tools-for-thinking bridges for arts-science pedagogy[END_REF]. Absent the means of communicating embodied insights and problem solutions from mind to mind, however, they must engage as well in compositional processes capable of enacting and communicating complex information. Thus, Einstein, whose creative thinking was solely of an imagistic and bodily sort, spoke of the arduous, secondary step of translating the visual, aural, kinesthetic and proprioceptive imagery and insights of his thought experiments into mathematical descriptions of reality [START_REF] Root-Bernstein | Sparks of Genius: The Thirteen Thinking Tools of the World's Most Creative People[END_REF].

The same two-step process from imaging to communicating characterizes creative work in other fields. For the poet Stanley Kunitz, a poem began deep in the ocean of images, "even before it is ready to change into language…" (cited in Campbell, 2000, p. 16). Poets and writers spend years learning to communicate what they have imaged to others, to say in words "what cannot be said in words," as the novelist Ursula LeGuin put it (1976, introduction). The need for translation from image to word also goes the other way, from word to image. For the teachers in Bamberger's study, abstract verbal or mathematical understanding of mobiles faltered unless and until it could be instantiated. As novelist Vladimir Nabokov observed, the "hand" supports "the thought" (1973, p. 311). Le Guin's paradox is one that creative individuals wrestle with every day-how to mesh the embodied thinking of sensory imagination and intuition with rational modes of composition and discourse. Education must also come to grips with the conundrum if it aspires to nurture creative practice. This means imaginatively expanding curricula. Build mobiles as an introductory ground for learning how to understand and express relevant physical principles.

Hunt for signs of animal life before symbolizing their ecological relationships. Pose the what-ifs of speculative worlds-as must attend, for instance, the imaginative inhabitation of a different body-as a spur for exploring what is known about the one at hand. Words and mathematics are only useful in so far as they communicate how embodied experience links to accumulated knowledge. Equally, an embodied competence without access to some symbolic form of articulation is also incomplete because it cannot be distilled into actionable principles. A full and active understanding requires the linkage of signs or symbols with sensory inputs by means of actions (Aristotle, 345 BCE;[START_REF] Anderson | Embodied cognition: A field guide[END_REF]. Active understanding emerges only when mind and body are fully integrated through performance-embodied, embedded, enacted and extended [START_REF] Malinin | How radical is embodied creativity? Implications of 4E approaches for creativity research and teaching front[END_REF]. We have complete understanding of things only when our sensations, feelings, desires, wants and actions are fully integrated with our knowledge of what is possible and our analysis of what is necessary or desirable.

In conclusion, we offer a revision of our potential as a species. As creative problemraising and problem-solving creatures, we are neither Homo sapiens ("rational human") or Homo faber ("the maker"), but a synthesis of both: Homo synosius. We derive the word synosius from 
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it, human sensory and functional capabilities [START_REF] Thrift | Non-representational theory: Space| politics| affect[END_REF]-the book as memory, the tool as augmented hand, the x-ray as extended vision. Rather than seeing technologies and crafts as prostheses of the human body, [START_REF] Ingold | Making: Anthropology, archaeology, art and architecture[END_REF] sees them as separate entities with which, through attention, empathy, and skill, we come to collaborate. Whether as prosthesis or collaboration, it is certainly the case that surgeons "feel" with the scalpel as if with their own fingers; the same projection of human sensory capabilities holds true for surgical tools manipulated at a distance, as in robotic surgery.

Why this should be so has much to do, from a neurocognitive perspective, with the way the brain uses both proprioceptive feedback and visual cues to form a "body image," which can incorporate things like clothes, tools, and prosthetic limbs [START_REF] Holmes | Beyond the body schema: Visual, prosthetic, and technological contributions to bodily perception and awareness[END_REF]. Things that are permanently or semi-permanently attached to our bodies can become cognitively incorporated into the body. [START_REF] Holmes | Beyond the body schema: Visual, prosthetic, and technological contributions to bodily perception and awareness[END_REF] describe a case in which a woman, after a stroke, did not recognize her left hand as her own. She also could see and describe a ring on her left hand but did not recognize or associate biographical memories with the ring, until it was moved onto her right hand. The ring had suffered the same cognitive dissociation as the hand.

Research on macaques has also shown that the visual and sensorimotor neural representations of tools "extend" to cover the extent of the tool [START_REF] Iriki | Self-images in the video monitor coded by monkey intraparietal neurons[END_REF]. This has been described as a multisensorial integration of the representation of the space around the body [START_REF] Martel | Tool-use: An open window into body representation and its plasticity[END_REF]. When tools are used regularly, as with the probing cane of a person who is blind, the extension of the peripersonal space to incorporate it is permanent [START_REF] Martel | Tool-use: An open window into body representation and its plasticity[END_REF].

The neurocognitive literature does not focus on using tools that require skill, or on the control of semi-autonomous and dynamic processes like flying kites and making a pot on a pottery wheel. We know even less about the neurocognitive issues around how two collaborating synosia, a neologism introduced in Sparks of Genius. Built from the words synaesthesia (combining of all senses) and gnosis (knowledge), synosia refers to the integration of the body's sensorium with the mind's multiple ways of knowing. Homo synosius is both a rational being and a maker simultaneously, but more importantly, a creator whose sensually and emotionally embodied knowledge yields actionable understanding.