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INTRODUCTION





  



  Learn from me, if not by my precepts, at least by my example, how dangerous is the acquirement of knowledge, and how much happier that man is who believes his native town to be the world, than he who aspires to become greater than his nature will allow. —Mary Shelley, Frankenstein




  




  THERE’S A REASON THAT MARY SHELLEY’S FRANKENSTEIN (1818) IS a staple of literature and pop culture. It’s a groundbreaking novel that blended gothic horror, dark fantasy, and otherworldly science gone awry, thus defining early science fiction and laying the literary tracks for future works of horror. It’s packed full of evergreen themes such as revenge, nature versus nurture, the meaning of humanity, and the search for love and companionship, all concepts that have resonated with audiences since its publication. It is the inspiration for many works over the centuries across different media, including radio dramas, movies, ballets, video game characters, and even a Victorian burlesque play. Plus, it’s an excellent reminder to stay humble: Frankenstein was written by a teenager on summer vacation.




  Beyond the narrative of the story, Frankenstein is about curiosity. Curiosity is a powerful force that motivates science, so it is not surprising that Shelley’s embodiment of the spirit of wonder, protagonist Dr. Victor Frankenstein, is an inquisitive person whose key reason for being is the discovery of truth about nature. Both real and fictional scientists are driven to understand the mysterious phenomena they observe in the universe. They are constantly seeking more knowledge about the world around them, and through use of trial and error, they arrive at answers, which, more often than not, opens the door to further questions. But curiosity is not just a trait relegated to scientists. It is a basic human feature. There are far more scientists in the world than just those who do science for a living.




  Curiosity exists only because of the unknown. Conveniently, the unknown is also the birthplace of horror. Even before literacy, people had been making haunting “what-if ” stories about the biggest unknowable: what happens after death. The ancient Mesopotamians wondered what if a rogue spirit from the underworld escaped or a person did not receive a proper burial. According to their traditions, those unlucky souls become ghosts, trapped on Earth to torment the living with sickness and misfortune. Some traditions ask what if our good deeds are tabulated and used to determine the next body that your eternal soul will inhabit. If your accumulated karma is bad, then your new life will face all the suffering brought on by your previous life. There’s a fear in knowing that your bad deeds and thoughts will follow you beyond your physical body or that you are the reason that crappy things keep happening.




  Considering all these questions about the afterlife that permeate cultures around the globe, it’s no wonder that Dr. Frankenstein is most motivated to conquer death, like many real-life research scientists of today. Chemists and transplant surgeons have developed medications and procedures that extend life or restore the fullness of life to those for whom illness or injury took a part of theirs. Geneticists have found tools that allow for the control of DNA and mRNA, offering the ability to shape generations of mice in our image, manipulating physical traits such as fur color and behaviors (e.g., how often they clean their faces). Evolutionary biologists have discovered that we shared common ancestors with other animals, questioning the doctrine that souls are given exclusively to humans.




  The questions explored by today’s scientists are much more granular and incremental than the “what-ifs” hinted at in speculative fiction, such as reanimation and faster-than-light travel. But there is still an unsettling realization that our curiosity into the secrets of the unknown might reveal some disturbing truths about the world. Curiosity might not directly kill the cat, but it might kill the younger brother, best friend, and wife-to-be.




    



  Space: the final frontier. —Captain Kirk, Star Trek: The Original Series




  




  Both horror and science fiction, whether concerned with life beyond death or our tiny place in the universe, evoke a sense of awe. The brilliant technological ingenuity of Homo sapiens, with our meager attempts to stave off death, is diminished into nothingness when looking at the timescale and expanse of the universe, billions of years old and billions of light years across. Space is full of mysteries and unknown horrors, sure to both fire up the imagination and instill wonder.




  But instead of looking upward at the vast openness of space above, look within for a moment. You’ll find something even more amazing inside your head. It’s a three-pound lump of fatty jelly.




  The microscopic-level features of the adult brain put up some impressive, awe-inspiring numbers. Modern neuroanatomists estimate that the brain contains more than 86 billion (86,000,000,000, or 8.6 × 109 in scientific notation) neurons. These cells are specialized for communicating, using electrical signals called action potentials and chemical signals called neurotransmitters. Neurons exist in different shapes and sizes, each one specialized for an appropriate function. Neurons form complex connections with other neurons called synapses; a single neuron might connect with more than a few hundred thousand other neurons. Altogether, you have an estimated 125 trillion (125,000,000,000,000, or 1.25 × 1014) synapses in your brain alone. Amazingly, the brain gets all these connections to form in the right places guided by a probabilistic process of cellular trial and error. Most of this precision wiring happens in utero and during the first few years of life.




  To add an even deeper layer of complexity, these neurons and the synapses between them are not static once they are laid down. Instead, they are ever changing in subtle but tangible ways. Throughout our lives, we fine-tune these trillions of connections, strengthening some while weakening others. This capacity for change is called plasticity. Suppose, as most neuroscientists do, that the brain uses plasticity as the substrate for learning and that the neural changes take place at the level of some molecular machinery. In theory, these tiny changes might be thought of as a single unit of binary information—a bit, using terminology from the world of computing. Estimates suggest that the typical synapse can exist only in enough meaningfully different states such that each synapse can store 4.7 bits of memory. So we can estimate how many “units” of data our brains can store by multiplying 4.7 by the estimated number of synapses in the brain, putting our memory at around a couple petabytes, or a few quadrillion (2,000,000,000,000,000, or 2 × 1015) bytes of memory—not bad considering that the price of a terabyte hard drive with 1 trillion bytes (1 × 1012) is a little less than $100 as of the time of writing.




  More generous estimates imply that the brain is less like a classical digital device and more like a quantum supercomputer, where each synapse can store values between 0 and 1. In this more powerful model of neurons, the storage of data happens not only at the level of the synapse but also at the level of individual molecules around the synapse, from the receptors that mediate intracellular communication to the proteins that serve as the skeleton that maintains the complex shape of the cells. If true, the amount of data storage in the brain is a wildly incomprehensible figure, somewhere in the hundred billinovemoctingentillion range, or 108,432 bytes. This number vastly overwhelms the number of stars in the universe, at a paltry 3 × 1023, or even the number of atoms in the universe, at approximately 1086.




  To say that the human brain is complex would be the under-statement of a lifetime. Our human experience is tiny not only in relation to the universe that surrounds us but also when we try to dive into the limitless depths of our own minds. Unsurprisingly, neuroscience is one of the most puzzling of the modern fields of study as scientists attempt to understand the near-infinite expanses contained within the real final frontier, the one inside your head. Modern molecular neuroscience has only confirmed what Emily Dickinson already knew in the 1860s. The brain is much, much, much wider than the sky.




  After all the gaps in our present knowledge have been filled in, imagine the scary “what-if ” that lies at the end of all the questions. What if our entire human experience is a consequence of our brains? This leads to the disconcerting thought that we are at the mercy of a bunch of chemicals released by cells that we have little control over. Creativity, the great lengths people go to in search of love, those random moments when we suddenly become aware of our own mortality, the fear of missing out (FOMO), that tiniest irrational inkling of a thought that maybe one of your friends actually doesn’t like you, and, of course, curiosity are such nuanced and complex facets of our life. These, some of our most human characteristics, are encoded by a bunch of neurons ticking out a binary signal of ones and zeros.




  But it is the next logical step that takes us to a dreadful place of utter helplessness. People have gambled themselves into overwhelming debt, risking their family’s financial well-being on a literal die roll, despite intellectually knowing that the house always wins. People have dosed themselves with cartons worth of toxic cigarette smoke for decades, fully aware of the risks. People have carried out mass killings in the name of carefully engineered concepts, such as nation or God. At any moment, there could be maybe a neuron or maybe a billion neurons already in place that could prevent these people from doing these things. Nevertheless, the person stays their destructive course. The haunting realization at the end of neuroscience is that we are not even in control over our own bodies and that our fears, desires, emotions, consciousness, and everything else in the multifaceted human experience are guided by clumps of cells.




    



  The most merciful thing in the world, I think, is the inability of the human mind to correlate all its contents. We live on a placid island of ignorance in the midst of black seas of infinity, and it was not meant that we should voyage far. The sciences, each straining in its own direction, have hitherto harmed us little; but some day the piecing together of dissociated knowledge will open up such terrifying vistas of reality, and of our frightful position therein, that we shall either go mad from the revelation or flee from the light into the peace and safety of a new dark age. —H. P. Lovecraft, The Call of Cthulhu




  




  This book is a tour of the brain and its myriad features in all its complexity—the good and the bad, the normal and the atypical—guided by a selection of horror and science fiction works throughout literature, movies, television, and pop culture. It’s an exploration of the science that inspired or can be found among the fiction. It’s a peek into the mad scientists who perpetrate bizarre crimes and the fears that haunt doomed protagonists. It’s a detective story that diagnoses characters with rare psychiatric conditions. But I’m not claiming to try to explain all the events of fiction through neuroscience. I can’t demystify the supernatural, nor would I want to. Instead, I only wish to share the knowledge I have collected as a forever student of neuroscience and psychology, using the stories and characters from the genre’s best-known works as guideposts.




  Within the following pages are tiny bits of insight into the human mind. And while there is much more happening in our brains than we will know in our lifetimes, each piece brings us ever closer to comprehending our existence and all the baggage that comes along with that. I am hoping to fan the flames of curiosity about brain science in the same way that Shelley’s Modern Prometheus does, even if it means revealing some dark shadows along the way.




  NOTES ABOUT WRITING




  There is a frustrating amount of tentative language ahead, lots of might’s and possibly’s. Biology rarely deals in absolutes, so when you spot one of those elusive never’s in the book, just notice that it probably sits adjacent to specific caveats, such as “thus far published in the scientific literature.” Relatedly, there is also a necessary but regrettable amount of simplification throughout these pages. Writing about science leaves me feeling as if I am balancing on a knife’s edge. One terrible outcome is that by omitting important details of an experiment, I misrepresent the life’s work of a fellow scientist and distort the truth about nature. The other equally undesirable outcome is that I bore you. Any work of writing geared toward audiences outside of an extremely niche specialization requires this fine line to be carefully traversed. But if you are deeply interested in specifics, maybe the reason why a measurement of hemodynamic response through functional magnetic resonance imaging (fMRI) is not a true assay of how neuronal firing changes, why it is so difficult to use genetically modified mice to learn about the human condition, or any other topic brought forward through these chapters, just know that there are excellent reviews on PubMed written by experts in their respective fields who have spent their entire research careers exploring these nuances.




  Generally, everything in neurobiology is more detailed than I have space to explain or, more honestly, time to learn about. I struggle to think of any examples in the brain where the relationship is as simple as “the function of brain area X is to control behavior Y.” Any given X does lots of things, and many interconnected networks of brain parts are responsible for any given Y. Further complicating the story is that new techniques for studying the brain are being developed all the time, allowing for more granular subdivisions for each X, meaning that structures previously just called X are more accurately described as an X1, X2, X3, and so on. Additionally, there’s that pesky “chicken or egg” situation to contend with. Sure, a bigger X might lead to more Y, but there’s also the possibility that repeatedly doing Y leads to a bigger X. All this is to say, be skeptical. Always. It makes you a better scientist and an educated citizen, two things we desperately need in the world.




  Regarding footnotes, those attached to literary or movie references are likely to contain spoilers. I’ll stay vague when I can, but sometimes the big ending or the dramatic twist is the most essential piece of the story I’m trying to tell. Most of the endings are long past their “spoiler statute of limitations” anyway. You probably already know Lieutenant Ripley defeats the Queen at the end of 1986’s Aliens, and you’ve had more than a century to read The Turn of the Screw. Rest assured that even if I reveal the fate of the characters, the journeys are just as thrilling as the destination.













  CHAPTER ONE




  
THE OLDEST AND STRONGEST EMOTION* NEURAL SUBSTRATES OF FEAR





  HORROR AUTHORS ARE A VARIED BUNCH. THEIR THEMES RUN THE gamut of ideas, from traditional gothic depictions of how past traumas manifest as the unexplainable to the speculative science fiction imaginings of artificial intelligence (AI) gone rogue. Even with such a diversity in topics, all the greatest storytellers share one thing in common: all are masters of psychology. They manipulate readers with words, transporting us into claustrophobic crypts and abandoned spacecrafts. They introduce us to colorful characters, then make us suspicious of their long-forgotten family secrets and mysterious hidden agendas. And when they successfully leverage the evocative power of fear, their creations stick in our heads long after we are done reading.




  In many ways, instilling a sense of dread using the written word is a huge challenge. A clump of bulbous eyes and writhing masses of slimy tentacles is only as weird as the reader’s imagination. Authors must put a lot of faith in their audience, trusting that they can turn adjectives into imagery. If the reader doesn’t picture themselves as a prisoner in an Eastern European castle far from home, a small-town resident participating in a strange annual ritual, or a visitor to a decaying East Coast town full of vaguely odd-looking people, then the sense of tension never builds, and the big reveal loses its punch.




  But in another sense, fear is easy. Of the complex web of emotions that motivate animals to do things, fear is the most primitive and most thoroughly ingrained in our being. Fear served the most successful organisms since ancient evolutionary times, driving behaviors that promoted their survival (and therefore reproductive) likelihood. Without fear, some early critter might have swum straight into the jaws of a toothy-mouthed hunter. Imagine its kin, a different critter that knew to stay still beneath the ancient seaweed while the predators passed by. For the next millions of years throughout the evolution of species, a healthy sense of fear has increased the odds survival.




    



  Dishonored and tragic, she was all before me; but even as I fixed and, for memory, secured it, the awful image passed away. Dark as midnight in her black dress, her haggard beauty and her unutterable woe, she had looked at me long enough to appear to say that her right to sit at my table was as good as mine to sit at hers. While these instants lasted, indeed, I had the extraordinary chill of feeling that it was I who was the intruder. It was as a wild protest against it that, actually addressing her—“You terrible, miserable woman!”—I heard myself break into a sound that, by the open door, rang through the long passage and the empty house. She looked at me as if she heard me, but I had recovered myself and cleared the air. There was nothing in the room the next minute but the sunshine and a sense that I must stay. —Henry James, The Turn of the Screw*




  




  Fear is a normal, healthy response that activates robust arousal mechanisms throughout your whole body. These mechanisms work at two levels, the physiological and the cognitive. An influential theory of fear processing, formally described in 1996, calls the physiological response the “low road” and the cognitive element the “high road.” According to this framework, when we experience something scary, signals get sent along both pathways. The quicker pathway is the low road, which is the primitive survival response that protects the body from potential harm. This is automatic, so we have no conscious control over these circuits and how they influence the body. Then the second high road pathway fires up, which is the more complex, “hold on a second, let’s think this through” response. This is when the cognitive, rational processing dampens low road activity.




  Consider this framework in light of Henry James’s The Turn of the Screw. Seeing the ghost of the late governess haunting the mansion where you work and screaming in response: low road. Automatic. Scream to scare it away. Live to be a Victorian governess another day. Thinking that dead people don’t materialize out of thin air or that it is now your duty to protect the innocent children placed at your charge: high road. Complex. Of course ghosts don’t exist. This is just a psychotic hallucination of latent sexual repression.




  Physiologically, the fear response increases blood flow to our muscles, speeds up our heart rate, and quickens our breathing. We may get goosebumps, possibly a holdover from our much hairier evolutionary ancestors, causing us to look bigger or more intimidating. Our body also reacts in ways that we aren’t usually sensitive to, such as the slowing of our digestive processes, the ramping up of certain enzymes, and the dilation of our pupils. These involuntary physiological changes are due to the sympathetic nervous system, a series of nerves that increase the concentration of the signaling neurohormone norepinephrine in the bloodstream and all over different organs. Norepinephrine prepares our bodies for quickly moving to action. Do we fight, throwing a punch at the pale white figure who inexplicably materializes in front of us? Or do we turn, running out of the haunted old mansion, never looking back? Whichever course of action we decide on, the thumping in our chest and the pulsing in our blood vessels help us succeed.




  The sympathetic nervous system gets its cues from a brain structure called the hypothalamus. This area sends signals down through the spinal cord, activating nerves that trigger the sympathetic nervous system response. The hypothalamus also functions in the closely related experience of stress, which is a sort of “diet fear,” activating many of the same physiological changes but to a lesser degree and on a timescale of weeks and months rather than seconds. There are other features of the hypothalamus of some interest, including the regulation of internal homeostatic states, hunger, and sex drive. As the joke goes, there are four Fs of the hypothalamus: fight, flight, feed, and reproduction.




  Tracing the pathway of fear farther upstream of the hypothalamus is the amygdala,* a pair of almond-shaped structures buried deep in the brain within the temporal lobe. And, in turn, the amygdala receives signals from many, many brain regions, such as the following:






	The pulvinar, a subdivision of the thalamus, integrates visual information with whole-body responses. Of particular interest to the 51 percent of you ophidiophobes out there, the cells of the pulvinar seem to be particularly sensitive to snakes. Signaling from the visual centers of the brain through the thalamus and then to the amygdala is a relatively quick circuit, so the low road is fired up at the sight of serpents, harmless or not.




	The prefrontal cortex (PFC), the fanciest part of our brain, is important for long-term planning and helps us do the more difficult thing when faced with a set of choices. Circuits here help us inhibit our base animal impulses. This is the theoretical origin of the high road.




	The orbitofrontal cortex, the clumps of brain tissue just above the eyeballs, gets strong inputs from the visual system pathways, which helps us figure out whether we can believe our eyes. Many times, the answer is no (more about this in chapter 8).




	The inferotemporal cortex is heavily implicated in visual memory associations and object recognition. Is that the figure of a person standing in the window of a faraway tower? Maybe. Or it could just as well be someone’s laundry, hung up to dry, billowing in the breeze.




	The insula, sometimes called the “fifth lobe” of the brain, cares a great deal about disgust in both the physical sense (“Yuck, a person covered from head to toe in rashes and fresh scabs”) and the moral sense (“Yuck, a woman who seduced her own father to have sex with him”).*








  All these connections come with numerous complex caveats. It should begin to feel that the brain is a tangled but extremely precise crisscrossing of cables. It’s confusing enough to drive someone mad.




    



  No! the commotion began again. There was a rustling and shaking: surely more than any rat could cause. I can figure to myself something of the Professor’s bewilderment and horror, for I have in a dream thirty years back seen the same thing happen; but the reader will hardly, perhaps, imagine how dreadful it was to him to see a figure suddenly sit up in what he had known was an empty bed. —M. R. James, Oh, Whistle, and I’ll Come to You, My Lad*




  




  Given that so many pathways involved with fright intersect or signal through the amygdala, it has naturally become the central hub of interest for people who study the neurobiology of fear. Part of this focus has to do with the case study of Patient SM, a person for whom the neural circuitry of fear doesn’t work the way it’s supposed to. A survivor of a rare degenerative disorder called Urbach-Wiethe disease, she began experiencing a calcification of her medial temporal lobe early in childhood. As the disease progressed, the accumulation of excess biological waste caused focused damage, specifically destroying both amygdalae of her brain while leaving the rest of the brain mostly intact. Neuropsychologists found in SM a truly unique loss-of-function case study, allowing them to explore the question “How would a person without functioning amygdala behave?”




  The first studies of SM tested her ability to recognize fear in others by looking at their faces. A dozen similar-aged participants served as the comparison group, all of whom had some form of brain damage but still fell within the average normal curve of intelligence. Each participant was shown a series of faces portraying different emotions and asked to match each face with the proper adjective. Neutral, happy, surprised, angry, disgusted, sad—every participant successfully identified all these expressions. But when it came to images showing the facial signature of fear—eyes open wide, eyebrows raised, nostrils flared—only SM scored poorly on identifying them as being scared.




  Flashing pictures of faces was just the first step. Trying to answer the question “Does she even feel fear?,” experimenters tried everything to shake SM. They showed her a compilation reel of video clips from classic horror and suspense films: a giant spider descending slowly onto an unaware victim alone in the shower (Arachnophobia), a close-up of a presumed dead man at a crime scene who suddenly sputters to life (Se7en), a knife-wielding man wearing a rubber mask chasing his victim (Halloween), and a ghost climbing out of a well (The Ring). As with the facial expression test, showing control video clips was necessary. The fear-provoking clips were intercalated with other clips intended to stir a different set of emotions, namely, disgust (Pink Flamingos: a person swoops a piece of fresh dog feces into their mouth, chews, smiles, and suppresses a gag before spitting it out), sadness (Faces of Death: actual footage of severely malnourished adults and children), and happiness (America’s Funniest Home Videos: a compilation of babies laughing). She rated the disgusting, sad, and happy things as being an 8 out of 8, just like some of the control participants did. However, she never rated any of the scary scenes anything higher than a 1.




  Sure, video stimuli can get our sympathetic nervous systems activated. At their root, however, scary movies are a way to enjoy the thrill of the rush without any of the risk since we know that none of those fear-provoking monsters can climb through the screen and attack us.* So the research team ramped up their efforts, trying to provoke SM with something a bit more concrete. They took SM and four strangers through the haunted house exhibit at the notorious Waverly Hills Sanatorium* in Louisville, Kentucky. The others shrieked, jumped in surprise, and lagged behind out of apprehension. But SM simply smiled and laughed at the “monsters” hiding in the darkened hallways, ironically even startling one of the scare actors when she reached out to touch their mask.




  Then the experimenters tried something more hands on. SM claimed to hate snakes and spiders. Naturally, when the research team brought her to an exotic pet store, they were puzzled by her behavior. She asked a total of 15 times if she could touch the largest and most dangerous snake in the store despite warnings from the employees that it wouldn’t be safe. If it weren’t for their protective watch, SM would’ve grabbed them out of pure curiosity. Even with respect to real-life stimuli, SM stood tall in the face of fear. Recalling a past incident when she was 30, she described being grabbed by a stranger on a park bench, being held at knifepoint, and then daring the assailant to try to cut her. Uninjured, she reports walking home calmly, never calling the police about the incident and passing by the same park the next day.




  Experimenters, like explorers pushing into the dark vistas of the unknown, turned the intensity dial up in an attempt to find her limit. In one experiment, taken straight out of a medical torture film, SM and control participants were forced to breathe through a face mask supplied with air containing 35 percent carbon dioxide. For reference, normal ambient air contains such low levels of carbon dioxide that it is usually reported in parts per million, somewhere around 0.04 percent. This sensation is terrifying. It’s like being buried alive. Within seconds, your brain, sensing high levels of carbon dioxide in the blood, feels suffocated, like you’ve been underwater for too long as you swim desperately to the surface. You gasp for air. You scream for help. You claw at the mask over your face. Surprisingly, this was also SM’s reaction. The woman who reported no panic when threatened with a knife to her neck, for the first time, showed the experimenters that she could feel fear or, at the very least, the physiological signs of sympathetic nervous system activity.




  As if mock suffocation wasn’t enough, I find the next phase of the experiment to be particularly cruel. Participants were given a moment of normal air to reoxygenate their blood and mentally recover from the panic. Then they watched as the experimenters busied themselves with the equipment, just like they did previously before the first exposure to the high carbon dioxide air. Whereas Pavlov’s dogs salivated at the sound of the bell that came before their meals,* these people were quickly conditioned to prepare for what came next: another round of suffocation torture. For most people, seeing these researchers dial knobs and adjust the gas tanks would invoke the classic fear response in anticipation of what is about to follow. But not in SM. Her heart rate and skin conductance response (a measure of arousal) remained unchanged. This experiment revealed a limitation of the amygdala’s function. These circuits are important for the processing of external fears and launching the appropriate physiological response but don’t have much to do with internal states, even if the downstream effect on the body is the same.




  It wasn’t that SM didn’t understand the concept of fear. She demonstrated knowledge of the semantic content of words such as “terror,” “frightened,” and “scared,” using them correctly in sentences. When listening to people speak using different tones of voice, she could identify which was supposed to be a scared voice. She even experienced fear once as a young girl, presumably before the disease damaged enough of her amygdala, when a threatening Doberman pinscher cornered her. She comprehends and understands fear. She’s just immune to its effects on her body.




  Patient SM is a rare exception, living a life without caution. For the rest of us with our amygdalae, fear protects us against the terrors of the unknown in our often-scary world. It is this sense of fright at the right time that keeps us safe from predators, ghosts, and other spooky things that go bump in the night.




    



  The first stroke of the razorlike crescent . . .




  




  Edgar Allan Poe describes intense psychological horror in The Pit and the Pendulum when the protagonist first meets the razor-sharp blade descending slowly, closer and closer to the restrained narrator’s chest. Franz Kafka invents a terrible execution device in his 1914 short story In the Penal Colony: the laws broken by the condemned were painfully inscribed into the victim’s back over a 12-hour period. Yadin Dudai straps people down into a noisy coffin-sized tube for an hour while a meter-and-a-half-long snake* is brought closer to the person’s head. But there is at least one major difference between Dudai and the likes of Poe and Kafka. Dudai isn’t a master of horror imagery or one of Ian Fleming’s scheming mega-villains prying secrets out of a British special agent. Dr. Dudai is a real person, subjecting other real people to his unique fear-inducing condition using the described apparatus, an fMRI machine in conjunction with a living snake on a conveyor belt. For many participants, these experiments are on a similar plane of psychological horror imagined by Poe or Kafka.




  The fMRI has been a great ally in neuroscience. It uses a combination of a powerful electromagnet* and a radio wave generator to noninvasively measure different particles in the brain, including oxygenated blood. A person in the scanner can perform a variety of behaviors, such as straightforward mentalization scenarios (“imagine you find a hundred-dollar bill on the ground”) and more complex interactive tasks that require high-order processes that use both mental acuity and manual dexterity (“navigate a three-dimensional maze using this video game controller”). The theory behind fMRI is that whenever a person uses a specific circuit in their brain, the blood vessels that feed those areas dilate to deliver more oxygenated blood locally. That change in circulation can be detected by the fMRI.




  Briefly put yourself in the shoes of those brave participants who volunteered their precious sanity in Dudai’s 2010 experiment. The fMRI procedure can be a little bit challenging even without the snake. For one, the machine is really loud. Both the magnet and the radio wave emitter must spin rapidly around the participant, making a constant mechanical droning noise interrupted by periodic clicks and bangs. Then there is the claustrophobia. The scanning tube is around two feet in diameter, so the top of the machine is just inches away from your face. Technically, you aren’t completely restrained like Poe’s or Kafka’s victims. But your head might be put into a restraining harness to help keep your head still; otherwise, any movement would produce blurry images. And if this confinement doesn’t trigger a panic attack, Dudai added the most unusual stressor, a snake on a conveyor belt.




  Even before this experiment, fMRI has reaffirmed the observations made in Patient SM regarding the link between the amygdala and fear. The amygdala fMRI signal ramps up whenever someone is fearful, whether because they are looking at pictures of spiders, controlling a digital avatar pursued by a virtual predator accompanied by a real electric shock if they get caught, or watching two of the top 10 scariest movies according to Rotten Tomatoes (even with a quantification of the number of jump scares). And amygdala activity decreases under brighter light conditions, answering the question that Nickelodeon posed many years ago: yes, we are Afraid of the Dark.




  The participants in Dudai’s experiment were given a simple instruction: Bring the snake as close to your head as possible. To do this, control over the snake’s position on the conveyor belt was given over to the person in the scanner, moving closer to or farther away at the push of a button. The serpent in question was a corn snake, physically harmless to a grown adult. But that doesn’t mean it can’t cause psychological distress. Some participants were put into the experimental “fearful” group based on their responses to questions such as “I wouldn’t take a course like biology if I had to dissect a snake” or “I would prefer not to finish a story if snakes were introduced to the plot.” Another group of participants, the “fearless” group, had prior experience handling snakes, making them an excellent control for comparison.




  Dudai was interested in a research question beyond fear. He wanted to understand the circuits involved in overcoming fear. This experimental setup gave these participants an opportunity to display bravery while observing brain changes. Whenever members of the “fearful” group brought the snake closer to them, the signal in the subgenual anterior cingulate cortex increased. The implication here is that neural signals running through this little patch of gray matter are involved anytime a person puts their fears aside and does something risky, whether it be to bury an ax in the head of a 40-foot-long anaconda, improvise a flamethrower out of an aerosol can and lighter to roast a nest of spiders, or chase a career in academia.




    



  There was a clown in the stormdrain. —Stephen King, It




  




  A simplified representation of a smiling face, such as an emoji, does not usually inspire an uneasy feeling. Neither does a photograph of a person smiling. But when those features of a normal happy face are exaggerated or distorted, perhaps by bright red strokes painted broadly over the lips or a face whitened by powdery makeup, that emotion can look less than human. Something vaguely normal without that undefinable something that makes it genuine can be quite horrific. Just think of the wide toothy grin of Alice in Wonderland’s Cheshire Cat, Jack Nicholson’s look of crazed madness as he smashes through the bathroom door in The Shining, and all those creepy smiles from, well, Smile. This experience applies to much more than just faces: the staggered limping of George Romero’s zombies, the jerky mechanical movement of cinematic androids, or humanoids who nimbly crawl on all fours, such as the possessed Regan from The Exorcist, all evoke a sense of discomfort through a phenomenon called the uncanny valley effect.




  Even though the phenomenon has been strongly replicated in human psychology, the uncanny valley was first described in 1970 by a robotics professor named Dr. Masahiro Mori. Mori plotted a theoretical graph that measures human-like characteristics on the horizontal axis and our affinity toward that robot on the vertical axis. As the robot gains a few traits that are more anthropomorphic, our affinity toward it increases. However, there is a certain point where there are too many human-like traits without fully achieving human-hood. And at this point, our affinity toward the robot dips dramatically. This low point of the graph is the uncanny valley.




  It may be more useful to describe this graph as having four unique domains:




  



  	At the far-left end are robots with no human traits. These do not elicit any emotional response. We don’t have strong reactions about electric can openers or automated vacuum robots. They look and behave nothing like humans, and we therefore don’t feel any emotions toward them other than perhaps gratitude for making our lives just a little more convenient. They are perceived as a tool, not a friend or a foe.





  	
As the robot starts to possess a few more humanoid characteristics, we begin to have more positive feelings toward them, so the curve rises toward the positive axis. There are two subdomains within this rising phase of the graph.




  Disney Pixar’s WALL-E and Big Hero 6’s Baymax are robots on the left edge of this phase of the graph. Although WALL-E has wheels and Baymax is essentially a balloon, they possess a couple physical traits we see in ourselves. Both have two arms that they use to manipulate their surroundings. They can express a wide variety of human emotions using only language, ranging from wistful longing to happiness. With just a few anthropomorphic traits, we find WALL-E and Baymax cute and likable.




  An example of the right end of this domain is C-3PO, the golden robot from the Star Wars franchise. Much more human in appearance than the other two robots, “Threepio” has profoundly anthropomorphic traits: two metallic arms and legs and a head in which are set two circular lights for eyes, all attached to a central torso, giving it an average height and build. The proportions are human enough that actor Anthony Daniels was able to play the role of C-3PO in the earliest films by simply wearing pieces of the costume. Most of us find the robot endearing. Some of us have even empathized with it, feeling a passing twinge of sadness when a Tatooine bartender gruffly denies him entry: “No droids allowed!”*






  	This is the uncanny valley, the critical region of the graph in which the masters of horror thrive. Robots in this zone are more human-like than C-3PO, probably with skin and facial features. There are some tiny features about these robots that are just a little off. Maybe the way they blink is a fraction of a second slower than expected, like the actuators can’t move as fast as a naturalistic blink. Or maybe they don’t blink at all, producing an equally bizarre feeling. Maybe the transition from a neutral expression to a smile is just a bit too angular, as if the mechanical parts pulling at the lips are not synchronized properly with those around the eyes. Many times, it’s very difficult to put your finger on exactly what feature is inhuman. Nonetheless, you experience intense discomfort when you see it. Ironically, being vaguely anthropomorphic without accurately portraying that critical element that makes us human is less appealing than having almost no human traits.





  	At the far-right end of the graph are other humans, who elicit the strongest empathic response. When we see another human in pain, we sympathize with them and feel their suffering.





  




  The Actroid was one of the earliest humanoid robots, unveiled in 2003 at a Japanese robotics exhibition. With 40 or so different points of articulation, it had movement patterns that resembled natural biological functions, such as tiny shifts in head position during speaking and the rhythmic rising and falling of the chest. Its face was designed to look like the typical Japanese everywoman, created by averaging several real Japanese people. It seamlessly integrated floor sensors and omnidirectional vision sensors to maintain eye contact during conversation. It had a built-in AI chip that allowed it to function like a real human interviewer, listening to voices and responding appropriately, even carrying out simple small talk by asking questions such as “Where are you from?” Roboticists were amazed at the realism of the Actroid.




  But the rest of the world saw something else. Instead of marveling at the skin-like characteristics of the face, we felt the Actroid’s empty, soulless eyes. We saw the rubbery texture of silicone distorting in strange ways and the unnatural quickness with which the head rotated and angled. We noted that brief, half-second-long delay between each line of conversation as the robot ran through calculations about how to respond to even the simplest questions before responding coldly. We experienced the depths of the uncanny valley firsthand. Even tech website CNET, often optimistic about all things future, describes later versions of the Actroid as creepy.




  We even see the effects of the uncanny valley in two-dimensional characters on-screen. The characters from holiday film The Polar Express were called “blank-eyed and rubbery-looking as moving mannequins—the stuff of nightmares, not dreams.” In 2001, the first fully computer-animated film using motion capture and photorealistic characters, Final Fantasy: The Spirits Within, was a box office flop, partially due to the visuals being “more discomfiting than appealing.” That same year, DreamWorks designed characters from their upcoming animated film Shrek, including a human love interest, Princess Fiona. On showing her original design to a screener group of children, some of them started to cry, prompting the animators to push her design more toward the cartoony rather than the realistic. Even the best animators in the world can’t escape the uncanny valley.




  Of course, directors of horror films have used this phenomenon to great effect, playing with our intrinsic fear of the distorted human. Michael Myers, the iconic villain from Halloween, wears an unmoving and featureless mask, adding to the mystery of the relentless killer. M3GAN’s slightly too large eyes and calculating manner of speech gives more Actroid vibes than childhood best friend/toy. Sadako, the ghost who climbs out of the well in The Ring (1998), was filmed walking backward, then that footage was reversed to put a little more weird in her walk. Each member of the doppelgänger family from Us had something uncanny going on, between Abraham’s grunts, Pluto’s crawl walk, and Red’s gravelly voice modeled after a genuine medical condition.




  One big question remains: Why are we wired to feel discomfort toward the uncanny? Danger avoidance theory offers an evolution-based reason, suggesting that uncanny stimuli provoke an extension of disgust. Physical disgust makes us queasy in response to rotten food or the smell of decay since we benefit from keeping away from things that could make us ill. Danger avoidance theory suggests that visual stimuli can also initiate a disgust response, causing us to fear and therefore avoid the uncanny. For example, compare the intensity of the emotional reaction you would feel on encountering the three following conditions:




  



  	A dead ant. Upturned with their tiny legs curled inward, the unmoving body of an ant poses almost no imminent threat to one’s safety. Most of us have zero emotional reaction to the bug. Realistically, it was our very own finger or boot that was the cause of that ant’s death.





  	A dead squirrel. The emotional response becomes more pronounced when we see a body of a small mammal. Compared to insects, there’s a bit more substance to mammals, more flesh on the animal. We think more about the circumstances that led to their demise. Could there be a coyote or other predator nearby that could also threaten my own safety? Seeing the squirrel’s insides on the outside is cause for concern. Could a zoonotic disease agent or the cloud of flies buzzing around the animal pass an illness on to me? Either way, the sight elicits an appropriate healthy nausea causing us to want to get away.





  	A human corpse. Obviously, the most distressing sight. I bet most people remember the first time they came across an unexpected corpse. For me, his leg was twisted unnaturally at the knee, face down in an alleyway late at night one evening. I barely slept.





  




  A dead body sits at the depths of the uncanny valley. Cadavers lack even the subtlest signs of life. Blinking stops, the rhythmic ups and downs of breathing are gone, and the skin appears blanched. We pick up on the absence of those features very quickly. Just to the right of the deepest point are living people but perhaps those who are actively fighting some kind of illness. Those basic signs of life are still there at a rudimentary level, but they may appear weakened. Maybe it looks like slowed responses or motor activity, shallow breathing, and pallid or clammy skin. Both corpses and ill-appearing people can produce an avoidance reaction according to danger avoidance theory. We sense that something is wrong out of some evolutionary protective sense that a nearby threat could turn us into a second corpse or that the person could pass some infectious agent on to us.




  Another possible explanation for our “ick” response has to do with mortality salience, a shift in mindset that happens whenever we are reminded of our own inevitable deaths. Uncanny stimuli are that reminder. Think of the Pale Man, the second-most-horrific entity in Pan’s Labyrinth.* Seated silently at the head of an over-abundant banquet table, his pallid gray skin hangs loosely over a skeletal frame. He reminds us of our own frailty and physical weakness when we reach the end of life. An android with limbs that are just a little too stiff or a face that shows little emotion reminds us that we may lose control over our bodies as we age, matching the symptoms of terminal illnesses, such as muscle rigidity in Parkinson’s disease and flattened affect in Alzheimer’s disease dementia.




  All these behavioral responses have some underlying neurobiological substrates. The ventromedial prefrontal cortex (vmPFC), found at the base of the frontal lobe, is key to our uncanny valley experience. Imaging studies suggest that signals in this area decrease when we are asked to rate the likability of uncanny residents, such as artificial humans modeled after people who had received extreme plastic surgery photographed under bizarre lighting conditions with reduced contrast to make their skin appear gray. The vmPFC communicates strongly with the amygdala, potentially functioning as a clamp that inhibits amygdala activity, thereby acting as a repressor of our fear circuits. As a subregion of the PFC, it contributes to decision making. When faced with whatever creepy androids are standing just around the corner, these circuits help us decide that they should be avoided.




  The insula is likely implicated as well, that often-forgotten lobe of the brain that is involved with initiating the emotion of disgust. When shown a continuum of faces ranging from computer-generated human face avatars to actual photographs of human faces, those intermediate, sort-of-human-but-not-quite stimuli provoke an insula response. You could imagine that eating something rotten initiates physical disgust. From a self-preservation point of view, that same feeling could also be appropriate when encountering some uncanny stimulus, which may have many traits in common with a cadaver.




    



  Over the trees, occasionally, between them and the hills, she caught glimpses of what must be the roofs, perhaps a tower, of Hill House. They made houses so oddly back when Hill House was built, she thought; they put towers and turrets and buttresses and wooden lace on them, even sometimes Gothic spires and gargoyles; nothing was ever left undecorated. —Shirley Jackson, The Haunting of Hill House*




  




  A lone wheelchair placed in the middle of an abandoned hospital hallway. A back room of a mall department store, populated only by headless and armless mannequins. An amusement park, equipment powered down for the night. All these scenes inspire a unique kind of tension if you let your imagination run a little. Why are these places empty? Where did all the people go? More ominously, what happened to the people? Even images of a house for sale, completely devoid of furniture with only subtle divots in the carpet to suggest that anyone had ever lived there, give off an eerie vibe.




  For a writer or filmmaker, depicting a living thing as scary can be straightforward. Give the alien some teeth, claws, and a third, fourth, or seventieth eye, and you’ll freak people out. Give the extra-dimensional beings and elder gods some motivations beyond our understanding, and the audience will read them as chaotic and dangerous. But places and settings can be equally spooky, a notion that classic gothic horror authors have played with for centuries. Shirley Jackson’s Hill House, that abandoned mansion full of weird happenings, is arguably just as much a character of her book as those living, breathing investigators who enter through those doors.




  The odd feeling of being in some transitory time or space, such as a back room or a house for sale, has come to be called liminal space horror. We have all felt liminal horror, especially around March 2020 during the peak of the pandemic. Think back to the first time you saw an image of Times Square without any cars, the pope delivering a blessing before an empty St. Peter’s Square, or an open-air market in Asia without the usual throngs of people.




  A classic example of a liminal space horror in film is the depiction of the Overlook Hotel in Stanley Kubrick’s film adaptation of The Shining (1980). Of course, the iconic twins and the “Here’s Johnny!” scene are haunting. But between the physically impossible layout of the hotel, the disorienting chase through the hedge maze, and exploration of the hallways normally reserved for the waitstaff, the setting itself has just as much character and nuance as the people on-screen. In more recent media, Five Nights at Freddy’s (2023) evokes that same feeling. The survival horror video game franchise that inspired the movie puts you in the shoes of an overnight security guard watching a children’s entertainment pizza venue, normally full of life, rowdy with excited children and drunk parents. But at night, the animatronics break free of their programming loop. If you don’t manage your resources properly, you are punished with a brutal jump scare as they pop out of the air ducts. Both the games and the films play into the fear of why abandoned places are so eerie.




  What’s so powerful about liminal horror is that it doesn’t present the classic environmental cues that signal scary places. Obviously, dark, claustrophobic tunnels of unexplored cave systems and forgotten spacecraft hide terrible secrets. But even brightly lit venues and open spaces can be used effectively in liminal horror. Consider the overly vibrant colors of the Overlook Hotel’s carpet, the tranquil countryside of A Quiet Place (2018), or the rows of empty suburban homes in postapocalyptic settings. In a way, liminal spaces are analogous to the uncanny valley but for physical surroundings. There’s just something unsettling about places that should be full of people when they aren’t, and that sets off our fear sensation.




  Despite the many examples of liminal horror throughout fiction storytelling, the underlying science of why these places are scary is not well understood. Part of it begins with the scene-perception network, a series of cortical areas that are activated when we are trying to identify our surroundings. These circuits were probably critical for successful wayfinding to and from sources of food or homes, as our ancestors relied on visual cues to navigate across the plains. This network is made up of at least three structures.




  



  	The parahippocampal place area (PPA), located roughly at the base of the brain, responds fairly selectively for images of houses and buildings compared to faces or objects. That signal is even stronger when looking at rooms and outdoor scenery, both constructed, such as “The Bean” at Millennium Park in downtown Chicago, and natural, such as a cascading mountain range. The signal here fires up even when the room is empty, suggesting that these circuits encode our surroundings with respect to physical boundaries.





  	The retrosplenial complex (RSC) increases its signal to similar stimuli. Interestingly, fMRI signals of both the PPA and the RSC rise even when a blind person is using their hands to explore a physical space, such as a miniature room built out of Lego bricks. These brain structures really care about spaces and your place in them, not just about the sense of sight.





  	The occipital place area (OPA) is the posteriormost of this triad and the least well studied. It likely also encodes boundary information and has a strong role in identifying individual objects within the surroundings rather than processing a more holistic view.





  




  It’s possible that some frontal areas are functionally connected with this scene-perception network. In the same way that the vmPFC signal dips when seeing uncanny people, it might likewise release the clamp on amygdala-related fear behaviors in response to liminal spaces. It is similarly likely that downstream of the scene-perception network includes insula structures. A change of activity along this pathway might produce that slight “something is off, I’m not supposed to be here” sense of danger feeling rather than outright fear.




  There are these circuits in place that keep us a little wary of liminal spaces such as The Twilight Zone, which, as Rod Serling says, exists in the “middle ground between light and shadow.” Liminal spaces and the feelings they provoke might be one of the thrills that drives urban explorers to crawl through decrepit service tunnels, the rationale for why Pompeii evolved into a tourist destination, and the raison d’être for anyone in the academic discipline of archaeology. But people override that preservation instinct whenever a hint of curiosity creeps up on those scientist-explorers who push past their hesitation and continue to probe into the unknown. As we will see over the next chapter, just because you can . . .




  . . . well, maybe you still should anyway.




  Footnotes




  



  * Part of a quotation by H. P. Lovecraft, a leader of the weird fiction movement. The rest of the quotation reminds us that fear of the unknown is the greatest fear, a theme that recurs through much of his storytelling.




  * The Turn of the Screw (1898) describes the plight of a governess, two children, and two ghosts. James paints an unreliable narrator and dances with ambiguity as to whether the ghosts are real. Stephen King wrote that The Turn of the Screw is one of the two greatest supernatural novels ever written. The themes and plot have been reimagined in different media throughout the years, most recently in Mike Flanagan’s The Haunting of Bly Manor (2020).




  * Many brain structures are paired, and the amygdala is no exception. There is a left and a right amygdala, one in each half of our brain. The grammatically correct plural is “amygdalae,” but the convention in the field has been largely to refer to paired structures using the singular form.




  * In a double whammy of insula activation, according to poet Dante Alighieri in his Divine Comedy, the former was the fate of Myrrha of Greek mythology for committing the latter. In Inferno, the most famous section of his epic trilogy, Dante is given a guided tour of Hell and bears witness to the various tortures that befall the souls of the damned. He also puts himself beside Virgil, his literary idol, and describes the violent torment of people who pissed him off in real life, making it technically a piece of fan fiction.




  * A 1904 short story about a golf trip gone bad. A skeptical professor encounters a questionable artifact, engages with it in a way no believer of the supernatural ever would, and faces the consequences, including an encounter with a literal bedsheet ghost.




  * The Ring being the only possible exception.




  * The former tuberculosis treatment center is believed to be a hot spot of paranormal activity, receiving its own episode of Ghost Hunters in 2006.




  * In a surprisingly heated debate about the origin of this experiment that appears in every introductory psychology textbook, there is a suggestion that “bell” is a mistranslation of “buzzer,” which may have been the actual conditioned stimulus that Pavlov’s research team used. Regardless of the sound, the appearance of the scientist who rang the bell or pushed the buzzer and fed the dogs would be an even stronger cue to initiate their salivation response.




  * Yes, again with the snakes.




  * A typical clinical fMRI has a strength of 1.5 Tesla, which is stronger than a junkyard magnet used to lift cars. These magnets are so powerful that metallic objects in the room become literal missiles—at least one person has died because of an oxygen tank being accelerated into the scanning tunnel.




  * My personal affinity for these robots had to be kept in check during writing. I had a predisposition toward anthropomorphizing these droids, having originally given both WALL-E and C3PO male pronouns when they are clearly nonliving.




  * The worst being the senselessly violent fascist dictatorship that ruled over the country in the wake of the Spanish Civil War, the backdrop against which Guillermo del Toro’s dark escapist fairy tale is set.




  * In reference to an earlier footnote, The Haunting of Hill House (1959) is Stephen King’s other pick for finest supernatural horror story. Here, a professor invites some people to stay in a haunted house where they find what they are looking for, but no one is happy about it.
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