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For the parents who have shaped my path: Papa, Olga, Babushka, Dedushka; Mama, Bob, Grandma, Grandpa; Liz and Tony. And for Ian, who walks beside me.














To walk is by a thought to go;


To move in spirit to and fro;


To mind the good we see;


To taste the sweet;


Observing all the things we meet


How choice and rich they be.


—from “Walking,” THOMAS TRAHERNE (circa 1636–1674)

















THE FIRST STEP





My guide and I are leaving Africa the way our forebears did during the Pleistocene—on foot.… It was that primordial diaspora that made the world ours, that made us truly human.


—PAUL SALOPEK, January 21, 2013, first dispatch from his multiyear Out of Eden Walk




A STORY WAS WALKING WEST.


In the damp, early hours of September 5, 2015, young men began appearing in the tiny Austrian town of Nickelsdorf. Exhausted and footsore, they were walking the last stretch of an epic, heartbreaking journey through a nondescript parking lot that led off the road. Young women came behind them, then families, and, finally, those in wheelchairs.


All of the people streaming into Nickelsdorf were war refugees. They’d come from cities that had been centers of culture and commerce for thousands of years before the Roman Empire was even thought of, cities that were shaped by centuries of conquest, tradition, and progress; and they came from rural soils that had given birth to the first human agriculture.


Bethany Bell, a reporter for the BBC, had been waiting for this story for months, through late August and early September 2015. She reported on the migrant crisis as wave after wave of Syrian war refugees piled into the train station in Budapest, Hungary, hoping to cross the border into Austria. Along with journalists from The Guardian, The New York Times, Le Monde, Deutsche Zeitung, and publications from all over the world, she waited while the governments of Germany, Hungary, and Austria bent to xenophobia, nationalism, and the strong countering wind of human compassion, wrangling back and forth about what to do with the now-countless refugees fleeing the war that was devastating their homeland.


When word filtered to Budapest that Germany would accept the people and their attendant needs, some of the exhausted thousands waited for buses, but others did what any one of us billions of humans might do in their situation: they stood up in the darkness and drizzle and began walking. A hundred miles from Budapest, they crossed the border into Austria.


Along with reporters waiting at Nickelsdorf, the Red Cross stationed itself to greet the refugees. They handed out food, clothes, and water. But what the people wanted most was shoes. Their footwear by that time had become worn-out and inadequate to the monumental task they were given. In between interviewing refugees, Bell took pictures of bedraggled shoes and a prosthetic leg abandoned on the pavement. Another pile of donated shoes waited to be put to use: teenagers’ tennis shoes, women’s dress shoes, high-top children’s sneakers, black rain boots, polka-dotted rain boots, pink rain boots with red hearts. Aids we use to help us navigate this world on our feet.


Bell described the scene that Saturday morning in 2015 as imbued with an unexpected sense of hope, despite the horrific causes of the refugees’ arrival. “Which country are we in now?” the young men asked. On being told they were in Austria, they cheered. The families came much more slowly, far behind. “I want my son to grow up in a place without war,” an engineer told Bell of his decision to leave his beloved Damascus with his teenage son.


A sense of hope, said Bell, and, she told me, “for me there was something deeply human in it. For all the things we create for ourselves, the homes we build, the lives, sometimes you just have to walk away.”


Walking is both our first step and last resort when fleeing war or persecution. Our feet don’t need access to gas stations fed by fuel pipelines, or electric rails, or even roads, all the manufactured boundaries that structure how we maneuver through our physical space. The highways are bombed, the trains aren’t running, and suddenly questions of borders and gridded networks of transportation lose relevance. A refugee doesn’t have the luxury of restraining his step with respect to political margins. Through our feet, we are reminded that the planet is a whole thing, and that we are animals evolved to traverse it with a sure step and elongated spines.
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HUMANS EXIST WITHIN moments and days, the short spans of our lifetimes, in which we see our homes and communities, our national borders, as immovable realities. We forget how wide-roaming our species has been across this living planet, how often violence or starvation or environmental devastation has uprooted us and driven us out, how many miles we’ve walked in search of hope or adventure or safety, how very large our story is when told by the way we amble across the earth, set loose by the freedom of our feet.


Walking is essential to our physical health and creativity, to children’s brain development, to mental well-being throughout our lives, and to our understanding of our place in the world. Walking is not, can never be, just about burning calories or counting steps. It’s an ancient act evolved over millions of years and is deeply integral to our sense of belonging, both physically and psychologically.


But driven by a combination of a car-centric culture and an insatiable thirst for productivity and efficiency, we have been designing walking out of our lives for nearly a hundred years. Losing walking might seem the stuff of science fiction, but the fact is that most Americans lack access, time, and often the desire to walk even the bare recommended minimum of thirty minutes a day. We’re busy people. We have things to do and places to go, and we need to do those things and get to those places fast. And we think about walking so little that it might seem arbitrary, a small, creaky, slow thing in a world of big human concerns and urgent human needs, but the stark truth is that if we lost our ability and right to walk, the results would be devastating. The loss of walking as an individual and a community act has the potential to destroy our deepest spiritual connections, our democratic society, our neighborhoods, and our freedom.


Walk, perambulate, saunter, tread, stroll, amble, hike, trudge, wander: for decades the act of walking has been consigned to the realm of art, a place for poets and physicists and philosophers to wander and think. But walking extends paths into every aspect of our everyday lives, from how our bodies and brains have evolved, to how democracies function, to how we manage and mitigate our health as we rush headlong into a future where digital technology seems destined to manage our lives at levels increasingly intertwined and microscopic.


This is not a path we are predestined to choose. We can change the course of our mobility. And we need to.


This book will explore walking’s role in many areas of human life—health, creativity, spirituality and grief, the structure of our communities—and it will explore the ways in which we’ve lost some of these things (health, creativity, community) at the same time that we’ve begun to lose walking. It will also describe how we are beginning to reclaim our birthright as a bipedal species and the benefits we gain from our singular form of movement—the visible benefits, but more importantly, the unseen ones.


At its core, this book is about deep human connection. Connection to one another, to the planet, and to our own selves. We evolved as creatures who traverse the earth on two feet at a rate of about three miles an hour. That is the speed at which we learned to hunt, use tools, gather food, raise children, exchange goods, form tribes and societies. It’s the speed at which we muse, think, ponder, soul-search. We have always walked the planet. It’s who we are.


It’s only very recently that large masses of us have taken to moving at other paces and connecting in other ways, and neither our bodies, our minds, nor our societies have adapted to these shifts. We may not for a very long time.


There is no reason, either, why those changes should be permanent. With all our human ingenuity and self-knowledge, we’re perfectly capable of creating lives and infrastructure that include walking as a primary means of daily locomotion and interaction, without giving up the ability to travel across the globe at a faster, more mechanical pace. In doing so, we could find that we reconnect to much of what many people feel they’ve lost over the past hundred years or so: a sense of community, a feeling of time as an expansive, friendly gift rather than an anxiety-inducing taskmaster, and the sheer luxury, the almost pure animal pleasure, of moving through the world under the power of our own miraculous bodies.
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IMAGINE THERE IS a path before your feet. It’s firm and clean, broken by tree roots and rocks, sprinkled with golden larch needles, or perhaps red-orange maple leaves, or it’s a noisy city sidewalk packed with fellow humans, or it’s soft with white chalk exposed by millennia of passing feet. Pick the landscape that speaks most to your sense of place, of home. This path is anywhere, nowhere and everywhere. It leads through space and through time.


Now stand up and move as if to stride forward. Before your foot even lands on the ground, your step vibrates in response to millions of years of human evolution. Your hips shift weight onto the foot still pressed on the ground, while your knee works as a pendulum to swing forward. A sensory system made of tiny bones and organs in your inner ear maintains your connection to the gravitational pull of the planet, keeping you upright. Another sensory system gives you a keen awareness of how and where your body is moving, telling your foot, before it lands, how heavily to fall, while at the same time providing feedback to your brain so that you can adapt to the terrain you’re in the process of traversing.


There’s a lot going on when we take a step. And most of us do it unwittingly, sometimes thousands of times per day if we’re lucky. Each of those steps is a falling forward, taken with the knowledge that the ground will catch us before we tumble. Walking is often described as an act of faith, but faith, I think, is the wrong word. It is closer to an act of trust, the kind that comes from a decades-long relationship made strong through the fractures and strata of experience. Faith is given to that which we can never, in this life, know for certain. Trust is given to that which has proven itself. And this relationship, of our bodies and our motion with the planet that gives us life, has developed not over decades or even millennia, but over so many millions of years it’s beyond the stretch of human imagination. We step forward in complete trust because we know exactly how our footfalls will be met.
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THROUGHOUT THIS BOOK, I will refer more than once to the concept that bipedal walking is what makes us human. This claim begs the question: where does that leave those whose disabilities mean they can’t walk, or can’t walk without support? Considering how long we live and how dependent an increasing number of us are on complex medical technology to do so, where does that leave all of us?


The definition of “human” has never been consistent. At various points in history it has left out women, African Americans, Jewish people, Christians, non-Christians, enslaved people of any race or ethnicity, the mentally disabled, the physically disabled, and countless others. To clarify: The idea that “walking makes us human” applies not to any individual’s claim to humanity, but to a scientific classification that helps to categorize our species. We are not chimps or gorillas or macaques; we are Homo sapiens, defined in part by our habitual bipedality. Our evolutionary shift to that habitual bipedalism, says world-famous paleoanthropologist Richard Leakey, is what makes us human, but it’s also just the beginning of our shared story.


Walking itself can mean different things to different people. We stride, but we also roll and shuffle and tap. Walking gets us places under our own power, or with whatever assistance is necessary to do so, and we do that in whatever way our bodies direct. And although the words and descriptions used in this book most often assume an able-bodied person, I have come to think of walking as more than a form of transportation; it is a manifestation of being as fully present in the world as is possible for each individual. The words we use as stand-ins for walking are due, I hope, for expansion, opening a door to this wider reality.






[image: ]








SEVERAL YEARS AGO, while I was living in semirural upstate New York, I sat in the children’s section of a Barnes and Noble, watching my kids play at the Thomas the Tank Engine train table. I had about an hour before my two-year-old needed her nap, and we had to get groceries before that. We were out of milk, among other necessities. My then five-year-old son tried to coax his sister into sharing her engines, but gave up after she threatened to bite him. I closed my eyes, riding on the never-ending exhaustion that comes with parenting small children, and thought of how badly I didn’t want to take them grocery shopping.


It wasn’t the shopping itself that made me balk; it was the location. The grocery store was immediately across the street from Barnes and Noble. If I could take my kids by the hand or put them in a stroller and walk there, the door-to-door trip would probably have taken five minutes. But I couldn’t walk there. It was, in fact, impossible for anybody to cross the five lanes that separated the two stores’ parking lots, at least legally and safely. There was no crosswalk, no crossing light, nothing to indicate that the designers of this road had ever contemplated using it for anything but cars. Getting to the grocery store was an ordeal that began with persuading my kids out the door and back to the car, buckling them in their booster seats, buckling myself, starting the car, cursing the hundred-degree weather and broken air conditioning and the fact that I hadn’t found shade to park in, reversing out of our space, navigating the traffic between Barnes and Noble and Lowe’s, waiting at the traffic light, parking again, unbuckling the kids, telling them sharply to stay put until I’d gotten our grocery bags out of the trunk, picking up my daughter and holding my son’s hand, and proceeding warily through the busy parking lot to the store’s front doors, where they would fight over who got to push the child-sized cart without the wonky wheel. The entire process would be punctuated with stabs of pain in my lower back as I twisted to buckle them in their seats and folded myself behind the steering wheel.


It was insane.


The store was right there. If there hadn’t been so much traffic exhaust from the road, we probably could have smelled the grocery store’s bakery from the bookstore. If we could have walked, the grocery store visit would have been an organic, nearly pleasant side trip in our morning. Instead, it was a car-dependent nightmare.
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OVER THE PAST hundred years we have designed and built a world in which most of us no longer have the time or desire to walk, although as far as desire goes, one might ask—when did we ever, except for the Stoics, poets, and the elite? Most of humanity has always walked, but “going for a walk” has generally been a luxury for those with both enough time and enough calories. Now, the converse has become true: the ability to walk as a way of life—to work, school, social events, food, and services—has become the luxury.


After several years of driving my children across the road from Barnes and Noble to the grocery store, and to everywhere else we needed to go, I finally moved my family back to Montana, where I was born and raised, a fifth-generation descendant of homesteaders on my mother’s side. We returned to my hometown, where walking and its offshoots are a way of life. We gave up one of our two cars without regret, and our kids slowly learned that they could get places on their own two legs, without being buckled into a car seat, and more importantly they learned that doing so was a lot more fun than driving, that a walking life gave them far more freedom over their own mobility. The lessons of our previous car-dependent life, though, stuck with me, and in my work I returned repeatedly to its consequences, not just for myself but for all of us.


When we walk, time slows down, and our multitasking brains rest and reconnect with our creative selves. When we walk, we become something we’ve forgotten during centuries of technological revolution and the race to make our lives ever more efficient and productive—we become more human. And in walking we find the space to ask ourselves a question that perhaps we’ve been avoiding, one that, in part, I wrote this book to explore: What does that mean?
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THERE ARE MANY stories in these pages, and many of them have a solitary component, an essence of aloneness. But in each of these, that aloneness is offset by human bonds. Our walking stories nearly always hold these connections, even when they’re unacknowledged. In her memoir Wild, Cheryl Strayed recounts a solo journey she took hiking the Pacific Crest Trail to process her mother’s death and her own broken sense of self and self-worth. The point of the journey is Strayed alone, but the lingering memory of her story, for me, was how many people helped her along the way, how many connections she made through the simple act of others’ spontaneous generosity. Even when we are solitary, we do not walk alone.


Toward the end of his nonfiction book On Trails, Robert Moor ends up in Morocco trying, with two guides, to map a trail that would be a kind of extension of the Appalachian Trail—separated by the vast Atlantic Ocean but linked geologically by the rocks underfoot, ranges and dirt that had, millions and millions of years ago, been part of one gigantic land mass. Musing on the connections and misunderstandings between people of different cultures, different value systems, and what he calls the problems of “connection without fellow feeling,” he wrote: “We can travel at the speed of sound and transmit information at the speed of light, but deep human connection still cannot move faster than the (comparatively, lichenous) rate at which trust can grow.”


As our digital world connects us more quickly every year but without much depth, we find ourselves dizzy, addicted, confused, not sure how to keep up—or if we should keep up—and wondering how the speed of connectivity is changing who we are as individuals and societies. These connections are, though, still new and still shallow. To balance them, to learn how to develop them and live with them, we need to allow ourselves the deeper connections that are built, step-by-step, over lifetimes and as physical beings in the physical world. To answer an hour on social media with the irreplaceable delight of walking out our own doors and breathing in this wild world while we wander. The trust we build with one another still occurs, despite all our technological advances, at a human pace.
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IN 2013, JOURNALIST Paul Salopek embarked on a decade-plus, twenty-one-thousand-mile journey on foot to trace the ancient migration of humanity from our cradle in Ethiopia’s Great Rift Valley to Tierra del Fuego in Chile. He set out to rediscover that human tempo, the motion at three miles an hour that has defined the way we narrate and interpret landscapes for tens of thousands, perhaps hundreds of thousands, of years. A pilgrimage, in a way, to answer what it means to be a human traversing the world at a walking speed and on his own two feet. Salopek is chronicling his journey in regular online Out of Eden dispatches for National Geographic.


I’ve become drawn deeply into his journey, not just because of the walking or the luxury of time and space and slowness. The true gift also lies in Salopek’s telling of it: we are lesser creatures without our stories, whether they’re told with footprints, or with our words. “Walking has made my legs and heart stronger,” he wrote three years into his journey. “But more important, it’s limbered up my mind. Spanning nations, continents, and time zones on foot—day after day, month after month—has altered the way I experience life on the planet.”


We walk, and dams in our minds begin to crumble; our thoughts find new paths to explore; our prejudices and assumptions about ourselves, about other people, about the world around us, begin to erode, to shift, to blur. Our bodies become alive again and we learn, maybe for the first time since we were little children, what a giddy, vital, physical thing it is to be alive.


The story that walked into Nickelsdorf that rainy day in 2015 under the footsteps of refugees was not the transient headline chased by Bethany Bell or any other journalist. It was a human story, the human story, and it belongs to all of us.
















    

	ONE
TODDLE
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“You’re conscious now. It means you want things. You just have to figure out what.” “How do I do that?” “Go for a walk. See the world.”


—HUM∀NS, Season 2, Episode 5




CONSIDER YOUR FEET. NO, REALLY CONSIDER THEM. NOT “Feet are smelly, gross, weird, sexy.” Not what feet mean; consider what feet are. Delicate limbs with the barest hint of a fin’s shape; they hold up your body, one at a time bearing your full weight with each step you take. Heel bone rolling briskly toward sensitive arches, landing that weight on a network of metatarsals and steadying for a whisper of a moment on the flats of your toes, holding aloft your entire, complex human form in a beautiful, unconscious balancing act. And then your opposite knee and ankle pendulum forward to land your weight entirely, accurately, on your other foot, starting the whole swaying, miraculous dance over again.


We take thousands of these steps per day, performing an infinity of miracles throughout our lives as long as we are able-bodied. Our feet are one of our most sensitive translators of the world. We give credit for this to our eyes, our brains, and sometimes our ears, but without our feet’s ability to read the terrain beneath them, most of us wouldn’t go anywhere. They tell our brains and internal balance systems if the ground is icy, rocky, hilly, flat, made of cobblestones or of smooth asphalt. Our feet take a pounding every day of our lives, yet never stop reading the earth with perception that’s light and sensitive, like a downy feather floating in a light breeze.






[image: ]








DO YOU REMEMBER learning to walk? Most of us don’t. Yet, as infants, learning to walk takes our complete attention. To walk fluidly, we must learn to plan instantaneously: to shift our weight while using feedback from our feet, our eyes, and our internal sense of balance, adjusting to slopes, obstacles, and dangers like ice. There are so many considerations the brain has to weigh when walking that it’s a wonder it doesn’t take several minutes for humans to accomplish each of our own steps.


Every time we take one of these steps, we fall, catch ourselves, fall again. A “two-beat miracle,” Paul Salopek calls it—“an iambic teetering, a holding on and letting go.”


When we walk, our ankles and knees work to balance the body’s weight over a single foot, allowing the other to release and swing forward. Just before that leg’s foot leaves the ground, its knee bends and elastic energy that was stored in the ankle tendons releases. The combination of elastic energy, pivoting, and lifting is what allows humans to walk using comparatively little energy, but the process is complicated. It seems to lean significantly on the brain in ways we’re only beginning to fathom, and has so far been almost impossible to replicate with precision.


In 2015, a twenty-seven-year-old single mother named Rebekah Gregory stepped across the finish line of the Boston Marathon and collapsed to the ground. Head on her arms, wearing a blue T-shirt that read “Rebekah Strong,” she sobbed from both pain and emotional overload as her trainer lifted her to her feet. Gregory, who had lost the lower part of her left leg as a result of the 2013 bombing of the same marathon, ran across the finish line wearing a bright pink tennis shoe on one foot and a prosthetic limb in place of the other. Gregory’s legs had fortunately shielded her then five-year-old son from the worst of the 2013 bomb blast, but after seventeen surgeries to save the left one, and a life of constant pain, she opted for amputation.


Running the last three miles of the marathon—the most her doctors would allow her to do—was an act of strength and resilience. Gregory had not been a runner before her amputation; running the marathon was, as she put it in a Facebook post, a final step in reclaiming her life.


Rebekah Gregory’s story is not just about one woman’s courage and determination, although it is also that. Nor is it about the technological advances in medicine that allowed her to run at all, although those developments play a role. It is a story about how deeply the act of walking is intertwined with our sense of self, our sense of freedom.


Walking is our first full-body act of independence. Toddlers will gleefully totter away from their parents and then turn back, giggling, knowing that they now have access to unimaginable power—the power to go where they wish under their own steam. As adults, we turn to walking to express our freedom, our frustrations, our goals. When we lose that ability, when it is taken from us, the inability to walk can rock us to our cores. There is a reason that “Will I ever walk again?” is a reliable trope of medical dramas.


“Upright walking is a hallmark of human evolution,” said Dr. Jeremy DeSilva, an assistant professor of paleoanthropology at Dartmouth College, in an online course on bipedal walking that I took in 2017. “It was a critical adaptation; a gateway to becoming human.”
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SEVEN MILLION YEARS ago Earth’s landmasses looked strikingly similar to our present-day geography, although variations that initially seem small snag one’s attention, like a child’s “spot the difference” puzzle. The Himalayas were in the process of forming. The land bridge connecting South America and North America was absent. The spray of islands that now make up the Canadian Arctic Archipelago was one solid mass linked to both Greenland and North America.


Seven million years ago, dinosaurs had already been extinct for tens of millions of years, and across the Miocene epoch, up to a hundred species of apes roamed Africa, Asia, and Europe. There was nothing to indicate that one of these species might evolve into a smooth-skinned, relatively hairless creature that in modern times staggers toward the coffee pot first thing in the morning and spends far too much time messing around on the Internet. But seven million years ago, land that is now, roughly, the African country of Chad was covered in dense subtropical forest, and it was home to a creature we have named Sahelanthropus tchadensis. Artists’ renderings of this species—of whom only skull parts have been found—show it looking far more like apes than modern humans. But Sahelanthropus, while not of the hominin* genus Homo, had one trait that reverberates in the physiology of modern-day Homo sapiens: they seem to have spent at least some of their time up on two legs. This species, says the display of the fossilized skull at the Smithsonian, “took the first steps toward walking upright.”


The paleoanthropologists who discovered Sahelanthropus in Chad in 2001 can’t say exactly what the species’ body looked like; they can’t say what Sahelanthropus ate, nor whether walking upright, as opposed to climbing trees or walking on all fours, was a primary means of locomotion. What they can tentatively say is that they’ve found yet another link between Homo sapiens and our biological ancestors.


Human evolution is a science that makes tenuous tracks through many links like these, and the evolution of our bipedal walking is one of the most curious areas of the field. It’s full of questions and tiny clues: signs of stress below the knee joint—showing that the knee regularly supported the full weight of the body—in Australopithecus anamensis, which lived just over four million years ago; a particular curve of the spine that allows bipedal walkers to absorb the shock of foot impact found in Australopithecus africanus, a species that lived about two and a half million years ago; and the long thigh bones that enabled Homo erectus to stride over the savannah.


As changes in climate encouraged the shift of Africa’s subtropical forest to grassland just shy of two million years ago, Homo erectus’s unique mode of locomotion gave it a distinct advantage, allowing it to cover greater distances at greater speed than earlier hominins. By the time the species died out about a hundred and fifty thousand years ago—comparatively recently in geological terms, like the timeline of a sneeze in a single human’s lifespan—walking upright had given Homo erectus longer sightlines across the grasslands and freed up their hands, allowing them to use tools and make weapons, to pick low-hanging fruits, to carry their children, and to develop their prodigious brains. These are among the many gifts left to us, Homo sapiens, by those probable bipedal ancestors, along with a tendency toward lower back pain, slipped discs, collapsed arches, and an elegant, loping stride that can take us down the road or across continents.






[image: ]








I TRY TO imagine what those early bipedal steps might have looked like. Was a mature Sahelanthropus tchadensis reaching for food? Taking a faltering step or two as she ran away from a predator? A stumbling infant flexing his leg muscles to clamber up a tree? Did our bipedal toddle begin in an even earlier, unknown species?


There are many theories about why we walk upright on two legs, each of them seemingly equally valid, though they remain just that: theories. Bipedal walking is more efficient than quadrupedal walking (even if it is more precarious), which means it uses fewer calories. It also leaves less surface area exposed to the sun, keeping the body cooler. The idea most strongly supported by available evidence, wrote evolutionary biologist Daniel E. Lieberman in his book The Story of the Human Body, is that walking upright helped early hominins gather food more effectively “in the face of major climate change,” which between ten and five million years ago shrank African rainforests while expanding grasslands.


There is also the compelling theory that upright walking was essential to the development of our massive human brain—not due to the walking itself but because our liberated hands could then engage in increasingly complex tasks, a theory that Charles Darwin himself initially put forward. In his now-classic book The Hand, neurologist Frank Wilson explored the idea that the evolution of our hands was what drove the evolution of our brains, not the other way around; neither would have been possible without our ability to maneuver using only our feet.


A more recent iteration of this last theory has to do with humans’ ability to turn cognitively complex tasks, which require our full attention, into routine ones, which don’t. Over millions of years, hominins have learned to reassign activities like walking, once we’ve learned how to do them, to a part of our brain where we don’t have to consciously think about them.


Research on our ability to absorb, adapt to, and eventually automate complex actions is developing into one of the newest theories about how we evolved to be Homo sapiens. It’s an evolution that depends, for all our sophistication, on primitive brain circuitry that was initially built tens of millions of years ago. In 2011 a neuroscience team at the University of Rome Tor Vergata used EMG (electromyography, which uses needle electrodes to detect cell activation) to record the activity of twenty different muscles in babies and toddlers. They found that when babies began to take their first steps, the neural networks they used were almost identical to those of rats. Babies’ stepping-related neural networks were also found to be similar to those of guinea pigs, macaques, cats, and monkeys, but the similarity to rats’ stood out because rats are thought to be the very first mammal to have evolved; we all, in some ways, have rat brains.


Until this study came out, neuroscientists and physiologists had thought that primitive neural networks were abandoned during development, that babies had to suppress the primitive brain to learn to walk. But evolution, as we might have expected, is more frugal than that. “Nature tends not to scrap old hardware,” said neurologist and physiologist Dr. Francesco Lacquaniti in an interview about the study; instead that hardware is adapted for new purposes.


I liken this process of automation to that of learning to read: starting out, we have to learn the alphabet, and then each letter’s associated sound, or sounds. After extensive effort we begin to link the letter-sounds together to read simple words—“and,” “cat,” “dog”—leading eventually to more complicated sound combinations like the ar in “bark” and the ch and oo and silent e in “choose.” Finally, after years of mental labor, we are sucking up the worlds of Ramona Quimby and Captain Underpants after our parents have told us to go to bed.


Like reading, walking shifts almost miraculously until we cease thinking about the efforts we’re putting into it and just start doing it. It becomes routine. But by the time we were old enough to build long-term memories, walking was already an unconscious act. It seems to be after that toddling stage, when babies’ bipedal walking stabilizes, that more advanced neural networks are laid down on top of the primitive ones.


At what moment this change happens, from conscious, painstaking steps to fluid walking, nobody knows, but at some point our bipedal walking begins to require deeper brain engagement than the four-legged motion of rats. And unlike learning to write or use a fork, walking is not something that most caregivers must diligently introduce to children and teach them how to do. Dangerous and difficult as it is, most of us start out almost compelled to walk. Parents can coax and encourage and invite severe back pain in the lumbar region by holding their children’s hands for hours of semi-stable walking, but in the end, as long as they see people around them walking, most kids will haul themselves toward toddling eventually. Modern infants and Homo erectus babies likely learned to walk through the same shaky process: an infant pulls herself upright, teeters on her feet, her torso weaving unsteadily; she finally takes a step or two, and then falls, perhaps cries out of frustration or surprise, stands up, steps again, and falls again, over and over and over.


Once on the road to walking, in fact, toddlers take over two thousand steps and fall an average of seventeen times per hour. Extrapolated out to six hours of an infant’s waking time, that’s over fourteen thousand steps and about a hundred tumbles per day. Novice walkers, those just starting out, fall twice as often, an average of thirty-two times per hour. Every hour, every day, all over the world, tiny little humans wobble around bashing their foreheads against countertops, their chins against coffee tables, their whole bodies against any obstacle they don’t have the agility to maneuver away from. Their walking is unskillful and, from the perspective of a parent, unsafe. Yet they persist in doing it. Generation after generation, millions of babies push or pull themselves up to standing and learn to walk.
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THIS WALKING ISN’T a purely mechanical process; we are not the Scarecrow in The Wizard of Oz, staggering forward with our heads full of straw. Our muscles, joints, sensory perception, brains, even our imaginations, are all employed when we take one step, and then another. Deciphering how human walking works requires contributions from seemingly disparate but in fact related scientific fields: neuroscience, physiology, anatomy, biomechanics, physical and occupational therapy, biology, paleoanthropology, evolution, mathematics, physics, geriatrics, pediatrics. While each field has its own particular perspective, a microscope on human locomotion, we need all of them to comprehend not only why we walk and how we walk, but how, in cases of injury, disability, or age-related diseases like Parkinson’s, ceasing to walk affects us in ways that aren’t always immediately obvious.


Figuring out how humans walk on two legs, known as locomotion studies, began in earnest during the latter part of the Enlightenment, with the work of three brothers: Ernst, Wilhelm, and Eduard Weber each taught different subjects at the University of Leipzig during the early to mid-1800s, but all three of them were fascinated by human locomotion. Together they drew on anatomy, physiology, physics, and electricity to perform their experiments and advance their theories about how we move through the world.


Nearly two centuries of study on walking and motion have followed the Webers’ work. Scientists have used electrical impulses, human cadavers, and in one case beheaded frogs to study locomotion. Today, neuroscientists use EMG sensors to detect activity in nerves that connect muscles to the brain. Physical and occupational therapists focus on how cognitive delay or brain injuries manifest as difficulties in walking, such as with long-term vertigo, or as changes in gait that are noticeable in patients with early-stage multiple sclerosis or Alzheimer’s disease. Neuroscientists and geriatrics specialists use a variety of methods, including the relatively new field of optogenetics—in which light is used to activate specific brain cells—to study how it is that age- and cognition-related diseases like Parkinson’s lead to difficulties with walking. And paleoanthropologists and evolutionary biologists wander around the long-gone worlds of our precursor hominin species, examining fragments of bone to piece together the story of us.
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AT TWENTY MONTHS old, my daughter refused to walk, and nobody could tell me why. “At this point,” said the pediatrician, swiveling her chair with her habitual briskness, “I’d be neglecting her care if I didn’t recommend getting her evaluated.” I looked down at my daughter, wrapped in my arms with her damp, curly hair against my chest. She wasn’t a regular snuggler, but had just had to endure being poked and measured and weighed on the chilly metal scale and was fed up with it. Yet all the pediatrician’s minute observations hadn’t explained why she still refused to walk.


We’d tried treats, pushcarts, standing frames, frustration, and encouragement, but for the most part she resisted. The closest she got was every few weeks or so, when she’d pull herself up to stand at the sofa for a moment, and then glance down and scramble back to the floor. “She’s tall,” I kept telling people, which was true. “I think she’s just afraid of heights.” She couldn’t talk enough yet to verify this theory for me or anyone else, but every time she stood up, she seemed to me to be taking stock of her head’s distance from the ground and finding it terrifying.


The pediatrician stopped her typing and looked at me. “I’m recommending her for an Early Intervention evaluation,” she said. “Fear of heights” didn’t get me far when the developmental charts and the pediatrician said my daughter should have been toddling around months ago.


Looking back at our evolutionary history, the idea of these familiar developmental charts becomes absurd. I can hardly imagine a Homo erectus mother building up a tsunami of anxiety because her daughter walked a few months later than others born at the same time. For most of human history—for most of animal history, no matter what species—being alive has been enough.


But much as I can’t imagine a Homo erectus mother fretting about her late-walking infant in the way that I was expected to, it’s hard to imagine how a child who continued not to walk would be able to survive. Homo erectus, some five million or so years younger than Sahelanthropus, did not have that earlier hominin’s protective covering of hair or fur, and was more dependent on the support of social groups—archaeological evidence shows that Homo erectus regularly used fire for cooking, warmth, and communal gathering—and on meat for nutrition, which required hunting skills. Once a mother stopped carrying her offspring around, a not-yet-walking child would be more vulnerable to predators, the elements, and starvation.


An adult who could not walk could not easily travel with his tribe. He could not run from predators or chase prey. In many societies throughout history, not being able to walk either from disability at birth or disability in mid-adulthood (from an injury inflicted in battle, say) or old age has been a death knell for a human. “If you’re living in East Africa two million years ago and you get a stress fracture,” said paleoanthropologist Jeremy DeSilva, “you’re going to get eaten.” At some point, walking upright became not just an optional mode of transportation for hominins, but essential for individual survival.
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HUMANS ARE RARELY prey these days, but our compulsion to walk hasn’t changed. Rebekah Gregory decided to have her leg amputated after seventeen surgeries because she had to take pain medication every four hours, but also because she was in a wheelchair most of the time. “That was not okay with me,” she told a CBS reporter. Crossing the finish line of the Boston Marathon with a prosthetic leg prompted her to post that she’d gotten her life back, but in an interview she reveled in the everyday changes: taking her son to the movies, walking through the airport without a wheelchair.


The kind of freedom and independence Gregory described seems to be something that humans work toward in the earliest days and months of our lives, long before we learn to walk. A newborn can’t even hold his head upright while sitting until about four months after birth, much less control his limbs, but if you hold a baby up with his feet against a flat surface, he’ll lift first one foot and then put it down and lift the other, an action that parenting books and pediatricians call the “step reflex.” Even fetuses have been observed demonstrating these “stepping responses” while still in utero, a step-like lift of the foot that is thought to be a response to sensory inputs. As with other physical responses like the swimming and crawling reflexes, the stepping response, it’s theorized, exists to begin building strength and coordination for later movement.


Although we’ve long observed the stepping reflex, it’s only recently that researchers have begun studying natural infant walking in earnest. While the natural development of infants’ language, emotions, and vision have been widely studied over the past several decades, comparatively little research has been done on how infants learn to walk. A strange omission considering that much of the study of ancient humans centers on how we came to walk. What better place to seek an answer than in modern humans who are in the process of learning? If bipedal walking is truly what makes our species human, as many paleoanthropologists and evolutionary biologists claim, the failure to study it in infants leaves a sinkhole in the question of how and why we function as we do. The study headed by Lacquaniti that uncovered the primitive underpinnings of human motion—our underlying rat brain that kicks in when we’re learning to walk—only highlights how little we know about both the physical development engaged in bipedalism, and how deeply our brain is involved in the process.


In most studies beginning in the 1920s and continuing through at least 2018, infants were observed not in their homes or outside, or even in laboratory settings that bore some relation to the real world, but simply walking in straight lines on flat mats. Any parent could have told researchers they were on the wrong track. My own offspring, like most children, have only a nodding acquaintance with walking anywhere in a straight line. Babies in particular seem compelled to explore their environments along random trajectories. Their worlds are full of obstacles and distractions, attractions and hazards. Incorporating this reality—an infant’s natural environment—is integral to the understanding of locomotion.


There was little in this early research about environmental factors, and nothing about how sensory stimulation and input or social interaction create feedback loops in the brain, building confidence and a complicated sense of balance at the same time. There was nothing, in effect, to reflect the real-world circumstances in which babies learn to walk. Yet these earlier studies defined our perception of walking for decades, until research in the 1980s that focused on the influence of perception and adaptation widened our understanding of walking.


New theories began to incorporate the idea that walking isn’t just about motor and brain development but also depends on hearing and sight, balance, social conditions (such as an encouraging caregiver), our ability to adapt instantly to varying terrain underfoot, and motivation. That is, babies and toddlers are motivated to walk when there’s somewhere interesting to go.


“Somewhere interesting to go” was exactly what previous studies on walking infants hadn’t incorporated. The very first study to examine infants’ road to stable walking outside of controlled but unstimulating laboratory settings didn’t take place until 2012, in the Infant Action Lab run by psychology professor Dr. Karen Adolph at New York University.


The babies learning to walk in Adolph’s study were constantly falling down. Outside of a laboratory setting, falling could put babies at risk of serious injury. Nevertheless, inside the lab or out, “infants behave as if they are determined to face the world upright, despite the costs,” wrote Adolph. A feat of perseverance reflected in Rebekah Gregory’s determination to cross that marathon finish line, and a mark of evolution that is shaping much of our technological future. If our walking is taken from us, most of us will move heaven and earth to get it back. Because we know, without having to be told, that walking is part of who we are.
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PART OF WHO we are, but also really, really complicated. In the science fiction show The Expanse, which takes place about two hundred years in the future, a relationship that comes up repeatedly is that of Homo sapiens’ bodies with the planet they evolved on. “Belters,” people who live in the asteroid belt and on small outer planets, are generally much taller than Earthers or Martians due to lower bone density, and if they end up on Earth, the planet’s gravity slowly crushes them.


In the show, walking on Earth is a challenge for those who didn’t grow up on the planet, and it isn’t just about the gravity. It’s the planet’s spin, the open atmosphere, the visual, aural, and gravitational noise crowding into the human brain. One particular scene, in which a Marine from Mars is attempting to walk to the ocean through New York City, demonstrates what kinds of difficulties extraterrestrial humans would face. “You’re Martian, aren’t you?” asks a man the Marine asked for directions. “That obvious?” she responded. It was the way she was walking that gave her away, the man said, “like the sky might fall in on you, like the ground’s gonna bite you.”


“Here’s what you do,” he told her. “Feet planted, in line with your shoulders, back straight. Head down, staring at your toes. Then, raise your chin, slowly, a millimeter at a time, ’til your eyes are locked on the horizon.”


“Okay.”


“In a couple of weeks, your brain will forge pathways, your inner ear will get the memo… you’ll be no different from an Earther.”


The problems the Martian Marine had are very real, having to do not just with muscle control in an unfamiliar gravity, but with neural information and an ability to “read” one’s environment instantaneously. We haven’t yet, as a species, faced the sobering challenges presented in The Expanse of helping human bodies survive in space or on other planets, but we can in the interim investigate the complexity of walking through another medium: robots.


In 2013 a robot named MARLO, which looks something like an air conditioning unit on top of two oddly shaped pneumatic drills, walked several stiff steps across an engineering department lab at the University of Michigan, propelling itself forward on its own two feet. After stopping the robot from careening into a wall, one of its creators grinned and pumped his fist, saying, “Yes!”


Despite technological advances in all sorts of fields, teaching robots to walk as humans do has remained frustratingly elusive for roboticists and engineers. Each milestone achieved—an ability to step up a stair or two, or success in picking up an object without falling over—is greeted with an enormous sense of achievement, even if the robot’s skill and agility can’t match that of a toddler. MARLO couldn’t at that point step over obstacles, couldn’t stop itself from walking into a door, and stumbled badly while walking outside, but still, it maneuvered around on two legs and human-like feet with a springy motion. MARLO was officially the first robot to walk without a stabilizing rod on its own two legs.


Engineers have been attempting to build a robot like MARLO since the 1950s, and the term “robot” itself was coined in Czechoslovakia in 1921: Robota (possibly related to the Russian verb for “work,” robotat) was used by the playwright Karel Capek as a term for “slave work” in his play Rossum’s Universal Robots. (The “robots” in that case were imagined to be artificial but were made from biological material.) It was only after World War II, when engineering and control systems and computing advanced exponentially, that engineers began working on true robots in earnest, and it was only after that time that they were able to focus on robots that walked, like humans, on two legs. In 1969 a team at Waseda University in Japan built the first computer-controlled bipedal robot; it took an achingly slow ninety seconds to complete each step on a completely flat surface. Between then and MARLO’s debut in 2013, bipedal robots have inched forward step by precious step.
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MARLO WAS THE first bipedal machine to walk without any kind of external support. In videos, it comes across as hesitant—if one can apply that word to a non-self-aware robot—as well as slow. It runs into walls and falters immediately when its feet sense uneven ground; it has a bit of a saddle-sore swagger, like a cowboy. Still, MARLO can walk in any direction (in addition to other problems, earlier bipedal robots couldn’t change direction), and in initial testing was even able to take a few steps on a sidewalk outside before veering off into a garden bed and losing balance.


If you ask a roboticist why it’s so hard to get a robot to walk on two legs at all, much less on terrain that varies even slightly from the perfectly horizontal, the answer you’ll get points straight back to the fact that human walking is unbelievably complicated. Human babies are built to walk and fall; human brains go through thousands of calculations every second, perhaps more, to navigate the world on two feet. No computer system yet built can replicate the combined neuromuscular and brain activity involved in human walking, and these abilities are limited by more than just processing power—it’s also about the complexity of being in the world.*


For a robot, as for a human, taking a step forward doesn’t just require legs and feet and knees that bend. Robots like MARLO need a sense of balance and an ability to “see” where they’re going. “Vision” is provided through either collections of sensors that interpret physical conditions with every step, and/or a breathtaking amount of information provided by human controllers—where obstacles are, what’s up and down, what direction “forward” is.


Balance is even more complicated. MARLO’s designers enlisted algorithms, which constantly gave the robot information about its posture and position; and an IMU (inertial measurement unit), which used gyroscopes and accelerometers to feed MARLO information about force and angular movement. IMUs, which are also used in satellites, are finely tuned bits of machinery that respond to changes in position and gravitational pull.


Gravitational pull applies just as fully to our own human bodies as it does to robots and planets orbiting the sun, but humans aren’t packed with expensive gyroscopes. Why, then, don’t we spend our lives crashing to the ground when we attempt to stand up and walk?


Our ability to stride the earth with our strange, falling-forward-yet-never-quite-falling motion is dependent on a set of minuscule bones and nerves in our inner ears, which make up a fascinating and vital little organ called the vestibular system. The vestibular is the main driver of our sense of balance. It’s what connects us to Earth’s gravity, and what engineers attempt to imitate when designing gyroscopes that give robots their own crude balance. When The Expanse’s Earther told the Martian Marine that “your inner ear will get the memo,” it was the vestibular system he was referring to.
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THE VESTIBULAR SYSTEM, in essence, tunes our physical bodies to the planet’s center of gravity, a relationship so delicate and precise that it almost feels like magic. It’s an incredible realization. When you walk across the room, it’s your vestibular system that directs you where you want to go, or keeps you upright if you suddenly change direction. While we walk down the road or run across a field or hike over a mountain ridge or nip up subway stairs, it’s as if our bodies are chattering to Earth and listening intently to its responses.


Try this: While sitting down, close your eyes. Turn your head from side to side, and then up and down. It feels like nothing, pointless, a simple, almost unconscious movement. But as your neck bends, your brain communicates with your vestibular system. It knows where your head is in relation to a split second ago, and a split second before that, and, generally, where it is in relation to the rest of your surroundings. When you’re walking, this communication is happening continuously, the vestibular system detecting and responding to changes in gravity’s pull when we change our position. You might be lost in thought, but your brain, so to speak, isn’t. It’s taking in vestibular cues constantly, reinforced by aural and visual inputs, to keep you directed and upright, to help you maintain the pace you wish to set, and to keep your body from careening into lampposts or traffic.


We tend to be conscious of the vestibular system only when it fails: when we’ve had too much alcohol to walk straight, or if we try to text on a phone and traverse a sidewalk at the same time, or when we suffer from vertigo. Head traumas can often cause damage to the vestibular system, leading patients to fall or trip frequently, run into walls or doors, or feel constant dizziness. Children who have trouble getting their visual and vestibular systems to communicate with each other might stumble frequently, or crave rocking or swinging motions all the time, or have trouble going up and down stairs. It can take months of targeted physical or occupational therapy to restore vestibular function if it’s temporarily lost.


An ability to walk smoothly, if that’s physically possible, can be vital to a person’s health. The human body is lazy, and gravity works against us. Our bodies tend to want to conserve energy by lying down, sitting, getting places by car rather than walking. I’m acutely aware of this feeling on the days I go to my favorite exercise class and my only desire when walking through the door is that the instructor won’t have us do jump-squats after crunches. Once I’m down on the mat, I really don’t want to get up again, no matter how many torturous sit-ups she puts us through. But we need gravity, need that resistance; we’ve evolved with it, not in spite of it. It’s the human body’s ability to push back against gravity and interact with it that strengthens our bones, muscles, and circulatory systems and that helps build the vestibular system’s sense of balance and navigation.


It’s easy to see how deeply gravity affects our bodies, even without futuristic science fiction shows, simply by examining the damage that occurs when humans live without it. In the dramatically titled book Sitting Kills, Moving Heals, former director of NASA’s Life Sciences Division Dr. Joan Vernikos detailed decades of research compiled as astronauts returned from space. Problems walking and a tendency to vertigo were some of the most often reported issues. Sixty-six percent of returning astronauts had difficulty walking in a straight line, and 69 percent had troubles like running into walls when they changed direction. “Their sense of balance is out of practice and they walk using short, wide steps, like a toddler,” she wrote.


In addition to losing their vestibular sense of balance and fluid motion, astronauts, if they spend enough time without gravity, begin to lose touch with another little-known yet crucial sense that helps us walk: proprioception.


Proprioceptors are specialized nerve endings located in our joints, tendons, and muscle fibers. They communicate with certain neurons in our inner ears to send our brains specific information about our bodies: that a muscle has stretched far enough, or that a knee really, really won’t bend in that direction.


For a robot, proprioceptors are created with motor controls that measure force and torque. The motor controls then feed that information into the robot’s main control system, leading to outputs that measure strain on joints and the force of steps. For humans, proprioceptors are similar to our sense of touch. If you brush ice with a bare hand, your nerves tell you it’s cold. If you step on ice with a shod foot, your proprioception tells you it’s slippery. Our feet use proprioceptors to tell our brains that we’ve moved from pavement to gravel or grass; these inputs mesh with other sensory information to constantly adapt our balance. Professional dancers tend to have highly honed proprioception because they have to know at every moment how much strain their joints, muscles, and tendons will take. The same is true for gymnasts—a world-class athlete like Olympic gold medalist Simone Biles has to trust that her body knows where, when, and with how much force she’s going to flip, turn, and land her jumps. Conversely, children with a sensory-processing disorder related to proprioception might have difficulty with a variety of common tasks, from controlling their posture (which can make them feel physically insecure and hesitant about trying new physical activities) to using a pencil or holding a cup of water (because they can’t get a sense of the pressure and force required to accomplish the task of writing their name or grasping a cup long enough to bring it to their mouths). Proprioception is what’s involved in one of the most common sobriety tests used by police—the ability to stretch out your arms, close your eyes, and then touch your nose with a finger.


When they’ve been living too long without gravity, astronauts find that the proprioceptors in their feet become dulled. Although no case has yet been found in which proprioception disappears entirely, Vernikos theorizes that it’s perfectly possible, given enough time without gravity, to lose it completely.


Astronauts are a special case. Almost no human spends that kind of extensive time without gravity. We do, however, spend a great deal of time sitting down, stuck in cars or at desks. The types of sensory losses seen in astronauts have never been measured in your average commuting office worker but can be noticeable at lower levels in people who are, for example, bedridden for periods of time. Vernikos has in fact noted that living without gravity is similar to being immobilized or bedridden. Proprioception becomes dulled, and the vestibular system becomes less nimble. I noticed it myself after undergoing an emergency Cesarean section under full anesthesia and afterward finding it difficult to stand for a few days. Not only were my muscles shaky, but focusing on where I wanted to go also took an extra measure of attention, and staying upright as I moved my feet toward a bland, boring hospital wall made me acutely aware of how unsteady I was maneuvering the world on two spindly pegs perched on inadequate platforms.


As these systems develop throughout our lives, they affect far more than our ability to run up and down hills. While we’re learning to walk, constantly stimulating our vestibular system, we’re at the same time strengthening neural networks in our brains that seem to be key to our later abilities to learn and solve problems.


Since at least 2007, we’ve seen more and better research on the links between regular, moderate exercise—walking in particular—and the health of our brains. “Nothing,” wrote Vernikos, “speeds up brain atrophy like immobilization.” This is especially true of children, whose brains are still growing, synapses still snapping and firing and linking up with all sorts of wonders within our neural networks. We develop our vestibular systems and our cognition in tandem with our walking. Walking creates and maintains the systems that allow us to navigate on foot for the rest of our lives, while at the same time building the systems that allow us to learn. It also seems to be essential to keeping our minds agile. As we age, regular walking becomes highly correlated with brain health: people over seventy years of age who walk two or three hours a week have been found to retain the mental sharpness of people several years younger, while those who walk less have been found to be at higher risk of dementia.


This link is one of the conundrums of walking that gnaws at anyone who, like me, gets a little curious and starts digging into this prismatic subject: how and why is walking linked to our cognitive health? We’re not sure, but we know that it is. Walking, seemingly so distant from sitting in a classroom learning multiplication tables or keeping a mind sharp as we age, is integrated both with how we learn and how our brains stay healthy.


The vestibular system’s development through infancy and childhood contributes to that brain development as we grow into adulthood. As with proprioception-related sensory integration disorders, children born with conditions that cause vestibular impairment—such as cerebral palsy, genetic disorders like Usher syndrome, or certain immune deficiency disorders—have trouble figuring out where their bodies are in relation to the space around them, leading to mis-wired or missing feedback loops as the hippocampus (the part of the brain that controls both long-term memory and spatial navigation) develops. These spatialization problems can manifest later as learning difficulties related to memory, concentration, and reading. And vestibular impairment doesn’t just affect those with genetic conditions. There are plenty of other causes of vestibular deficits, including neurotoxicity, such as occurs with children exposed to high levels of lead, and brain injuries at any age.


A definitive review on cognition and the vestibular system extensively examined studies going back to the early 1980s that found measurable differences in various types of cognitive performance in children with vestibular impairment. If a pre-walking baby suffers “complete vestibular loss” due to, say, meningitis, translating into difficulties learning to walk, the baby may grow to be physically unstable, leading to delays in reading, writing, and fine motor skills. Children born with an otolith dysfunction (the otolith is part of the vestibular structure) such as Ménière’s disease, which can cause vertigo, tinnitus, and a feeling of pressure in the ears, will walk later than children whose function is within normal range, and will move cautiously and rigidly. They are unable to build strong internal representations of space, leading to difficulties in mental scanning—creating mental images from inputs such as a verbal description—and in areas of learning like mathematics that require mental visualization and rotation of three-dimensional objects.


In the United States, and in several other countries, adults tend to think of learning as something like a mechanical process that submits meekly to rote instruction. But, like walking, learning is an organic, messy process full of mistakes, one that requires a rich sensory environment in order to thrive.


In order to learn, we need to use our whole bodies, not just our brains, eyes, and ears. Not only do we get bored and fidgety if we sit for too long, our attention wandering out the window, but our brains also require vestibular stimulation to build comprehension of spatial relations, comparisons, and a sense of our place in the space around us. “The body,” French philosopher Maurice Merleau-Ponty once wrote, “is our general medium for having a world.” To fully engage their minds, children need to move, to run and tumble and throw their bodies around. Finnish teenagers consistently have some of the highest standardized test results in the world, and it doesn’t seem to be mere coincidence that, rather than being pushed to rote-learn subjects like reading at younger ages, their early childhood education is all about creative, hands-on, full-body play.


Problem solving and reading, to take two of the most highly valued educational attainments, require both mental effort and an ability to sort, order, and review various tasks and lessons. They require, essentially, imagination, and much imaginative capacity is built in early childhood as the vestibular system and the hippocampus form synapses together that help us interpret the three-dimensional world. When you’re walking, your entire body sends your brain cues that tell it how far away an obstacle is, or that you need to slow down for a steep hill. Healthy proprioception allows us to steer and maneuver our bodies confidently, while a healthy vestibular system is needed to hone navigation-related skills and to develop our innate understanding of up and down, or near and far. Being able to categorize where we are in space in relation to unconnected objects affects our later ability to categorize how other things relate to one another, like numbers. We aren’t, after all, born knowing that numbers are sequential and comparative, that the number two is greater than the number one; that thirty-seven is twelve less than forty-nine, and so on.


In the cautious language typical of peer-reviewed scientific journals, researchers noted that “much remains to be learned” about vestibular loss, walking, and cognition, while adding that occupational and physical therapies such as sensory integration—a therapeutic approach that views children through the lens of how their neural networks organize sensory information—can go a long way toward helping children develop balance, stability, cognition, and a firmer sense of their own bodies in the space around them.


Research on children’s walking and brain development is also beginning to inform the other end of life. Parkinson’s disease, seemingly a disease of the brain, usually manifests first as problems in gait. A slow walking gait in a cognitively unimpaired elderly person often foreshadows later dementia. And, conversely, elderly people who walk regularly seem to be at less risk for dementia and Alzheimer’s.


How we learn to walk and move and balance ourselves—falling down that seventeen or so times an hour as an infant—is tied to the fact that we are, like it or not, earthbound creatures. The unique gravity and movement of Earth is pivotal to how we’ve evolved and to how we transport ourselves under our own physical power. While our vestibular system tunes into the planet, our proprioceptors talk to the brain, and they work together to stand up and send us out into the world, allowing us to explore it on our own two feet.


By its very nature, evolution demands that we acknowledge our connection to our environment, and that environment includes planetary forces beyond what we can see, smell, and touch. As paleoanthropologist Richard Leakey has indicated, when he and his team in Turkana find yet another fossil in the sprawling human family tree, they are not finding missing links between humans and our evolutionary drift from other mammals, but instead links that tie us ever more deeply to the natural world.
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PIECING TOGETHER THE transition from climbing to sporadic bipedal motion to full-time upright walking is a driving question for many paleoanthropologists and evolutionary biologists. If we come to understand how bipedal walking developed over millions of years, we may also learn why. We are still learning how we evolved in a particular environment, and how this environment has shaped us physically, socially, and psychologically.


Indeed, how it continues to shape us. Research from several different fields, from anthropology to urban planning, is building a strong case for the theory that the way ancient hominins walked their territory gave them—gave us—the ability to intertwine spatial cognition with social cognition and a sense of self: the cognitive demands of foraging for food and caring for uniquely helpless infants later translated into brainpower that could be used for developing social behavior, including a sense of community.


These are complicated ideas that, like the vast subject of walking itself, have opened up unexplored territories for future research. The potential for our built and natural environments to shape our psychological states is immense. Both the environment that surrounds us and our ability to move securely through it are integral to our confidence and stable sense of self. “Our minds map our bodies and the world around us,” stated one study’s authors. “Who we are is where we are.” And, they might have added, who we are is how we move in where we are.
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OUR WALKING IS so rich, so complex that once you become conscious of what’s involved in it, it’s impossible to ever again toss off the phrase “I’m going for a walk,” or watch an infant learn to toddle, without giving thought to how truly extraordinary that ability is. Ask any parent standing a few feet away, arms outstretched, cheering on their newly toddling baby as he takes those first hesitant steps, following an evolutionary imperative that remains mysterious. “Good job!” we say. “Look at you!” And then they fall, and we kiss their ouchies, and they try again. Before we know it, we’re accumulating gray hairs and reaching for their hands as they try their best to run out into traffic, across parking lots, over ledges, down stairs, up boulders, into our arms. They begin to walk, and they are free to explore the world, to risk their bodies a hundred times a day—all without their parents’ protection, if they’re fast enough.


Until MARLO the robot and its cohorts can walk indistinguishably among a human crowd, the ability to stride the earth on two feet will remain our own particular trait, a sign and driver of our humanity.





* Over the past several years, scientists have changed the term they use to refer to ancient humans and related extinct species from “hominids” to “hominins.” The definition of the family Hominidae, or hominids, has expanded to include orangutans, gorillas, and chimpanzees. While humans are still members of this scientific family, the classification of humanoid species now includes the tribe Hominini, or hominins. The Australian Museum website has a more detailed and accessible explanation of the shift and its reasoning; in the interests of scientific accuracy I use “hominin” throughout.


* For his research on training and teaching a robot soccer team to compete in the robot World Cup (RoboCup), Dr. Peter Stone of the University of Texas at Austin took a different approach. He teamed up with Karen Adolph and used her lab’s complex, rich infant walking data to “teach” his robots to maneuver bipedally via a method called “reinforcement learning.” Instead of trying to imitate adult walking one programming instruction at a time, Stone decided to give his robots information gleaned from the natural motion of human walking, stumbling and all.
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