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Your dog is a philosopher who judges by the rule of knowing or not knowing; and philosophy, whether in man or beast, is the parent of gentleness.


—SOCRATES (PLATO, THE REPUBLIC)
















Introduction


Until bin Laden was killed, I hadn’t given much thought to animal minds.


It wasn’t bin Laden but Cairo, the dog on the mission, who caught my attention. Cairo was a military working dog who could do amazing things, like jump out of helicopters. His ability to tolerate noisy, chaotic environments gave me an idea that, in retrospect, seemed so obvious that it was strange no one had thought of it before: If dogs could be trained to jump out of helicopters, then surely they could be trained to go into an MRI scanner. And why would I want to do that? To figure out what dogs were thinking, of course.


The timing was serendipitous. I had spent thirty years in science, first training to become a bioengineer, then a physician, and eventually specializing in the use of MRI to study how the human brain makes decisions. My favorite dog—a pug named Newton—had died the previous year, and somewhere in the back of my mind I had been pondering what the dog-human relationship meant. Had Newton loved me in the same way I had loved him? Or had it all been a sham, an innocent duplicity propagated by dogs to act all cute and stuff in exchange for food and shelter?


In Newton’s place, our family had adopted a skinny black terrier mix, whom we named Callie. She was as opposite a pug in appearance as in demeanor. Insecure and high-strung, she tended toward bullying the other dog in the house, a sweet golden retriever who didn’t put up any resistance. But besides Callie’s feistiness, she had another trait that no other dog I had owned had possessed: curiosity. Callie loved to learn new things. The usual dog tricks were a breeze, and Callie soon discovered interesting things about life in a human household. Useful tidbits like how door handles worked. No need to wait for the humans to get into the pantry. Callie figured out that if she rose up on her hind legs, she could use her front paws to pull the handle down and out. She did it with such alacrity that you would have thought she was a capuchin monkey with opposable thumbs. This skill, unfortunately, was a hard-earned one that landed her in the ER with a stomach filled to the brim with who-knew-what.


I needed to give Callie something to do. Why not put her skills to more productive use than finding creative ways to swipe food, such as training her to go into an MRI so I could figure out what she was really thinking?


I sought out the help of Mark Spivak, who ran a local dog-training company called Comprehensive Pet Therapy. Mark was up for the challenge, and we began working through all the little details necessary to train Callie to hold still inside an MRI long enough for us to see how her brain worked. Sedation was out of the question for two reasons. She would have to be completely awake so that we could see how her brain processed things like smells, sounds, and, most importantly, communication from her owner—me. And because we set out to treat her in the same way that we would treat a human participating in an MRI study, she had to be able to leave the scanner whenever she wanted. Like a human, our canine participant would be a volunteer. That meant no restraints.


I built an MRI simulator, which I parked in our living room. We constructed mockups of the “head-coil” that picked up signals from the brain, and Mark and I quickly taught Callie how to shimmy into it. Although the process was mostly trial-and-error, and we hit many speed bumps along the way, it turned out not to be as difficult as we initially thought it would be. With just a few months of training, Callie had graduated from a discarded dog in an animal shelter to the first dog to have her brain scanned voluntarily while fully awake and unrestrained.


Encouraged by our success, we solicited the help of the local dog community to join this groundbreaking project to investigate the workings of the canine mind. Much to my surprise, we had no shortage of volunteers. So many volunteered that Mark and I developed a tryout protocol so we could identify the dogs who would be most likely to succeed in MRI training. Within a year of Callie’s first scan, the team had grown to nearly twenty dogs. To accommodate all these dogs and people, we held MRI practice every Sunday afternoon, alternating weeks between the “A-Team” and “Bravo Company.”


We began with very simple experiments to see how dogs’ brains responded to hand signals that cued the delivery of treats. In humans, it was already known that a key brain structure, called the caudate nucleus, responded in anticipation to things that people liked, such as food, money, and music. So when we discovered that the dog’s caudate reacted similarly to hand signals, in anticipation of the treats, we knew we were on to something important. The dogs took this all in stride as just another fun activity they did with their owners, and their brains responded much as a human’s would to a pleasurable experience. As the dogs became increasingly accustomed to the MRI, we were able to design more complex tasks for them to do. When we presented smells of people and other animals to the dogs, we found that the reward response occurred in the dogs’ brains only for the smells of the people in the household, and not for the smells of the other dogs. Because food wasn’t directly linked to these odors, this was the first hard evidence that dogs might experience something like love for the people in their lives.


The Dog Project soon consumed my life, eclipsing the human work in the lab. Because of its potential to improve the training of military working dogs, the Office of Naval Research began supporting our research, and we expanded the number of dogs in the project as well as the complexity of the tasks they performed in the MRI. Not only was it fun, but I had the feeling that we were on the verge of gaining new insights into the minds of our best friends.


As I learned more about the canine brain, I became convinced we had much in common with dogs at the deepest levels. The same basic structures for emotion could be found in both dog and human. But there was a bigger question here, beyond one of emotions, which I had conveniently suppressed as we had built up the Dog Project.


The question came to the surface at a conference on vegan issues. I had been reluctant to accept the invitation to speak because I wasn’t a vegan, but the organizers assured me that they just wanted to hear what we were learning about the canine mind. Personal eating practices were not on the agenda. That might have been the plan, but it didn’t turn out that way. After my talk on the Dog Project, a fellow speaker accused me of being a “speciesist” because I gave dogs special status, even to the point of feeding them the ground-up flesh of other animals in the form of hot dogs. It was an awkward moment, and I felt duped by the conference organizers.


Was I a speciesist? Probably.


Was that bad? I didn’t know.


Four years into the project, there was no denying that our work had raised a bigger question: If we had evidence that dogs experienced emotions similar to those of humans, what about other animals?


People began asking me whether cats could be trained to go into the MRI, and occasionally about whether pigs might be trainable. I knew that wasn’t likely, and scanning sedated animals didn’t seem ethical or likely to yield much useful information about animal cognition. I was at an impasse: the possibility of studying other animals seemed a fantasy.


The turning point came when Peter Cook joined the lab. Peter had come to the project from Santa Cruz, California, where he had completed his PhD on sea lion memory. He was passionate about figuring out how animals’ minds worked, especially in their natural environments. California sea lions, though, had been stranding in large numbers. Some of the sea lions could be rehabilitated, but others suffered from unremitting seizures and had to be euthanized. Peter arranged for us to get their brains. I never imagined I would be in the business of scanning dead brains, but I was surprised by what we learned about the animals they came from. It was some comfort to know that even in death, these animals could tell us something about the worlds they had inhabited. The sea lions were just the beginning. Using new MRI techniques, we started pushing the boundaries of what we could scan. Other animals. Specimens locked away on museum shelves. And even the brains of animals that were thought to be extinct.


What is it in a human brain that makes a human, or in a dog brain that makes a dog? For centuries, anatomists focused on size. Bigger meant more neural real estate, and the assumption had been that bigger was better. This principle had been taken to apply to the whole brain, where bigger brains were associated with greater intelligence. And it had also been applied to parts of the brain, where the size of specific structures was thought to indicate the importance of the function of that region to the animal. There was some truth to this. Dogs had a large olfactory bulb, indicating the importance of smell in the dog’s world.


But size alone does not explain how brains work. What really matters is how the different parts of the brain are connected to each other. This is the new science of connectomics. Recent advances in MRI have allowed us to examine in exquisite detail the wiring diagram of human brains. If I, or anyone else, were to ever figure out animals’ minds, it was going to come from the analysis of these connections and how they coordinated activity throughout the brain. That was where internal experiences, including emotions, came from.


These were exciting times to be a neuroscientist, and the Dog Project was just the beginning. The deeper I got into the dog brain, the more obsessed I became with learning about other animals. If we could learn about their inner experiences, maybe we could communicate with them better. What if a dog could tell us exactly how she felt? And what would a pig say about a slaughterhouse? What did a whale think about all the noise flooding the ocean from ships and submarines? The inevitable result of these investigations was not just that we were going to realize that the inner worlds of animals are a lot richer than we had imagined, but also that we need to rethink how we treat them.


This is a book about brains, and about the minds of the animals they come from. In academics, such investigations fall under the umbrella of comparative neurobiology. All neuroscience is comparative at some level, but few neuroscientists dig deep and ask why the brains of animals look the way they do and how that relates to their mental experiences. These are hard questions. They get at the heart of what makes us human, and they raise troubling issues about the possibility that we may not be that different from many of the creatures with whom we share the planet.


The book is organized in roughly the sequence in which I branched out from humans to dogs to other animals, but the similarity of brains is the thread binding these adventures together. Over and over, I found structures in the brains of animals that looked to be organized in the same way as the corresponding parts of our own brains. And not only did these parts look the same, but they functioned in the same way.


The relationship between brain structure and cognitive function is complex and frequently depends on the coordination of multiple brain regions. Until recently, it wasn’t possible to describe in detail the interconnectedness of the brain. But this has changed in just the past few years. Advances in neuroimaging and the software used to analyze brain networks have yielded new insights into human brain function, and there is no reason why the same tools can’t be applied to animals’ brains.


These techniques also suggest a way to understand the subjective experiences of other animals. Where structure-function relationships in an animal’s brain are similar to those in our brains, it is likely that the animal is capable of having a similar subjective experience as we do. This, I believe, is the path toward understanding what it’s like to be a dog, or a cat, or potentially any animal.


Dogs figure prominently in several chapters because dogs are familiar to all readers and because I think they are the best research partners. I also venture into the ocean to discover what the minds of our marine relatives are like. There are chapters on the most doglike of marine mammals, sea lions and seals, and a chapter on one of the most mysterious animals on the planet: dolphins. With their great intelligence and sociality, dolphins have intrigued both the public and scientists for decades. But they have long been inscrutable. Now, using new imaging techniques, we are learning how dolphins’ brains are wired and what this means for life underwater. We may soon be able to communicate with each other.


And then there is the Tasmanian tiger, officially known as the thylacine. The “Tassie tiger” was a carnivorous marsupial that looked strikingly like a small wolf. It is believed to have become extinct in 1936, when the last one died in the Hobart Zoo in Australia. But claimed sightings of this mysterious creature continue to this day. I began a quest to find intact thylacine brains to see what I could discover about their inner lives, and ultimately, I located a preserved brain in the vaults of the Smithsonian Institution—one of only four known to exist in the world. I received permission to scan it with the new MRI tools. But that was just the beginning of an odyssey that took me to Australia in search of more brains and to scan the thylacine’s closest living relative, the Tasmanian devil.


The book ends as it begins—with dogs. Although I admit to being an unabashed speciesist, I have come to think of dogs not just as man’s best friend, but as ambassadors to the animal world. They still have enough wolf in them for their brains to tell us something about being a wild animal. The challenge lies in creating a means to communicate with each other. I believe that we should look to their brains. And so, the final chapters are about probing the limits of canine understanding of human language and what that means for the rights not only of dogs, but of all animals.















Chapter 1



What It’s Like to Be a Dog


In the early spring of 2014, a dedicated group of volunteers coaxed their dogs into a simulator of an MRI scanner.


While waiting his turn, a big, yellow dog named Zen bounded over to me and lowered his head while raising his butt in the air. He wagged his tail, insisting that I play with him. I obliged Zen’s request and tussled with him. After a few minutes of gentle tumbling, Zen had had enough and demonstrated why his name was so apt. He sat his rump on the floor and, in no particular hurry, let his front paws slide out in front of him. He stared back at me, looking as peaceful and inscrutable as the Sphinx.


I wondered what it was like to be Zen.


Zen was a cross between a yellow Lab and a golden retriever, and he was one of the veterans of the Dog Project. As a puppy, he had been slated to become a service dog, but when he entered adolescence, his handlers thought he was too distractible for assistance duty. He was released from the program to be adopted by his puppy-raiser. By tradition, all the dogs of a litter have names beginning with the same letter. Zen just happened to be born into a litter assigned the letter Z. Whoever named him could not have had any idea of his future personality. Maybe dogs grow into their names, but the fact that his name captured his personality seemed like some kind of karmic coincidence.






[image: image]

Zen. (Gregory Berns)








A diverse group of dogs and humans filled the practice space. Zen and his fellow service-dog washouts formed a loose grouping on one side of the room. His buddies included Pearl, a compact and energetic golden retriever who had also been released for distractibility. There was Eddie, short for Edmond, another Lab-golden cross, who could have been Zen’s twin but was released for a predisposition to hip dysplasia. Ohana, a pure golden retriever, was slightly less kinetic than Pearl. Kady, a sweet retriever mix, had been released for being too shy. And then there was Big Jack, a phlegmy, one-hundred-pound golden retriever getting on in years, who was happiest when getting a steady supply of hot dogs.


On the other side of the room, Peter Cook, a postdoctoral fellow from Santa Cruz who had studied sea lions, was supervising a second group of dogs who were less humanized than the retrievers. This crew of irrepressible dogs was led by Libby, a liver-brown pit mix with a limp tail who was holding as still as a statue in the chin rest we’d designed to help the dogs keep their heads in position during imaging. Her owner, Claire Pearce, had found Libby wandering on the side of a highway in California. It was only because Claire was an experienced animal trainer that Libby had become socialized enough to be around people. But being around other dogs was another story. They still sent Libby into a fit of barking and lunging. Claire had staked out a corner of the room where she could control Libby and where Libby wouldn’t disturb the other dogs.


Although many of the other humans participating in the Dog Project didn’t like Libby, I was fond of her. She reminded me of Callie, the black terrier mix whom my wife had adopted from the humane society. Even though Callie was emotionally distant, insecure, and had a tendency toward bullying, she was eager to work. She’d been the first dog to train for the MRI, and the bond we had formed during the project was as intense as any I had ever had with a dog.


Zen and his gang of retrievers were great dogs, the kind every child would love to have, but dogs like Libby and Callie were slightly less domesticated, slightly wilder creatures. They seemed like throwbacks to the last ice age, when our prehistoric ancestors bonded with wolves and turned them into dogs. Living with dogs like Libby and Callie meant accepting unpredictability. Whether these differences in personality came from genetics, levels of puppy socialization, or variations in brain function, nobody could say, but I aimed to find out what it was in Zen’s brain that made him Zen, and what made him different from Libby and the other dogs.
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Libby. (Gregory Berns)








The undertaking was not without controversy. Many academics rejected the idea that we could know the mind of an animal, even with modern neuroscience techniques. The crux of the problem was an influential essay by the philosopher Thomas Nagel titled “What Is It Like to Be a Bat?” Neuroscience, Nagel had said, could never explain the subjective experience of having thoughts and feelings. Even if we knew how a bat’s brain worked, it wouldn’t get us any closer to what it would be like to be a bat. Bats were just too different from humans. Consider sonar. Because humans had no such faculty, we could never imagine what it was like to be a bat using sonar. And forget about flying. According to Nagel, nothing in the bat’s brain could tell us what it was like to fly.


Nagel’s essay cast a long shadow over the interpretation of neuroscience data. Neuroscience dealt with the measurable properties of the brain, but subjective experiences were not so easily quantified. No instrument existed to measure the full experience of smelling a rose or what a dog felt when his owner came home. And the harder we tried to pin down the objective qualities of these experiences, the further we moved away from the unique subjective experience of what they are like. Without the means to quantify the subjective experience, there could be no marriage with neuroscience. According to Nagel, we could deconstruct brains all we wanted, but without the link between subjective and objective, we would never get any closer to knowing what it was like to be an animal. The argument applied to humans, too. No matter what we said or did, there would be no way to fully know what it was like to be someone else without actually being that person. According to this logic, looking in a person’s brain wouldn’t help.


His two examples, flying and echolocation, at first glance do seem very different from human experience. But thrill seekers now regularly don wingsuits and sail through alpine canyons. They look like human bats, and those who dare to take flight can tell us what it is like to fly. Even the echolocation argument falls flat. We all have a nascent ability to sound out a room. Simply by speaking, it is not difficult to make out the differences in size and composition of a bathroom, a dance hall, or a concert auditorium.


When we ask what it’s like to be a bat, or a dog, we are asking about the internal experience of an animal. Call it a mental state. The question is one of internal versus external perspectives. Nagel argued that we couldn’t know what it’s like to be a bat (or another person) without being that individual, because subjective experience is an internal perspective—how an individual feels on the inside—and that is different from how they might describe the feeling to someone else or what another person might observe about them. The description of internal feelings is one way to share experiences with each other, but as Nagel pointed out, they are not the same thing as the experience itself.


But just because we can’t be another human being doesn’t mean we can’t have a pretty good idea of what it’s like to be someone else. Language plays an important role, allowing us to communicate and describe stuff to each other, but even language may not be all that necessary for the sharing of experiences. The main reason we can describe events to each other is that humans share the same physical attributes and inhabit the same environments. We’re so similar that language can ride on top of these commonalities, acting as a symbolic shorthand.


These commonalities extend to other animals. We share basic physiological processes necessary for life with many different types of animals, and within the class of mammals, we share even more. We all breathe air. We have four limbs. We sleep. We eat. We reproduce sexually and give birth to live young that nurse for a period of time. And many mammals are highly social. With such physical similarities, the structure of our internal experiences is not likely to be as different as has often been assumed.


These physical domains suggest a way to understand the internal experience of another individual. Instead of trying to answer the big question of what it is like to be a dog, we can be more precise. What is it like for a dog to experience joy? Even more specifically, what is it like for Zen to experience joy? Or what is it like for Libby to refrain from barking at other dogs? Obvious domains in which we could ask questions include perception, emotion, and movement. There are also domains necessary for the maintenance of bodily functions, such as sleep, thirst, and hunger. The sum total of all of these domains constitutes mental experience.


Humans have a few extra dimensions, notably language and symbolic representation. Apart from communicating with each other, language lets us conduct an internal monologue. It rides on top of the other domains, labeling other aspects of experience. We can’t help it. Some have argued that language is so integral to human experience that words change everything. William James, the father of American psychology, wrote that a man is afraid of a bear only because he becomes aware that his heart is beating faster and says to himself, “I’m scared!”


The primacy of language had caused many researchers to abandon the possibility of knowing what an animal experienced. Because a dog can’t say to himself, “I’m scared,” some scientists had even taken to redefining the most studied animal emotion—fear—as a behavioral program that an animal implemented to avoid something painful. This was a step backward toward a Cartesian view of animals as automatons.


Some might think that a scientist should remain agnostic, but the same wait-and-see attitude had dominated the debate about climate change. It is true that much remains unknown about the climate, but at a certain point the evidence becomes too much to ignore, and any rational person will come to the conclusion that the planet is heating up because of human activity. The same is true for the mental lives of animals. As with climate change, there were consequences for denying their existence. Continued agnosticism about animal emotions, or even the degree of consciousness in different animals, had allowed people to exploit them in myriad ways. But this was beginning to change.


Before modern neuroscience techniques became available, the only way to gain access to mental states was by observing behavior, or, in the case of humans, by asking what a person was thinking or experiencing. Both are imperfect measures of mental states. The observation of behavior requires us to make assumptions about what an individual is experiencing internally. This works pretty well with people because of our physical similarities and shared culture, but with animal behavior we have a larger gulf to bridge to their internal states. And what if an animal isn’t doing anything? How can we know what he or she is feeling, if anything at all? These types of questions were at the heart of Nagel’s argument against the possibility of knowing what it was like to be an animal.


There might have been self-serving reasons for scientists to conclude that animals didn’t experience emotions. Scientists had to justify invasive research procedures. But I found such rationalizations self-serving and disingenuous. The inability of animals to label an internal state did not mean they didn’t experience something on the inside akin to what a human would experience under similar circumstances. And I wasn’t the only one to question the status quo. With the benefit of forty years of progress since Nagel’s essay, the pendulum was now swinging in favor of neuroscience. Two recent advances had shown that we could, in fact, use the brain to know what it was like to have mental experiences even in the absence of outward behavior.


In 2006, Adrian Owen, a Cambridge neuroscientist, used functional magnetic resonance imaging (fMRI) to study the brain responses of a twenty-three-year-old woman who was unresponsive after a traffic accident had caused severe brain trauma. By all clinical measures, she was in a vegetative state. Yet, when Owen and his team spoke to her, they observed increased activity in the left frontal cortex, especially to sentences that had ambiguous meanings. Even more remarkably, when the woman was given instructions to imagine herself playing tennis or visiting the rooms of her house, Owen had observed increased activity in the regions of her cortex associated with spatial navigation. Owen’s results were hugely important. They demonstrated that internal subjective experiences could become disconnected from outward behavior, but that brain imaging could reveal the inner side.


In 2008, Jack Gallant, a psychologist at the University of California, Berkeley, pushed the boundaries of brain-decoding even further. Gallant demonstrated that he could determine what a person was looking at just by measuring activity in the visual cortex. Over the next several years, Gallant increasingly refined the technique to the point where he could determine not only what a person was looking at, but the type of image it was (such as a person, object, or scene), and even when a person was remembering an image instead of seeing it. Gallant’s techniques proved that, without a doubt, measures of physical activity in the brain could be translated into discrete mental states—in this case, visual imagery. It was a triumphant vindication for the material reductionists. Specific mental domains could be decoded from the brain.


If these techniques worked for humans, there was no reason why similar approaches couldn’t be used to decode animal states of mind. Knowing what it was like to be a bat, or a dog, began to seem like a real possibility.


With Libby warmed up, Claire released her from the chin rest. Libby saw me watching her and took that as an invitation to play. She tried to accelerate to full speed, but without traction on the slippery floor, she half-ran, half-hopped in excitement over to me. She leapt toward my face. Anticipating this, I dodged to the side, and Libby went whizzing by. Only then did I kneel down to accept her aggressive face-licking.


Claire came over and clipped on Libby’s leash. “Libby. Enough.”


Libby sat her butt on the floor and swiveled her head back and forth between Claire and me. It took every ounce of self-control for Libby not to leap at my face in slobbery excitement. If she didn’t have a limp tail, it would have been sweeping the floor.


“Let’s put her in the tube,” Peter said.


The tube was a six-foot piece of Sonotube, which normally would have been used as a mold for concrete pillars. I had repurposed it to simulate the inside of an MRI scanner. It was mounted horizontally on a table in the center of the practice space and had a piece of plywood inside of it to serve as the patient table.


Claire led Libby to a set of portable steps that ascended to the opening of the tube. Libby had been participating in the Dog Project for three years, and she knew what to do. She rocketed up the steps and scrambled into her chin rest, a block of foam with a semicircular cutout to match the profile of Libby’s muzzle. The chin rest was affixed to a mockup of the head coil, the part of an MRI that picked up signals emanating from the brain. The human version looked like a Stormtrooper helmet out of Star Wars, but for the dogs we only used the lower part of the coil, the piece that normally sat around a person’s neck.


With Libby in a crouch position and her head in the coil, Claire began to run through trials of a new experiment. All of our previous studies had been passive tests. In those experiments, we had presented stimuli in the form of hand signals, computer images, treats, and smells. The dogs didn’t have to do anything other than hold still while we measured their brain responses, and the experiments had been tremendously successful. We had trained more than twenty dogs in this way, and we had published several papers on how the reward center of the dog’s brain worked. But now Claire and Libby were practicing something far more complex. They were working on an active task. Libby would, for the first time, perform a behavior during a live MRI scan.


Studying dog behavior while scanning ran counter to all of the requirements for motionlessness that we had established in the passive studies, but it was the key to understanding what made Libby Libby, and what in her brain made her different from Zen. Their outward behaviors made clear that they were different from each other, but we couldn’t very well have them in the MRI reacting to dogs and people. Maybe Zen would have remained still with characteristic aplomb, but Libby sure as hell wouldn’t have.


So we borrowed an experiment from the field of human psychology, something that even children could do. It was called the Go-NoGo task.


With Libby in the simulator, Claire took out a plastic dog whistle.


Claire stared down the tube at Libby and blew.


Without hesitation, Libby nudged a small plastic target taped to her chin rest about a centimeter from her nose. Claire pressed a button on a palm-sized box, making a loud click. The clicker indicated to Libby that she had done the right behavior, and Claire rewarded her with a treat.


So far, so good. Libby had learned that the whistle meant: Poke the target. For most of the dogs, this had been remarkably easy to train. We had started with targets on the floor. Just by pointing to the target, we could signal to the dogs that they could investigate, which they would do happily. It was a simple matter to blow the whistle at the same time as pointing. When a dog touched the target, the owner rewarded the dog with a treat. Pretty soon, the pointing became unnecessary.


Next came the hard part. With the whistle still in her mouth, Claire raised her arms and crossed them in the shape of an X. This meant: Don’t move. Even when you hear the whistle.


With her arms crossed, Claire blew the whistle at a low volume.


Libby stared impassively.


“Good,” Peter said. “Reward her.”


To make sure this wasn’t a mistake, Claire lowered her arms and blew the whistle again. Now, Libby poked the target.


“Good girl!” Claire exclaimed while giving her another treat.


It appeared that Libby understood that the whistle meant Go and crossed arms meant No-Go, overriding the whistle.


“That looks great. Let’s go up on the whistle volume,” Peter said.


Repeating the drill, with arms crossed and the whistle louder still, Libby continued to hold still in the chin rest. I was thrilled. This is a difficult task even for humans.


The Go-NoGo task has been a staple of the psychologist’s toolbox for decades. We were using the whistle to signal Libby to perform a nose-poke, but a human doing this task has to press a button on a keyboard. Even humans require a fair bit of self-control to do a Go-NoGo task, and individuals vary in their ability to do it well. Young children, lacking development of the frontal lobes, can’t do it at all. I hoped this individual variability would also be present in dogs, because that would open a window into the differences in their brains.


Dogs don’t have very big brains. They are about the size of a lemon, and relatively speaking, the frontal lobes are far smaller than those in humans. It is no surprise that dogs aren’t great masters of self-control. Sure, dogs can learn tricks and even sit for long periods of time waiting for their humans to toss them treats, but around my house, our dogs are constantly on the prowl to swipe forbidden items like food and underwear. Even though she could barely reach the top of the kitchen counter, Callie was skilled at lapping up morsels of food by tipping her head sideways and extending her tongue like an anteater. Either she couldn’t help herself, or she had immense self-control and knew just how far the humans could be pushed before someone yelled at her.


Self-control, or rather the lack of it, often lands dogs in shelters. Biting, barking, property destruction, and household urination are the most common reasons people give up their dogs. Understanding which parts of the dog brain are responsible for impulse control and how these regions work had become a major goal of the Dog Project. If we could make progress in this area, we might be able to decrease the number of dogs surrendered to shelters that get euthanized.


Libby was confounding the team. She had little impulse control around other dogs, but became a model canine citizen while in the MRI simulator. Our simple idea of self-control as something a dog either had or did not have was incomplete. If Libby could have great self-control in one situation but not another, it had to be dependent on context. We wanted to know how.


Although the other dogs weren’t as excitable as Libby, many of them had a difficult time learning the Go-NoGo task. It took some of them several months to achieve Libby’s level of proficiency. I couldn’t fault the dogs. After all, many had been participating in the MRI project since its inception. When they were in their head coils, whether in practice or in the real scanner, they were not to move. The Go-NoGo task went against all their training. And although Libby seemed to adapt to the new circumstances, the other, more passive dogs seemed stuck in their old habits. I didn’t know if they were stubborn or confused.


Kady typified this mental inertia. Like Zen, she was a cross between a golden retriever and a Labrador. She had a dense blonde coat, almost snow-white, which set off her big chocolate-colored eyes. Kady was one of the sweetest dogs I had ever met, but I also had to admit that she seemed rather vacuous, adrift without purpose unless her owner, Patricia King, was there to tell her what to do. No doubt much of this was genetic. As a potential service dog, Kady had come from a long line of dogs selected to do the bidding of humans who could not do things themselves. It was almost as if Patricia were Kady’s auxiliary brain. For dogs like Kady, it wasn’t clear whether we could separate her wishes from her owner’s, or whether that was even a meaningful distinction.


Behavior alone wouldn’t tell us what it was like to be Kady, because behavior could be driven by a variety of motivations. Only by reading out the state of her brain could we gain insight into why she did something or not. And with Libby and Kady at opposite ends of the spectrum of dog compliance, we had a perfect opportunity to sort out the interplay between what a dog wanted and what was allowed.


But first we had to get Kady to engage in this new type of task.


Kady didn’t even want to touch the target. This was strange, because Kady’s favorite game was to play ball. I had thought that chasing a ball would be similar to nose-poking a plastic target. Both activities involved doing something with the nose and mouth. But, once again, I had fallen into the trap of thinking like a human instead of a dog.


When Kady was in her head coil, she never moved, which was why she had been our best and most consistent dog in the project. It had made scanning a breeze. The downside was that as soon as we changed the context of the task, Kady shut down. It appeared that rather than being able to figure out what was required of her, she had opted to go immobile and wait for cues from Patricia.


Fortunately, we could piggyback on dogs’ preternatural ability to follow human pointing. Brian Hare, an evolutionary anthropologist at Duke University, had studied this ability in several species, including dogs and primates. He found that dogs seemed to know that when a human pointed at something, they should look at the thing being pointed to. To a human, this may seem obvious, but other primates could not do it without a lot of training, assuming they could learn it at all. A monkey might just stare at your finger. Researchers debate whether following a point is innate or learned. Monique Udell, a canid behaviorist at Oregon State University, showed that wolves raised by humans since birth did just as well as dogs on pointing tasks. She argued that human hands carry special significance to dogs and socialized wolves, because the canids quickly learn that human hands often dispense treats. In her view, it is a natural extension of the significance of the hand to look where the hand points, especially when the hand itself doesn’t contain food. Hare, conversely, argues that the behavior is innate, and that it has been bred into dogs over millennia. Regardless of whether the ability to follow a pointed finger is innate or learned in dogs, however, we used it to teach Kady what to do.


First, with the plastic target on the floor, Patricia pointed to it. Kady went to Patricia’s finger and nosed around with her butt in the air and tail wagging. No doubt she expected a treat. In the process of nosing around, Kady inadvertently knocked over the target. This of course was the goal, and as soon as she did, Patricia said, “Good girl!” and gave her a treat.


Kady didn’t yet know what had happened, but she knew it was fun.


And so they repeated this exercise again and again.


After about twenty repetitions, it finally clicked. When Patricia pointed to the target, Kady ran over to it and knocked it down with purpose. Only after hitting the target would she look at Patricia for her praise and treat. She had learned that treats were contingent on knocking down the target.


Once Kady learned that knocking down a plastic target was a fun game, Patricia introduced the whistle. Instead of simply pointing at the target, Patricia blew the whistle at the same time as pointing. Once again, after another twenty repetitions, Kady transferred the association to the whistle, and Patricia didn’t need to point at all.


With Kady reliably nose-poking, it was time to transfer the target into the head coil. For this experiment to work, all the dogs, timid or not, would need to nose-poke the target in the head coil in the MRI. But dogs are surprisingly sensitive to context. Just because Kady had learned to nose-poke on the floor didn’t mean she would do the same thing in the head coil. Even though it seemed obvious to us that the target was the same, we had no guarantee that Kady would see it that way. We didn’t yet know what it was like to be Kady.


With Kady in her head coil and the target taped to her chin rest about a centimeter from her nose, Patricia blew the whistle. And Kady just stared right back at Patricia. I couldn’t read any expression in Kady’s eyes.


Patricia tried a few more times and looked up in exasperation. “What do we do now?”


The answer, of course, was to do exactly what she had done on the floor. Point and, if necessary, tap the target in conjunction with blowing the whistle until Kady understood what we wanted her to do.


For the dogs like Kady it was slow going. Unlike Libby, they just didn’t want to move in their head coils. In the end, all the dogs were trained to nose-poke on the whistle and, to varying degrees, inhibit the nose-poke when the crossed-hands signal was raised. Some dogs got it down in a couple of months, while others took six months.


Then it was on to the scanner. If we were lucky and had properly designed this experiment, we would soon find out what was going on in the minds of these dogs.













Chapter 2



The Marshmallow Test


Patricia liked to go to the MRI early, so she and Kady got the first slot on a beautiful day in April 2014. I had arrived thirty minutes earlier to boot up the scanner computers and get the room ready for dogs. I put fresh sheets on the patient table and placed the pet steps at the foot of the bed so the dogs could walk up into the bore on their own. Peter came a few minutes later and began setting up his equipment at the rear of the magnet. First was the button-box that Peter would use to time-stamp each trial. He would push one button when Patricia blew the whistle and another when Kady nosed the target. Next, Peter taped a mirror inside the bore of the magnet so he could see when Kady actually touched the target. Finally, we duct-taped Kady’s chin rest in the head coil, and, with the push of a button on the side of the scanner, sent the whole thing into the center of the magnet.


Kady bounded into the control room, tail and butt wiggling from side to side. This was the tenth time she had done this. Not a trace of anxiety. After a few minutes to let her settle down, Patricia told Kady, “Coil!”


Kady bounded up the steps, plopped her head in her chin rest, and waited for Patricia to come around to the rear of the magnet where they could face each other. The plan was to warm up by running through ten Go and ten NoGo trials without actually scanning. We didn’t expect perfect performance, but anything near 80 percent accuracy on both trial types would be good.


But Kady had reverted to her I do not move in the MRI mode. No amount of whistling could get her to budge. Time for problem-solving. Mark suggested that we take her out of the scanner and get her back into play mode.


“Release!” Patricia said.


Kady backed out and walked down the steps, looking as if nothing were amiss.


We put some plastic targets on the floor just like when we’d first taught her. Even though we liked the dogs to be calm, in this case I played into Kady’s personality and started tussling with her to get her more excited and wanting to play. Patricia whistled and pointed to a floor target. Kady ran to her, knocking over the targets. We all cheered.


After ten minutes of bowling for targets, Kady seemed ready to try again in the scanner. This time it worked. Although she wasn’t perfect, she nose-poked the target on about 75 percent of the whistles. We were ready to go live.


MRI is a wonderful tool. It is, by far, the best technology for looking inside the body. No X-rays or other forms of ionizing radiation are required, just an extremely powerful magnet and a lot of highly engineered software to construct images. And because no radiation is involved, MRI is safe.


But MRI scanners can be temperamental. Parts fail and mysterious errors appear on the control panel, requiring the attention of the secret order of technicians known as MRI repairmen. The main source of this complexity is the requirement that the magnet be kept cold. Everything depends on generating a magnetic field 60,000 times as powerful as the Earth’s. And the only way to do this is by wrapping miles of electrical wire around a tube and then sending an electrical current down the line. The electrical current creates a magnetic field aligned with the bore of the tube. The problem is that it takes a lot of electrical current to generate big magnetic fields—so much current that it would melt any copper wire. It wasn’t until the 1970s that this problem was solved by the discovery of a special class of materials known as superconductors. MRIs use wires made of niobium and titanium. When these exotic metals are cooled to extremely low temperatures, they lose all electrical resistance and can handle as much current as needed. Because they have no electrical resistance, the wires don’t heat up and the current doesn’t dissipate. Once it is energized, a superconducting magnet is always on.


These low temperatures can only be supplied by liquid helium. Normally, helium exists as a gas that is lighter than air. But if you cool it down enough, eventually it will condense out of its gas phase into a liquid form. This happens at around–269°C (–452°F). Left on its own, the helium would simply boil off into outer space. You have to keep a lid on the whole system, like you do with a pressure cooker. Even then, the laws of thermodynamics dictate that the helium will slowly revert to gas form. A pump keeps compressing it to maintain the liquid state as long as possible.


All of the pumps and tubes give the impression that the MRI is alive. The compressor, which is called the cold-head, sounds like a ventilator. When you walk into the magnet room, the first thing you notice is the kachunk-kachunking of the cold-head. It never stops. At least it isn’t supposed to. When we installed our new MRI scanner in the psychology building at Emory University, it unexpectedly vented helium, which caused the loss of superconductivity and the collapse of the magnetic field, a costly event called quenching. Because of our magnet’s volatile temperament, we named the scanner Penny, after the similarly unpredictable character on The Big Bang Theory.


Although the magnetic field of the MRI is always on, the actual scanning involves the addition of small amounts of magnetism in precise locations. The additional fields are controlled by auxiliary magnets called gradient coils and are located just inside the bore of the scanner. When you send electrical current through the gradient coils, you can isolate specific locations in the brain. Sophisticated software controls the gradients so that each location in the brain is isolated in rapid sequence.


If the gradients operated behind the scenes, none of this would matter. But the rapid cycling of the gradient fields is loud. Every time the gradient currents are changed, the coils vibrate, and these vibrations get transmitted through the entire scanner. The MRI acts as a massive loudspeaker with our dog participant smack in the center of it.


Early on in their training, we acclimated the dogs to the scanner noise by playing recordings of it at the appropriate volume. But the gradients are so loud that the dogs still needed hearing protection. We used the same type of foam ear plugs for the dogs as we gave to humans going into the scanner, except the dogs’ ear plugs were held in place with a colorful wrap. And for the dogs who didn’t like things in their ears, we gave them ear muffs.






[image: image]

Patricia wraps Kady’s ears in preparation for scanning. (Helen Berns)








With our participant wrapped and Peter in position, Patricia commanded, “Kady, coil!”


From the control room, all I could see was Kady’s rear. When she looked comfy, I checked her positioning with a localizer scan. This is a ten-second scan that gives a snapshot of whatever is in the coil. For this type of scan, the gradients make a low-pitched buzzing that doesn’t seem to bother many of the dogs. As expected, Kady’s brain was dead center in the field of view.
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Kady settles into her chin rest in the MRI. (Gregory Berns)








Next up were the functional scans. This was the sequence that would capture Kady’s brain in action. With functional MRI, or fMRI, the scanner is programmed to acquire brain images rapidly and continuously. How rapid depends on how big the brain is. For humans, it takes about two seconds to acquire the whole brain, but because dog brains are only the size of a lemon, we can capture the whole thing in half that time. The end result is a sequence of images not unlike a movie. Because fMRI cycles the gradients at high speed, the sound pressure is ninety-five decibels, which is equivalent to the noise of a jackhammer at a distance of fifty feet. Hence, the necessity of ear protection.


I hit the scan button on the control panel. The jackhammering cued Kady and Peter that we were live.


As Patricia put up the first hand signal, images of Kady’s brain began streaming to the console. As functional images, these did not contain a lot of detail. The scans were optimized to pick up changes in the oxygen level in the blood vessels surrounding the neurons. When neurons fire, the neighboring blood vessels dilate, letting in fresh blood for the neurons to recharge their energy stores. In fMRI, the scanner picks up the changes in blood flow, revealing the location of neural activity. It is called the blood oxygenation level dependent response, or BOLD for short.


The BOLD response is tiny—less than 1 percent of the total signal. To make matters worse, the fMRI signal itself is noisy, bouncing around by 5 to 10 percent. Some of this noise comes from the thermal motion of water molecules, but most of it is physiologic in origin. Pulsing blood causes the brain to move with every heartbeat. The respiratory cycle induces motion in the head while altering the concentration of oxygen and carbon dioxide in the blood. These sources of noise conspire to swamp the BOLD signal. Fortunately, the law of large numbers provides a way to overcome noise by averaging many repetitions. Random noise drops by the square root of the number of repetitions. So 100 trials in the scanner would drop the background noise by a factor of 10.
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