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As we acquire more knowledge,
things do not become more comprehensible,
but more mysterious.
—Albert Schweitzer, philosopher, physician, humanitarian
SENSING THE WORLD
I an Waterman of England seldom thought twice about his senses. Like most people, he took them for granted. That is, until age nineteen, when a flulike viral infection sapped his sensations from below the neck. “I just fell in a crumpled heap,” he says. “Like a puppet with no strings.”
A few days later, Ian was hospitalized. But instead of getting better, his condition deteriorated. “My first night in the hospital seemed to be the ebbing away of all that was normal in relationship to movement,” he says. “I’d become sort of disembodied. . . . You know, I was a head without a body. I had no control over what was normally under my jurisdiction.” Doctors didn’t seem to have any answers either. That really scared him. After weeks of physical therapy, he says, “It became fairly clear nothing was happening.”
Turns out, Ian suffered from a rare illness that stole his body’s unconscious awareness of itself and its movable parts. Ian was “floppy” and lived in a “limbless limbo,” says neurophysiologist Dr. Jonathan Cole. “Not only couldn’t he feel anything to touch, he had no idea where the various bits of his body were without looking at them.” Ian could move, he just couldn’t instinctively control or coordinate those movements because his brain wasn’t receiving sensory feedback to help him monitor his actions. Communication between his brain and body had broken down.
Through the years and against all odds, Ian trained himself to carefully choreograph each movement he made using vision as his guide. “Once you realize the damage is done, you get on with it,” he says. By looking at his limbs and concentrating on making his body move, Ian eventually learned to sit up, stand, and drive a car. “I became the ultimate control freak,” he says. Of the ten known people in the world with this condition, Ian’s believed to be the only one who has taught himself to walk.
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At age nineteen, Ian Waterman lost his sense of proprioception—the body’s unconscious awareness of itself and its movable parts.
Photo courtesy of Ian Waterman
INNER COMPASSES
Our senses help us navigate the world. Working in concert, they feed important information to the brain about what’s happening to, and around, our bodies. The simplest of acts — such as recognizing and waving hello to a friend — require hundreds of millions of sensory nerve cells, called neurons, to communicate with the brain so that we can instantly read and react to situations.
While the primary five senses — vision, hearing, touch, taste, and smell — are most obvious, at least twenty-one have been identified. We have a sense of hunger, thirst, balance, and fatigue. We sense pain, temperature, and muscle tension. We even have senses that detect pressure in our gut and bladder, as well as those that adjust our heartbeat and measure the levels of oxygen and carbon dioxide in our blood. These senses keep the body running smoothly.
Our senses help us consciously create and experience the world. They bring us pleasure: tender touches, sparkling skies, and the rhythmic rhapsodies of music. They alert us to dangers: screeching tires, a flash of lightning, and the pungent odor of natural gas. Our senses also enable us to distinguish sweet from sour, hot from cold, and light from dark.
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 Our senses help us experience the world and often bring us pleasure.
© Blend Images
Even before we’re born, sensations offer us a window to the world. Our sense of touch begins developing at about eight weeks after conception. Soon we’re sucking our thumbs and exploring our faces with our fingers. By about eighteen weeks, we hear our mother’s breathing and the tha-thump, tha-thump of her heartbeat. This calming cadence appears in other areas of our lives, notes Jillyn Smith in her book Senses and Sensibilities. “It has been suggested that children begin to speak in double syllables — da-da, ma-ma — in imitation of the paired heartbeat sounds, and that a child instinctively clings to the left side, the heartbeat side, of the mother’s breast.”
[image: art]
See an X made of circles that pop out? It’s an optical illusion. Our brains sense that light shines from above, so the circles that are shaded lighter on top seem to stand out, while those that are shaded darker on top recede. Turn the page upside down and watch what happens.
Mark R. Holmes, © National Geographic Society
Yet while we all live in the same physical world, each of us experiences it uniquely, says psychologist and professor Francis B. Colavita of the University of Pittsburgh. Not only do our senses respond to different elements in the environment, our brains assign different meanings to the same sensations. “A perception is a sensation plus its unique meaning for an individual,” explains Colavita. “Two people may be exposed to the same sensory (information), but their differing personalities, cultural backgrounds, expectations, motivational and emotional states, family histories, and life experiences will determine how similar or different their perceptions of that sensory [information] will be.” A person who’s recently been in a car accident, for example, is more apt to flinch when an ambulance races by than someone who hasn’t suffered the same trauma.
Individually, we also experience different “realities” throughout our lifetimes as we continually grow and develop. Our sensory systems age and evolve along with us, says Colavita, so what tasted great at seven may not be so appetizing at seventy.
DECIPHERING THE BIG PICTURE
One major mystery of neuroscience is how the brain, which contains about 100 billion nerve cells, processes all the sensory signals it receives in fragments and unifies them as a whole into our overall perceptions. Scientists refer to this as “the binding problem.”
[image: art]
 Our brains contain billions of nerve cells, or neurons, that constantly communicate with each other via electrical signals. Different neurons hold different jobs. Some help
coordinate muscle movements, while others take in messages from our senses.
Courtesy of the Alzheimer’s Disease Education and Referral (ADEAR) Center
Visual images, for example, may be parallel-processed in twenty-five or more regions of the brain, each with a specialized job such as color identification, depth perception, and motion detection. “Yet somehow the brain pulls it back together,” says Dr. A. James Hudspeth, a researcher for the Howard Hughes Medical Institute and head of the Laboratory of Sensory Neuroscience at the Rockefeller University in New York. “In addition to seeing the particular color of your skin and hair and the particular outlines of your face and how far away you are, and whether or not you’re moving and so on, I’m able to see all the pieces together and identify you.”
[image: art]
 Always at work, our brains make educated guesses that fill in the blanks where needed. That’s why you see triangles in the above image.
Mark R. Holmes, © National Geographic Society 
And that’s just one sense. Factor in messages flooding in from what you’re hearing, smelling, and touching — along with inputs from your memories, previous experiences, and the context of the situation — and the brain’s making multifaceted connections and shaping perceptions with astonishing speed and precision.
“We still don’t know how this operates,” says Dr. Hudspeth. “But it is known that beyond the simpler parts of the cerebral cortex, there are a number of association areas that are sensitive to more than one sense at the same time. So they may be excited by sound or by a visual stimulus or by touch simultaneously.” This leads to the theory that the association cortex, which is involved in higher processing of information, is responsible somehow for pulling together our perceptions.
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“One of our most striking senses is equilibrium or balance,” says Dr. A. James Hudspeth, a researcher for the Howard Hughes Medical Institute. “Our capacity to stand upright, for example, depends critically on feedback from the inner ear—the vestibular labyrinth—which constantly measures our body’s position and whether it’s beginning to fall one way or another.”
© AP Wide World Photos
Emotions also influence our perceptions of the world. Seeing a close friend or relative generally elicits a myriad of feelings associated with that person. After we’ve identified someone visually, for example, the message moves to the amygdala, an area of the brain that helps us determine a person’s emotional significance.
People with Capras syndrome, however, lose this emotional connection. This rare neurological condition — often the result of a severe head injury — appears to damage the neural pathways between the visual and emotional centers of the brain, explains Dr. Vilayanur Ramachandran, director of the Center for Brain and Cognition at the University of California, San Diego. As a result, those afflicted believe the people closest to them are imposters.
One man injured in a car accident thought his mother was an imposter. “Doctor, this woman looks exactly like my mother but she isn’t,” he insisted. Since the man didn’t feel appropriate emotions when he saw his mother, he decided she must be someone pretending to be her. When the man’s mother telephoned him an hour later, however, he immediately recognized her and her voice. Apparently, the auditory path to the emotional center had remained intact.
Conditions such as Capras syndrome offer scientists an opportunity to learn more about the workings of the brain. They also offer compelling examples of how our perceptions are not only shaped by the sensory information we receive, but by how the information is processed and interpreted in the brain.
MIND 	BOGGLERS
Our senses hold many secrets, and questions abound about the extent of their capabilities. Many unexplained phenomena, for instance, have roots in our sensations and the way the brain understands them through our perceptions.
Some people report near-death experiences, such as feeling a deep sense of peace or seeing bright lights at the end of a dark tunnel. Others say they’ve seen ghosts haunting houses and castles or have witnessed unidentified flying objects (UFOs) suspended in the skies. More common are those who describe having a sense of being stared at from afar or experiencing déjà vu — the feeling that a new situation has happened before. Incidents like these are said to be extrasensory, or beyond our normal senses. Often, they’re referred to as involving a “sixth sense.” Gut instincts that guide many of our life decisions, such as choosing friends, also fall into this category, as do nightly dreams that seemingly predict the future.
Our sensations influence our perceptions, which, in turn, affect our thoughts, emotions, and behaviors. If we feel cold, we put on a sweater. Likewise, if we feel pain, we typically reach for a pain reliever. The twist is: whether or not that pain reliever’s effective often has nothing to do with the amount of medicine in it. Studies of the placebo effect show that many times fake cures work as well as real ones as long as we believe they do. “One region of the brain is activated by the expectation of pain relief,” researchers tell CNN. “This, in turn, leads to a reduction of activity in the portion of the brain that senses pain.”
In a parallel process called the “nocebo” effect, people taking placebo medications experience negative side effects or worse symptoms if they think the medicine’s real and believe it will harm them. Cases like these reveal the complex nature of our senses and their intricate mind/body connections — links scientists are only beginning to understand.
MIND TINGLER
ATTENTION-GETTERS
What grabs our attention? Novelty and change, says Dr. A. James Hudspeth. “We tend to use our senses as an early warning system, so it’s useful for our nervous system to filter out continuous inputs and focus on anything that’s novel.” Our senses tire easily with the same old stimuli.
Riding a roller coaster for the first time? Your heart races. You grip the lap bar, and your eyes fix straight ahead as you drop, dive, twist, turn, and barrel down the track at seventy-five miles an hour. After about the fifth ride, however, you’re likely smiling and throwing your arms up in the air, because you’ve acclimated to the sensations.
Adaptations such as these illustrate how our senses not only mediate our perceptions of the world, but also filter and distort them. “What we perceive through our senses is quite different from the physical characteristics of the stimuli around us,” writes Maya Pines in “Seeing, Hearing, and Smelling the World.” “We cannot see light in the ultraviolet range, though bees can, and we cannot detect light in the infrared range, though rattlesnakes can. Our nervous system reacts only to a selected range of wavelengths, vibrations, or other properties. It is limited by our genes, as well as our previous experience, and our current state of mind.”
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 Novelty and change excite our senses, which become easily bored with familiar input.
© AP Wide World Photos 
Our senses capture energy—from the eyes, ears, nose, skin, and tongue—and convert that energy into electrical signals that the brain or nervous system can interpret, explains Dr. Hudspeth. “During that conversion, there’s always a certain amount of filtering or distortion because the external world has to be represented as an electrical signal.”
Filtering often prevents information overload and keeps us focused on what’s important. “The sensory receptors in our ears, for example, constantly work to throw away noise in the environment that’s not selectively advantageous,” says Dr. Hudspeth. That’s why, when we talk on the phone with friends, we generally tune out any hissing or disruptive background sounds and hear only the speakers’ voices.
Genes influence the sensory information we receive, as well. People born with congenital anosmia can’t smell odors—fragrant or foul—which may affect their appetites, moods, and memories. About fifteen percent of us are “blind” to particular odors, including isobutyric acid, which is the smell of dirty socks.
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