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Introduction

For as long as there have been human relationships, we have struggled with the overwhelming nature of grief following the death of a loved one. Poets, writers, and artists have given us moving renderings of the almost indescribable nature of loss, an amputation of a part of ourselves, or an absence that weighs on us like a heavy cloak. As human beings, we seem compelled to try to communicate what our grief is like, to describe carrying this burden. In the twentieth century, psychiatrists (Sigmund Freud, Elisabeth Kübler-Ross, and others) began describing from a more objective perspective what people they interviewed felt during grief, and they noted significant patterns and similarities among people. Great descriptions were written into the scientific literature about the “what” of grief—what it feels like, what problems it causes, even what the bodily reactions are.

I always wanted to understand the why rather than just the what. Why does grief hurt so much? Why does the death, the permanent absence of this person with whom you are bonded, result in such devastating feelings, and lead to behavior and beliefs that are inexplicable, even to you? I felt certain that part of the answer could be found in the brain, the seat of our thoughts and feelings, motivations, and behaviors. If we could look at it from the perspective of what the brain is doing during grief, perhaps we could find the how, and that would help us understand the why.

People often ask what motivated me to study grief and to become a grief researcher. I think this question usually stems from simple curiosity, but also perhaps from wanting to know if they can trust me. You, too, reading this may want to know if I have walked the walk, through the dark night of death and loss, whether I know of what I speak and study. The grief I have experienced has not been any worse than the grief of others I talk to, who describe their loss and their shattered life in the wake of that loss. But I have known loss. When I was in eighth grade, my mother was diagnosed with stage IV breast cancer. Cancerous cells were in every lymph node the surgeon cut out when he did her mastectomy, so he knew it had traveled already to other parts of her body. Because I was only thirteen, I did not learn until many years later that she was only supposed to survive the year. But I knew that grief came to our house, disrupting our family life, which was already struggling through my parents’ separation and my mother’s depression. That house sat high in the northern Rocky Mountains near the Continental Divide, in a rural town that benefited from the presence of a small college, where my father taught. My mother’s oncologist described her as his “first miracle”: she lived another thirteen years—a reprieve from the universe for her two teenage daughters (my older sister and me). But in this world, I was my mother’s emotional tonic, her mood regulator. My departure for college, while developmentally appropriate, only compounded her depression. Thus, my desire to understand grief originated not so much from the experience I faced personally after her death, when I was twenty-six, but from a desire to understand my mother’s grief and pain in retrospect, and to learn what I could have done to help her.

I went to Northwestern University just outside Chicago and was eager to escape rural life, to be going to college in a city where more people worked in one block than lived in my hometown. The first time I ever came across a mention of functional neuroimaging was when I read a few sentences in my Introduction to Neuroscience textbook in the early 1990s. Functional magnetic resonance imaging (fMRI) was brand-new technology, available to only a handful of researchers around the world. I was absolutely intrigued. Although I did not imagine that I would ever have access to such a machine, I was excited about the possibility that scientists could see into the black box of the brain.

Ten years later, in graduate school at the University of Arizona, I completed my dissertation, a study of an intervention for grief. A member of my dissertation committee, a psychiatrist, suggested that I had a great opportunity to see what grief looked like in the brain, and he recommended that I invite the participants from my dissertation study to come back for an fMRI scan. I felt torn. I had already completed the requirements for my PhD in clinical psychology. Neuroimaging was a whole new technology to learn, with quite a steep learning curve. But sometimes all the stars align for a project, and so we began the first fMRI study of grief. The psychiatrist, Richard Lane, had done a sabbatical at University College London, where some of the first methods were developed to analyze images from an fMRI scan. Lane was willing to teach me the analysis, but it still felt like an insurmountable task.

And yet the stars were aligned. It just so happened that a German psychiatrist, Harald Gündel, wanted to come to the United States so Lane could teach him neuroimaging methods, too. Gündel and I first met in March 2000 and felt an immediate connection. We shared a fascination for how the brain maintains the human relationships that help us regulate our emotions, and curiosity about what happens when those relationships are lost. Who would have thought that two researchers, born in two different countries and a decade apart, would overlap so much in their interests? Thus, the pieces of the study were in place. From my dissertation, I knew a group of bereaved people who were willing to undergo a scan. Gündel had the knowledge of brain structure and function. Lane had the imaging skills.

One more obstacle required benevolent intervention from the stars. Gündel was only able to come to the United States for a month; I was heading to UCLA for my clinical internship in July 2001. Alarmingly, the neuroimaging scanner at our university medical center was due to be replaced at the only time when we could all converge in Tucson, Arizona. But all construction projects suffer from the same issue: running behind schedule. So, in May 2001, the scanner schedule was empty, but the older scanner was still available. The first neuroimaging study of grief1 was done in four weeks, record time for the completion of any research project. This book offers you the results of that study, in addition to many more.

Moving to UCLA offered me the opportunity to add another area of expertise to my scientific toolkit. I completed my clinical internship there, a year of clinical work in the hospital and clinics, where I saw clients with a range of mental health and medical issues. Following my clinical internship, I embarked on a postdoctoral fellowship in psychoneuroimmunology (PNI), which is a fancy term for studying how immunology fits into our understanding of psychology and neuroscience. I remained at UCLA for ten years, transitioning to faculty, but eventually moved back to the University of Arizona. I run the Grief, Loss and Social Stress (GLASS) lab there, a fulfilling role that enables me to teach graduate and undergraduate students and direct the clinical training program. Now my days are quite varied. I spend hours reading research studies and designing new ones that will probe the mechanisms of the ephemeral experience of grief; I teach undergraduates in classes large and small; I work with other clinical psychologists around the country and the world to help shape the direction of the field of grief research; I mentor graduate students, helping them to develop their own scientific models, write manuscripts to disseminate their findings for the field, and give talks in our local community; and perhaps most important of all, I encourage each student’s gift for scientific thinking and urge them to show us their unique view of the world through a scientific lens.

Although my roles as researcher, mentor, professor, and writer mean I no longer see clients in therapy, I have many opportunities to hear about people’s grief through extensive interviews I conduct in my research. I ask all sorts of questions, and I also try to listen closely to the kind and generous people who are willing to share their stories with me. Their motivation for participating, they tell me, is to share their experiences with science so that science might be able to help the next person who goes through the awful aftermath of losing a loved one. I am grateful to each of them and have tried to honor their contributions through this book.

Neuroscience is not necessarily the discipline that springs to mind when thinking of grief, and certainly, when my quest began, that was even less the case. Through my years of study and research, I eventually realized the brain has a problem to solve when a loved one has died. This is not a trivial problem. Losing our one-and-only overwhelms us, because we need our loved ones as much as we need food and water.

Fortunately, the brain is good at solving problems. In fact, the brain exists for precisely this function. After decades of research, I realized that the brain devotes lots of effort to mapping where our loved ones are while they are alive, so that we can find them when we need them. And the brain often prefers habits and predictions over new information. But it struggles to learn new information that cannot be ignored, like the absence of our loved one. Grieving requires the difficult task of throwing out the map we have used to navigate our lives together and transforming our relationship with this person who has died. Grieving, or learning to live a meaningful life without our loved one, is ultimately a type of learning. Because learning is something we do our whole lives, seeing grieving as a type of learning may make it feel more familiar and understandable and give us the patience to allow this remarkable process to unfold.

When I talk to students or clinicians or even people sitting next to me on a plane, I find they have burning questions about grief. They ask: Is grief the same as depression? When people do not show their grief, is it because they are in denial? Is losing a child worse than losing a spouse? Then, very often, they ask me this type of question: I know someone whose mom/brother/best friend/husband died, and after six weeks/four months/eighteen months/ten years, they still feel grief. Is this normal?

After many years, it dawned on me that the assumptions behind people’s questions demonstrate that grief researchers have not been very successful at broadcasting what they have learned. That is what motivated me to write this book. I am steeped in what psychologist and grief researcher George Bonanno termed the new science of bereavement.2 The type of grief that I focus on in this book applies to those who have lost a spouse, a child, a best friend, or anyone with whom they are close. I also explore other losses, such as the loss of a job, or the pain we feel when a celebrity whom we admire greatly and have never met dies. I offer thoughts for those of us who are adjacent to someone who is grieving, to help us understand what is happening for them. This is not a book of practical advice, and yet many who have read it tell me they learned things they can apply to their own unique experience of loss.

The brain has always fascinated humanity, but new methods allow us to look inside that black box, and what we can see tantalizes us with possible answers to ancient questions. Having said that, I do not believe that a neuroscientific perspective on grief is any better than a sociological, a religious, or an anthropological one. I say that genuinely, despite devoting an entire career to the neurobiological lens. I believe our understanding of grief through a neurobiological lens can enhance our understanding, create a more holistic view of grief, and help us engage in new ways with the anguish and terror of what grief is like. Neuroscience is part of the conversation of our times. By understanding the myriad aspects of grief, by focusing in greater detail on how brain circuits, neurotransmitters, behaviors, and emotions are engaged during bereavement, we have an opportunity to empathize in a new way with those who are currently suffering. We can allow ourselves to feel grief, allow others to feel grief, and understand the experience of grieving—all with greater compassion and hope.

You may have noticed that I use the terms grief and grieving. Although you hear them used interchangeably, I make an important distinction between them. On the one hand, there is grief—the intense emotion that crashes over you like a wave, completely overwhelming, unable to be ignored. Grief is a moment that recurs over and over. However, these moments are distinct from what I call grieving, the word I use to refer to the process, not the moment of grief. Grieving has a trajectory. Obviously, grief and grieving are related, which is why the two terms have been used interchangeably when describing our experience of loss. But there are key differences. You see, grief never ends, and it is a natural response to loss. You will experience pangs of grief over this specific person forever. You will have discrete moments that overwhelm you, even years after the death when you have restored your life to a meaningful, fulfilling experience. But, whereas you will feel the universally human emotion of grief forever, your grieving, your adaptation, changes the experience over time. The first one hundred times you have a wave of grief, you may think, “I will never get through this, I cannot bear this.” The one hundred and first time, you may think, “I hate this, I don’t want this—but it is familiar, and I know I will get through this moment.” Even if the feeling of grief is the same, your relationship to the feeling changes. Feeling grief years after your loss may make you doubt whether you have really adapted. If you think of the emotion and the process of adaptation as two different things, however, then it isn’t a problem that you experience grief even when you have been grieving for a long time.

You can think about our journey together through this book as a series of mysteries that we are solving, with part I organized around grief and part II organized around grieving. Each chapter tackles a particular question. Chapter 1 asks, Why is it so hard to understand that the person has died and is gone forever? Cognitive neuroscience helps me to address this question. Chapter 2 asks, Why does grief cause so many emotions—why do we feel such strong sadness, anger, blame, guilt, and yearning? Here I bring in the theory of attachment, including our neural attachment system. Chapter 3 builds on the answers in the first two chapters with a follow-up question: Why does it take so long to understand that our loved one is gone forever? I explain the multiple forms of knowledge that our brain holds simultaneously to think through this puzzle. By chapter 4, we have enough background to dig into a primary question: What happens in the brain during grief? However, to understand the answer to this question we also consider: How has our understanding of grief changed over the history of bereavement science? Chapter 5 looks with more nuance at why some people adapt better than others when they lose a loved one, and asks, What are the complications in complicated grief? Chapter 6 reflects on why it hurts so much when we lose this specific beloved person. This is a chapter about how love works, and how our brain enables the bonding that happens in relationships. Chapter 7 addresses what we can do when we are overwhelmed with grief. I rely on clinical psychology to delve into answers to this question.

In part II we turn to the topic of grieving, and how we might go about restoring a meaningful life. Chapter 8 asks, Why do we ruminate so much after we lose a loved one? Changing what we spend our time thinking about can change our neural connections and increase our chances of learning to live a meaningful life. Turning from focusing on the past, however, leads us to the question in chapter 9, Why would we engage in our life in the present moment, if it is full of grief? The response includes the idea that only in the present moment can we also experience joy and common humanity, and express love to our living loved ones. From the past and present, in chapter 10 we turn to the future and ask, How can our grief ever change, if the person will never return? Our brain is remarkable, enabling us to imagine an infinite number of future possibilities, if we harness this ability. Chapter 11 closes with what cognitive psychology can contribute to our understanding of grieving as a form of learning. Adopting the mindset that grieving is a form of learning, and that we are all always learning, may make the winding path of grieving more familiar and hopeful.

Think of this book as having three characters. The most important character is your brain, marvelous in its ability and enigmatic in its process. It’s the part of you that hears and sees what happens when your loved one dies and that wonders what to do next. Your brain is central to the story, built from centuries of evolution and hundreds of thousands of hours of your own personal experience with love and loss. The second character is bereavement science, a young field full of charismatic scientists and clinicians, as well as the false starts and exciting discoveries of any scientific endeavor. The third and final character is me, a griever and a scientist, because I want you to trust me as your guide. My own experiences of loss are not so unusual, but through my life’s work, I hope you may see through a new lens how your brain enables you to carry your loved one with you through the rest of your life.





Part One

The Painful Loss of Here, Now, and Close





Chapter 1

Walking in the Dark

When I am explaining the neurobiology of grief, I usually start with a metaphor that is based on a familiar experience. However, for the metaphor to make sense, you have to accept a premise. The premise is that someone has stolen your dining room table.

Imagine waking up thirsty in the middle of the night. You get out of bed and head to the kitchen to get a glass of water. Down the hall, you cross the dark dining room toward the kitchen. At the moment that your hip should bump into the hard corner of the dining room table, you feel . . . hmm, what is it you feel? Nothing. You are suddenly aware that you don’t feel anything in that spot at the height of your hip. That is what you are aware of—not feeling something, something specific. The absence of something is what has drawn your attention. Which is weird—we usually think of something as drawing our attention—how can nothing draw our attention?

Well, in fact, you are not actually walking in this world. Or, more accurately, you are walking in two worlds most of the time. One world is a virtual reality map made up entirely in your head. Your brain is moving your human form through the virtual map it has created, which is why you can move through your house fairly easily in the dark; you are not using the external world to navigate. You are using your brain map to get around this familiar space, with your human body arriving where your brain has sent it.

You can think of this virtual brain map of the world as the Google map in your head. Have you ever had the experience of following voice directions, without fully paying attention to where you are driving? At some point, the voice tells you to turn onto a street, but you may discover that the street is actually a bike path. GPS and the world do not always match up. Like Google maps, your brain map relies on prior information it knows about the area. To keep you safe, however, the brain has entire areas devoted to error detection—perceiving any situations where the brain map and the real world do not match. It switches to incoming visual information when an error is detected (and, if it is nighttime, we may decide to flip on the lights). We rely on our brain maps because walking your body through your mental map of the world takes a lot less computing power than walking through your familiar house as though it were your first experience—as though you were discovering each time where the doorways and walls and furniture are, and deciding how to navigate each one.

No one expects their dining room table to get stolen. And no one expects their loved one to die. Even when a person has been ill for a very long time, no one knows what it will be like to walk through the world without this other person. My contribution as a scientist has been to study grief from the brain’s perspective, from the perspective that the brain is trying to solve a problem when faced with the absence of the most important person in our life. Grief is a heart-wrenchingly painful problem for the brain to solve, and grieving necessitates learning to live in the world with the absence of someone you love deeply, who is ingrained in your understanding of the world. This means that for the brain, your loved one is simultaneously gone and also everlasting, and you are walking through two worlds at the same time. You are navigating your life despite the fact that they have been stolen from you, a premise that makes no sense, and that is both confusing and upsetting.

How Does the Brain Understand Loss?

How, exactly, does the brain walk you through two worlds at the same time? How does the brain make you feel weird when you do not bump your hip into the missing dining room table? We know quite a lot about how the brain creates virtual maps. We have even found the location in the hippocampus (the seahorse-shaped structure deep in the brain) where the brain map is stored. To understand what the little computer of gray matter is doing, we often rely on animal studies. Animals’ basic neural processes are similar to those of humans, and they also use brain maps to get around. In rats, we can use a sensor to pick up the electrical signal when a single neuron fires. The rat wears headgear as it runs about, and when the neuron fires, a record is logged of the rat’s location when the neuron fired. This gives us information about what landmarks the neuron is reacting to, and where.

In a groundbreaking study by Norwegian neuroscientists Edvard Moser and May-Britt Moser, the rat takes a field trip each day to a box where his neural firing is recorded. There is only one notable thing in the box—a tall, bright blue tower made of LEGO bricks. The rat makes about twenty daily visits to his little box, until the researchers have figured out from his headgear which of his individual neurons fire when he encounters the blue tower. They call these object cells, because they fire when the rat is in the area of the object. Even with the clear evidence that the object cells fire when the rat is near the object, there is still a question of why the neurons fire: Is the neuron firing because it recognizes the sensory aspects of the blue tower (tall, blue, hard), or is it reflecting on another aspect, as in, “Hmm, I’ve seen this here before”? It would be interesting if the neuron is encoding the history of experience. 

So, the researchers took the blue LEGO tower out of the box and let the rat have several more daily visits. Amazingly, there were neural cells that fired specifically when the rat was in the area where the blue tower used to be. These neurons were a different group of cells from the object cells, so the researchers called these object-trace cells.1 The object-trace cells fired for the ghostly trace of where the blue tower should have been, according to the rat’s internal virtual map. But what was even more incredible was that these object-trace cells persisted in firing for an average of five days after the blue tower was removed, as the rat gradually learned that the blue tower was not coming back. Virtual reality had to be updated to match the real world, but it takes time.

If someone close to us dies, then, based on what we know about object-trace cells, our neurons still fire every time we expect our loved one to be in the room. And this neural trace persists until we can learn that our loved one is never going to be in our physical world again. We must update our virtual maps, creating a revised cartography of our new lives. Is it any wonder that it takes many weeks and months of grief and new experiences to learn our way around again?

A Question of Maps

Usually, scientists try to come up with the simplest explanation for what they see, and maps are not necessarily the simplest explanation for how we locate things. Another explanation for learning that a blue tower is in a particular location is simple conditioning, a learned association during training. But something more complicated than a learned association occurs, and we know this because of research initiated by neuroscientist John O’Keefe, a mentor to the researchers who found object-trace cells. O’Keefe and Lynn Nadel (now a colleague of mine at the University of Arizona) had a revolutionary idea back in the 1970s.

The scientists designed an experiment to compare the two ideas—learned association versus having a mental map. One hypothesis is that a rat learns where to find food by remembering a series of turns from where he starts to where he finds rewarding vittles. This is cue learning, meaning that the animal is responding to the cues he has seen before, an association. The other hypothesis is that the rat has a map of the world in his brain (more specifically, in his hippocampus), and he finds the tasty vittles by going to where they are on his brain map. This is place learning, as opposed to cue learning.

O’Keefe and Nadel constructed a box with evenly spaced holes where food might appear. When the rat is placed at an entrance to the box, he could easily learn, for example, to turn right and run past two holes and get food at the third hole. But if he is just learning these cues, the same plan won’t work when researchers put the rat at a different entrance location to the box. Then if he turns right and runs past two holes, he won’t get any delicious vittles at the third. On the other hand, if the rat has an internal map of the whole box, then he does not care which entrance he is placed at initially. He will simply run over to the hole where food appears, knowing the location of the hole in relationship to the entire box.2

It turns out that rats have a map for the whole area. The experiment showed that the rats are engaged in place learning rather than cue learning. In fact, individual neurons fire for particular places in the box, a kind of code that represents each location. These individual neurons are called place cells. They help us keep track of where we are in the world, but also where other important things are in the world, like a consistent source of food. Humans, by the same token, have place cells for their refrigerator. It doesn’t matter if we come in the front door or the back door to our home, we can head for the refrigerator, using our brain map.

Our loved ones are just as important to us as food and water. If I ask you right now where your boyfriend or girlfriend is, or where you would go to pick up your children, you probably have a pretty good idea of how to locate them. We use brain maps to find our loved ones, to predict where they are, and to search for them when they are gone. A key problem in grief is that there is a mismatch between the virtual map we always use to find our loved ones, and the reality, after they die, that they can no longer be found in the dimensions of space and time. The unlikely situation that they are not on the map at all, the alarm and confusion that this causes, is one reason grief overwhelms us.

Evolution Is a Tinkerer

The first mobile creatures needed to find food, a basic necessity of life. The neural map was probably developed in order to know where to go to fulfill that need. Later, particularly as mammals developed, another need arose: for other members of the species, to care for them, defend them, and mate with them. These are what we call attachment needs. For the moment, let’s think of the need for food and the need for loved ones (attachment) as similar problems the mammal has to solve. Now, food and loved ones are obviously different. Food is not always found in the same place, but our loved ones have minds of their own and therefore are even less predictable.

Let’s take an example of simple mammals to see how we might still use brain maps as a solution to the problem of locating our loved ones. One of my favorite television shows, Meerkat Manor,3 documents the lives of meerkats in the Kalahari Desert. Meerkats are small rodents that look a bit like prairie dogs. The television show is sort of a cross between Wild Kingdom and The Young and the Restless. The “Whiskers” meerkat family is headed by a savvy, fierce alpha female named Flower. Each day, Flower and her foraging tribe head out onto the savannah to get the beetles, scorpions, and other tasty items the desert provides for their survival. Some members of the tribe stay home as babysitters and guard the baby meerkats, who are completely helpless. The meerkats search over a huge distance for food and yet return home reliably every night to their tiny babies and their bored babysitters. They know how often to return to an area after they have depleted it of food options. They do all this navigation even though every few days, the meerkats move their entire brood to a different underground burrow. Hundreds of these burrows exist, and the meerkats avoid predators, rivals, fleas, and general housekeeping by moving regularly. The virtual map that these little mammals have in their hippocampus must be vast, and yet they return home over and over again, without any apparent difficulty.

Evolution has endowed social creatures with the computational ability to map out their environment, to know where the good sources of food are, and how soon to return to an area after they have eaten there. But evolution is a tinkerer, and when a new need arises, it uses the machinery available rather than develop a whole new brain system. So, it seems likely that the same mapping encoded in neurons to find food would also be used to map where mammals keep their babies, and how to get back to them at the end of the day. Or how to get back to them in an emergency, like the episode in which Flower races back to the den when she sees a dangerous hawk circling over the burrow where her babies are hidden. As humans, we map where our loved ones are on the virtual map in our head, using three dimensions. The first two dimensions are directly related to the same ones we use to find food—space (where it is) and time (when it is good to forage there). The third dimension I will call closeness. One way to make sure that our loved ones are more predictable is through our bond. The likelihood of finding them increases if they feel motivated to wait for us to come home, or if they have the desire to look for us if we do not. This invisible tether, this bond of closeness, is what British psychiatrist John Bowlby called attachment.4 Considering closeness as a dimension is a novel idea, and I will tell you more about what I mean by that in chapter 2. For now, let’s focus on these three dimensions overall: here, now, and close.

The Attachment Bond

How do we learn the dimensions of here, now, and close? When a baby is born, he feels safe and secure when he is in contact with his caregiver. I’ll refer to the caregiver as “she” in this section, but there is no reason it couldn’t be a father. For contrast, I’ll call the newborn “he.” During physical attachment to the mother, skin-to-skin contact, the baby is soothed and happy, and he has just enough mental capacity to know the difference between having physical contact and not having physical contact. At this point, the baby does not necessarily know the difference between himself and the person he is literally physically attached to, but there is an innate instinct to cry when that contact is desired. The baby learns that if there is no contact, then crying brings the mother into contact again, with a wonderful soothing result. The baby’s brain develops a little more, and now he has a sense of the attachment bond even when there is distance (the space dimension). If the infant can see the mother in the room, or even hear her in the next room, there is a sense that the attachment needs can be met. Here we have the first virtual reality, the mental representation of the mother, based on seeing or hearing cues and not just physical touch. This is the attachment bond bridging across space, like an invisible tether. Mama is just as soothing from across the room, and the baby can get on with whatever the baby would like to do because he feels safe.

Next up, the baby learns about the time dimension. Somewhere in the first year, the baby begins to cry when Mama disappears. Although most people assume this is because of the development of the emotional bond to Mama, there is more to it than that. The baby’s brain has to develop in a specific way before that inconsolable wailing happens when Mama leaves. What the baby needs is a working memory. His working memory capacity comes online because of new neural connections between parts of the brain. Now the baby can keep in his mind the memory of what happened thirty to sixty seconds ago (Mama was here), and what is happening now (Mama is not here) and relate the two. Unfortunately, he cannot yet handle the uncertainty of what her absence might mean for him. So, although his brain has matured enough to recognize that the present is an alteration of the past, his only option is to cry out, in the hope that Mama will hear him and come back.

Eventually, with experience, he discovers that although Mama may be gone, she always comes back. The toddler comes to know that he can wait for one Sesame Street, or maybe two Sesame Streets, and then sure enough, Mama is back and all is right with the world. Now Mama is still present in the virtual reality in the toddler’s mind, even when Mama is out of sight and cannot be heard. The attachment needs for love and security are
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