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Massachusetts Institute of Technology

Preface

Synesthesia holds a cautionary lesson about blind acceptance of orthodoxy and the intellectual cost of groupthink. Science has its fashions as other fields do, times when everyone falls in step with prevailing dogma. But it also has turning points when conventional wisdom collapses and new paradigms take hold. This is what happened with the phenomenon of synesthesia.

The neurological trait of coupled perceptions that first appear in childhood is an enormously popular topic now. Yet a few decades ago, synesthesia was vehemently dismissed as bogus. The scientific establishment ridiculed individuals who claimed firsthand cross-sensory experiences as:

	crazy, attention-seeking, and prone to fantasy

	“merely remembering” childhood associations from coloring books or refrigerator magnets, which is why they “imagined” that “A” was red, or “D” was green

	engaging in metaphor that was no different than talking about “warm” or “loud” colors, “sharp” cheese, or “bitter” cold

	or else burned-out junkies suffering the residual effects of their assumed drug use.


In time, of course, attitudes changed. The new paradigm now dominates, and synesthesia is once again a subject of serious inquiry as it was at the turn of the previous century. Soon after I began studying it in the late 1970s, news of it spread through the popular press. Individuals would write or phone to say, “You saved my life,” or “I didn’t know there was a name for what I felt. I thought I was the only one in the world.” Having endured a lifetime of being told that they were “making it up,” their astonishment and relief at being believed was a cathartic, even tearful, experience. And why shouldn’t it be? Defending individuals from others’ ignorance helped them reassert their self-worth.

Synesthesia speaks to the essence of who one is. It celebrates the singularity of the subjective self. The emphasis on subjective, first-person experience matters because what critics always want is a third-person proof of it, a technical verification by some machine. I have always thought this sad because it betrays society’s bias toward objectification. It devalues an individual’s interior world and what is personally meaningful to them. Happily, one of the paradigm shifts wrought is that so-called objectivity is rather iffy. Not everyone sees the world the same because each brain individually filters and distills the universe in its own unique way. Point-of-view turns out to matter a lot in both science and everyday life.

Speaking about Wednesday Is Indigo Blue, Oliver Sacks said, “Twenty years ago, synesthesia—the automatic conjoining of two or more senses—was regarded by scientists (if at all) as a rare curiosity. We now know that perhaps one person in twenty is synesthetic, and so we must regard it as an essential, and fascinating, part of the human experience. Indeed, it may well be the basis and inspiration for much of human imagination and metaphor.”

The science of synesthesia now spans several levels of magnitude—from DNA at the molecular level, to early cognition, brain imaging, all the way up to whole-organism behavior that includes art and creativity. Brain organization is now seen as multiplex rather than modular, a formulation popular in the ’80s that insisted the senses traveled along isolated channels and could not interact.

We now know that the senses are highly intertwined and that the cerebrum is full of recurrent feedback and feedforward loops. Human sense receptors are formed and governed by evolution. They are fixed in the sense that they let us apprehend only a mere fraction of reality. We can’t retune them to respond to frequencies other than those they already do, but we can appreciate that people with synesthesia are privy to the vast interconnections among the senses and a new texture of reality.

 

Washington, DC

1 What Synesthesia Is and Isn’t

A seven-year-old girl lost her best friend when she told her that the letter A was the most beautiful pink she had ever seen.

“What does your A look like?” she asked.

Her friend turned, gave a withering look, and said, “You’re weird!” After that, the seven-year-old never again spoke of her rich world in which sounds were swirling, colored shapes, words, and names had unique tastes, and the number 8 was an arrogant, fat lady.

Likewise many decades ago, my new neighbor who enjoyed cooking had invited me to dinner along with some friends. “It’ll be a few more minutes,” he apologized. “There aren’t enough points on the chicken.”

His friends laughed, and asked what he was smoking this time.

Embarrassed, my host turned to me, hoping that as a neurologist, I might understand. “When I taste something with an intense flavor,” he said, “I also feel it on my face and in my hands. A sensation sweeps down my arm, and I feel weight, shape, texture, and temperature as if I’m actually grasping something.”

“Ah …,” I managed to say, trying to be polite. “You have synesthesia.”

Dumbstruck, he said, “You mean there’s actually a name for what I do?”

Indeed, there was. I tell the story of studying Michael Watson in The Man Who Tasted Shapes. The essays that form the second part of that book spin out some of the consequences and explore what it means to have synesthesia.

Sharing a root with anesthesia, which means “no sensation,” synesthesia means “joined or coupled sensation.” A synesthete, as we call these otherwise-normal individuals, might not only hear my voice but also see it, taste it, or feel it as a physical touch. Synesthesia appears at an early age. Children born with the neurological trait are surprised to discover that not everyone experiences the world the way they do. Because they are often ridiculed or disbelieved, they tend to keep their extraordinary perceptions to themselves. But they cannot suppress them, and have always had their odd perceptions as far back as they can remember.

I don’t mean odd in the sense of abnormal but rather that such vividly felt couplings are relatively rare. Roughly 4 percent of the population combines two or more modalities—a modality being a partial aspect of perception as a whole. While we often speak of synesthesia as a sensory coupling or cross-pairing, it is obvious that elements such as letters, words, time units, or musical keys are not strictly “senses.” And letters and color are both visual rather than cross-sensory. So we need to bear in mind the wider cognitive sphere that encompasses synesthetic experience. A more comprehensive definition would go something like this: synesthesia is a hereditary condition in which a triggering stimulus evokes the automatic, involuntary, affect-laden, and conscious perception of a sensory or conceptual property that differs from that of the trigger.

Having one type of synesthesia, such as colored hearing, gives you a 50 percent chance of having a second, third, or fourth type. The gene or genes that underlie the perceptual trait are present in one in twenty-three individuals, making it fairly common. (For comparison, one in twenty-two individuals carry the gene for cystic fibrosis, one in three carry the allele for blue eyes, and one in fourteen for brown eyes.) But the gene (and I’ll use the singular term for convenience with the understanding that multiple genes are almost certainly involved) has incomplete penetrance, meaning it is not expressed with fidelity 100 percent of the time. As a result, a smaller slice of the population, one in ninety people, exhibit some sort of overt synesthesia.

Sensing days of the week as colored is the most frequent manifestation of synesthesia, followed by seeing letters, numerals, and punctuation marks as colored even though they are printed in black. We call these written elements of language graphemes. For some individuals, graphemes also have gender and personality. For Megan, 3 is athletic and sporty, H is a formidable, orange, toned-down woman, and the character # is a beige, hardworking, masculine male. For those who are not synesthetic (the current buzzword is neurotypical—a term I don’t particularly like), the mere idea of a gendered or personified alphabet may be baffling. But it’s a great example of what modalities are. Imagine the whole of perception being like a crystal sculpture. It breaks. The shards scatter. Think of each shard as a modality, an indivisible unit representing one aspect of perception. We are now free to reassemble the sculpture any way we like, but even if we tried to glue it back exactly the way it was, we would certainly stick together a few shards that previously didn’t go together. This is how synesthesia is: modalities that most of us think aren’t supposed to “go together,” like gender and numerals, end up coupled thanks to increased connections between different brain areas.

In contrast to written graphemes that tend to induce color, the sound units of language, called phonemes, mostly trigger synesthetic tastes. For James, college tastes like sausage, as do message, village, and other words with the /idg/ sound. Not all of James’s flavors are savory: Jail tastes like cold, hard bacon, while Derek tastes like earwax.

It helps to think of congenital synesthesia as a trait, like having perfect pitch. There is nothing wrong, and nothing in need of medical treatment. In fact, the extra perceptual hooks give nearly all synesthetic individuals a superior memory. Half a century ago the Soviet psychologist A. R. Luria, a founder of neuropsychology as a discipline, described a fivefold synesthete whose memory was “limitless and without error.” After failing to hold a number of low-level jobs, Solomon Shereshevsky, or “S,” as Luria called him in The Mind of a Mnemonist, fashioned a stage career as a memory expert. Over many years Luria tried to make sense of him while S struggled to make sense of the world.

Is it reasonable to think that the existence of an extraordinarily developed figurative memory, of synesthesia, has no effect on an individual’s personality structure? Can a person who “sees” everything; who cannot understand a thing unless an impression of it “leaks” through all his sense organs; who must feel a telephone number on the tip of his tongue before he can remember it—can he possibly develop as others do? … Indeed one would be hard put to say which was more real for him: The world of imagination in which he lived or the world of reality in which he was but a temporary guest.


The stage director Peter Brook and Marie-Hélène Estienne recently wrote a play, The Valley of Astonishment, based on this character who, in one scene, tells the doctor, “No one has ever believed me until now. Maybe you will understand me.” For the past four decades I myself have tried to understand the alluring contradiction that is synesthesia, because to understand why and how it exists is to better understand how all brains work.

I call synesthesia a contradiction because it violates conventional wisdom that says the senses are separate and travel along five compartmentalized channels. When I took an interest in it following the chance encounter with my neighbor, no one in my academic circle had ever heard of synesthesia. Science had lost interest in it decades earlier because it could not explain the phenomenon. The fact that synesthetic pairings were idiosyncratic (meaning that two individuals with colored alphabets wouldn’t have the same letter-color combinations) made it easy for critics to claim that the phenomenon was neither real nor based in the brain. Back in 1979, my colleagues asked what Watson’s CAT scan showed. “Where’s the lesion?” they asked

“No,” I said. “He doesn’t have a hole in his head, a deficit. He has something extra.”

“Stay away,” they warned. “It’s too weird, too New Age. Mess with that, and it’s going to ruin your career.”

Theirs was the typical reaction of orthodoxy, no matter the discipline, which is to dismiss or deny what it can’t explain. It frowns on thinking outside established boundaries. Many young scientists wrote saying how they wanted to study synesthesia for their PhD theses, or how they wished they could conduct research but were afraid of not being taken seriously, and that doing so would damage their reputations. For a long time the establishment rolled its eyes and insisted that synesthetes were just making it up, only wanted attention, were burned-out acidheads, or were merely remembering childhood associations from coloring books or refrigerator magnets. That’s why the letter A was red, or D was green. But synesthesia runs strongly in families, as the British polymath Sir Francis Galton noted well over a hundred years ago—so how could childhood memories be the explanation unless mothers were passing down the same sets of magnets?

The fundamental question is how one proves that synesthesia is real rather than merely a form of vivid imagination or metaphor such as “loud color” or “sweet person.” Such a demand for proof raises the question, Real to whom: the skeptic or the person who has it? Since my earliest encounters critics have demanded scans, pictures of the brain as if that were the only acceptable standard. But scans ask for a third-person verification of a first-person experience. And they explain nothing. (MacArthur Fellow Patricia Churchland calls brain scans “not explanations of anything.”) Although much knowledge has arisen from the physical examination of the brain, it has proven harder to get a handle on cognition. We might turn to the nineteenth-century polymath physician Gustav Fechner, who tried to overcome this kind of physical absolutism and whose starting point was the observation that mental worlds exist. No amount of brain imaging or physiological analysis can substitute for an introspective report. Even today’s supposedly objective functional MRI scans start with the subject’s state of mind.

Established, far less expensive tools than scans prove that synesthesia is automatic, involuntary, and perceptual. For example, if I ask you to focus straight ahead but project a digit in your peripheral vision, you can still make it out. But if I surround it with other digits, it then becomes invisible—a phenomenon called masking. Synesthetes likewise fail to identify the masked digit, but they say things like, “It must be 7 because I see green.” This implies that synesthesia occurs early in the chain of perception before we are even consciously aware of sensing anything (figure 1.1).

[image: 10568_001_fig_001.jpg]
Figure 1.1 Masking, wherein a figure projected into one’s peripheral vision becomes invisible when surrounded by other items. Synesthetes likewise cannot make out the masked digit, but nonetheless perceive a color. See color plate 1.

Visual searches also demonstrate that synesthesia is both unconscious and automatic. If I show you a matrix of 5s within which is hidden a figure made up of mirror image 2s, it will take a while to find it. But for a synesthete who sees 2s as differently colored than 5s, the embedded figure stands out (figure 1.2).

[image: 10568_001_fig_002.jpg]
Figure 1.2 A field of 5s in which a pattern outlined by 2s is hidden. Synesthetes who see 2s as differently colored than 5s have an advantage in visual searches and more quickly find the oddballs. See color plate 2.

Priming is yet another approach that reveals the trait’s perceptual genuineness. Assume that for a particular synesthete 7 is yellow and 9 is blue. Asked to answer the math problem 5 + 2 = ? while looking at an actual yellow square poses no problem because the correct answer, 7, is synesthetically congruent with the yellow square. We can time how quickly the subject answers and then compare how quickly they answer 6 + 3 = ? while looking at an incongruent green square. Because green conflicts with their synesthetic blueness, the mismatch trips them up and makes them hesitate. This kind of incongruous mismatch, known as Stroop interference, has been a mainstay of psychophysical research since 1935.

I am often asked whether synesthetes aren’t confused or overwhelmed by all their additional perceptions. They are not. They actually think the question is odd. To see why, imagine a blind person saying, “Oh you poor thing, everywhere you look, you’re always seeing something. Doesn’t it drive you crazy always having to see things all the time?” Of course not, because seeing is our normal texture of reality. Synesthetes simply have a different texture of reality than the rest of us. Their multimodal perceptions feel perfectly normal because that’s what they have always known. Of course the question of why synesthetes don’t get confused points to the broader, even philosophical issue of what brain mechanisms exist for deciding what among the enormous energy flux that bombards us is real (a phenomenon in the outside world), and what is not (internal and private).

As a rule, synesthetic couplings operate in one direction. Sound triggers color and shape, but looking at colors does not usually induce a sound. As one might expect, there are exceptions because that’s how science is. Julie Roxburgh is one such rare person whose synesthesia is bidirectional. She is a music teacher outside London who has been studied extensively by Simon Baron-Cohen to verify that her synesthesia goes in both directions. Julie sees colors when she hears sounds, and hears sounds when she looks at colors. Each color in a visual scene produces a different musical note; simultaneous speech or environmental sounds trigger additional colored photisms of their own. The cacophony that results causes considerable distress and perceptual confusion. She copes by leading a relatively restricted life in the country, and avoiding both loud colors and noisy environments.

For the documentary Orange Sherbet Kisses, the BBC filmed her gamely walking in Piccadilly Circus at night while navigating its noisy traffic and blaring neon signs. Here’s how she described the ordeal:

This is an area I avoid if I possibly can. Every one of my senses is being battered. I find it very difficult to keep control because I’m not quite sure whether what I’m seeing is what I’m hearing or what I’m hearing is what I’m seeing. I find it difficult to avoid the traffic, avoid the people. The lights themselves are creating sounds. There is a flashing light that also gives me a tactile sensation in my fingers. The color green of the little man on the cross sign is screaming a horrendous yellow at me. Behind that are neon lights which are shouting. … [I]t’s like having nails in the back of my throat. … It makes me feel frightened, tired, exhausted. I’m losing control. I don’t think I can stay here very long at all.


Generally speaking, the hallmarks of developmental synesthesia (as distinct from the acquired kinds that I’ll talk about later) are that pairings tend to be consistent over long periods of time, are automatic and involuntary, perceptual rather than imagistic, consciously experienced, manifest at a very early age, and are not due to any brain pathology (for example, 4 percent of temporal lobe seizures involve synesthesia, and about 9 percent of LSD and mescal ingestions result in it).1

I have lost count of how many musicians have written asking me for the translation code between color and musical notes so that they could write “colored music.” Sorry to disappoint, but it doesn’t work that way. In 1912, the painter Wassily Kandinsky, whose actual synesthesia coupled four senses, published Concerning the Spiritual in Art. In it, he tried to establish a universal translation algorithm among the senses. He failed, because as I noted above, synesthetic pairings are idiosyncratic rather than universal.

This has not stopped what I call “deliberate contrivances” by creative individuals who are not synesthetic but who are taken with the idea of synesthesia. Sir Arthur Bliss wrote his Color Symphony, and Alexander Scriabin his tone poem Prometheus that featured a mute color organ that projected lighting effects above the orchestra (color organs go back centuries according to scholarship by Kenneth Peacock and Jörg Jewanski). Georgia O’Keeffe titled several paintings Music: Pink and Blue. In poetry and literature, the word synesthesia often refers to a literary trope or metaphor. Some educational programs call themselves synesthetic when what they wish to imply is that their methods are holistic and multidimensional. And, of course, there is Walt Disney’s Fantasia, built on the idea of sound-to-sight correspondences.

Advances in color film and recorded sound from the 1930s onward allowed exiled German artists such as Oskar Fischinger (1900–1967) to escape the limitations of static painting and set abstraction in motion. Hand-painting film frames enabled him to fashion elaborate sequences of geometric shapes that transformed themselves in time to a synchronized soundtrack. Whereas Fischinger claimed to aim “only for the highest ideals—not thinking in terms of money or … to please the masses,” Walt Disney, for whom Fischinger worked for a time, said, “Everything that has been done in the past on this kind of stuff has been cubes and different shapes moving around to music. … If we can go a little further here … the thing will be a great hit.” Disney’s optimism led to Fantasia, to which Fischinger contributed the animated opening of Bach’s Toccata and Fugue in D Minor. He later quit over artistic conditions that he felt stifled his creativity. Despite Fantasia’s poor box office in 1940, history judged the film to be a classic.

The Soviet filmmaker Sergei Eisenstein hand-colored frames to establish an overall color wash that would, he hoped, reflect the mood of a particular scene. Psychedelia, laserama, odorama, and digital media all followed, and pretty much flopped. The Wizard of Oz (1939) used color tinting to somewhat-better effect in the scene “A horse of a different color” at Emerald City. Decades later the American Optical Society developed the Todd-AO process to tint the musical numbers in South Pacific (1958). The “Bali Ha’i” set–piece glows in magenta, but the optical gimmick didn’t find adherents. While none of these creative achievements is perceptual synesthesia, all still draw on an implicit understanding that equivalent associations exist among different dimensions of sensation.

This is why we can speak today of synesthesia as a multidimensional spectrum in which the upper end prototypes are perceptual synesthesias such as colored hearing, phoneme tastes, and number forms. At the low end of the spectrum are conventional metaphor and perceptual similarities such as warm and cool colors. Occupying intermediate levels are experiences like goose bumps, empathic pain, imagery inspired by music or an aroma, hypnogogic hallucinations, and Proustian memories evoked by a sensory episode. 


Note

1. A few decades ago, high consistency on test-retest challenges was considered a “test of genuineness,” but problems with this method have become apparent as we’ve learned more about the phenomenon. That’s how science is: the more questions you answer, the more questions arise.

2 A Brief Two-Hundred-Year History

There is no reason to think that synesthesia hasn’t existed throughout all of human history. We just don’t have adequate records to make a reliable determination. Famous thinkers such as Aristotle, Johann Wolfgang von Goethe, and Sir Isaac Newton reasoned by analogy (an accepted scientific method until the end of the seventeenth century) across different dimensions of perception to pair, for example, a sound frequency with a given wavelength frequency of light. This approach led to the deliberate contrivances mentioned earlier that while not the perceptual kind of synesthesia, are not without inherent interest.

The first photograph of a synesthetic individual dates from 1872. It is of eight-year-old Ellen Emerson, daughter of Ralph Waldo Emerson. The philosopher Henry David Thoreau, a close family friend, wrote to her father in 1845: “I was struck by Ellen’s asking me. … If I did not use ‘colored words.’ She said that she could tell the color of a great many words, and amused the children at school by doing so.”

This spare description is evidence enough that Ellen Emerson was indeed a synesthete. Colored words are a common type of synesthesia. Her assumption that others also see them that way is likewise typical. Jörg Jewanski at the University of Münster notes that “since Thoreau was ‘struck,’ we can assume it was not just the amusing game of a child.” Apparently this was the first time he had heard of such an experience, and it was “unusual to him.”

Professor Jewanski has also unearthed the first reported clinical case of synesthesia. It is in the form of an 1812 medical dissertation, written in Latin, by Georg Tobias Ludwig Sachs. As a polymodal synesthete, Sachs cited examples of his “color synesthesia for letters of the alphabet, for tones of the musical scale, for numbers, and for days of the week.” Sporadic medical reports followed, but these all concerned adults—a finding that raises the question, Where were all the synesthetic children in the sixty years leading up to the Emerson case? And why were they afterward in apparently short supply? After all, individuals typically say they have had synesthesia as far back as they can remember. Its consistent expression over time likewise points to roots in childhood.

Modern scientists have been studying synesthetic children in depth, including neonates, since 1980. Their investigations have influenced theories about how the phenomenon develops in the brain, and so the absence of childhood reports before the twentieth century remains a historical puzzle. The term synesthesia did not exist between 1812 and 1848, but that explains only part of the gap. One consequence of the gap is that data sets from the large number of nineteenth-century statistical studies are completely unknown to all but a handful of researchers today. Contemporary investigators may possess superior methods, but they are liable to retread old ground if they are unaware that people working long ago had already posed, and sometimes answered, key questions about the phenomenon.

Interest in synesthesia accelerated after 1880 when the influential polymath Sir Francis Galton, Charles Darwin’s cousin, wrote about “visualized numerals” in the prestigious journal Nature. Three years later he noted the strong tendency for synesthesia to run in families. Steadily, the number of peer-reviewed papers increased (figure 2.1). In the same year that Galton’s first paper appeared, the ophthalmologist F. Suarez de Mendoza published a book in French, L’audition colorée. Not until 1927 did a German-language book on synesthesia appear, Annelies Argelander’s Das Farbenhören under der synästhetische Faktor der Wahrnehmung. A book-length treatment in English would still be decades off, but suddenly the topic seemed to fill the salons of fin de siècle Europe. Composers, painters, and poets piled on, even proponents of automatic writing, spiritualism, and theosophy. The zeitgeist of the time unfortunately emphasized the idea of sensory correspondences, which overshadowed attention to synesthesia as a perceptual phenomenon. Two famous poems of the period still taught today are “Correspondances” by Charles Baudelaire and “Voyelles” by Arthur Rimbaud. Given the cultural atmosphere during this burst of romanticism, it is easy to see how synesthesia gained an iffy reputation.
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Figure 2.1 Peer-reviewed papers about synesthesia by decade from 1850 through 2016. The turn of the twentieth century saw considerable interest, but then came a considerable drop during the decades that behaviorism held sway as the dominant psychological paradigm. Behaviorism’s height of popularity occurred between 1920 and 1940. The recent decades show a dramatic increase in interest, indicating a second renaissance of synesthesia research.

To make matters worse, behaviorism came onto the scene—an inflexible ideology that regarded the observa­tion of behavior rather than the conscious introspection of experience as the only correct way to approach psychology. Behaviorism peaked in influence between 1920 and 1940. As figure 2.1 shows, a marked drop in scientific papers occurred during this time, only to rebound during a second renaissance in the late 1980s.

In the nineteenth century and earlier, introspection was a common and respected experimental technique. But then medicine began to distinguish symptoms such as pain, dizziness, or ringing in the ears as subjective states “as told by” patients, from signs like inflammation, paralysis, or a punctured eardrum that a physician could see as observable facts. This brings us full circle back to synesthesia’s fundamental lack of outward evidence that could satisfy the science of its day. Many decades after behaviorism had fallen from favor, modern science still rejected self-reports and references to mental states as unfit material for study. As a methodology, introspection was considered unreliable because it was unverifiable—again, the chasm of first-person versus third-person reports.

One reason for the persistent distrust of verbal reports is not that scientists thought people were lying about what they experienced but instead because of a remarkable discovery: all of us routinely fabricate plausible-sounding explanations that have little, if anything, to do with the actual causes of what we think, feel, and do. This must be so for reasons of energy cost, which forces the bulk of what happens in the brain to be outside consciousness. To understand this counterintuitive arrangement it helps to think of a magician’s trick. The audience never perceives all the steps in its causal sequence—the special contraptions, fake compartments, hidden accomplices. It sees only the final effect. Likewise, the real sequence of far-flung brain events that cause a subjective experience or overt action is massively more than the sequence we consciously perceive. Yet we still explain ourselves with the shortcut “I wanted to do it, so I did it,” when the neurological reality is “My actions are determined by forces I do not understand.”

Hard as it is to imagine now, this attitude rendered all aspects of memory, inner thought, and emotion taboo for a long time. These were relegated to psychiatry and philosophy. As late as the 1970s when I trained in neurology, my interest in aphasia (a loss of language) and split-brain research got me labeled “philosophically minded” because all firsthand experience was dismissed as outside neurology’s proper purview.

The science of the day was simply not up to the task before it. For any phenomenon to be called scientific it must be real and repeatable, have a plausible mechanism explainable in terms of known laws, and have far-reaching implications that sometimes cause what Thomas Kuhn called a paradigm shift. Psychology at the time wasn’t up to the challenge either. It, too, was an immature science, jam-packed with ill-defined and untestable “associations.” It did not yet know about priming, masking, pop-out matrices with hidden figures, or any number of optical and behavioral techniques now at our disposal that show synesthesia is perceptually real. The idiosyncratic nature of the phenomenon was a major obstacle that earlier science couldn’t explain, whereas today we can account for differences among individuals in terms of neural plasticity, genetic polymorphism, and environmental factors present both in the womb and during the formative years of early childhood.

The nineteenth-century understanding of nervous tissue was likewise paltry compared to what we know now. If clinicians spoke of synesthesia at all, they spoke of vague “crossed connections” between equally ill-defined “nerve centers.” But such tentative ideas were neither plausible nor testable. If we didn’t understand how standard perception worked, then how could the science of the time possibly explain an outlier like synesthesia? It knew little about how fetal brains develop, the powerful role of synaptic pruning, or how interactions between genetics and environment uniquely sculpt each brain (which is why identical twins often have different temperaments). The enormous fields of signal transduction and volume transmission likewise remained undiscovered until the 1960s. Volume transmission is the conveyance of information via small molecular messengers and diffusible gases not only in the brain but also throughout the entire body. If you think of the physical wiring of axons and synapses as a train going down a track, then volume transmission is the train leaving the track. All these concepts were beyond our earlier comprehension.

Today we can test hypotheses about cross-connectivity and how neural networks establish themselves as needed, self-calibrate, and then disband. We do this through a variety of anatomical and physiological tools that range from tensor diffusion imaging to magnetoencephalography. As for synesthesia upending the status quo and causing a paradigm shift, it had to wait until orthodoxy could no longer object. By the early 2000s, the brain pictures that a critical establishment had demanded for decades were at last at hand, and in abundance. Critics were silenced, and long-standing dogmatic notions of how the brain is organized were out. The meaning of the paradigm shift lay in realizing just how consequential synesthesia is. Far from being a mere curiosity, it has proven to be a window onto an enormous expanse of mind and brain.

Since the early reports of Georg Sachs and Francis Galton, our understanding has changed immensely, particularly over the past two decades. There is every reason to expect that the framework for the why and how of synesthesia will continue to change. That is the nature of science: answer one question, and ten new ones arise. Science is never “settled,” as President Barack Obama falsely liked to say. Long-entrenched ideas can be overthrown by new evidence. For example, “everyone knew” since the 1800s that stomach ulcers were caused by excess acid. Standard treatment consisted of a bland diet and surgery to cut out the stomach’s eroded parts. Barry Marshall was ridiculed and dismissed by the medical establishment when he suggested in 1982 that the bacterium, Helicobacter pylori, was the true cause of ulcers. His work eventually won the 2005 Nobel Prize, and today ulcers are cured by a short course of antibiotics.

Similarly, James Watson and Francis Crick discovered the double helix of DNA in 1953. Today, as genetics underlies all modern biology, it is astonishing that a small change in one’s DNA dramatically alters one’s perception of the world. The most profound question is why the genes for synesthesia remain so prevalent in the general population. Remember that about one in thirty people walk around with a mutation for an inwardly pleasant but apparently useless trait. It costs too much in wasted energy to hang on to superfluous biology, so evolution should have jettisoned synesthesia long ago. The fact that it didn’t means that it must be doing something of inapparently high value.1 Perhaps the pressure to maintain it stays high because the increased connectivity in the brain supports metaphor: seeing the similar in the dissimilar and forging connections between the two. Understanding the laws behind the ability could give us an unprecedented handle on the development of language and abstract thinking, to say nothing of creativity.

Synesthesia has already caused a paradigm shift in two senses. For science, it has forced a fundamental rethinking about how brains are organized. It is now beyond dispute that cross talk happens in all brains; synesthetes just have more of it that takes place in existing circuits.

The other paradigm shift lies within each individual. What synesthesia shows is that not everyone sees the world as you do. Not at all. Eyewitnesses famously disagree on the same “facts.” Others have different points of view than you do, and all are true. Synesthesia highlights how each brain filters the world in its own uniquely subjective way. 


Note

1. In evolutionary biology, the term spandrel refers to features of an organism that arise as by-products, rather than adaptations, that have no clear benefit for the organism’s fitness or survival.

3 Alphabets, Numerals, and Refrigerator Magnet Patterns

Language is by far the major instigator of synesthetic experience. Graphemes, phonemes, and whole words induce as many as 88 percent of all synesthetic perceptions. Both written graphemes and auditory phonetic forms elicit not only color qualia but also what appear to be enormously varied surface effects in the way of textures, shapes, movement, and shimmering. Qualia (singular = quale) are the subjective aspects of perception like redness, brightness, or sharpness. Phonemes additionally tend to engender tastes that are likewise layered with temperatures, exquisitely specific textures such as crunchy, soft, soggy, or gritty, and sensations that we normally classify as “flavor.” The latter include spicy, sharp, astringent, mild, creamy, ripe, savory, tart, syrupy, stale, robust, rotten, fiery, dry, greasy, tough, fizzy, mellow, watery, smoky, tasteless, rubbery, and more.

The point is that synesthetes experience far more than a mere “sensation” that the straightforward etymology of syn + aiethesis implies. For decades, the specificity that seemed unique to each individual had reinforced the erroneous assumption that synesthetic colors are, on the face of it, idiosyncratic. But then something interesting occurred. Because colored graphemes are so common, it became possible to assemble large numbers of individuals who have them. And once the examples became sufficiently numerous, underlying patterns began to emerge.

We now appreciate that certain regularities occur not just in synesthetic individuals but also in the larger population. Colleagues have uncovered rules by which synesthetic couplings are predictable rather than seemingly random. For example, letters that occur most frequently in English and those learned early in childhood tend to assume colors that are likewise learned early. The precise neural mechanisms behind these evident couplings, however, remain yet unknown.

Whereas scientists have been able to tease out some of the rules behind synesthetic binding, these rules are ironically unknown to synesthetes themselves. Few have any idea why their colors are the way they are. Fewer than 5 percent recall colored alphabet toys as a possible influence, but even when they do, they are more likely to remember being annoyed by the toy’s inevitably incongruent colors. For instance, as a toddler the novelist Vladimir Nabokov complained to his mother that the colors of his wooden alphabet blocks were “all wrong.” She understood what he meant because she was synesthetic herself, as would be the novelist’s own offspring, Dmitri, who wrote about his family in Wednesday Is Indigo Blue. Coincidentally, Vladimir’s wife, Vera, was also a synesthete.

But the bulk of individuals say that they simply have had synesthesia as far back as they can remember. The youngest recorded case in fact is that of twin boys age three, which is roughly the lower limit for autobiographical memory. Below that age, all of us have the normal childhood amnesia.

The “neonatal hypothesis,” first proposed by Daphne Maurer at McMaster University, says that all babies are born synesthetic but lose the trait during the early months of life. As you can imagine, conducting perceptual experiments with the very young is daunting. But young children are a rich resource for understanding how synesthesia arises and then apparently disappears in most individuals even as it endures in the minority. It is an excellent illustration of how nature interacts with nurture: one inherits a biological, genetically determined propensity for making increased connections in the brain that somehow interacts with learned cultural artifacts such as alphabets, food names, time units, and musical notes. This is just one reason why the study of synesthesia is endlessly fascinating. It is still a young science, and there are plenty of discoveries and revisions in store as we uncover deeper and more fundamental details of how the phenomenon works.

Equally as interesting as synesthesia’s early onset is the uneven frequency of the colors perceived. Synesthetic colors are more nuanced and complicated than the eleven standard colors typically used in psychological research. Decades ago, the linguists Brent Berlin and Paul Kay set out to determine the order in which color names entered a given language. Worldwide for a variety of unrelated languages, the pattern was surprisingly the same. The first terms introduced were always black and white, or words describing shades of light and dark. The next color name to appear was red. This was predictably followed as the language matured by green, yellow, blue, brown, gray, orange, pink, and finally purple. Thus the “standard” set of test colors came to be. Yet synesthetes experience a much broader palette.

If the colors were equally distributed, then each one would cover about 9 percent of the alphabet. But they are not equal. Around 40 percent of the time A tends to be red, while in about 20 percent of synesthetic couplings H and S are green. O and I are often colorless, meaning white or black, as are the letter I and numeral 1. What rules might be at work here?

One rule would be linguistic frequency, meaning how common an element is in the lexicon of a particular language. The word ten is more common than tin, E is more frequent than Q, and a period more widespread than an exclamation mark. Much of any language’s structure rests on this foundation. High-frequency words, graphemes, and phonemes (and thus their meanings) are retrieved more rapidly from the mental lexicon in one’s head than low-frequency ones are. Instead of evolving from scratch, grapheme synesthesia has cleverly hijacked existing linguistic rules to forge cross-modal couplings that are relatively orderly rather than random. The most frequently occurring letters and numerals preferentially align with the most frequent color words. Thus, the word white most often links with the numeral 1, and the letter A with the color red.

Perceived luminance and color saturation also matter in that high-frequency letters and numerals tend to generate hues that are lighter and more vivid (i.e., saturated) than colors elicited by less common graphemes. This rule also holds for non-Roman alphabets such as Cyrillic, Hebrew, Arabic, and Mandarin. While some correspondences relate to linguistic frequency, others correlate with low-level perceptual features such as a letter’s shape. When rotated, visually similar letters such as Z and N elicit similar colors.

Sensitivity to the visual form of graphemes depends on the visual word form area situated in the fusiform gyrus of the left temporal lobe. The fusiform responds more strongly to visual graphemes and words than it does to false fonts with equivalent visual complexity. Other parts of the fusiform are contrast dependent, while yet other cell clusters within it respond only to graphemes, suggesting a fine-grained organization—too fine to be resolved by today’s imaging. Subtleties of letter shape matter. The letters F and I are individually green and cyan for Christine G, but the typographic ligature ﬁ is green “because the green of F is stronger than the cyan of I.”

CC Hart sees “more robust” colors with “denser fonts.” For her, the hues of typographer Mike Parker’s Helvetica are more saturated than Herman Zapf’s Optima, which she sees as “more transparent and paler” (figure 3.1).
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Figure 3.1 Subtle variations in color saturation depending on the visual features of a given typeface for synesthete CC Hart. See color plate 3.

When I was working on my MFA, one professor wanted all work submitted in Courier New, which I rather disliked because its serifs create too much color and texture. … I now write everything in Avenir Next, which I only change when I’m ready to submit, following a publication’s guidelines.


Figure 3.2 illustrates an individual who shows heightened contrast sensitivity. As the contrast is progressively reduced from 40 to 4 percent, parts of the letterforms lose their color—notably the junctions, vertical lines, and free ends—consistent with a feature-based model of letter recognition centered on the fusiform gyrus.
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Figure 3.2 Example of a grapheme-color synesthete whose induced colors vanish when graphemes are presented at low contrast. The letter F at 40, 30, and 10 percent, and 10 percent on a second occasion (top). The letter F at 5, 4, and 2 percent contrast (middle). The letter H at 30 and 5 percent; B at 30 percent (bottom). See color plate 4.

In bilingual synesthetes, these kinds of perceptual similarities seem to be the characteristics that get transferred across alphabets. In one individual, the Roman N and Cyrillic И prompt similar hues. The rule here would be that the visual shape of a letter is linked to certain color hues. You can draw a graph with synesthetic hues on one axis and letter shapes on others (say, along binary dimensions such as the compactness or verticality of I versus the roundedness or equal dimensionality represented by O). What you would find is that the farther apart two letters are in any shape dimension, the farther apart they will be in hue. Even more surprising is that preliterate toddlers, when faced with a forced-choice task, assign white to O and I, and black to X and Z, just as the majority of adult synesthetes do.

How the letter Æ looks depends on whether you are a native speaker or not. George, a native Dane, notes that Æ

has a color all its own (lavender to purple) depending on its exact pronunciation, whereas A is red and E almost white. The explanation is to me obvious: Æ is seen as a single character symbolizing a single vowel, not a diphthong. I don’t even “see” the a-and-e parts of the letter.


But Igor, who is not a native speaker of either Danish or Icelandic, which also uses the Æ letter, says,

To this day I cannot get the Æ to “fuse” into a single color. I see the left half of it as an A (dark red) and the right half as an E (light red). Indeed, I once mistakenly said that the Icelandic word bækur (books) had six letters, because for me the five letters have six colors.


Often, the first letter of a word shades its overall color, and both synesthetes and nonsynesthetes tend to assign those colors according to the first letter of the color name. As a result, B is often blue or brown, R is red in about 40 percent of the cases, and Y is yellow approximately 45 percent of the time. In one study, four hundred nonsynesthetes were asked to jot down a color for each letter of the alphabet. The task made no sense to them, and they could pick any color at will. And yet they were more likely than chance to label A as red, and so on, whether the letters were presented randomly or in alphabetical order. The subjective experience of the two groups is of course dramatically different. Synesthetes have a conscious, involuntary perception whereas nonsynesthetes are wildly guessing. But it is such similarities that suggest that synesthetes and nonsynesthetes inhabit the ends of a spectrum of cross-modality cross talk. We currently think that what synesthetes perceive consciously also exists in nonsynesthetes, but implicitly. As I said earlier, cross talk exists in all brains; synesthetic ones just have more of it in the sense of being consciously aware of it.

Children generally learn to first recognize phonemes, followed by word fragments, food names, primary colors, and the names of favorite objects. Later on, they start to learn sequences such as the numerals from 1 to 10 in order and some letters of the alphabet. By the age of forty-two to forty-eight months, children know the alphabet out of sequence. Learning the sequences for the days of the week and months of the year comes after that.

One unexpected result of synesthesia research is discovering that the brain cares a great deal about sequences, or more specifically, overlearned sequences, as we’ll see in chapter 9 when discussing spatial sequence synesthesia (also called number forms). I spoke earlier of graphemes that take on personalities and gender—but the graphemes of an alphabet are part of a sequence, aren’t they? And it is the relative ordinal position, or magnitude, of the elements within a series that the brain latches on to. It shouldn’t be surprising, then, that lexical frequency is a factor in the clunky-sounding sequence-to-personality synesthesia called “ordinal linguistic personification.” To simplify this mouthful let’s just refer to it as personification, with the understanding that the cognitive and perceptual framework of “sequentiality” is what triggers this kind of synesthesia. And—spoiler alert—there is a recently discovered brain area involved in this.

In the case of personified graphemes, it is the grapheme’s relative frequency that influences what kind of personality it will assume with respect to five standard dimensions of agreeableness, extraversion, neuroticism, conscientiousness, and openness to experience. High-frequency letters gravitate to personalities that are high on the agreeable scale and low in neuroticism, whereas the opposite is true for less frequent letters and glyphs. Researchers so far have been unable to put forth a plausible mechanism for why this strange twist should exist. But its existence, which is beyond doubt given the evidence, implies that our current ideas of brain organization still need honing. Personification is exactly the kind of oddity that neurology is noted for. How could one not be drawn in by this unconventional puzzle?

Personified numbers led Cameron La Follette to make “the rather serious mistake” of telling her fourth-grade teacher why math was hard to do “the regular way.”

The numbers’ “colors and personalities” had to fit, and the one’s that didn’t were hard to remember. He was quite freaked out about it, and sort of persecuted me for the rest of the year, trying to find problems I couldn’t do. … Every equation was a new social situation with numbers, and a new story of interaction and color. Plus, I had an inner screen on which I saw problems being worked out. … I just watched, and the figures moved and self-solved. But it was very intimate to me.


I spoke earlier of nuance, but that was shorthand for the extraordinary specificity of colors that synesthetes see. Give them the biggest box of crayons or paint chip assortment, and they are invariably dissatisfied with the choices on offer. None exactly matches the idiosyncratic colors they perceive. Even given the 16.4 million options offered by the Windows software color picker, they can spend minutes hunting for an exact match. Over a century and a quarter ago, Sir Francis Galton put the issue this way:

Seers are invariably most minute in their descriptions of the precise tint and hue of the color. They are never satisfied, for instance, with saying “blue,” but will take a great deal of trouble to express or match the particular blue they mean.


Today we understand that synesthetes use more numerous terms to describe a color than controls do. Table 3.1 lists fifty-four variants in a study that synesthetes used to describe green compared with only five terms used by nonsynesthetes. Rather than reflecting a richer color vocabulary the way women’s color terminology normally exceeds that of men, the synesthetes here were aiming to accurately describe their broad palette of actual sensations compared to controls.


Table 3.1 Shades of Green for Nonsynesthetes and Synesthetes



	Nonsynesthetes (5 shades)


	Green
	Dark green
	Lime green


	Emerald
	Avocado
	


	Synesthetes (54 shades)


	Green
	Jade green
	Pea green


	Murky green
	Khaki-ish pale green
	Pear green


	Grass green
	Leaf green
	Strong green


	Apple green
	Spring leaf green
	Green/dark


	Blackish dark green
	Light green
	Very dark green


	Sherwood green
	Lime green
	Very dark green-blue


	Bottle green
	Lime pale green
	Dark green almost black


	Bright green
	Live green
	Watery green


	Bright forest green
	Medium green/bluish
	Green with yellow


	Cos lettuce green
	Mid green
	Yellow dirty green


	dark yellow-red green
	Mid/dark green
	Green/brown


	Dark blackish green
	Mossy green
	Greenish


	Dull light green
	Greenish yellow
	Greenish bronze Pulsating


	Fir tree green
	Forest green
	greenish bronze strong


	Gray green
	Olive green
	Dark greenish Brownish


	Grayish light green
	Olive/mustard green
	muddy green


	Hard angular green
	Pale green
	Dark green


	Lettuce green
	Pale transparent green
	Spruce green


Shading and similar nuances of color “are important,” many synesthetes say, as is their focus of attention. Navon figures demonstrate this effect (figure 3.3). A large numeral 5 composed of smaller 2s can be read in one of two ways. A local focus on the 2 elements results in one color experience, such as orange, whereas global attention to the overall 5 configuration induces, say, sea foam green. This shift in attention illustrates that top-down influences can modulate synesthetic perception.
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Figure 3.3 A Navon figure has a global feature (in this case it looks like a 5) as well as a local feature, here the small 2s that make up the 5 configuration. In 1977, David Navon showed that global features are perceived more quickly than local ones (a trait called global precedence). When synesthetes shift their attention back and forth from global to local, the perceived color changes. David Navon, “Forest before Trees: The Precedence of Global Features in Visual Perception,” Cognitive Psychology 9, no. 3 (1977): 353–383. See color plate 5.

Graphemes produce color whether one looks at them, hears them spoken aloud, or merely thinks of them. But homonyms look different because they are spelled differently. In instances where the first letter shades the overall color of a word, the vowels lighten or darken it to make each word look unique.

Marti, who drew figure 3.4 in crayon, says that words would “look weird” if they didn’t have this property. In her case, A and I darken words, E and O lighten them, and U is neutral. As she explains it, “Tin is darker than Tan, Tan darker than Ten (and of course 10 looks different), Ten darker than Tun. As for Tun (a large cask of wine), it’s a color in between Tin and Tan, or Tan and Ten. If E is added to Tune to make Tune, the word becomes very much lighter.” Next in importance to Marti are letters that feel “spatially big.” That is, B has more color than C, and K more color than L. She likens looking at word shading to looking at threads in a tapestry. Changing the focus of attention affects what is perceived:
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Figure 3.4 In grapheme-based synesthesia, homonyms look different. Often, the first letter “shades” the entire word (first-letter effect), whereas vowels tend to lighten or darken it. See color plate 6.

The letter colors appear like fabric; pull the individual threads apart and you can see the various colors. Woven together, they become one—i.e., predominantly green (T)—but influenced by other “strands.” For example, say you are looking at a rug. One of two strands out of five will be brown, the rest green. Look at the fibers running through the strands. Some are red (A-Tan), or perhaps yellow (E-Ten), or gray (U-Tun), or maybe black (I-Tin). Standing on it, you say that the carpet is green; sitting on it you might notice the brown, and examining it closely, you may see the red, yellow, etc.


A hard question to answer concerns the spatial location of synesthetic colors. That is, where do they see them: in the mind’s eye or out in the world? The terms projector and associator entered the research vocabulary early on in an attempt to classify those whose color experience is projected onto the page (like a chromatic overlay on top of the black printing) from those who have an internal sense of color. Yet the binary distinction no longer seems warranted. Some individuals can indicate a distinct Euclidean location in three-dimensional space, but not everyone’s perceptions have a spatial character.

How opinion pollsters phrase a question affects the answer they get. The question “Where do you see your synesthesia?” has similarly led to ambiguity and sorting individuals into categories that may not have any biological basis. Recent indications are that colored graphemes do in fact sort smoothly along a spectrum of spatial extension. Some formerly labeled associators can describe the movement and position of colors within their mental space, whereas others just know and cannot ascribe a definite location to them (noëtic states are states of knowledge). A useful parallel is the ability to form mental images—a skill that varies greatly within the general population. Imagery and synesthesia are independent qualities, and perhaps formerly labeled projectors just score highly in their capacity for vivid imagery.1

Lexical-gustatory synesthesia is similar in that taste isn’t localized in the mouth per se but instead exists as a mental image free of spatial coordinates. By contrast, sound-sight couplings involving music, voices, and ambient noises, taste-shape and touch-color pairs, and sequence configuration (number forms) are all varieties that have distinct spatial extensions. These kinds of qualitative differences support the position that synesthesia exists on a continuum, and that the word itself is best considered an umbrella term for the more than 150 perceptual and cognitive pairings so far described. If true, then outwardly different phenotypes each represent inwardly different mechanisms that all converge to cause the similar subjective experience of synesthetic coupling. Some of the mechanisms could involve an upset balance between excitation and inhibition, an excess number of neurons or synapses, or a failure of synaptic pruning during fetal life.

The fetal brain makes two million synapses per second. These are then normally pruned away according to whatever the infant encounters as it acquaints itself with the world (a use it or lose it principle is at work here). Its environment uniquely sculpts each young child’s brain as it reaches, crawls, puts things in its mouth, is spoken and read to, watches everything, and imitates others. It is commonplace to say that kids soak up everything like a sponge, but we give short shrift to how vast and rapid early learning actually is. We forget, too, that it takes place over a long period of time. The brain’s explosive development slows down after the first few years, has another burst of reorganization during puberty as the external body also changes, and isn’t finished maturing into its adult form until about age twenty-five (and even then it never totally stops changing until the day you die).

Learning is taking place during all this time. One thing a brain learns during the first years is the complexity of graphemes. An intriguing discovery is that a miniscule fraction of grapheme synesthetes—only eleven so far out of more than ten thousand studied—have imprinted on alphabetic refrigerator magnets. Two Stanford University scientists encountered a woman whose letters systematically cycled through red, orange, yellow, green, and blue as she went down the alphabet. She said they matched the colors of the popular Fisher-Price magnet set she had as a child in which A was red, B orange, C yellow, D green and so on. Fisher-Price manufactured the toy between 1971 and 1990, and the woman later recovered it as an adult from her parents’ attic.

Enter David Eagleman, who in 2005 developed the Synesthesia Battery of standard questions, tasks, and scoring criteria to screen for a variety of types. The Synesthesia Battery (available in eleven languages at www.synesthete.org) has amassed a gargantuan data set. For grapheme synesthesia, it allows an examination of environmental influences that has not been possible until now. I already mentioned external influences such as letter and color frequency, color terms, alphabetical order, the first-letter effect, and similarities in visual shape and phonetic voicing. Eagleman’s analysis of 6,588 alphabets revealed that 400, or 6 percent, of US grapheme synesthetes matched ten or more letters to the letter color in the magnet set. This is far more than the proportion predicted by chance (< 0.009 percent). For participants born during the toy’s peak production years, 1975 to 1980, nearly 15 percent appear to have imprinted on the magnet colors.

It is important to emphasize that the Fisher-Price magnets are the impetus and not the cause of the letter-color pairings. The set was widely available in the United States during the childhood years of those born after 1967, and no one in the sample born before then matched their letters to the magnet colors. Its pervasive presence may explain the negative results of a large Australian study specifically designed to uncover childhood influences by examining children’s books. But before 1989, relatively few books in that country featured colored letters. Whereas the linguistic and cultural rules behind the general pattern matching discussed here have a long-standing presence, the number of magnet imprinters has risen and sunk in step with the commercial availability of the Fisher-Price toy. Yet synesthetes who imprint are still subject to the same rules as everyone else. In fact, the two forces compete against one another.

In the general population, for example, Y and G are most frequently yellow and green. But remember that magnet synesthetes imprint on only a subset of letters, not all twenty-six of them. In the physical toy, both Y and G are red. Yet when the letters of the 400 magnet synesthetes as a whole don’t match to the toy, they usually behave like the rest of the population—in this case, by having a high number of matches of Y to yellow and G to green.

Imprinting is just a form of associative conditioned learning (somewhat like Pavlov’s dogs). Its action in a tiny fraction of synesthetes does not negate the considerable evidence that synesthesia is perceptual and contingent on a genetic predisposition. Eagleman and colleagues see conditioned imagery in this case as similar to the auditory lexicon that is automatically evoked in mental space during silent reading. Up until now, all attempts at inducing synesthesia in adults via the forced learning of letter-color pairs have failed because this is not how synesthesia normally takes root. Children predisposed to synesthesia learn from a number of environmental influences, only some of which I have outlined here.

One recent study that illustrates the issues of multiple causation and complexity examined synesthetes who had learned a second language as a child. The “learning hypothesis” of Marcus Watson and colleagues proposes that synesthesia develops and is sustained because it helps those children who face difficult learning challenges. The groups he chose for comparison were native speakers whose language had either a clear (transparent) orthography or tricky (deep) one. English has a tricky orthography—complicated rules that regulate its spelling and writing. Every letter has more than one phoneme sound, and some can be silent. By comparison, Czech has a clear orthography, or a close one-to-one mapping between graphemes and phonemes. It has no silent letters. We know that transparent languages are easier to learn and achieve literacy in.

A huge sample of 11,400 individuals at first put the learning hypothesis in doubt because native Czech speakers were more likely to be synesthetes than native English speakers, who had to contend with tricky, deep orthography. But closer analysis showed that more Czechs had learned a second language (3.5 tongues, on average), and thus had a greater learning burden during childhood than monolingual English speakers did. Those who spoke multiple languages before the age of two were much less likely to develop synesthesia than nonnative multilinguals who learned an additional language later in childhood. The general learning hypothesis therefore held: transparent languages have lower rates of synesthesia than orthographically deep ones.

From the cradle onward, native multilinguals cultivate a set of metalinguistic skills beyond an attentiveness to graphemes and phonemes. They become versed in the different intonation, rhythm, stress, pitch, and intensity of the two languages. This confers advantages over children who pick up a second language when older. The advantages accrue, perhaps surprisingly, in executive functions such as working memory, selective attention, and the ability to resolve conflicting rules and inputs.

Another surprising and robust finding is that the incidence of synesthesia varies widely depending on one’s early language situation. It is no longer accurate to speak of an overall incidence of synesthesia given that linguistic and cultural factors affect the prevalence between groups. For example, exposure to or training in the fine arts raises the prevalence in adult groups to 7 percent. This language-based variation is true for all varieties of synesthesia, not just colored graphemes. The Japanese have the reverse problem of native English speakers: they must map the same set of sounds onto four different written scripts—Hiragana, Katakana, Kanji, and Romaji. Not surprisingly, native Japanese speakers have the highest prevalence of synesthesia.

We already know that synesthesia aids memory, implicit learning, and learning categorical tasks. Synesthesia’s utility may lie in mastering difficult conceptual material, particularly the skills involved in becoming literate. Young kids learn to categorize colors. Thereafter, between the ages of four and seven, they refine their reading and writing skills. Grapheme colors develop over roughly the same period as well as beyond. The learning hypothesis implies that while this is happening, some children transfer their color-spatial mapping and apply it to mastering letters, words, clock time, calendars, musical notation, and other cultural categories that require effort to learn. Once youngsters can relate a conceptual color space to letters, they can use it to represent other modalities and concepts. This is the shorthand I spoke of earlier, and one that Lawrence Marks even earlier called “both less abstract and more dense in informational content.”

Many researchers currently think that color-grapheme couplings establish themselves during learning how to read. Adult experimental subjects may be trained through rote memorization to learn that G is green even though associative learning setups have repeatedly failed to yield anything like firsthand synesthetic experience. Meanwhile, children are learning what green things are (grass, peas, trees, crayons, money). They physically engage with green objects in embodied perception. More important, they come to learn what these objects mean. They learn that G is a letter. They learn that it is a consonant. They learn that it can sound like jee /dȝi/, group /grup/, George /dȝiordȝ/, ga /ga/, gadget /gæd’dȝɛt/, go /go/, and even the f in enough /əf/ depending on context. And they also learn that it is green.


Note

1. Another possibility, Sean Day suggests, is that so-called projectors may be experiencing two different kinds of synesthesia in response to the same inducer—for example, grapheme → color simultaneously with grapheme → spatial location. The experience would seem like a single synesthetic perception.

4 Five Distinct Clusters

Finally having a large number of synesthetes at hand has revealed yet another pattern: that the vast number of synesthesia types can be shepherded into five distinct groups that share common features. Equally interesting, these groups are statistically independent of one another. This suggests that each cluster may have a distinct causal mechanism behind it. This further supports the idea that synesthesia is not one phenomenon but instead a continuum, or spectrum, of neural cross talk the way that autism is now thought of as a spectrum of observable characteristics rather than a singular entity.

Given this fresh insight, we should start thinking of synesthesia as an umbrella term that encompasses these five categories and the numerous couplings within each of them. The shift in conceptual framework is welcome because it adds structure to an otherwise-unwieldy gaggle of more than 150 types of synesthesia that have been reported so far. Some are far more common than others—a fact that requires explanation (see table 4.1). Having a more logical framework in turn can lead to a fuller understanding of synesthetic hyperconnection by revealing more fundamental relationships within a given pattern.


Table 4.1 Frequency of Synesthesia Types Based on 1,143 Individuals
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Note: The numbers given are the percentages of synesthetes, not the general population, who have a given type. Assuming about 4 of the populace has some form of synesthesia, then in the general population 1 in 44 people, or 246 million worldwide, experience graphemes → vision (i.e., colored letters and numbers). From Synesthesia, Sean A. Day, http://www.daysyn.com.

I said earlier that having one kind of synesthesia gave a person a 50 percent chance of having a second, third, or fourth kind. But which kinds of couplings are most likely to co-occur, and why does it matter? It matters because unearthing commonalities among broadly different expressions of synesthetic coupling brings us closer to understanding these anomalous couplings at the neural and, eventually, molecular levels. Throughout synesthesia’s history, we haven’t been able to say whether someone whose alphabet is colored will be more likely to see music, taste words, or have a spatial number form. But now we can.

The insight that some synesthetic types cluster came about thanks to the online Synesthesia Battery. A subset of 19,133 respondents gave sufficient detail to permit statistical analysis into how different forms correlate. Figure 4.1 illustrates the five groupings:
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Figure 4.1 Five distinct groups of synesthesia. N = 12,127. The radius of each type is proportional to the probability of independently expressing that type. From Scott Novich, Sherry Cheng, and David M. Eagleman, “Is Synaesthesia One Condition or Many? A Large-Scale Analysis Reveals Subgroups,” Journal of Neuropsychology 5, no. 2 (2011): 353–371.

	Colored sequences: A sensation of color in response to ordered sequences, especially overlearned ones like alphabets, days of the week, calendar months, and numerals.

	Colored music: A color sensation elicited by notes, chords, musical keys, instrument timbre, rhythm, and other musical features.

	Affective perceptions: Color experience incited by a valenced, consciously felt emotion concerning personality, touch (e.g., temperature, pain, caress, slap, orgasm), or comestible appeal/disgust (i.e., taste, smell, flavor).

	Nonvisual couplings: Any sense or concept linked to a nonvisual response (e.g., vision → smell, or sound → taste).

	Spatial sequences: The concrete three-dimensional rendering (reification) of any overlearned sequence.


I’ll expand on several of these. But first, did you notice that synesthetic responses overwhelmingly involve color? Why might this be so?

If you asked individuals to elaborate on the colors they see, you would find a curious split. One side of the split has to do with the frequent “wow” factor: a heightened emotional affect in instances where there normally isn’t any. For instance, a street name is described as “gorgeous” or the date of someone’s birthday as “delightful,” as if particular names or numeric dates held an especially gratifying allure. And remember the seven-year-old whose A was the most beautiful pink she had ever seen? It is remarkable to hear otherwise-sensible people gush about quotidian things: “I do mental computations accurately and with pleasure,” or “I find it satisfying and pleasurable to picture street maps.” Perhaps carried away in his description of anatomical structures, a professor of neuropathology says, “You should see the beautiful array of colors in the brain.” Nobody talks this way except synesthetes.

They follow a logic of their own. Luria’s S once told the professor, “I decide what I’m going to eat according to … the sound of the word. It’s silly to say mayonnaise tastes good. The З (in the Russian spelling) ruins the taste—it’s not an appetizing sound.” Another synesthete, an older Swiss woman named Jean, once explained to me, “I don’t like my given name, Jean, which is why I always call myself ‘Alexandra’ after the letter A. It’s the most beautiful color,” she says with emphasis. Yet at the same time, Jean is subject to the downside of automatic colors popping up because they strongly bias her reaction to Christian names. When Jean’s niece was expecting a baby, the mother-to-be said that she would name the baby Paul if it were a boy. On hearing this, Jean became distraught:

The name Paul is such an ugly color; it’s gray and ugly. I told her, “Anything but Paul.” And she couldn’t understand why, and I said, “It is such an ugly color, that name Paul.” She must have thought I was out of my mind. At last I thought it really isn’t my business, she can do what she likes. The name probably isn’t that bad, but in my mind it’s very awful. And that influences how I feel about people.


The strong wow factor implies that the emotional limbic brain figures heavily in synesthetic sensibility. Couplings are typically tinged with affect, although not everyone is bowled over or violently repulsed. A minor fraction feel nothing at all: their extra sensations (qualia) are simply there. But the majority will explain, with unsolicited enthusiasm, how they love their gift. To lose it would be odious—worse than going blind.

Consider a case of colored taste within the cluster called affective perceptions. Dr. Sean Day, who moderates the Synesthesia List, personally loves blue-tasting foods. Milk, oranges, and beer, which are outwardly white, orange, and amber, nonetheless induce a pleasurable sensation of blue. The alien color effect involving incongruous colors that sometimes occurs with grapheme synesthetes is a regular feature with Sean. His blue foods also come in different shades—beef is dark blue, bison meat is darker and tinged with purple, while the blue of chicken is a light sky blue. Movement, shape, and texture are additional components of Sean’s taste-based synesthesia. A favorite concoction of his is “chicken à la mode with orange sauce.” He developed it through culinary trial and error, attempting to layer specific synesthetic textures and color hues. The dish, which his wife finds “amusing” and unappetizing, consists of a baked chicken breast topped with a scoop of vanilla ice cream and orange juice concentrate. A bed of pumpkin pie puree adds a medium purple with little multicolored sparkles. Sean is modest in saying, “It’s quite delicious,” but to him his creation, at which many might recoil, is orgasmic on the scale of hedonistic pleasure.

Sean’s perceptions, whether triggered by musical timbre, taste, or smell, are in his case always externalized in three-dimensional space (figure 4.2). His colored shapes and textures are translucent enough to see through. They appear and fade at eye level, close enough so that he can reach out and sweep his hand through them. While he feels nothing when he does this, he says, “I can swirl it, making an otherwise-static perception dynamic for a moment.” This physical engagement in which feedback from external actions affects perceptions that are wholly generated internally is nothing short of astounding. It raises profound issues for phenomenology and the study of consciousness.
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Figure 4.2 The spatial location where Sean Day sees his photisms: about thirty degrees up from the horizontal plane, and thirty degrees lateral to the sagittal plane. The distance from self to the percept varies depending on the source (e.g., voice versus music). Courtesy of Joy A. Day. See color plate 7.

On a practical level, Sean plays with what he calls “exercises in subtleties.” He combines foods “whose synesthetic colors are almost—but not quite—the same shade, foods such as chicken, oranges, vanilla, and red wine (all shades of cyan), or raspberries, grilled squid, and almonds (all shades of bright orange).” Creating sharp contrasts is another gratifying pastime, such as pairing “raspberries (bright orange) with raw spinach leaves (dark purple).”

As for the wow factor, the affective jolt has lessened over time for him if only because of the “been there, done that” familiarity, much the way the rest of us are no longer surprised when the light comes on each time we open the refrigerator. Sean has become acclimated to his once-novel synesthetic sensations. One consequence is that it has gotten increasingly harder for him to discover novel tastes. And so he has fashioned a hobby of chasing exotica, “hunting down foods I’ve never tried before.” In the meantime, the Synesthesia List serves up a constant smorgasbord of perceptual and cognitive experiences from individuals living in forty-six countries on six continents, including even Antarctica.

The other side of the split mentioned above surprises outsiders and sometimes synesthetes themselves: namely, that the colors visualized really aren’t all that fantastic. “Most of my colors are actually pale and washed out,” says Ellen, which makes one wonder why the majority nonetheless gush about the wow factor. “It’s odd, really. Aside from a few letters that are intense, there isn’t much color at all. It’s more like faded pastels.”

Ellen’s comment echoes a similar experience of nonsynesthetes who suffer from achromatopsia: the loss of color vision that typically results from a stroke in a highly specific part of the visual cortex. In this abnormal condition, color doesn’t vanish completely but instead looks faded, “like dialing back the color on a TV set,” as one patient puts it. Instances such as “a beautiful pink A” stand out against much less vivid backgrounds, which possibly imbues the outliers with heightened significance. A different synesthete is puzzled that many of her alphabet colors are “weird, ugly colors I normally would never pick for myself.” Still yet another explains how a color sequence helps her remember a particular phone number. But then she adds quickly, “I’d never wear it myself. It’s too horrible.”

To understand what lies behind this cognitive split, we have to look at visual input in general and the neurology of color vision in particular. First, a whopping 85 percent of the brain’s sensory input comes from vision. I would show you an illustration, but it isn’t possible to depict vision’s vast anatomical reach in a single drawing, or even several of them. Visual networks course broadly from the retina (which is properly part of the brain), optic nerve, and optic radiations, to structures in the thalamus, brain stem, and cerebellum, before making their first synapse in the primary visual cortex, V1. Outputs from V1 subsequently project to more than two dozen different cortical areas that calculate the many aspects of vision starting with two major streams: one for object recognition (“What am I looking at?”) and another for location (“Where is it?”). A finer analysis of the light that reaches our eyes involves an object’s orientation, edge detection, depth perception, movement, luminance, color constancy, spatial awareness, and the particular recognition of faces and graphemes, to name just a few. A shorthand phrase for encapsulating this multipartite arrangement is that vision is highly fragmented.

One important node in the neural network supporting the conscious experience of color is the brain’s anatomical color facility called V4. Note the way I phrased that last sentence: the conscious experience of color. The counterintuitive reality is that color does not exist as an objective physical property in the outside world. Color, like vision itself, exists only in brains. Some brains assign color to object surfaces (humans, apes, birds, and insects) whereas others live in a monochromatic world (marine mammals and octopodes), or else see weak shades of blue and yellow within a mostly gray scale scene (dogs and cats). Many insects are sensitive to ultraviolet light, reptiles to infrared. Bulls are color blind: they charge the matador’s cape not because it is red but rather because it is moving.

Talk of “red wavelengths” is so mistaken as to be not even wrong. There are no such things as red wavelengths. In his 1704 Opticks, Sir Isaac Newton himself, whose prism experiments first revealed the rainbow diffraction pattern, said, “the Rays have no color. In them there is nothing else than a certain disposition to stir up a sensation of this Color or that.”

What might this disposition be in terms understandable to modern people? The answer lies in V4, discovered relatively recently in 1989 after decades of basic research conducted in macaque monkeys. Surprisingly, color can take on a life of its own that is separate from other aspects of vision, and further independent from what else might be taking place elsewhere in the brain.

Early functional imaging in synesthetes who experienced colored words showed that left V4 activated in response to spoken words but not when subjects actually looked at colors. Right V4 did just the opposite, activating when viewing actual colors but not during the experience of synesthetic color. (This disappointed those who assumed that synesthesia had to be a right-brain function because it seemed so artistic. Space precludes me from correcting misconceptions about hemispheric differences here.) The conclusion at the time was that synesthesia had hijacked a normal brain function—perceiving colors—in order to support the perception of synesthetic colors. Replicated many times, these and similar investigations silenced critics who said synesthesia was bogus and had insisted on pictures of the brain as proof.

For serious investigators, tantalizing issues remained. How was it, for one, that blind and color-blind individuals could see synesthetic colors that were impossible for them to see in the real world? V. S. Ramachandran and Ed Hubbard described a color-blind individual with S-cone deficiency who spoke of his “Martian colors.” Defective retinal cone pigments made it impossible for him to distinguish blues and purples. But nonoptical inputs such as language, gender, and mental concepts stimulated his V4 to produce his unearthly synesthetic colors. The same thing happens in blind synesthetes when their V4 receives inputs from sound, touch, or taste. Bypassing the usual retinal inputs is also why normally sighted synesthetes see “weird,” “ugly,” or “strange” hues.

Relevant to grapheme synesthesia, the grapheme recognition area on the left hemisphere’s fusiform gyrus sits adjacent to the V4 color area. It is easy to imagine a linkage between the two by virtue of their proximity. Yet how to account for colored synesthesias that involve taste, pain, touch, or orgasm when the networks behind them are remote in terms of anatomical distance? Most likely V4 on either side participates in these kinds of experiences. Functional imaging has indeed detected its activation.

Spatial sequence synesthesia (SSS) poses a different problem. Figure 4.1 showed that it does not cluster with any other type of synesthesia. Chapter 9 explores this outlier in detail, but for now let’s focus on its failure to correlate with any of the other four groups. While it may appear superficially like other types of synesthesia, it may well have a different mechanism from that which governs other varieties.

Evidence for this possibility comes from family studies, especially ones with twins. We need to first look at general genetic influences on synesthetic expression. Thirty-five years ago, I wrote about the heritability of synesthesia. Its occurrence in the same or contiguous generations argued strongly for an autosomal dominant mode of genetic transmission. I noted a high female-to-male ratio of three to one among self-reported synesthetes. While unusual, the excess number of women was still consistent with dominant transmission. But then other surveys found even higher ratios of men to women—6:1 and 9:1. Such a high number could only be explained by X-linked dominant inheritance in which synesthetic mothers could pass on their X chromosome to either sons (who have one X and one Y chromosome) or daughters (who have two Xs), whereas synesthetic fathers could only pass on their trait to daughters. Among a thousand cases, there were no known instances of male-to-male inheritance until I met Dmitri Nabokov in 1993. Both his grandmother and famous father had grapheme synesthesia, and here was apparently an illustration of the “black swan” hypothesis. If you posit that all swans are white, then the appearance of a single black swan disproves your hypothesis. This seemed to be the case with Nabokov’s father-to-son transmission. Except it subsequently turned out that Dmitri’s mother, Vera, was also synesthetic. It was not possible at the time to determine from which parent Dmitri inherited the trait. Consequently, dominant X-linked inheritance remained for a while the most plausible means of endowment.

Fast-forward a few years when confirmed cases of father-to-son transmission knocked X-linked inheritance out of the running. Further negative evidence emerged in a pair of identical (monozygotic) twins in which only one twin was synesthetic. We once again consider synesthesia to be a dominant autosomal trait, the kind of single-gene influence conferred by non-sex-determining chromosomes (autosomes). For example, single autosome genes determine whether you can roll your tongue, whether phenylthiocarbamide is bitter or tasteless, or whether or not you have freckles, attached earlobes, or a cleft chin. An autosomal mode of heritability could account for synesthesia’s appearance in multiple generations within a family as well as the ability for either parent to pass on the trait. But it failed to explain the high proportion of women that exceeded 6:1 in some samples. A large confounding factor was that historically, early groups studied were not random samples and thus not representative. One explanation for the lopsided sex ratio could be that women were far more willing than men to disclose unusual experiences. In time, this proved to be true. Once a statistically random and sufficiently large sample of the general population could be screened, the sex ratio turned out to be just about 1:1.

Yet there remained the puzzle of where synesthesia came from in individuals who had no other affected relatives. Such singletons likely result from spontaneous mutations, meaning that the synesthesia genes arise freshly in a person’s DNA. They are the product of evolutionary pressures happening before our eyes. Evolution does not merely keep synesthesia genes from going extinct; it actively maintains them at a high frequency in 4 percent of the population. Why evolution might do this is a topic of the final chapters.

For now, we can refine our understanding of how much genes and environment each contribute to synesthesia by comparing identical (monozygotic) and fraternal (dizygotic) twins. This line of research is still young, so we must be cautious when interpreting data based on it. Initial twin studies in families of varying size and with different kinds of synesthesia found links to multiple locations on several chromosomes. This strongly suggested not a single gene at work but rather multiple genes acting independently to bring about the diversity of synesthetic types. It is another reason to be precise in using the plural form synesthesias because increasingly the trait looks to be a spectrum of numerous phenotypes versus a singular phenomenon. (The grammatically correct plural form of the Latinate synesthesia is synesthesiæ, but let’s not be pedantic; a simple s at the end sounds fine.)

It shouldn’t be surprising that multiple genes influence synesthesia. When the DNA sequence map of the human genome was published in 2000, many expected it would lead to the genes associated with particular diseases. Alas, linkage was not that straightforward. We now know that complex diseases frequently involve a hefty number of genes scattered across multiple chromosomes. The same could well be true of synesthesia. Hundreds of genes might be involved if we compare it to something like sensory deafness, which also looks like a singular condition on the surface (you can either hear or you can’t). But geneticists have been studying hereditary deafness for more than a century, and so far have identified more than two hundred chromosomal loci that can influence it.

Humans have twenty-three chromosomes that together contain about twenty thousand genes expressed as DNA sequences. These in turn carry the codes for making proteins from which all life is constructed. Proteins execute most of the body’s biochemistry as well as make up the majority of our cellular skeletons. According to the latest measure from the Allen Institute, an astounding 84 percent of human genes are active (or “expressed”) in the brain—the highest proportion anywhere in the body.

These genes influence how the brain develops and functions—how we move and behave, how we think, how we emote as well as feel emotion, act with intention, and of course perceive. Fortuitously, synesthetic twins can help tease out not only the genetic influences on perception but also environmental or epigenetic ones (Greek epi = above or beside). The latter are naturally occurring, nongene influences that can switch specific genes on or off. By doing so they affect how cells produce proteins, and therefore, taken together, affect the uniqueness of any given individual. An easy way to remember its role is that “epigenetics cause a change in phenotype without changing the genotype.”1 One epigenetic factor in twins is that monozygotic pairs share a single placenta and are thus more outwardly identical than dizygotic twins who each have separate placentas.

I said previously that synesthetes inherit a biological propensity for forging hyperconnections (nature), but then must be exposed to environmental influences (nurture) perhaps as early as fetal life but certainly during early childhood. Childhood influences involve imprinting through exposure to cultural artifacts such as alphabets, food names, time units, musical notes and timbres, and so on.

The first comparative twin study took place quite recently in 2015 by Hannah Bosley and David Eagleman. It examined color-sequence synesthesia (CSS), a subtype of SSS, and clarified that the development of CSS in any given individual results from the triple influence of genes, epigenetic forces, and environmental exposure. An earlier analysis of 3,194 color-sequence synesthetes showed that about 79 percent of those having one kind of colored sequence such as an alphabet also had a second colored sequence such as one involving ordinal numerals. In contrast, the likelihood of having any other kind of synesthesia from the remaining four clusters was no better than chance. Given the large sample size, these findings strongly indicated that CSS is a distinct subtype and thus ideally suited for genetic investigation.

The twin comparison especially looked at concordance, or genetic similarity within a pair. It measured a concordance of 74 percent in monozygotic twins (one placenta) but only 36 percent in dizygotic ones (separate placentas). Interestingly, same-sex twins were 75 percent concordant for CSS whereas only 14 percent of opposite-sex twins were. These results confirm that this subtype of synesthesia is not wholly conferred by genetic means. If it were, then monozygotic twins would be fully concordant.2 Instead, the data indicate that epigenetic and environmental influences play a substantial role in how synesthesia is expressed.

How does one explain these fascinating results? We know that while monozygotic twins are typically identical at birth on many measures, different life experiences and epigenetic events guarantee that all pairs will diverge over time. We further know that imprinting on cultural artifacts occurs at a young age. One twin might be more attracted to refrigerator magnets and colored toys, and as a result develop CSS while the other sibling does not. Future studies could speak to this in discordant monozygotes by addressing DNA methylation, a potent epigenetic factor. Because monozygotes are necessarily same-sex pairs, these siblings likely share a high degree of both experience and environmental exposure.

To test if this is true, one could look at the variance between the color palettes of an identical twin pair. If they indeed imprinted on the same source, then their synesthetic colors should be similar. Unfortunately, monozygotic twins are much less common than dizygotic pairs, and there are currently an insufficient number of identical twin pairs from which to draw firm conclusions. Ideally, prospective, longitudinal studies of twin youngsters starting at an early age would answer the questions this line of research raises.


Notes

1. Many influences over time can cause chemical modifications around genes—what you eat, where you live, who you interact with, when you sleep, and how you exercise. Epigenetics makes us unique. Some of us are blond or redheaded. Some are pale while others have chestnut skin. Some hate the taste of olives or eggplants, while others adore oysters and raw fish. Some of us are shy and others more sociable. The different combinations of genes turned on or off create our unique differences.A popular analogy likens epigenetics to film directing. If a human life span were a movie, then the cell units that make it up would be the various actors. The script instructing them how to play their roles would be DNA. Words in the script correspond to specific sequences within the DNA, and directions for key actions, shot locations, and time of day would be the genes. If screenwriting as a whole were genetics, then directing would be epigenetics. By choosing point of view, or what to emphasize or cut, different directors take the same script and turn out very different films.
2. This isn’t quite true inasmuch as de novo mutations can occur at conception that make the twins genetically different—remarkably similar, but not exactly identical. See the suggestions in the further reading section.

5 Just How Constrained Is Your Umwelt?

There is more to reality than meets the eye—or the ear, the nose, or the half-dozen sensory receptors in your skin and bones.

Yet your brain, locked away inside a silent, dark skull, knows nothing of the physical world except what it constructs from data that enter along different cables from the body’s various sensors. These sensors all do the same thing: translate different kinds of physical energy into the electrochemical signals that are the common currency of nervous systems everywhere.

The retina translates the wave band of electromagnetic radiation that we know as visible light; the ear’s cochlea translates the mechanical energy of sound pressure waves; the assorted receptors in skin, muscles, and joints translate mechanical and thermal energy; and receptors in the nose and mouth translate chemical energy into a common language that the brain uses to discern patterns. All the connections that underlie cognition, perception, and behavior use the same signaling code.

When you think about it, this is astounding. It is also highly counterintuitive. From a physiological viewpoint there is nothing unique about the signals that constitute vision, an itch, or an odor. Nerve impulses from the retina and cochlea are no different than those that come from the big toe.

Yet subjectively, we have what feel like separate and consciously distinct senses. So how do we do it? How is it that you can effortlessly distinguish the smell of smoke from the ding of a bell? Note my choice of words when I said that the brain constructs reality from the electrochemical signals coming in from our assorted peripheral sensors. This is because

The brain is not a passive antennawaiting for signals to come along.

It is instead an active explorer that seeks out whatever stimuli interest it. On planet Earth we are constantly bathed in enormous fields of electromagnetic, mechanical, thermal, and chemical energy that physicists collectively call “flux.” The brain can’t take in the enormous amount of flux that bombards it every second, so in addition to suitable sensors for reading this energy it also needs strong filters that sample only part of it. This paradox lies behind the unique point of view that every individual has. As each brain develops over time in its particular context, it constructs a person who has never existed before and will never exist again. If our brains were the passive receivers that many imagine they are, then we would perceive the world the same way and all have the same perspective. But we are not a race of clones.

Google Maps cars, by contrast, do have the same perspective. They record everything without discrimination as they drive down the street, whereas two people walking the same street will notice entirely different things with respect to shops, restaurants, and passersby. People have different perspectives. They’re curious about different things. They assign different values to what they encounter. A lifetime of experience (which is another word for learning) reinforces the uniqueness of everyone’s individual perspective.

The brain can’t jack in and passively absorb knowledge the way The Matrix films depict. If it could, there wouldn’t be a need for lengthy schooling. And by schooling I don’t just mean formal classroom education. In order to learn, a baby entering the world needs to actively explore the environment by crawling, reaching, looking, imitating, listening, vocalizing, and putting everything in its mouth. This apprenticeship with the physical world and the people in it is an example of embodied perception. The famous “gondola kitten” demonstrated this decades ago.

One littermate in the setup was free to explore while another kitten hung passively suspended in a gondola contraption that moved in parallel with the self-directed kitten. The passive kitten learned nothing and remained as blind as it was at birth despite seeing everything that the interactive kitten had. In a recent update of this experiment, a US child’s Chinese-speaking nanny was filmed so that a second child saw and heard exactly what the first one did. The second child didn’t learn any Chinese whereas the first one picked up quite a lot. Being physically engaged, the first child took in tone, gesture, the way the two made eye contact, and the back-and-forth emotional reading that neither child nor nanny was particularly aware of.

The process of growing up and the environment in which we do it results in what I called in chapter 1 a certain texture of reality. We can now stipulate another axiom:

Synesthetes have a different texture of reality than the rest of us.

Most of the universe is empty space. The stuff we are made of along with the stuff we can see with the naked eye or our scientific instruments—visible matter such as stars, planets, and people—account for only about 4 percent of its mass and energy. NASA estimates that the universe consists of 68 percent dark energy and 27 percent dark matter, meaning that most of what exists is invisible. Dark matter does not interact with light, and so we cannot see it directly. We know it is there because we can measure its gravitational pull on celestial bodies. But if 95 percent of the universe lies beyond our senses, then what do we even mean by “objective reality?”

Particles and waves permeate space as an omnipresent force. Even in a vacuum, particles pop into and out of existence constantly. This radiation is immense in scale, measuring more than a billionfold span in wavelength. And yet the band of visible light to which we are sensitive constitutes less than a ten-trillionth slice of it (figure 5.1). Within this slice, our brains can create more than sixteen million distinct hues (and recall from the previous chapter that color exists in our heads, not the outside world).
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Figure 5.1 Humans are sensitive to less than a ten-trillionth slice of the universe’s energy spectrum, which covers a billionfold span. We simply lack the biological sensors to sample other parts of the electromagnetic spectrum, and so our “reality,” or umwelt, consists only of what we can perceive. Brain-machine interfaces such as cochlear and retinal implants as well as sensory-substitution devices can change and enlarge this. See color plate 8.

The feat is impressive, but we are still Lilliputians attuned to a tiny fraction of the cosmos. Every second, radio waves, X-rays, cosmic rays, and cell phone conversations pass through our bodies. But we lack the biological sensors to notice them. The human sensorium doesn’t begin to approach the bigger reality that exists, yet we blithely assume that the slice we know is all there is. This narrow, self-referential kind of reality constitutes our umwelt, a nineteenth-century German term that defines the lived-in environment that a creature can perceive.1

Snakes and other reptiles use infrared heat sensors to track their prey. The umwelt of birds and bees is influenced by polarized and ultraviolet light, while those of echolocating bats and dolphins rely on sound pressure waves. Dogs famously hear well above human thresholds, while cetaceans and elephants appears to communicate socially via low-frequency sound waves. Snakes, rodents, insects, and birds all appear able to sense impending earthquakes, although it is unknown whether they do so in response to groundwater changes, variations in electrical or magnetic fields, or the buildup of positive ions in the air that low-frequency waves around the quake’s epicenter generate in copious amounts. Roe deer and some birds are sensitive to the earth’s magnetic field, while electrical fields richly shape the umwelt of eels, sharks, and the monotreme platypus. A spider’s web is one huge sense organ many times bigger than the spider itself; its vibration patterns signal the location of prey trapped in it.

Every creature assumes that its umwelt is the objective entirety of existence. Why stop to wonder if there is anything beyond what one can sense? Species have evolved to thrive in a given milieu and nowhere else by utilizing certain parts of the flux around it while ignoring other parts just as we do. This differential sensitivity gives each creature a unique texture of reality. We may find certain flowers or birds alluring, but their markings evolved to please pollinators and potential mates rather than us. Mantis shrimp have sixteen color receptors that are also sensitive to ultraviolet and polarized light. Their abundance of sensors may be related to sexual display the way a peacock’s tail is because mantis shrimp look spectacularly colored to us; one can only imagine how they look to one another. Alien life—and a lot of it—does exist. Right here on earth.

Color-blind individuals illustrate the typical obliviousness to the confines of one’s umwelt: until they learn that others can see hues that they cannot, the thought of extra colors does not occur to them. The same goes for the congenitally blind: being sightless is not like experiencing a black hole where vision ought to be. Just as humans are unaware of a dog’s richly nuanced world of smells (they can detect odors buried 10 feet underground), a blind person does not miss the vision they never had. Visible electromagnetic radiation is simply not a part of their umwelt, and so they have no point of reference for what seeing and not seeing are like. The umwelt concept nicely encapsulates unimaginable possibilities and the limits of knowledge beyond one’s grasp.

Synesthetes have a different texture of reality because they have a bigger umwelt than the rest of us.

We understand the physiology of our various peripheral sensors well. We also know a great deal about how different aspects of perception are processed, from the first ignition of a sense receptor to the highest levels of cortex that involve judgment, expectation, memory, and other aspects of cognition. Despite this, we have not solved the binding problem, meaning how different aspects of perception come together as a whole (see chapter 4). That is, we put honey on our toast rather than separate constituents of yellow + sweet + viscous + dizzily even though each of these are perceptual attributes of honey. Likewise, we experience an apple tossed at us as a singular event as opposed to something red + round + edible + coming at us from a certain direction + at a certain speed even though each of these attributes are processed in different brain locations and at different speeds.

Time differences within the visual network alone complicate an already-daunting task of putting pieces together to make a conceptual whole. By about a hundred milliseconds each, the brain calculates color before motion, and motion before form recognition. How asynchronous attributes normally become bundled into a seamless, unified whole is hard enough; synesthesia throws up additional challenges to the binding problem’s philosophical and neural perspectives. The binding problem can help us look at synesthesia in a new way, though, as a phenomenon in which facets of perception that “aren’t supposed to go together” actually do. We might think of synesthesia as superbinding given that it involves the addition of extra qualia.
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Figure 5.2 Lawful and orderly relationships among different aspects of sensation increase or decrease in step with other variables (i.e., they are “monotonic”). Increasing darkness also becomes larger, louder, and lower in pitch, for example. Color priming sways observers to believe that white wine surreptitiously colored red is actually red wine. Smell and taste judgements are also affected. See color plate 9.

Orderly rules for pairing exist in both synesthetes and nonsynesthetes (figure 5.2). Each group agrees that higher tones are smaller than low ones, for instance, and that louder tones are brighter than soft ones. Soft-hard textures similarly pair with luminance. These are examples of the systematic, intuitive cross-couplings that occur below consciousness in everyone. Correspondences typically align as polar opposites (e.g., bright-dark, strong-weak, fast-slow). They are evident in infants, and regular across disparate cultures. Even preliterate tribes having no exposure to the West match lighter shades of gray to higher pitched tones. Even smell maps to the dimensions of lightness and intensity, as both chefs and psychologists know. We say that a dark liquid tastes and smells stronger than its equivalent pale version, and the unsuspecting say that white wine, when surreptitiously colored red, smells and tastes like red wine.

Remember your mother rebuking you about your eyes being bigger than your stomach? Well, we do eat with our eyes. “This looks delicious,” we say, never the future-oriented declaration, “This is going to taste great.” Good chefs consider visual and other sensory aspects that make food far more appetizing than if we ate the same meal blindfolded (patrons of oddly popular dine-in-the-dark restaurants usually go only once and never repeat the experience at home).2 Celebrity chefs can get carried away building edible sculptures or plating food to emulate art. Our two cortical taste areas feed back not only to visual areas but also to auditory and tactile networks. For instance, the sound, mouth feeling, and resistance that the jaw muscles feel all factor into how satisfying a food’s crunchiness is. The crackle we feel in our jaw contributes to its savoriness. Multiple senses are important to taste discrimination as well as judging comestability (whether something is edible or not, and if so, how tasty it might be). Ironically, we draw on every other sense except taste to form these kinds of appraisals.

In London, three Michelin chefs with the website Kitchen Theory (www.kitchen-theory.com) created a thirteen-course synesthesia dinner open for public bookings that focused on flavor, texture, color, aroma, density, and temperature. Figure 5.3 shows a sample menu.3 For one course, chef Jozef Youssef explored the spatial quality of “roundedness” in four identically sized scoops that vary in color, texture, temperature, and flavor—attributes that of course belong to other senses.
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Figure 5.3 A sample menu from the Synesthesia Dinner put on by Michelin chef Jozef Youssef, Oxford University gastrophysicist Charles Spence, and the team at Kitchen Theory.

The bouba and kiki appetizer on the menu echoes a famous gestalt experiment in which speakers of various tongues were shown two shapes and told that in an alien language, one shape was bouba and the other kiki. When asked to decide which was which, 98 percent picked the spiked shape as kiki because its sharp visual inflections mimic the “ki-ki” sound and the arched movement of the tongue against the palate. By contrast, the blob’s rounded contours are more like the sound and motor inflections of bouba. When diners at Kitchen Theory are served this canape on a plate sawed in half, they are asked to decide visually and tastewise which is bouba and which is kiki.

Color strongly influences how we perceive flavor. Purple grapes don’t look quite right when served on a blue plate, and such color-contrast illusions affect us on many levels. Charles Spence, head of Oxford University’s Crossmodal Research Laboratory, has demonstrated how the color of a container has more influence than one might imagine. Hot chocolate served in an orange cup is judged to taste better than the same cocoa sipped from a white or red cup (all cups being the same size and white on the inside). Drinks in pink containers are perceived as more sugary, those in blue containers more thirst quenching. Coffee in brown packaging is judged to be stronger than alternatives.

It may be that the term blue plate special became popular during the 1930s’ Depression when cooks discovered that diners were sated with smaller portions when meals were served on a blue plate. There is also a relationship between pouring sounds and temperature. People can accurately tell whether a liquid is hot or cold solely by the sound it makes, whether poured into glass, porcelain, paper, or plastic cups. Temperature perception can be changed by artificially modifying the sonic properties of water when poured.

Shape affects gustatory judgments, too. An angular plate emphasizes the sharpness of a dish. Weight matters as well; the more heft a bowl has, the more satiated you’ll feel no matter how much you eat. Labeling alone is powerful; people say a drink tastes better when told it costs a lot, and studies repeatedly show that consumers can’t detect any difference between organic and conventionally grown vegetables despite the fact that 30 percent of those tested thought that organic vegetables by definition would taste better. Expectation and belief strongly shade perceived tastes, even when foods are served blind, or in black crockery and glassware.

The absence of visual cues can make it impossible to distinguish one flavor from another. The 8 percent of men who are red-green color blind (deuteranopic) cannot tell the difference between a rare steak and one that is well done. One would think that a tough texture would give the overcooked steak away, but visual cues, or their absence, strongly outweigh other signals. It bears reemphasizing that taste exists in our heads, not in our mouths.

And the art of the table is as robust today as it was during the time of Louis XIV, when chefs outdid one another with extravagant visual productions. Let’s not forget either that food modulates brain activity more than anything else; a cup of coffee or delicious meal in an agreeable setting vigorously alters the levels of various neurotransmitters. What we typically call taste is part of flavor—a larger umbrella term that combines gustatory, olfactory, thermal, textural, and proprioceptive discriminations. It is one of the most multisensory experiences that we have.

If the senses aren’t compartmentalized as orthodoxy once claimed—five well-defined senses traveling along separate conduits—then what does it even mean to hear, to see, to categorize? How do you define a sense, or split a whole experience into its parts when those parts are already tightly bound with qualities that are common to other senses?

For example, if you blindfold volunteers for two days, their V1 primary visual cortex will suddenly respond to touch, sound, and spoken words. Remove the blindfold for just twelve hours, and V1 reverts back to recognizing retinal signals alone. The ability to “see” with the fingers and ears depends on inputs from other senses already being there, but unused so long as the eyes input a signal.

These results are reminiscent of reports from spelunkers who say they can see their hands despite total darkness in a cave. Lab experiments support the veracity of such claims: infrared eye tracking confirms that at least 50 percent of people can see and smoothly follow the movement of their hand in the absence of all light. Smooth “pursuit” eye movements are impossible to fake without a real object to track, as you can see for yourself by watching someone follow your finger from left to right, and then having them try to imitate the eye movement on their own. Instead of a slow sweep, the eyes will move in jerks.

None of the above subjects saw the experimenter waving their hand in the dark in front of them—a crucial detail implying that proprioception of one’s own movements feeds into the synthesis of an image. Some individuals who have had their eyes surgically removed similarly draw on unconscious proprioception to see subjectively in what is called “phantom vision.” One blinded soldier, for example, saw his legs whenever he patted his thighs.

A more common and easier way to unmask the implicit cross-sensory connections that we all have is to substitute one sense for another—a line of research first published in 1969 by Paul Bach-y-Rita. For instance, we think of the tongue as a taste organ. But it is also loaded with touch receptors, making it an excellent brain-machine interface. If you feed digital video into a rectangular electrode mesh placed on the tongue, users surprisingly interpret the resulting patterns of touch as shape, size, distance, and direction of movement—attributes that belong to vision. Doing so doesn’t take a lot of training.

Both naturally blind and blindfolded individuals soon learn to navigate an obstacle course or catch a ball after putting the grid in their mouth. Any kind of input can be paired with the apparatus, which is commercially available as the BrainPort® V100. Sonar signals fed into the tongue grid could let divers “see” in murky water, while infrared input gives soldiers 360-degree night vision. Sensory substitution works effortlessly because the brain doesn’t care where data come from. All it ever sees are electrochemical signals (the nervous system’s common currency) arriving along different channels from different sensors. After millennia of practice, the brain has become superb at extracting patterns from whatever signals and assigning meaning to them. Think of braille, in which people read meaning by feeling patterns of bumps on their fingers. In newly blind individuals who learn braille, the cortical sensory map of the reading finger greatly expands into now-unused visual cortex. This is a great example of the brain’s flexible plasticity.

What works for one input works for others, which means that over the course of evolution, nature didn’t have to continually redesign brains. Once a central nervous system’s operating principles worked well enough, all that needed to evolve anew were the peripheral sensors. Sensory substitution illustrates that the brain actually does have a universal operating principle. Its general-purpose nature is why we can implant Silicon Valley technology into the cochlea and retina—paraphernalia as alien from our electrochemical biology as can be—and yet give people everywhere hearing or vision that is not just operational but meaningful.

Reality isn’t something that exists outside oneself. Encased in the silent darkness of the skull, the brain weaves your inner umwelt into a story, the reality of your subjective world.

As for metaphor, it is not abstract or poetic language but rather an understanding that is rooted in physical experience, “embodied” as I said earlier. Synesthesia and metaphor both precede language in the sense that similarities in perception such as “Dark is also strong” give way to synesthetic equivalences such as “I know it’s 2 because it’s white.” These then evolve into spatial metaphors such as “Good is up, bad is down” or ontological metaphors such as “Ideas are light.” Language finally elaborates these into phrases like “Brilliant!” “That was a bright idea,” or “I see what you’re saying.” Metaphor reveals the similar in the dissimilar, and without synesthesia preceding language developmentally, we wouldn’t be able to understand metaphors like “loud tie,” “warm color,” or “sweet person.

Synesthesia illustrates how memory, embodied perception, and metaphoric thinking support one another so that “She had a green name” makes sense. We understand “cold heart” without having to explicate what the metaphor means. And look in figure 5.4 at how we refer to memory entirely in metaphoric images.
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Figure 5.4 Perception, memory, and metaphor are all interrelated and embodied. We conceive of them only from the reference point of having a physical body attached to our brain. Courtesy of the author. See color plate 10.

With memory, storage is not the limiting factor so much as retrieval is, because what we take in and embody is first colored by context, then stored across multiple cortical repositories in a web of associations, and then retrieved at a later time in yet-different contexts. As a result, each time we remember something it is different. Every recollection reconstructs salient and meaningful details from the original event. And because current context shades it yet again, all memories are in some sense false. It sounds like Zen to say so, but it is all one.


Notes

1. Coined by Jakob Johann Baron von Uexküll, and initially popularized by the semiotician Thomas A. Sebeok.
2. Taste-to-vision synesthete Sean Day begs to differ, and tells me of his at-home experiments that involve eating in the dark. “The black background helps to block distracting nonsynesthetic visuals.”
3. See https://www.kitchen-theory.com/portfolio-item/synaesthesia.

6 Chemosensation: Citrus Feels Prickly, Coffee Tastes Oily Green, and White Paint Smells Blue

Taste and smell differ from other senses in two fundamental ways. Retinal sensors transduce electromagnetic energy into signals that the brain understands whereas the assorted tactile receptors for touch, heat, cold, pain, vibration, itch, joint movement, and tendon stretching dispatch signals to muscular, skeletal, and cutaneous nerves when a mechanical force deforms their shape. Hearing, balance, and proprioception are likewise mechanical in nature: sound pressure waves push against the eardrum, which moves the auditory ossicles, a chain of three tiny bones that leverage the force that pushes against the inner ear’s round window. This in turn sets in motion the fluid inside the cochlea, which then triggers the hair cells to shoot electrical impulses into the auditory nerve. One’s sense of balance is mechanical in that it relies on gravity to move and resettle minuscule otoliths (so-called ear stones) that inhabit the three semicircular canals set at right angles to one another (think of the flurry and settling of a snow globe). As they move, the otoliths trigger a different set of hair cells. These send electrical signals into the vestibular nerve.

Taste and smell, by contrast, transform the chemical energy stored in volatile molecules that either float on the air or are dissolved in saliva and mucous. Hence the term chemosensation. It likewise makes sense to use the overarching term flavor because taste and smell are intimately entangled—so much so that what we think of as taste is almost always a matter of smell. Food loses its taste when cold viruses attack. They impair your sense of smell by interfering with specific protein and glandular secretions in the nose and mouth.

What we usually mean by flavor is really a composite perception that discriminates the basic tastes of sweet, salty, bitter, sour, and meaty along with smell, temperature, texture, and proprioceptive feedback from the mouth and jaw muscles.1

Compared to our meager taste receptors, we have approximately one thousand olfactory ones, which is why aromas are far more numerous than pure taste sensations. Aroma additionally reaches the brain by two routes: via receptors in the nose, and a second set in the back of the throat. The two pathways give rise to different subjective perceptions. While we can easily identify something we sniff as an odor, we are ignorant of the fact that what we call flavor is pretty much the result of stimulating smell receptors.

To convince yourself of the effect that smell has on taste, hold your nose or put a clip on it while you sample a variety of foods. Do this while blindfolded, and you’ll see how bland or altogether tasteless most foods become. You won’t be able to distinguish an apple from an onion or coffee from tea. The latter only registers as mildly bitter and disagreeable, because aroma rather than taste accounts for the complex signature of each drink. Where I use the term flavor below I mean both taste and smell.

In addition to differing from other senses physiologically, taste and smell differ anatomically, too. Schematically, any input to the central nervous system is equally six synapses away from the end of the line: the head ganglion of the hypothalamus. It is five synapses removed from the hippocampus. Taste and smell are different because neither has a synaptic relay in the thalamus, a major way station that is part of the brain stem. Instead, they synapse directly into the cortex of the rhinencephalon (Latin,“smell brain”) that makes up the bottom surface of the frontal lobes. Because they bypass the thalamus, taste and smell are just three synapses removed from the hippocampus, a structure crucial for forming memories. The arrangement perhaps explains the ease with which aroma and flavor trigger multisensory memories compared to other kinds of sensory perceptions.

Olfactory cross-couplings are more common than most people realize, which is in keeping with the general laws illustrated in figure 5.2. Technically, we are all synesthetic. We consistently judge odors like vanilla as smelling sweet even though sweetness belongs to the domain of taste. In fact, in any language, sweet is the most frequent adjective used to describe odors. When one researcher asked 140 participants to describe a strawberry aroma, 79 percent said it smelled sweet. Only 43 percent said that it smelled like strawberry. Similar examples such as amyl acetate, used as banana flavoring, give the same result: when smelling an odor, more people perceive in it taste-like qualities such as sweetness rather than specific ones like strawberryness or banananess.

We have an enormous and nuanced color vocabulary with names such as puce, ecru, carnelian, verdigris, vermillion, viridian, chartreuse, cerulean, gentian, azure, alizarin, ultramarine, aquamarine, turquoise, bittersweet, cinnabar, teal, topaz, taupe, fuchsia, ochre, umber, sienna, russet, sepia, cerise, coral, carmine, indigo, and khaki. We even give separate labels to closely related colors such as burgundy, maroon, cordovan, and mauve. Ironically, few words describe smells despite the enormous influence that smell has on taste perception. We instead steal vocabulary from other senses: sweet, sharp, bright, crisp, soft, spicy, fetid, oily. Rather than describe a given smell itself, the words we use most often refer to its cause—floral, fruity, moldy, acrid, smoky, waxy, stuffy.

As with other synesthesia types, the reliability of ratings such as sweetness (as scored by test-retest matching) is stable over long periods. Rating validity is likewise confirmed by phenomena such as sweetness enhancement wherein a sweet-smelling odor added to a sugar solution boosts its sweet taste—a manipulation exploited routinely by food processors. The reverse phenomenon occurs when sweet-smelling odors are used to reduce the perceived sour taste of a food.

Flavor (which again, encompasses both taste and smell) can either induce a synesthetic perception or stem from a synesthesia originating in other modalities. Either way, perceptions rooted in flavor are rare at about 6 percent of all synesthetic experiences. Flavor commonly triggers color, movement, and shapes that can be either visual, tactile, or both. A reverse case of touch to flavor involved one woman who couldn’t eat certain foods if she held them in her bare hands. It had to do with the texture, she said. She wouldn’t shake hands with some people “because of the taste.” One man’s orgasms left behind a metallic taste—an uncommon aftereffect reminiscent of the metallic taste that sometimes constitutes the aura before a temporal lobe seizure. In both cases, a massive autonomic discharge would feature.

But synesthetic flavor more commonly arises from words, sounds, music, and musical qualities such as key, timbre, rhythm, and interval spacing. While individuals with colored hearing and colored graphemes usually sense a single homogeneous color, the chemical senses trigger complex shapes and colors that move, “shimmer,” or are “shaded,” “speckled,” or “hemmed” with other colors.


A Mix of Sensations

As described in chapter 1, my collaboration with Michael Watson began after an offhand comment he made to dinner guests about there being “not enough points on the chicken.” I tell the story of our early work in The Man Who Tasted Shapes. What quickly became apparent when working with him was that he felt and saw qualia beyond taste. The sensations he experienced were strong and pleasurable, felt “throughout my body,” but principally in his face, hands, and shoulders. He could palpate and sometimes manipulate a synesthetic object with both hands. The movement and feeling of depth at times nudged him to “reach for” an edge, a texture, or some other quality set about an arm’s length away. At other times flavor produced visual images: orange extract triggered “olive-green patches coming through a rectangular doorway.” But more often, visual shapes resulted from sound:

When I was in the third and fourth grade, there was a radio program called Musical Pictures the class would tune to every Thursday. We would draw what the music said, and I was fascinated by it. I could draw things. I was wonderful. I was the best person in the class, just being able to visualize things from sound. I remember it vividly, and it was my favorite part of those years.


Michael had an excellent memory for configurations, effortlessly remembering shapes he had encountered before but not the flavors that caused them. He enjoyed cooking yet never followed a recipe, instead using a rough idea of what he wanted the final dish to feel like, and adjusting ingredients by trial and error—altering its shape to make it “rounder,” giving it more “inclination,” “sharpening up the corners” to give the vertical lines more heft, or adding “a couple of points” to the overall tactile shape.

His descriptions were highly detailed. Banana extract was “round and carved like baroque molding,” camphor was “like a rectangular handle on a briefcase,” and honey was “long and linear with bumps, like a polished walking stick.” He felt a sphere when smelling peach preserves, but tasting it added holes “like a bowling ball” that he could sink his fingers into. Menthol felt “tantalizing and odd.” He said it compelled him to turn his head to the left and “move around. Something is around the corner, leading me forward.” Strawberry extract was the round “top half of a sphere,” intense and “sexy—a ten on a scale of one to ten.” He felt this sensation in his face and neck all the way down to mid-chest level, “the farthest down I’ve ever tasted anything.”

AJ is similar to Michael except that her synesthetic shapes are triggered solely by smell. She was administered the standardized “smell identification test” invented at the University of Pennsylvania a few years after I had encountered Michael. The test consists of forty scratch-and-sniff patches that make test-retest sessions easy. A forced choice paradigm asked AJ to match smells to one of only four possible shapes (table 6.1).


Table 6.1 Shapes Smelled by AJ


	Odor	AJ’s identification	Description


	Pizza
	Pizza
	Black flex arrow from top


	Bubblegum
	Bubblegum
	Wide, all filling


	Menthol
	Menthol
	Tall shape, not quite a column, curls a bit at the top


	Cherry
	Cherry
	Wave shape


	Motor oil
	Motor oil
	Mushroom


	Mint
	Mint
	Flat, but not filling like bubblegum


	Banana
	Banana
	Round shape


	Cloves
	Cloves
	Spearhead shape


	Leather
	Leather
	Lip at bottom


	Coconut
	Coconut
	Spread-out shape


	Onion
	Onion
	Collection of grids


	Fruit punch
	Fruit punch
	Mushroom spiraling under the cap


	Gingerbread
	Gingerbread
	Arrows, looking down on points, prickly


	Lilac
	Lilac
	Shaped like a drill bit


	Peach
	Peach
	Wide smell that tapers at the top


	Root beer
	Root beer
	Thin, high, rising shape


	Pineapple
	Pineapple
	Layers of smell together


	Lime
	Lime
	Flat with edges, smooth like


	Orange
	Orange
	Black bits, a tall smell, about two-foot high


	Wintergreen
	Wintergreen
	Ragged edges


	Watermelon
	Watermelon
	Flat dish shape, could be circle of spears


	Grass
	Grass
	Flat, wide smell


	Smoke
	Smoke
	Spearhead shape


	Pine
	Pine
	Upward moving


	Grape
	Grape
	Big and filing, like rising dough


In general, colored flavor is more common than flavor that engenders a shape. Given the intimate relationship between taste and smell, the insistence by some individuals that one sense and not the other triggers their synesthesia is unexpected. For example, Muriel Nolan is polymodal, a person for whom sound → touch, color, and spatial location. But she experiences only smell and not taste as colored:

I remember most accurately scents. We were preparing to move into the house I grew up in. I remember my father was on a ladder painting the left side of the wall. I remember to this day thinking why the paint was white, when it smelled blue.


The earliest reported case of colored taste, by June E. Downey in 1911, featured colors that were spatially extended, meaning they were felt in different locations in the mouth. Pink and lavender tastes were agreeable, reds and browns were not, and “blue tastes are never experienced.” Sweet tastes were black and sometimes “brilliant.” A bitter taste was dull orange-red and burning. Salty tastes were crystal clear, while sour ones were green and cool. When a given food’s physical color conflicted with its synesthetic one, the result was “most disagreeable.” 

Downey’s subject was polymodal and sometimes ascribed color to touch in a way that also conflicted. Green had “an agreeable feel” but was not an agreeable color. Blue-greens induced a “perfectly awful feeling; disagreeable to both sight and taste.” The color of lime candy was “pretty,” yet its taste not “particularly agreeable.” The kinds of conflict here are grounded in concrete sensual qualities, much as they are in the alien color effect observed in grapheme synesthetes.

Semantics can also play a role as they do in VE, one of the rare individuals whose synesthesia is bidirectional: smells evoke color, and saturated colors evoke smells. Bright yellow is lemony, and navy blue is salty. Semantics likewise influence CR, who smells colors when handling marker pens or cans of paint. “Purple pens smell like grapes,” she says, “and when I see an open can of paint it makes me hungry. I almost want to eat it.” Flavor → color synesthesia occurs in only 2 percent of self-reported cases. I discuss semantic influences further in the section on phoneme tastes below.

Novelist Joris-Karl Huysmans (1848–1907) was not synesthetic, but in Against Nature (A Rebours), his protagonist composes taste → sound symphonies using a collection of liqueurs:

Each and every liqueur, in his opinion, corresponded in taste to the sound of a particular instrument. Dry curaçao, for instance, was like the clarinet with its piercing, velvety note; kummel like the oboe with its sonorous, nasal timbre; crème de menthe and anisette like the flute, at once sweet and tart, soft, and shrill. To complete the orchestra there was kirsch, blowing a wild trumpet blast; gin and whisky raising the roof of the mouth with the blare of their cornets and trombones; marc-brandy matching the tubas with its deafening din; while peals of thunder came from the cymbal and the bass drum, which arak and mastic were banging and beating with all their might.


This seems like an artistic contrivance, a pseudosynesthesia based on the intellectual idea of coupled sensation. Fast-forward and you can find similar efforts today. Chang Hee Lee, a design engineer at the Royal College of Art in London, created Essence in Space, which “attempts to harmonize the synaesthetic connection between the perfume industry’s ‘Fragrance Classification’ chart” and music.2


Synesthetic Flavor

“You know why they have music in restaurants?” Luria’s subject S asked. “Because it changes the taste of everything. If you select the right kind of music everything tastes good. Surely people who work in restaurants know this.” Various stimuli triggered flavor for him (“Here’s this fence. It has such a salty taste and feels so rough”), but S especially responded to sounds and words. Presented with a tone of fifty Hertz (Hz), he saw “a brown strip against a dark background that had red tongue-like edges. The taste … was like that of sweet and sour borscht.” Raise the pitch to two thousand Hz, and “it looks something like fireworks tinged with a red-pink hue … and it has an ugly taste—rather like that of a briny pickle.” Listening to musical excerpts, he said, “I feel the taste of them on my tongue; if I can’t I don’t understand the music.” Describing the shapes of the alphabet to Luria, S said, “I also experience a taste from each sound,” meaning that he had specific phoneme tastes in addition to his fivefold sensory synesthesia. Recall him saying in chapter 4 that “I decide what I’m going to eat according to … the sound of the word.”

For Chris Fox, “Most things I see or hear have a strong taste and smell.” Letters and numbers possess color, smell, gender, and personality whereas sights and sounds evoke sensations of taste, touch, shape, and color. Cathleen S, a doctoral student of music, is overwhelmed by flavors when she plays the oboe or piano. The tastes and smells can be so vile that they force her to stop. This naturally upsets her given the implication for her career as a performing artist.

Recently, an Italian team examined a young musician, ES, who experiences musical intervals as distinctive tastes. She claims she can name sound intervals based on the specific tastes in her mouth (table 6.2). The researchers created a gustatory version of the Stroop task (in which subjects respond more slowly when faced with stimuli that conflict with the required response). They played a suite of tones while applying sour, bitter, salty, and sweet solutions to ES’s tongue. Her ability to identify tone intervals was perfect in every instance, and she was significantly faster when the applied taste was congruent with her synesthetic taste. This is another example of synesthesia’s usefulness in executing a complex cognitive task.


Table 6.2 Sounds Named according to Tastes Experienced by ES


	Tone interval	Taste experienced


	Minor second
	Sour


	Major second
	Bitter


	Minor third
	Salty


	Major third
	Sweet


	Fourth
	(Mown grass)


	Tritone
	(Disgust)


	Fifth
	Pure water


	Minor sixth
	Cream


	Major sixth
	Low-fat cream


	Minor seventh
	Bitter


	Major seventh
	Sour


	Octave
	No taste



Phoneme Flavors

Little contemporary inquiry has focused on flavor synesthesia given that taste and smell are relatively neglected senses. The situation changed around 2003 thanks to the collaboration of two psychologists versed in linguistics, Julia Simner in Edinburgh and Jamie Ward in London. They teased out the cross-sensory mappings of learned linguistic elements in an individual who tastes phonemes.

James Wannerton, a onetime London pub owner, tastes words whenever he hears them, reads them, speaks them, or even thinks them. He was featured in the BBC Horizon documentary, Derek Tastes of Earwax, and has subsequently made a hilarious London subway map called Taste the Tube that replaces traditional station names with his personal flavors.3 Oxford Circus becomes “Oxtail Soup,” Green Park becomes “Pea & Ham Soup,” and Blackfriars is “Spam Fritters.” It’s a fun ride, if not to everyone’s taste.4

While listening to words, but not tones, James bilaterally activates the taste cortex in his frontal operculum (Brodmann area 43), the main one of multiple taste areas that we have. Flavors persist for a time until they are “overwritten”—a feature that sometimes makes his synesthesia annoying. Luria’s subject once complained that “if I read when I eat I have a hard time understanding what I’m reading—the taste of the food drowns out the sense.” Likewise James notes, “Reading from foreign menus is another ‘problem’ area because the ambient sounds, general conversation, and immediate surroundings all influence what I taste. Social eating is something extra to avoid if I can. I deal with the general ‘taste chatter’ the way someone with tinnitus might deal with the ringing in their ears—I listen around most of it.”

Taste figures prominently in James’s dreams. His synesthesia is intensified by alcohol and reduced by caffeine (as was Michael Watson’s). And semantic influences are prominent. “Whenever I venture into a Deli or foreign food market, I see food items I’ve never seen or heard of before. The name, colour, and shape all come from with involuntary tastes and textures that can’t possibly taste like the food itself.” For instance, he adds, “I detest oysters, but quite enjoy the synesthetic chocolate experience. I’ve been tested extensively on my synesthetic perception to oysters.”

An amusing but predictable observation is that doctors Simner and Ward quickly learned most of James’s taste associations by conventional recollection, and can remember the details in either direction (e.g., sound X will taste like Y, or taste A will result from word sounds that contain the phoneme B). But James cannot say what words might trigger a given taste. He can only describe the taste of a particular trigger word and not the reverse—a shortcoming he finds funny. This happens of course because synesthesia is perceptual rather than memory based.

What we know about phoneme tastes in general is that they are located in the mouth and occur for both spoken and written words. Tastes are highly specific and detailed, not basic ones such as sweet or salty. Common words are more likely to elicit tastes than infrequent ones, and actual words (lexemes) are more likely to evoke tastes than made-up nonwords (e.g., polt, tweal). There is no first-letter effect as there is with grapheme synesthesia: words that share the same first letter tend not to produce the same taste. Instead, words that contain similar patterns of phoneme sounds do (e.g., television and Kelly both taste of jelly). And the critical phonemes are often contained in the food name of the synesthetic taste (e.g., Barbara = rhubarb). Subsequently, words that share either sound (April = apricots) or meaning (baby = Jelly Babies) with food words may acquire the corresponding synesthetic taste.

Simner and Ward analyzed 524 of James’s word-taste mappings, and found 59 tastes that paired with three or more different words (accounting for 84 percent of James’s repertoire). Using statistical analysis, they determined which critical phonemes accounted for each taste. For example, m = cake and k = biscuit (British for cracker). A sample is shown in table 6.3.


Table 6.3 Critical Phoneme Triggers for JW’s Synesthetic Tastes


	Flavor	Critical phoneme	Example words


	Apple
	p
	Parents, deploy


	Beans, baked
	b, I
	Maybe, been


	Bread
	r, aj, ʌ
	Enterprise, discuss


	Cabbage
	g, r
	Agree, greed


	Carrots
	ǣ, r, s, p, aj
	Harry, microscope


	Coffee
	k, ae
	Kathy, confess


	Cucumber
	Ju, ə
	You, peculiar


	Grape
	g, r, ej
	Grip, great


	Jam tart
	p, ɑ, t
	Partner, department


	Jelly
	ɛ
	Kelly, television


	Lettuce
	s
	Notice, less


	Milk, condensed
	k, w, aj
	Acquire, McQueen


	Mint
	t, r, u
	Truth, control


	Onions
	Ju, aj
	Union, society


	Peaches
	i, f, ʧ
	Feature, teach


	Potato
	l, d, h
	Head, London


	Sausage
	I, ʤ
	College, message


	Sherbet
	F
	Lift, fuchsia


	Toast
	Ou, s, t,
	Most, still


	Tomato
	s, ou
	So, Sandra


	Tomato soup
	s, p
	Super, peace


	Vegetables
	d, n
	Earned, owner


	Yoghurt
	G
	Argue, begin


They confirmed that it actually is a phoneme sound rather than its written form that determines synesthetic flavors. For James, say, village tastes like sausage, as do message, college, and similar words with the /idg/ sound. Consonants induce more flavor than vowels do. The sound of /g/ tastes like yogurt whether expressed as g as in begin or x as in exactly. Likewise, /k/ tastes like eggs whether it sounds like c as in accept, ck as in check, x as in sex, or k as in fork. Some phoneme sounds can be pronounced more than one way—a property called allophony. For example, long /l/ (as in bell and loop) and short /l/ (as in let and also) variants produce two distinct tastes. Homonyms, however—words that sound alike but have different meanings—sometimes override the sound. Thus sea tastes of seawater, see of baked beans, and the letter c is tasteless.

Although taste synesthesia has an innate component, it is heavily influenced by learned vocabulary and conceptual knowledge—that is, semantics. There is full correspondence between the semantics (meaning) and phonology (sound) of a food word and its synesthetic taste (e.g., rice tastes like rice, and onion like onion). This suggests a new rule that words sharing either sound or meaning with food words take on the corresponding synesthetic taste.

But it is an old observation that the semantic name given to a thing influences how we experience it. In an established measurement called the semantic differential, hedonic evaluation is one of three key components that determine meaning, and current research agrees that access to meaning colors synesthetic experience.

Following their studies of James, Simner and Ward recruited fourteen additional individuals who tasted phonemes. Participants were consistent and reliable in test-retest conditions five months apart. Unlike grapheme color synesthetes who often detect no change in intensity from one item to the next, taste synesthetes did perceive intensity differences. Again, word frequency explained the difference: less frequent words had milder tastes than high-frequency ones, and foreign words or nonwords were mildest of all when they did elicit a taste (e.g., the German word einst = a little something salty). This suggests developmental history at work given that vocabulary and life experience mature in tandem; a person’s precise pattern of taste synesthesia accordingly results from both heredity and experience.

An unexpected finding was that James’s diet influences his synesthesia. The more frequently a given food appears in his diet, the more likely it is to produce synesthesia. Present phoneme tastes also reflect his childhood diet more strongly than they do his food choices as an adult.

Linguists know that the first letter of a written word holds special status. It is less visually crowded and thus the quickest to identify—features that make it part of a reading access code by which graphemes are converted to their sound representations before we can grasp their meaning. This explains why synesthetic word color is frequently determined by the first letter. The fact that it does not happen with phoneme tastes tells us that a different mechanism is at work. Grapheme synesthesia is tied to the mental lexicon, the neuropsychology of written word recognition, and the acquisition of vocabulary. Gustatory synesthesia is not.

Whether or not flavor attaches to a word depends on word frequency and lexicality; what specifically the taste will be depends on its sound (phonological) properties. Earlier I noted that phonemes like /idg/ in a taste name such as sausage also cluster in words that trigger that taste (e.g., village, college, and message taste like sausage, too). Sound-based synesthesia can occur with both written and spoken language because phonological sound codes are neurologically activated during the comprehension of both.

It may be that James and similar individuals once experienced a more concretely sensuous, nonlinguistic kind of synesthesia before they were old enough to learn the names of what they ate (which typically occurs around eighteen to thirty-four months of age). It then may have evolved into the form they have now as adults. Instances of synesthesia changing over time, especially during puberty and less so during normal childhood maturation, are well documented. It is noteworthy that James’s trigger words produce highly detailed perceptions whereas foreign and nonwords yield rudimentary tastes, if at all. The false word bik = something stiff and brittle, whereas the French une = something sour and juicy. The lexicality of each example, and its meaning, differs. Whether a given word triggers a synesthesia or not depends on whether it has been incorporated into the dictionary of the childhood mental lexicon.


Notes

1. Monosodium glutamate ideally represents the fifth basic taste of umami (meaty). The other four are ideally represented by sucrose (sweet), sodium chloride (salty), citric acid (sour), and quinine (bitter).
2. See http://www.changheelee.com/essence-in-space.html.
3. See http://www.tastethetube.com.
4. See https://www.linkedin.com/pulse/savory-subway-names-londons-underground-richard-cytowic.

7 See with Your Ears

About 40 percent of synesthetes “see with their ears,” meaning the activation of color, shape, and movement by sound. “Colored hearing” is somewhat of a misnomer given that synesthesia almost always travels in one direction—in this case, sound → sight. But the reverse name has stuck, and there is no point being pedantic.

Common triggers include musical qualities, phonemes, speech, and everyday sounds such as dog barks, clattering dishes, or the timbre of voices. Colored hearing is dynamic, something like fireworks: the shapes appear, scintillate or move, and then fade away to be replaced by a kaleidoscopic montage of colored photisms so long as the stimulus continues.

Hearing and vision are already tightly coupled, as demonstrated by illusions such as ventriloquism and the McGurk effect below. In most people the interaction occurs below conscious awareness. But in synesthetes, of course, the coupling is explicit, and once established, associations become fixed between certain acoustic properties and visual qualia. As figure 5.2 illustrated, there are systematic, intuitive, and lawful similarities among different aspects of sensation thanks to anatomical connections that normally occur among different functional areas.

Intramodal interactions within the same sense are also lawful and regular. Consider the Doppler illusion: it induces a perception within the same sense modality. When a tone at constant frequency increases steadily in volume, observers hear the pitch rise as loudness increases. The experience is like the physical Doppler effect caused by a passing siren. The Doppler loudness-pitch illusion is an intramodal synesthesia just the way that color and graphemes belong to the same sense.

Ten percent of synesthetes experience photisms only in response to the basic sound units of language: phonemes. As a matter of bookkeeping, we classify these individuals as phoneme → color synesthetes rather than people with colored hearing. It is unclear why given individuals respond only to some sounds but not others. One person will see colors in response to general sounds, another only to sounds that have a musical character (e.g., tweeting birds or doorbells), and yet others only to specific musical properties. But even within these categories, not every sound elicits a visual perception.

Rebecca Price is someone who responds to the acoustic properties of speech and recognizes different voices by the pattern of photisms they cause. “One of the things I love about my husband,” she says, “are the colors of his voice and his laugh. It’s a wonderful golden brown, like crisp, buttery toast, which sounds very odd, I know, but it’s very real.” Note the vigorous positive affect in her description compared to the negative frame in which Luria’s S perceives some voices. On meeting Lev Vygotsky, the famous Russian psychologist, S said, “What a crumbly, yellow voice you have.” He later elaborated on the topic of voices in general:

You know there are people who seem to have many voices, whose voices seem to be an entire composition, a bouquet. The late [filmmaker] S. M. Sergei Eisenstein had just such a voice: listening to him it was as though a flame with fibers protruding from it was advancing right towards me. I got so interested in his voice, I couldn’t follow what he was saying.


It is ironic that the latter two men met because Eisenstein was himself synesthetic, and known for hand-tinting stretches of his black-and-while films to literally color scenes with certain emotions.

One plausible explanation for the broad variety of what people with colored hearing see is the time window during which the synesthesia genes express themselves, and the age at which a child recognizes phonemes (six months), exhibits food preferences (six to twelve months), learns word fragments and words (twelve to eighteen months), learns primary colors (twenty-four to thirty months), and then masters three-word sentences, secondary colors, and food names (thirty to thirty-six months).


Table 7.1 Age of Acquisition for Cognitive Traits and Synesthesia Types
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Notes: mos = months; dow = knows days of week; moy = knows months of year. a. But does not yet know digits 1–10 out of order. b. At 30 months, some kids know the alphabet by song. c. Many number forms contain clock shapes for the digits 1–12. d. Between 42 and 48 months, recognizes letters out of order. e. [spoken words → color] could possibly occur much earlier; young speakers recognize the lexicality of words/nonwords before learning to write and read. It could occur shortly after colored graphemes but before phoneme-to-grapheme conversion. One question is whether word → color and grapheme → color synesthetes are early readers.


Colored Hearing

Many synesthetes compare the experience of sound-induced color to looking through a tinted overlay, especially when they listen to music. “Electronic music evokes such wonderful shapes and colors in front of my eyes,” says Mike Morrow. Yet “sometimes when I hear words I will see shapes, which makes me feel silly. You will notice the shape which your last name evokes below. This is the first time I’ve written something like this down.” Perhaps peer pressure causes Mike’s embarrassment. But other synesthetes feel freer to express themselves, as Carol Steen did in her sculpture Cyto (figure 7.1).
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Figure 7.1 Carol Steen’s Cyto sculpture, bronze and steel with blue patination, conveys the shape, color, and twisting movement of the first two syllables of Dr. Cytowic’s name (left). The shape of Dr. Cytowic’s (misspelled) spoken name as seen by Mike Morrow (right).

These examples highlight the importance of understanding that sound-sight synesthesia is about more than color. Sonic attributes (qualia) frequently induce the experience of three-dimensional geometric objects that exist in specific spatial locations. Synesthesia recruits the same neural systems that underlie normal cross-modal perception; changes in pitch, for example, systematically alter the brightness, size, contrast, or angular distance of the synesthetic experience. Anina Rich and colleagues have shown that multiple features are drawn into forming these synesthetic objects, and that each feature can be selectively attended to despite being internally generated. They have their own internal coordinate system and are coded as physical objects, or reified, which means the mental conversion of an abstract concept into a thing.

Colored hearing is also about more than V4. Just as vision is fragmented, the work of perception is divided among many parts. These parts constitute nodes of distributed systems—self-organizing, self-calibrating, dynamically shifting networks. In this framework, neither synesthesia nor conventional perception is localized in one spot as popular accounts of the brain so often show. Rather, they exist as the dominant process at a given time in its distributed network. I’ll say more about these networks in chapter 11.

Colored hearing has been described in very young children. One three-and-a-half-year-old whose color vocabulary was still limited to saturated primary colors (e.g., he called rose and all shades of pink red), heard two crickets chirping one night as he was being put to bed. One cricket was comparatively high and shrill. “What is that little white noise?” he asked. Told it was a cricket, and not satisfied with the answer, he said most insistently, “No, not the brown one but the little white noise.” He presumably assumed that color was a normal part of sound because in casual conversation he would say things like, “That noise is red, isn’t it?” When he saw a rainbow for the first time, he grew excited and exclaimed, “A song, a song!”

While synesthetic sound-color mappings are typically idiosyncratic, this youngster’s palette is interesting because it is arranged in an orderly way. Middle C is red, with tones below it red and red-purple. Further down the scale notes become gray, then black. Above middle C, the notes become progressively blue, green, and then white. High tones are always lighter than low ones in keeping with the orderly correspondences described in chapter 5. It is not surprising to find a regular mapping occasionally because the anatomical organization of the brain’s primary hearing cortex is tonotopic, meaning that its neurons are arranged progressively from those that code low tones to those that code high ones.

Colored hearing is a rich experience even—or perhaps especially—among the blind. Marion was born with severely restricted vision. By adolescence, she could distinguish only light from dark. She had no light perception at all by the time she entered college. Because she had some useful vision early in life, she had learned the Roman alphabet. Its letters are still colored, luminous, and “seem to emit light,” as do letters of the braille alphabet. But music stimulates colored shapes most of all.

Violins and similar stringed instruments evoke a nice medium shade of green. Piano music is white, and a piano concerto with a lot of strings in the orchestral accompaniment evokes a green background with white in the foreground. Mozart’s clarinet concerto is a wonderfully deep shade of blue, and the music of a flute is red.


She illustrates many of the acoustic and musical properties to which synesthetes respond: sounding pitch, pitch class, musical key, timbre, chords, melody, and volume. Pitch refers to two things, whether a note is high or low (pitch height), and what specific pitch class it is (e.g., C, B, F♯, etc.). Key means that the composition adheres to one of the major or minor scales, whereas timbre is the distinct tonal quality that lets you distinguish, say, a violin from a flute when both sound the same note at equal loudness. (The German word for timbre is Klangfarbe, literally meaning “sound color.”) A chord describes two or more notes played simultaneously, whereas an interval is the harmonic distance or difference between two pitches. Melody refers to the sequential arrangement of notes. Any or all of these factors go into determining the exact nature of what an individual with colored hearing sees.

Less common are individuals who respond to one of the seven musical modes that have been part of musical notation since the Middle Ages (e.g., Dorian, Mixolydian, Aeolian, and so on); shape-note or fasola singing also originated during this period. Some color differences are affected by the genre of a piece such as waltz, march, ragtime, opera, or rap. The overall character or style of a song influences Billy Joel, Pharrell Williams, and Lady Gaga. The latter says that she hears melody and lyrics when she writes songs, but “I also see color. I see sound like a wall of color. … [F]or example, ‘Poker Face’ is a deep amber color.”1

Melodic intervals obey the law of regular correspondences, too, by mapping to bright-dark values: lighter stimuli are judged to go with ascending melodic intervals, and darker stimuli with descending ones. The wider the melodic interval, the more gradations of light and dark there are.

Musician Laurel Smith sees photisms in response to music, speech, and everyday sounds. Her “colored lights” caused by music are influenced by pitch, timbre, sound structure, key, counterpoint, dissonance, and musical style. Her pitch colors are based on the diatonic scale; sharps and flats look like variants of their natural counterparts.

For Laurel, an out-of-tune note has a white halo if it is sharp and a dark halo if it is flat. But flats and sharps inherent to a given key have no halos. Accidentals foreign to the key she is playing in acquire a silvery halo. Pitch height determines the shade of a sounding note; higher sounds are lighter, and lower ones darker. For example, the goldish tint of C darkens as it descends the keyboard whereas D takes on silver-gray overtones until it becomes almost black. Laurel can identify a pitch by its size. Lower pitches are bigger than higher ones. Bass notes are two to ten times as big as treble notes, but they lose their shape and become more amorphous as their pitch descends.

An instrument’s timbre also matters because several acoustic sounds can fall under a single color. The following all appear purple, for instance: the viola’s D and A strings, the cello’s C and D strings, and a piano’s third octave from the bottom. She calls her color descriptions grossly oversimplified because timbre further differentiates into a given instrument’s “sound structure.” A one-to-one identity exists for Laurel between a given timber and its color in the same way that a grapheme synesthete might say, “I know it’s 2 because it’s white.” As Laurel puts it, “It is as inconceivable to hear a flute without seeing its intensely bright pitch color as it is to look into a well-polished mirror and see nothing.”

Franz Liszt and Nikolai Rimsky-Korsakov famously disagreed over the color of musical keys.2 When Liszt took over the Weimar kapellmeister post in 1842, he startled the musicians by saying things like, “Oh please, gentlemen, a little bluer, if you please! This tone type requires it!” Or, “That is a deep violet, please, depend on it! Not so rosé!” The orchestra eventually got used to the maestro who saw a polyphony of colors where they only heard notes.

It shouldn’t be surprising that a number of famous musicians had colored hearing. Synesthetic composers besides Liszt and Rimsky-Korsakov include György Ligeti (whose music was used for the soundtrack of 2001: A Space Odyssey), Amy Beach, Jean Sibelius, and Olivier Messiaen. Modern musicians include violinist Itzhak Perlman, oboist Jennifer Paull, jazzmen Michael Torke, Thomas Wood, and Tony De Caprio, and pop artist Stevie Wonder.3 Ligeti has spoken of how graphemes as well as phonemes affect him: 

I associate sounds with colours and shapes. … I do not have perfect pitch, so when I say that C minor has a rust-brown colour and D minor is brown this does not come from the pitch but from the letters C and D.


The French composer Messiaen (1908–1992) is particularly interesting not only because his synesthesia is bidirectional—music appears fantastically colored and color arrays sing with unearthly sounds—but also because he specifically invented an entirely new method of composition to convey the complex colors that music and the sounds of nature cause him to see.4 He calls his method the modes of limited transposition, and they make Messiaen’s music so stylistically unique as to be instantly recognizable. Mode 2, for example, is a distinct mixture of violet, blue, and violet-purple, whereas mode 3 is orange with bits of red and green pigments, spots of gold, and a milky white with iridescent reflections like opal. Because of the modes’ visual and aural complexity, Messiaen speaks of “color chords.” He says the modes are not harmonies in the usual sense, nor are they even recognizable chords. “They sound like colors.” To speak of an exact correspondence between a key, a conventional chord, and a specific color is not possible because the colors he sees are complex—often described in terms of looking at a stained-glass window—and linked to equally complex sounds that go beyond just pitch or timbre. “They are the sound.”

Messiaen saw his multifaceted colors whenever he heard or read music; conversely, he spoke of translating colored landscapes into music. For example, his 1977 symphony Des Canyons aux Etoiles (From the canyons to the stars) was inspired by Utah’s Bryce Canyon, “the most beautiful thing in the United States. The piece I composed about Bryce Canyon is red and orange, the color of the cliffs.” Listen to his translation of color into sound as he watches the intensely blue Steller’s jay fly over the canyon:

His belly, wings and long tail are blue; the blue of his flight and the red of the rocks takes on the splendor of Gothic stained-glass windows. The music of this composition attempts to reproduce all these colors.

For the Steller’s jay, chords with “contracted resonance” (red and orange). … Chords with “transposed inversions” (yellow, mauve, red, white, and black) render the colors of the rocks. … Next, polymodality superimposing the three 4-mode (orange-colored with red strips) to the six 2-mode (brown, reddish, orange-colored, purple) brings to a fortissimo conclusion the sapphire blue and orange red rocks.


Because scientific accounts of phenomena should be predictive, Princeton University musicologist Jonathan Bernard set out to discover through conventional musicological analysis what correspondence, if any, there was between color and the unique sound structure of the composer’s music. Helpfully, Messiaen often wrote color names and effects on the score. What Bernard found is that a given color is predicted by the vertical spacing of notes on the staff. That is, chords formed by the modal transpositions have characteristic spacings, and two different spacings of the same modal set predict two different colors just as Messiaen indicated in writing.

To the composer there was no such thing as a single note. He was acutely aware of overtones and harmonics, especially ones inherent in natural sounds such as wind, waterfalls, and the birdsong that so frequently populates his compositions. Where we hear one sound, Messiaen heard many, nested inside one another. What we hear as a single chord, say, of pitch-class notation 2, 2, 2, 7, 8, 6, 4, Messiaen heard as multiple sounds. And inasmuch as his synesthesia was bidirectional, we might perceive only one color while Messiaen saw the myriad nuances typical of synesthetes in general who strain to describe colors “just so.”

Even though he had been composing with the modes before the age of twenty, Messiaen’s first public mention of synesthesia was a passing reference in his 1944 book The Technique of My Musical Language to “the gentle cascade of blue-orange chords.” His bidirectional sound-color associations were, like all synesthetes, involuntary and consistent. The colors inhere essentially in the score. They don’t depend on the sonic attributes of a given orchestral performance. Not surprisingly, performing Messiaen’s music requires a special kind of artist attuned to what the composer is trying to achieve.

What separates Messiaen from ordinary synesthetes with colored hearing is that particular sound combinations evoke a variegated range of colors that allowed him to “paint the visible world in sound.” The composer saw three types of colored sounds. The first is monochromatic, labeled simply “green” or “red,” for example. The second type of sound is a two-colored mixture that he describes with hyphenated names such as blue-orange. The third is yet a more complex mixture of pairs (“gray and gold”), triplets (“orange, gold, and milky white”), or a dominant color that is “flecked, striped, studded, or hemmed” with one or more other colors. The documentation for Messiaen’s sound-color combinations comes from biographers, copious notes that Messiaen wrote about his compositions, and from color notations printed on the scores themselves.

Messiaen’s highly nuanced colorations are not that rare or extraordinary. Jamie Ward has examined in detail individuals in whom notes played simultaneously elicit two or more colors that differ from those of the constituent notes. That is, in some people, interval rather than pitch determines colors, and harmonic overtones (the series of higher pitches sounding with and reinforcing the fundamental note) are likely responsible for color complexity and blending. The reason pitch can produce multiple forms of synesthesia in the first place is that it is itself a multidimensional attribute.


Perfect Pitch

Perfect pitch is the ability to recognize and remember a tone without a reference sound. Estimates for the skill go as high as one in ten thousand people, which still makes it rare. Nonmusicians have no way to identify a note because without extensive musical training it is difficult to identify a pitch by name. People often wonder if there is a connection between perfect pitch and synesthesia because it seems intuitive that it would be easier to remember absolute pitches by assigning them specific colors. But based on tens of thousands of synesthetes examined so far there isn’t an increased likelihood that one trait implies the other. The experiences are subjectively different, too, although what is analogous is that each is a perceptual trait with a strong genetic component.

Whereas most people believe that physical attributes such as blue eyes, red hair, or cleft chins can be inherited, they seldom stop to consider that perceptual and psychological traits, or even mannerisms, can be passed down. Yet the genetic endowment from one’s parents does make an individual prone to specific talents or behavior in the same way that it primes them to be physically short or tall, dark or blond, fair or freckled.

We know that single autosomal genes are important for the many varieties of hereditary deafness and blindness. Little research has been done on the sense of smell, although scattered reports indicate hereditary factors in selective anosmia, the inability to detect specific odors. On the flip side, talented “noses” in families of parfumiers, vintners, and cognac distillers are legendary. The most common perceptual talent that runs strongly in families is musical ability. The pedigree of Johann Sebastian Bach is a prime illustration, though it is hardly unique.

As in synesthesia, perfect pitch runs in families and invariably manifests at a young age. It is like synesthesia in four aspects: the talent is either present or it is not; the skill appears naturally without having to develop it through practice that characterizes the mastery of other skills; most individuals with perfect pitch are surprised to learn that others lack the capacity; and it manifests at an early age: 26 percent by five years old, and 89 percent by the age of ten.

Joseph Long is a Scottish concert pianist who has both synesthesia and perfect pitch, with the latter skill being one that he calls “learning to label” at a critical early age. His experience demonstrates how both operate independently.

I started playing the piano at age four on my grandparents’ battered old instrument, which (I later found out) was tuned a minor third or so below A-440 [the concert-pitch standard]. I had synesthetic colour associations from the very first session onwards—C was blue, D was green, etc. At the age of five, my parents bought me my own piano, which was tuned a little higher. I didn’t know then it was a tone below A-440—it just sounded higher to me. I then enrolled for piano lessons with a local teacher, and her piano was—guess what—bang on A-440. I was now playing three pianos, all at completely different pitches.

The important thing at this stage was that, on all three pianos, C was still blue, D was green, and so on, regardless of the sounding pitch. … Middle C was the physical key I pressed, not the sound. … And then a turning point happened that led to absolute pitch becoming one of the most important parts of my musical life.

It came in the form of a visit from my friendly piano technician. … He immediately said it needed a pitch raise up to A-440. Once he carried out the work it sounded like my teacher’s piano. So it was then that I grasped that pitch was “absolute,” or at least that there was such a thing as standard concert pitch at which my teacher’s piano had been set and at which the others had not been. Evidently something in me before then was able to hear and remember distinct pitches even though I had associated colour with the physical piano key rather than the sound it made when pressed.


His example shows how acoustic properties of sound gradually outweighed Joseph’s conceptual categorization of what it means to be in a certain key. There may be a greater interplay between perception and conception in hearing than there is in vision.


Beyond Color and Shape

While sounds most often induce color, shape, and visual movement, the variety of synesthetic responses can be as large as those for other forms. One of my early test subjects felt a sharp pain in her temple when my hospital beeper went off. “Oh, those blinding red jaggers!” she said, grabbing her forehead. “Turn it off.”

Sounds can be personified the way graphemes are. If “Ts are generally crabbed, ungenerous creatures” for one synesthete, then for another the bassoon can be “a good-natured fellow, highly intelligent, but awkward like the proverbial academic nerd.”5

Sounds can also be linked to discrete postures or actions via a coupling called audiomotor synesthesia. One adolescent boy struck different poses dictated by the sounds of different words. Both English and nonsense words compelled certain physical movements, he claimed. The physician who described the unusual coupling thought to retest the boy without warning to see if the sound actions were stable. When the doctor read the same list aloud ten years later, the boy assumed the identical postures from a decade earlier without hesitation.6

Laurel, the polymodal musician mentioned above, also has this kind of synesthesia. A bass line harmony, for example, makes her feel poised in the ways described in table 7.2.


Table 7.2 Laurel Smith’s Kinetic Postures Induced by a Base Line Harmony



	I—tonic
	Upright with feet on ground or floor


	II—supertonic
	Flying low above the ground


	III—mediant
	Stepping on a stair


	IV—subdominant
	Soaring high in the sky


	V—dominant
	On a landing with knees bent, ready to jump


	VI—submediant
	Floating around in the stratosphere, little gravity


	VII—leading tone
	Tripping onto the top step of a flight of stairs


Up until now I have mostly spoken about the visual form of graphemes, such as how homonyms look different given their different spellings. But about 25 percent of grapheme synesthetes simultaneously activate auditory pathways in their brain. This makes them sensitive to homographs, words spelled identically but which differ in the syllabic stress of their pronunciation. Literal word shadings would be different for such individuals.

	“My smile is my best attribute” versus “I attribute my success to my smile.”

	“How did we wind up here? The wind blew us.”

	“Resume your work” versus “My work résumé is enclosed.”

	“Put a record on the turntable” versus “Did you record her lecture?”


One must take care when asking whether a synesthete’s letters are colored. Simply because subjects may be reading silently in their head, the hues may be driven by phoneme sounds but mistaken for being grapheme governed. Recall that the auditory lexicon, or word dictionary, is automatically activated during silent reading.


When Sight Causes Sound

Kandinsky claimed that each color had an intrinsic sound—a relationship he elaborated in his 1912 book, On the Spiritual in Art. He later attempted to equate color with Arnold Schonberg’s twelve-tone music. In other words, Kandinsky increasingly intellectualized his synesthesia, deliberately turning it into an abstraction. He sought a universal translation among the senses that he hoped would apply to everybody—except now we know that doesn’t work because synesthetic associations are idiosyncratic.

Synesthesia can be maladaptive for a small subset of individuals in whom it is bidirectional. In chapter 1, I mentioned the music teacher Julie Roxburgh and her brave excursion into Piccadilly Circus for the BBC. The problem for those who are overwhelmed like Julie may not be bidirectionality per se but rather the intensity of the unfamiliar vision → sound channel. Lidell Simpson’s synesthesia goes strongly in that direction although he also has typical colored hearing. He was born profoundly hard of hearing and wears bilateral hearing aids. He hears whatever he looks at, especially if it moves or flashes. “I can turn my hearing aids off, but true silence I have never known.”

[Driving at night] there is a radio tower miles in the distance. On the towers are a series of lights, red or white (each color has its own “note,” “tone,” or “key” if you will). I hear the blinking of the lights and its intensity increases as I approach. Now add the reflectors along the side of the road. Every one of them I see emits its “ping,” and the center striping of the road emits its own sound. Every car headlight has its tune. The tonal quality changes with respect to relative position, like the Doppler effect.

Even in the daytime my eyes are another pair of “eardrums.” I hear the sky, the trees, anything my eyes perceive emits sound. Every color “emits” a tone. Intensity, brightness, position—all influence the “tonal” quality.



Back to Our Umwelt

None of us experience everyday sensory events in isolation because each sense receives correlated input from other senses about the same object or event. Completely unnoticed by the perceiver, each sense modality is highly influenced by other senses. But that’s our umwelt that we take for granted. It’s the texture of reality we’re accustomed to. Sight, sound, and movement already influence one another so closely that even bad ventriloquists convince us that the dummy is talking. At the cinema, the ventriloquist illusion fools us into believing that the dialogue comes from the mouths on-screen despite actually coming from surrounding speakers—and a lot of them. The illusion is compelling and impossible to resist. Even young infants are taken in by it.

The McGurk effect illustrates how voice and lip-movement cues combine even before the audio and visual signals are assigned to a phoneme or word category: the sound of /ba/ is perceived as /da/ when coupled with the visual lip movement associated with /ga/. (You can see demonstrations on YouTube.)

Vision typically dominates hearing when the two senses compete, but sometimes the relationship goes the other way as it does in the illusory flash effect: when a single light flash is accompanied by two beeps, it appears to flash twice. A related illusion is auditory driving, in which the apparent speed of a flickering light seems to speed up or slow down depending on the rate of an accompanying sound. Simple but powerful illusions like these confirm that sight and sound are tightly coupled at early levels of signal processing.

Physiological techniques such as electrode recordings from brain cells show that when a bang and flash occur at the same time and location, the cells’ activity level exceeds that predicted by summing up the responses from the single-sense inputs. Imaging studies verify that observed speech influences heard speech at an early stage in processing, as it does in the McGurk effect. Touch also influences what we see by way of low-level neural cross-connections. And even if we do not consciously register a facial expression, it colors our judgment of emotion in the speaker’s voice; scalp electrode measurements indicate that such an integration happens at early stages.

Four-year-olds agree with adults as to correct cross-modal matches among loudness, brightness, and pitch. Even one-month-olds equate levels of brightness to loudness (by observing where they look). The congruencies demonstrably depend more on hard wiring than on relative context, which must be learned. The fact that such links are established at early neural stages as well as early in life implies that perceived similarities do not depend on language. Because adult perception is inflected by context, we can infer that invariant cross-sensory correspondences exist naturally in infants but change during development to become much more contextual.

Judging by the foregoing, cross-sensory interaction is obviously common. Two prevailing theoretical views of how it comes about are integration and differentiation. The integration view proposes that distinct sensory channels are initially separate at birth but gradually become integrated over the course of development and by the accumulated experience of living in the world. Differentiation holds the opposite view: that the senses arise from a primitive, atavistic unity and then segregate from one another as the infant matures.

Quite a few avian and mammalian newborns, including us, have functioning anatomical connections between various sensory areas. The ones between sound and vision are especially robust. In human newborns, sound evokes recordable responses in the visual cortex that decrease in strength after six months but are still detectable at up to thirty months. Our close relative the macaque monkey has viable lifelong projections from primary auditory cortex and multisensory areas in the temporal lobe to visual area V1. Because such cross-sensory connections do not depend on visual input to establish themselves, their existence must be genetically programmed.

Human infants are skilled at grasping nonmodal qualities such as intensity, rate, duration, rhythm, time synchrony, and co-location in space. For example, the sight and sound of clapping hands share synchrony in time, action tempo, and rhythm. The infant’s adept detection of nonmodal properties is a fundamental component of selective attention—a skill necessary for mature cognition. The ability to detect and use nonmodal information in early life supports the view that development proceeds from a global unity of the senses to increasing differentiation into separate modularities that do not remain completely separate in the adult.

Rather than a competing dichotomy, integration and differentiation are best seen as complementary. During the early development of perceptual skills, nonmodal relations undergoing differentiation and modality-specific inputs that are integrating across sensory domains interact with one another to produce the umwelt that we have. Perception is fundamentally multisensory even though we are rarely aware of the extent to which this is true. If it is overtly multisensory in infancy while it differentiates as the brain matures, we can then propose two possibilities for why certain individuals remain synesthetic. Either they retain more of the juvenile interactions that most individuals lose or they explicitly draw on normal multisensory processes that have sunk below consciousness to become implicit in the majority of the population.

I favor the line that synesthetes access network pathways that ordinarily underlie the normal integration of multisensory input. An extension of existing pathways eliminates the need for synesthetes to have wholly novel neural structures compared to nonsynesthetic individuals.


Notes

1. Sean A. Day, Synesthetes: A Handbook (Middletown, DE: CreateSpace, 2016), 77; Maureen Seaberg, Tasting the Universe: People Who See Colors in Words and Rainbows in Symphonies (Pompton Plains, NJ: New Page Books, 2011).
2. Rimsky-Korsakov debated the color of key signatures with Pyotr Ilich Tchaikovsky, and possibly with Claude Debussy and a young Maurice Ravel.
3. See Seaberg, Tasting the Universe.
4. Richard Cytowic, Synesthesia: A Union of the Senses, 2nd ed. (Cambridge, MA: MIT Press, 2002), 208–312.
5. Mary Whiton Calkins, “Association,” Psychological Review 1 (1894): 454.
6. George Devereaux, “An Unusual Audio-Motor Synesthesia in an Adolescent,” Psychiatric Quarterly 40, no. 3 (1966): 459–471.

8 Orgasms, Aura, Emotions, and Touch

Before I talk about orgasms—and now that I have your attention—let’s think about the role of emotion not just in synesthesia but broadly in all perception. Emotion appears in myriad guises, some obvious, others obscure. If I asked, “How many of you are fond of smoke and explosions?” few would raise their hand. But if I asked, “How many of you enjoy fireworks?” the positive response might be unanimous.

So why do people love fireworks? Millions of entertaining explosives go up all over the world. Millions turn out to watch them. Yet what are they, these colored lights, moving flashes, scintillations, and bangs? They are not real things in nature. They are not representations of anything else. They don’t really remind us of anything on an intellectual level. Abstract as a Piet Mondrian or Jackson Pollock painting, they still provoke a strong reaction, inducing millions to cry with delight and walk away satisfied. “That was wonderful!” they exclaim without being able to say exactly what “that” was. No other form of abstract visual expression is as popular.

Perhaps we are drawn to firework explosions because they mimic primitive forms that are normally invisible to consciousness. They might echo brief glimpses into our microgenetic brains—microgenesis being a framework of organization that arises from the simple fact that most sensory input is never perceived. At the output end, experience always comes with an emotional valence, an automatic and unwilled evaluation of its intrinsic attractiveness or noxiousness. Back in 1900, Nobel laureate Sir Charles Sherrington said, “Mind rarely, probably never, perceives any object with absolute indifference, that is without ‘feeling.’ All are linked closely to emotion.”

Feeling states, then, are a fundamental part of recognition and perception. In an earlier book I said, “Perhaps synesthesia can be looked on as a shorthand way of calculating valence and salience, of ultimately attaching meaning to things.” Meaning is intimately entwined with emotion. But we must take care to distinguish emotion from feeling: from a scientific point of view the two are not identical even though everyday language conflates them. Emotion is unlearned behavior, an unfelt, automatic script that plays out without needing to be felt, whereas feeling is the mental readout of that script. By definition, then, feeling is only a small part of emotion. The unlearned output of emotion physically changes bodily states, thus the common reference to “gut feelings.” Yet far more than the gut gets activated: facial and skeletal muscles, overall posture, breathing, heart rate, and viscera, all the way down to the chemical soup of one’s internal milieu. Because emotions originally evolved as supervisory routines for homeostasis—the propensity of all living things to maintain a stable internal milieu—all emotions relate fundamentally to the management of life. Emotional scripts play out unconsciously until the mental readout of feeling lets us take stock.


The Form Constants

Primitive and amorphous forms are typical of synesthesia. They also have a history in the form constants first discovered in the 1920s by Heinrich Klüver. The German psychologist wanted to better understand the subjective experience of visual hallucinations, which he induced with mescal. To his dismay, he discovered how easily subjects were awed and tongue-tied by the “indescribableness” of what they saw. Vivid colors and sheer novelty captured their attention more than an image’s configuration did. Subjects also lapsed uncritically into cosmic or religious interpretations rather than giving straightforward, unembellished descriptions.

Once Klüver trained his subjects to attend carefully and not embroider their reports beyond the sensory essentials, he identified four basic configurations he called tunnels and cones, central radiations, gratings and honeycombs, and spirals. These constitute the form constants (figure 8.1).
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Figure 8.1 The generic shapes of Klüver’s form constants are common to hallucinations, synesthesia, imagery, and other cross-modal associations.

Variations in color, brightness, symmetry, duplication, rotation, and pulsation provide further gradations of the subjective experience. Basic configurations like these help explain why synesthetes don’t see pictorial scenes when they listen to music but instead experience cross-hatchings, zigzags, circular blobs, cobwebs, or geometric shapes. The form constants suggest why Michael Watson felt the shapes he tasted as largely geometric. A different synesthete who experienced pain visually described it as having geometric shapes.

Klüver suggested that limited perceptual frameworks are inherent in the structure of the central nervous system:

The analysis … has yielded a number of forms and form elements. … No matter how strong the inter- and intra-individual differences may be, the records are remarkably uniform as to the appearance of the above described forms and configurations. We may call them form-constants, implying that a certain number of them appear in almost all mescal visions and that many “atypical” visions are upon close examination nothing but variations of these form constants.


Later scientists replicated and extended Klüver’s work. The repetitive elements of hallucinations argue for certain regularities in the visual system itself, such as some basic anatomical or functional unit that causes it to favor elementary constructs of perception. Supporting this argument are similarly generic-looking images that occur in a variety of nonsynesthetic settings such as the aura phase of migraine, sensory deprivation, psychosis, delirium, and the momentary twilight that precedes sleep onset (hypnogogic hallucinations).

The elementary configurations are not just visual constants. More broadly they are sensory configurations expressible in any sense capable of spatial extension. Touch and vestibular sensation can both be localized outside the body the way vision is. The shapes Michael touched were situated in space. In describing the taste of mint as “cool glass columns,” he spoke of “reaching through” rows of them, and “turning my hand to rub the back curvature” that felt “tall, cool, and smooth like glass.” Even ordinary flavors were felt in different places in his mouth. Literature reports of colored taste also mention spatial extension.

The form constants may help to explain the satisfying appeal of something as unnatural as fireworks. The connotations of the term give the false impression that what is perceived is stationary, when in fact its elements are unstable, continually reorganizing themselves in an interplay in which one pattern replaces another.


Alienation and Empathy

Loneliness and isolation frequently mark a synesthete’s formative years. Small wonder, when the most subjective, meaningful experience of one’s life is dismissed out of hand as weird or attention seeking, or belittled as crazy. When you discover that others don’t perceive the world as you do, self-identity is bound to be affected and may shape itself around a deep sense of difference.

“I feel strangely apart from the world,” says Matthew, who works as a toy designer. A college teacher confides, “I am so used to my colors making me different. … As a child [it was] a sort of test of friendship, to see how others reacted when I told them. If they didn’t believe me, I didn’t want to be their friend.” A lifetime of unconventional reactions accumulates to affect attitudes about oneself, others, and the world.

It can affect personal preferences, from what to wear on a given Tuesday to how one feels about certain people. Chris Fox says that if her mood changes during the day she feels, “lopsided, out of synch with my own emotions and the emotions of the colors I’m wearing.” And recall the distress of Jean, the Swiss woman who feared that her niece would name her baby Paul, “a gray, ugly name.” Jean isn’t alone in having her synesthesia dictate what she calls herself, in her case “Alexandra” because the letter J feels “horrible” whereas “the blue in the A is very nice even though I like blue not that much.” If every perception normally carries emotional weight, then that weight becomes especially meaningful for synesthetes. Their umwelt is loaded with affect to a degree the rest of us can scarcely appreciate.

It’s not unusual for them to gush over a “gorgeous” name or call the pattern of colors in a phone number “delightful.” Michelle says, “I can do mental computations accurately and with pleasure. … I find it easy and satisfying to picture street maps and am a good navigator.” To a professor of neuropathology,

this is a delightful trait to have. I tend to use it consciously and unconsciously to help me remember correct sequences … neuropathological classifications, names, and … especially neuroanatomical structures—you should see the beautiful array of colors in the brain!


Incongruent perceptions, by contrast, can feel like fingernails on a blackboard. A mismatch between stimulus and percept becomes an unconditioned stimulus, which then conditions a negative attitude toward something that would otherwise be neutral. One woman quit going to her parents’ church because

I could not deal with the noxious colors and sounds of their music. I didn’t really tell them why I was not going—the synesthesia part—it’s just that I wasn’t planning on torturing myself with dreadful-looking music any longer.


Incongruences in a synesthete’s life are inevitable, but one individual complains, “I can’t stand it. It’s just wrong. It’s like coming into a room and finding all the chairs upside down and everything out of place.” What look like small details to the rest of us can produce remarkably strong emotional reactions in synesthetes.

Synesthesia casts its effect wide. It affects not only the individual but also those with whom they interact. Many claim to have a strong sense of intuition, and many do in fact exhibit high levels of emotional and social intelligence. While sensing emotions concretely as particular colors, shapes, or tastes can lead to intensely felt experiences, it can also facilitate identifying those feelings and resolving conflicts within oneself and with others. “Talking with nonsynesthetes is sometimes hard because they are so slow to understand,” one woman says. Another explains the delicacy involved in being able to read others easily:

When I see that my boyfriend is having an inner conflict, I see it in colors; it’s a kind of red and brown or even yellow that appears in the air. For him it is really hard to see what happened. And it doesn’t help his self-confidence to know I knew before him that something was wrong.


The automatic comparison of a synesthete’s internal domain with the outer world takes place even for low-level encounters. Simple graphemes can carry emotional weight so that D is stupid, F is goofy, and R compliant. Textures elicit moods in one synesthete: the touch of denim instills a marked depression, whereas stroking a tennis ball makes her quickly happy. The validity of this individual’s experiences was confirmed by skin conductance, test-retest trials, and recordings of facial expression that were independently judged as congruent with the stated emotion. Physiologically, emotional networks are faster by hundreds of milliseconds than ones that underlie deliberate reasoning.

When synesthesia is especially strong, thinking can be literal and concrete, as it often was in Luria’s S. Images guided his thinking, one association leading to another, rather than thought itself being the dominant element. His inability to suppress synesthetic sensations frequently made it difficult to attend to the semantic and meaningful details at hand. Listening to a story would trap him in a multisensory tangle and make it impossible to grasp the plot.

Although S could easily manipulate his images, he was inept at abstraction and converting specific encounters into general concepts. Perhaps he struggled because the details of a visual experience are essentially unrepeatable. They constitute a single episode whereas the semantic abstractions of a story or episode belong to the currency of language, and their details can easily be interfered with by subsequent events of daily life. It is precisely the concrete level of mental encoding, one conceptually low but sensually rich, that facilitates the vivid and long-lasting memory for discrete episodes.

S told Luria, “To me there is no great difference between the things I imagine and what exists in reality.” His reality was fluid: the taste of restaurant food changed with the music being played, or he could not eat and read at the same time because the flavor interfered with understanding the words. Because homonyms sounded alike and therefore evoked the same synesthesia, he couldn’t distinguish the two. For the same reason synonyms confused him. How, for instance, could distinguish and discern mean the same thing when their sounds produced such different sights, smells, touches, and tastes?

Willow Murray, a member of the Synesthesia List, says that she already had a “dusty brown, crumbly feel with ‘goblin’ in The Hobbit so that it was jarring when Lord of the Ring mostly used ‘orc’ because the latter felt more bright darkish blue and bouncy with a texture that is hard to describe but would leave a mark if you bit into it.”

Marti Pike has the same difficulty that S did. Reading a book, she cannot recount the plot or characters without first picturing the surroundings, usually by taking a room or setting she is familiar with and changing it to fit the description in the book.

I may visualize a store in the book as the living room, rearranged, of someone I knew once, especially one in which I had often visited. Of course, most frequently, it is my own house, either as I have it now or as I remember it when it was my grandmother’s house.


Imagining yourself in another’s place is the basis of empathy, a word that comes from the Greek, meaning “in feeling.” Reading others is one of humanity’s most fundamental skills. It is among the first things infants learn to do. They develop emotional intelligence through the interactive reading of facial expression, vocal inflection, gesture, and body language. Facial expression is so central to nonverbal channels of communication that more than forty-five muscles produce its infinite nuances. Is it any surprise that people who have had their faces Botoxed are less able to read others emotionally?

The ability to read others relies in part on special mirror neurons in the cortex that align our facial muscles with those of the person we are watching. If our Botoxed muscles are frozen, we can’t feel what they feel. Simon Baron-Cohen has shown, counterintuitively, that mirror-touch synesthesia is not associated with heightened empathy. In fact, it can occur in autism, a behavioral spectrum associated with a lack of cognitive empathy. It also occurs when one observes objects rather than people being touched. This indicates that mirroring touch sensation per se is not sufficient for the “in feeling” of empathy, nor may it even be necessary. The mirroring in empathy draws more on high-level traits of identification, imagination, and anticipation. These recruit and integrate many networks. We all have mirror-pain synesthesia to greater or lesser degree—for example, because watching something gruesome or seeing another get hurt activates the same networks (including those reaching down into the brain stem and spinal cord) that respond when we are in pain ourselves.

Mirror neurons participate at a high level in decoding another’s intention and predicting what they might do. Because they fire when we watch someone act as we ourselves would act, they help us equate what others do and feel with what we do and feel. They assist our ability to empathize, and hence feel another’s pain, disgust, fear, or surprise. They help us intuit others’ emotional attitudes so that we might discern their intentions. Empathy and the ability to read others are skills we can hone. Mirror neurons form part of the neural network that gives us a theory of mind by which we can separate our thoughts from those of others, recognize that they have different perspectives, and deduce what they might be thinking and intend.


Projection and Peaches

In the same way that some synesthetes personify graphemes, others project their own feelings onto others or inanimate objects. Susan Meehan, for instance, says,

I know this sounds completely absurd, but the other week my husband and I were in the produce section of the market, when I grabbed his arm and said, “I don’t know why, but those peaches are extremely nervous.”


Another synesthete hesitates to tear a banana from the bunch because it will then feel “lonely.” What is going on?

What is happening is the misattribution of affect, otherwise called projection. Synesthetes do it often enough to consider it an epiphenomenon—a secondary effect of having a synesthetic brain. It is a cognitive error that may explain some unusual experiences that synesthetes claim to have such as déjà vu, clairvoyance, predictive dreams, the feeling of a presence, alien abductions, and psychokinesis.

Scientifically we can hardly take such experiences at face value. The first difficulty is the very term unusual experience, because no one yet has any idea what the baseline for strange experiences is. No one has queried large random samples of the population to provide a point of reference. I expect it will be much higher than convention predicts given that a sizable portion of the population already believes itself to have been abducted by UFOs. Extensive interviews show the conviction to be implacable despite all lack of evidence or logic. And if one is at all self-aware, then firsthand experience shows that out-of-the-ordinary events are not so extraordinary. We know that synesthetes collectively are highly self-aware and more willing than nonsynesthetes to disclose out-of-the-norm happenings. At some time or other we have all had something weird happen, and not everything that happens has a pat explanation and certainly not a supernatural one.

If some synesthetes have a higher baseline of limbic tone, or possess more robust connections between limbic structures and sensory ones, then their spooky perceptions are plausible given that similar events occur in recognized neurological conditions in which heightened limbic activity is prominent.

Psychic experiences have long been associated with seizures, especially the temporal-limbic variety. Individuals may have out-of-body experiences (autoscopy), forced thinking, memory flashbacks, and feelings of portentousness or unreality. Déjà vu or déjà vécu, meaning “already seen” or “already experienced,” are common. The terms convey the impression that what the individual is experiencing at the moment has been witnessed or lived through previously. This often leads people to mistakenly conclude that they are clairvoyant or prescient (“I must have known it was going to happen because it was all familiar to me”).

There is a big difference between the feeling of knowing and actually knowing, which individuals don’t bother to distinguish. Humans are also notoriously poor statisticians. People focus on events that they feel are significant but forget prior ones that turned out differently. In short, we tend to overestimate what is significant by ignoring the ordinary.

Penny sees blobs of color that either “visit” or “help” her. Once, while completing a difficult examination, a translucent red blob covered the back of her writing hand. Another time, “a warm blue light hovered by my left arm and shoulder as if the sun were shining on it” as she wrote a letter about an emotionally charged subject. Her “visiting colors” include a purple three-by-four-inch oval that appears daily, and a smaller blue light that frequently appears when she puts her baby to bed. “I’ve thought of these as angels, but who knows what they are.” Note the presence of heightened emotion in all her scenarios.

The feeling of a presence or the visitor encounter Penny describes is known to neurology and correlates with lesions in the lower portions of the temporal lobe. In technical terms, the mediobasal amygdala-hippocampal complex is associated with meaningfulness, an individual’s sense of self, and its relation to space and time, including religious, cosmic, and transpersonal concerns. Affected individuals report dreamy states, odd smells like burning rubber or rotten eggs, the feeling of a presence, sensations of floating, or a sense of portentousness.

As to the misplaced affect that characterizes all the above, further lessons from neurology suggest a mechanism. What are called psychic seizures refer to epileptic discharges that cause physical sensations, emotional reactions, and trains of thought (forced thinking) without causing a shaking convulsion. We have known for a long time that repeated seizure activity is likely to cause kindling, an increase in connections between two or more brain regions. Kindling has a genetic aspect whereby repeated electrical discharges at levels initially incapable of eliciting a convulsion gradually induce a permanent susceptibility to seizures. When repeated seizures and kindling together strengthen sensory-amygdala connections, for example, patients subsequently experience heightened emotions in response to specific sensory inputs that then become increasingly meaningful (e.g., blue takes on special significance for no particular reason). Accordingly, if temporal-limbic structures in synesthetes’ brains became strengthened, synesthetes would then be capable of suddenly feeling an emotion that “they” didn’t cause. Arising out of nowhere but needing explanation, the emotion becomes misattributed to an external source. Psychologically, people need such closure even if the conclusion is absurd as it is in the case of nervous peaches. Compared to the baseline population, synesthetes may simply have what is called a widened affect.

This brings us to orgasms at last. Hopefully, synesthetic ones should be more understandable given the discussions above. What happens during orgasm stays there most of the time. Our culture doesn’t talk about it, which makes it hard to approach scientifically. If the ordinary emotional valence that is part of all perception can induce colors, shapes, textures, and more, then orgasm is in a class by itself. As a category of touch, it is our most intense and paroxysmal emotional-sensory experience.

Yet almost all we know about orgasmic synesthesias has been volunteered, and mostly by women. Men are reluctant to talk about it just as they hesitate to disclose ordinary synesthetic experience. The most I got from one man was that climaxing was “lots of colors, like being in a paintball room and everything exploded.” Women confirm that orgasm does indeed cause a variety of sensations. As Susan explains,

My favorite orgasms are brown, two-dimensional squares, which I know doesn’t sound very exciting, but they are extremely pleasurable. Naturally I have other colors and shapes, but these are particularly wonderful. Of course, my husband doesn’t understand at all, but he’s pleased when I get them.


“My husband likes to hear about the colors,” or whatever, is a common refrain. Orgasmic photisms are variously described as

	brilliant flashes of colored lights

	two-dimensional, brightly colored shapes moving against a black background

	neon pastels, intertwined like a rope or thick strands of licorice

	like an oil slick on the road after it’s rained, with myriad colors blended together


My favorite story, though, comes from EM:

I’m a seventy-year-old woman and discovered that my way of thinking was different at twenty-four, making love with the man I was to marry. Orgasming, I was overcome with the range, textures, wild movements, and shifting shapes of purples—impossibly thin edges, lush rushes, lit-from-behind glass—my yells of “isn’t this amazing, look at these purples” brought a look of sheer shock. “What are you talking about?” said my love. It was so hard for me to accept that he didn’t see colors. Then I started asking everyone and discovered thinking in colors was something I alone did—it is impossible for me to understand how others think. For me—orgasms are always purples—how they move, change shapes, speed, lushness, and hues depends on the particular experience.


One’s first orgasm is generally an astonishing event, so unexpected that it can produce a one-of-a-kind synesthesia, as it did in Dmitri Nabokov. In Wednesday Is Indigo Blue, he wrote,

As a very young teenager, my sexual awakening and my first intense sexual experience was accompanied by huge, strong, geometrical shapes, spheres, cubes, and pylons that filled my mind and that never returned.


As with all the phenomena discussed so far, the key to synesthetic orgasms is emotion. Orgasm involves massive electrochemical discharges throughout the brain in autonomic and somatic circuits. The human sexual response in both men and women has four phases: arousal, plateau, climax, and resolution. Maximal emotional discharge from limbic and hypothalamic nuclei happens during climax, and this is the phase when one would most expect synesthesia to occur. But orgasm is accompanied for some time during the resolution phase by a heightened emotional outflow compared to baseline. And here we’d predict that synesthesia would linger. And it does.

Colors and shapes obscure Karin’s vision during orgasm, “so that I can’t see anything at all.” After climax, “colors remain a while afterward … and it takes some time, maybe four or five minutes, before I can see clearly again.”

Sean Day says,

I discovered long ago that post-orgasm “afterglow” enhances my music-related and odor-related synesthesiae quite noticeably. I don’t often eat right after sex, so I don’t really know if it enhances my flavor/taste-related synesthesia. … If nothing disrupts the afterglow, the enhancement of synesthesia will last about 10 minutes before its reduced back to normal level.


In some individuals, kissing is a reliable synesthetic trigger. In fact, Deni Simon’s personal experience inspired the title of the BBC documentary, Orange Sherbet Kisses:

Pain and pleasure sensations evoke visual/spatial perceptions which are also in color. In fact, I was recommended for psychological counseling in high school because I told the assistant principal that when I kissed my boyfriend I saw orange sherbet foam.


Of course it is impossible to distinguish purely tactile from limbic inputs, let alone the cognitive states associated with the many kinds of kisses. Orality, desire, and emotion are deeply linked, as attested by the phrase, “I could eat you up” uttered to babies and lovers alike. We need more firsthand accounts of these matters from both men and women. There are also few accounts of sexual arousal being the synesthetic response. Michael Watson often had his libido supercharged by taste stimuli. Novel, complex flavors like the kind typically encountered in restaurants particularly triggered libidinous surges. As he told me during dinner at the now-defunct Maison Blanche in Washington, DC, one evening:

Eating for me is an impulse, and the first bite I take of a new course is an urge to look in a new direction. I feel drawn by this. These new experiences are frequently very erotic, in the term of sensual, although sometimes they are erogenous as well and there are times when I am eating when I just want to push the table over and screw whoever is nearby.



Emotionally Mediated Auras

It would be easy to overlook a kind of synesthesia in which colored outlines, or auras, surround people and objects. What makes it so is that the precipitating stimulus isn’t readily apparent. Color appears alone without other characteristics that are typical of photisms. When Bruce Brydon perceives “additional colors” outlining objects, sometimes washing over them in “soft splotches,” he feels variously numb, flushed, exhilarated, afraid, or happy. Colors appear either singly or as a mixture of two shades. Although the Golden Gate Bridge is painted orange, Bruce usually sees it edged in green haze. But the bridge’s color can change, and his auras are sometimes so intense that they obscure the real object.

Bruce has emotionally mediated synesthesia: an aura that depends on the emotional meaningfulness and degree of familiarity that something or someone has to the perceiver. The emotional valence within the viewer also accounts for the heightened emotion and portentousness that accompanies the aura.

There was a very strong feeling, and she was surrounded by a dark blue-green aura. … I had only met her twice. But there it was. I’m not sure which comes first: sometimes I think I see the color and react emotionally; [in] others it may be reversed—I get an emotion and then see this color.


I spoke earlier of mirror neurons being part of the theory of mind that lets us see other minds as separate from our own. We read others to figure out what they intend to do. Reading emotion is always a two-way street between sender and receiver, and it isn’t often explicit or even conscious. We start learning to read others before we learn to speak, although acquiring the skill is an ongoing learning process. Some of us become quite good at it. Between the age of twenty-four and thirty months, children also learn the primary colors, which is why Angie is scientifically plausible when she claims that

my four-year-old son also sees people in colors, and has done since he was two. Ever since he knew the names for colors, he could connect them verbally with people. Generally, the people closest to him have the boldest, most definite colors, whereas the people he does not know well do not yet have colors. These assigned colors remain unchanged. He also likes to give people things in “their” colors. (emphasis added)


Note how color intensity relates to emotional intensity: strangers usually lack any color at all. The literature describes a seven-year-old for whom plaster busts elicit no color, whereas the aura of strangers is bright orange with a black outline: “As I know them better they get mild blue or pinkish-orchid. … When I know people well they stop changing colors; they are the color.”

Human faces transmit substantial information, and we judge others, favorably or not, quickly and automatically. Even newborns do it, as shown by their preferential orientation toward even sketchy face-like displays. Research in adults shows that people glimpsed briefly are judged to be more attractive because the high cost of missing a potential mate positively biases Bayesian ratings of risk. And once we “size them up,” our attitudes tend to remain fixed. This explains why color auras are stable over time once emotional attitudes settle down. Cameron La Follette notes that children’s colors are generally “pale and insubstantial until their personalities are more settled, generally by age twelve or thirteen.” Their colors deepen and solidify as their personalities develop. After that, they

stay the same always; it is not related to their moods or other things. Color is related to personality because, for example, pink people always have some childhood emotional problem with which they are still living; yellow people are extroverted and fun to be with; and so on. “Bubbly” people literally have bubbles in their synesthetic color. For me, texture is almost equally important as the color.


Animals can have auras, too, but “I have to know an animal’s personality to know its color.” He sees animals as monochromatic whereas human colors tend to be striped, spotted, or textured, which makes sense given that animal emotion is less nuanced than the human kind.

Just as the insubstantial color of childhood deepens as the personality matures, the opposite happens when individuals fall apart at life’s end. Fading colors may foreshadow illness or death. Alzheimer individuals who act emotionally subdued or immature have “washed-out and runny colors,” says Cameron, whereas Elizabeth recalls an acquaintance she hadn’t seen in a while “who had no colors” and who passed away shortly thereafter.

Jamie Ward conducted a set of experiments to determine whether emotional connotation is indeed what determines an aura. Compared to other words, English Christian names are a good inducer of color. The names of people whom his subject personally knew were far more likely to induce an aura than names of people she didn’t know. The first set of names obviously had emotional weight whereas the second set did not. Likewise, food, animal, or even color names failed to elicit colored auras, whereas emotionally loaded words like love and anger did. Variables such as word frequency and imageability were controlled for, leaving emotional connotation as the likeliest explanation. It is noteworthy that Ward’s subject (and others) experienced color only when viewing people’s faces. Faces are a well-known elicitor of emotion, as shown by the large galvanic skin resistance they evoke.

Emotionally mediated synesthesia currently appears to be rare. There are too few known cases to say whether color and emotion pair up in a regular way reminiscent of the Berlin and Kay order for color naming. Anthropologists have found consistent color-emotion associations between Western cultures and ones that have had minimal Western contact. For example, they assign darker and less saturated colors to negative emotions, and lighter and more saturated colors with positive ones. In keeping with earlier comments about equivalences across sensory dimensions, it is not hue per se that underlies cross-sensory associations but instead other aspects within color space such as brightness and saturation. Anthropological fieldwork confirms that acquired knowledge about people can tap into intrinsic and universal mechanisms.

The claim that certain gifted individuals see colored auras has had a long place in folk psychology. Although the bulk of people claiming such powers are either deluded or charlatans, it is possible that some are undiagnosed synesthetes. Rather than assume that people radiate a mysterious energy that only psychics can detect, a realistic account need only acknowledge that individuals regularly elicit an emotional response in others, and then assume that a synesthetic cross-activation between brain structures involved in emotion and color perception enables an emotion-inducing stimulus to take on the novel aspect of a colored aura.

9 Number Forms and Spatial Sequences

“Number forms,” “memory maps,” “visualized numerals,” and “calendar forms” are some of the names given to sequences that synesthetes perceive as having spatial dimensions. Chapter 4 alluded to spatial sequence synesthesia (SSS) as an overarching term for the panoply of spatial configurations that any overlearned sequence can assume. But since spatial sequence synesthesia is such a mouthful, I think it’s OK to say number forms as shorthand. The three fundamentals to keep in mind are that concepts involving magnitude or ordinal sequences, which are overlearned via rote memory or repeated exposure (as in the alphabet song or learning to count to ten), become mapped to Euclidean three-dimensional spatial coordinates that surround the body in peripersonal space. (That was a mouthful too, wasn’t it?)

Number forms have been remarked on for over a century, but only recently have we appreciated how common they are. About 10 percent of the population has them compared to the 4 percent that has synesthesia in general. And as the five clusters illustrated in figure 4.1 show, SSS doesn’t overlap with any other grouping. What has also become increasingly clear, thanks to studying SSS with multiple methods, is that neural networks representing numbers overlap with those representing spatial cognition. Consistent with this finding, damage to these areas typically leads to deficits in both space and sequence cognition.

But what do number forms look like? The simplest ones form a straight line. But many integers and ordered concepts lie on a path that twists and zigzags in every imaginable shape. Quite often it encircles and loops around the seer’s body, executing a variety of angles, bends, and curves. Ordinal sequences commonly visualized include the alphabet, integers, days of the week, months of the year, a string of years, and centuries. Any member of a sequence can become synesthetically bound: the planets, the color spectrum, zodiac signs, historical eras, radio stations, TV channel lineups, baseball scores, the names of thoroughbred dog breeds, and more. Some individuals have only one number form while others have dozens. Figure 9.1 lists eighteen ordinal concepts that Colleen Silva experiences as spatially imbued formations. Let’s start schematically, and then dive into the structural complexity of number forms in general.
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Figure 9.1 Sequences seen by Colleen Silva.
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Figure 9.2 Colleen Silva’s perceptions of her age and history. Her personal forms have changed as she has aged.

Figure 9.2 illustrates the configurations of a small subset of Colleen’s reified spatial constructs. “Whenever I think of a shoe size larger than 10, I imagine the tip bent. And if somebody says they have a temperature, my mind goes to the area above 100°—to that corner.” Other synesthetes with calendar forms or spatialized indexes similarly say that they “go to” or “look at” a certain location to examine a given data point. In the same way that “projector” and “associator” distinctions are more about semantics, the degree to which people are good or poor visualizers may affect where they see their form. Deborah Rudy does not so much sense a spatial configuration outside herself as she does a spatial location to which she wants to reach.

I’m not sure I really see anything, but I go to a place where the number 1 or whatever is. … Whenever I want to recall something I find myself looking in the area where I store that memory. The world capitals and flags are suspended eight centimeters in front and to the right of my face. Music is an arm’s length away on my left, slightly down. Spanish vocabulary is just out of reach slightly to my right, with German above it, and Russian beside it.


Number forms are panoramic, meaning that the viewer can zoom in or else step back for a bird’s-eye view. They can “move around” within their synesthetic space to assume a variety of vantage points. Changing the viewing perspective often alters the perceived illumination as if, says Marti Pike, “a spotlight somehow highlighted the immediate viewing area.” The fact that synesthetes can do this means that spatial coordinates aren’t fixed in their own reference frame; rather, each number form has a coordinate system of its own the way real-world objects do. Their metal images become reified—a process by which something abstract becomes more concrete or real. In one individual, whom the literature refers to as L, the synesthetic experience occurred in less than 150 milliseconds and he could rapidly assume different vantage points during the time his forms were active. This reaffirms the automaticity of number forms along with the general point that neural networks are dynamic, self-organizing, and temporary.

If you don’t personally have SSS, then imagine your car parked in front of you. Although you do not physically see it before you like a hallucination, you won’t have any trouble pointing to the front wheel, the driver’s side mirror, the rear bumper, and so on. The car has three-dimensional coordinates in your mental space. It’s the same with automatic number forms, which even blind synesthetes can have. Yet even this exercise fails to convey their mental vistas. Writing in Nature about “Visualized Numerals” in 1880, Francis Galton put it this way:

The drawings, however, fail in giving the idea of the apparent size to those who see them; they usually occupy a wider range than the mental eye can take in at a single glance, and compel it to wander. Sometimes they are nearly panoramic.

These forms … are stated in all cases to have been in existence, so far as the earlier numbers in the Form are concerned, as long back as the memory extends; they come “into view quite independently” of the will, and their shape and position … are nearly invariable.


Like other kinds of synesthesia, number forms are dynamic. One woman reached college age before realizing that most people don’t sense integers in three-dimensional space. She complained to her math professor of having difficulty with classroom equations “because the digits keep going up to their places.” Sensing something important in her remark, the professor handed her a length of stiff wire and asked her to indicate where along it the figures resided. He then sat back and watched. Without the least hesitation or surprise, “she took the wire and bent it here and there in three dimensions until it looked like a tortured thing. A number of times, she returned to previously made bends, correcting the angles precisely.”

When she put it down, she asked in all seriousness, “Is there anything odd about it? Everybody sees numbers like that, don’t they?”

She soon learned that they didn’t. On the teaching end of things, the Nobel physicist Richard Feynman routinely saw colored equations whooshing about in front of him.

As I’m talking, I see vague pictures of Bessel functions … with light tan j’s, slightly violet-bluish n’s and dark brown x’s flying around. And I wonder what the hell it must look like to students.


Grapheme synesthete Marti Pike says, “It never occurred to me that it might be unnatural to visualize the whole alphabet or numbers.” But actually all brains associate numbers with space, as Stanislas Dehaene and colleagues discovered in 1993 via an effect they called spatial numerical association of response codes (SNARC). Imagine being asked to indicate whether a single-digit number flashed on a computer screen is odd or even. For some trials, you have to respond with your right hand to indicate “even.” For other trials, you use your left hand. It turns out that you respond more quickly to small numbers (zero to four) with your left hand, but faster to larger numbers (five to nine) with your right hand.

This finding, replicated many times since, demonstrates that numbers are automatically associated with spatial positions, forming a cognitive “number line.” Moreover, when subjects are asked to cross their hands, their responses also cross—it now being faster to indicate a small number with the right hand on the left half of space—indicating that it isn’t the hand but the side of space that matters. A similar finding occurs with respect to eye movements: subjects gaze faster to the left when responding to small numbers but to the right when numbers are large. The direction of this effect is sensitive to cultural experience: Iranians, who write from right to left, have a SNARC effect in the reverse direction whereas Japanese, who write both right to left and top to bottom, show it in both left-small and bottom-small directions. One feature common to both synesthetes and nonsynesthetes is compression as the mental number line progresses to large numbers: The brain devotes more resolution to 13, 14, and 15 than it does to 10,713, 10,714, and 10,715. Such findings have led to a renewed assessment of how numbers are represented in the brain: whether verbally, visually, or as quantitatively abstract, all are associated with different neural structures.

The complexity of spatial number mapping is particularly evident in calendar and clock forms. Marti Pike’s calendar is illustrative of two common features: the amount of space afforded to different months is unequal, and the topmost month in circular or looped calendars can be anything besides January (figure 9.3). Each month also has its own color. Marti’s month of November is pale brown. When she thinks of that month her view automatically “fades to the numbers 1–30 (31),” by which she means the serpentine form for the calendar days that is nested inside of her larger block for November. It inherits its brown color from November. Nesting one form within another is a typical feature of many number forms. When Marti thinks of or plans out an individual day, her spiral-shaped twenty-four-hour clock automatically comes into view.
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Figure 9.3 Calendar and month forms for Marti Pike (left). June is topmost, and July–September take up more space than the other months. Brownish November contains a nested serpentine form for the days of that month. “Highlighted” days such as 7, 13, 16, and 25–26 mark appointments, birthdays, and special occasions. These aid her memory. Overlapping three-dimensional spirals mark the hours and minutes of a given day (right). The Xs indicate the positions where she can look from different vantage points. For further details, see the text and color plate 11.

I see the numbers [figure 9.3, right] as though I were below and to the left of 6. Starting with 1, the day spirals upward to 12—that is, from 12 midnight to 12 noon above it and upward to 12 midnight again. For 12 to 6 or 7 a.m., it is gray-black, from 6 on it gets lighter until at noon it is blindingly bright (yellow-white), then gets darker between 5 and 7 p.m. Eight o’clock to ten is a soft blue, and from ten on is dark blue.


Her form for the minutes of the hour nests within her clock spirals:

For a single hour I see a close-up of that hour like a regular clock, only with a “2” in place of the “12,” etc., or for the minutes, “20” in place of the 4. … Again, I see time as space. Digital clocks drive me crazy!


Number forms are sometimes set against a background. Marti’s all emerge from a black darkness; Nancy T’s appear against a backdrop of starry space, “like a frame from Star Wars.” Many synesthetes have generously spent time painstakingly drawing their various forms to help us better understand the experience. Until recently there was no systematic way to study the similarities, differences, and patterns, and the way that number forms change over time in real three-dimensional coordinates. To rectify that, Eagleman’s laboratory developed virtual reality software that allows synesthetes to physically place their time units exactly where they perceive them in space. Applying it to 571 self-identified SSSs, he found that only a minority of calendar forms are elliptical. Consistent with the SNARC effect, 27 percent of month forms are linear. The majority of forms in general are biased in a left-right direction, consistent with the SNARC effect in Western cultures.

Among initial subjects tested this way were two sisters whose forms were completely different even though they were raised in the same household. This speaks against the possibility that children learn number forms from their parents or through exposure to some strange calendar in their home. This is not to say that individuals can’t be influenced by repeating patterns encountered in daily life. Evidence of cultural imprinting appears often in the clocklike placement of numerals one to twelve. Note that Marti’s “clock” is upside down and goes in the wrong direction—something she had to unlearn when learning how to tell time. Possibly she imprinted on clock faces during the childhood window when she was learning numbers but before she understood what a clock face arrangement meant. If so, this suggests a window for developing number forms at an early age before forty-eight months. (It will be interesting to see if circular forms vanish from new synesthetes as digital clocks become the new norm.)

Another common motif involves past, present, and future. In many individuals with number forms it is striking that the future, which none of us can see, nonetheless has a spatial representation. It lies either behind the individual or so far in front that they cannot discern it clearly. The same applies to the distant past: it is too small to resolve. Present time is usually seen from the vantage point of where the individual is standing now. For example, the years before Marti’s birth year, 1954, are “dark,” and her drawings depict this. “When I was perhaps ten or eleven, I asked mom if she grew up in the ‘Dark Ages.’ She laughed, of course, having no idea what I was thinking. But at the time, anything before 1954, my birth, was dark in my mind.” As she matured, the decades and centuries before the 1950s gradually assumed both color and shape.

Over the past decade we have come to appreciate that synesthetic couplings, especially colors, can change somewhat over time. Number forms can also change or “grow” with age. Colleen, mentioned at the beginning of this chapter, remarked that number forms relating to her age grew from their terminal end “like a vine.” Figure 9.4 illustrates how she perceives her age and general history, and how the forms have metamorphosed as she matured from a teenager to young adult. The pattern not only extended itself but also changed its shape.

In SSS, the perceived relationship between ordinality and Euclidean space is explicit. In the rest of us, the SNARC effect reveals it as implicit. Researchers had assumed that bilateral parietal regions would underlie number forms given that these brain areas participate in numeric and spatial cognition. But as event-related fMRI shows, the ordinal sequences of number forms instead activate the middle temporal gyrus and temporal-parietal junction on the right. The right hemisphere is generally more involved in handling spatial elements while the left hemisphere is more concerned with categorical relationships of orientation such as in-out, above-below, center-surround, or up-down.

Ordinal categories are unique, as shown by both SSS and semantic dementia—a degenerative disorder in which numerical knowledge is preserved while nonordinal categories (e.g., names of animals, vegetables, appliances, eating utensils) are impaired. Semantic dementia results from severe atrophy of the left, language-dominant temporal lobe. Even as patients lose the capacity to generate categorical words they can still recite sequences such as days of the week, or count from one to twenty.

We would expect SSS to show enhanced functional or structural connectivity between color regions and the right middle temporal gyrus. And that is what functional magnetic resonance imaging and diffusion tensor imaging together confirm: increased physical connections between color regions and those involved in overlearned sequences. Diffusion tensor imaging in individuals with colored music (which likewise has a spatial component) further supports the hypothesis that increased white matter connections are involved in the perception of enhanced cross-modal associations.

10 Acquired Synesthesia: More Different Than Same

Psychoactive drugs, states of sensory deprivation, states of meditative focus, temporal lobe epilepsy, closed head trauma, and other kinds of brain damage can induce a number of acquired synesthesias. Tables 10.1 and 10.2 summarize typical kinds of couplings and subjective experiences in the three categories of developmental, acquired, and drug-induced synesthesia. Let’s examine each.


Table 10.1 Inducer-Concurrent Couplings
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Notes: A = acquired synesthesia, D = drug-induced synesthesia, and G = genuine synesthesia. From Christopher Sinke, Janina Neufeld, Hinderk M. Emrich, Wolfgang Dillo, Stefan Bleich, Markus Zedler, and Gregor R. Szycik, “Inside a Synesthete’s Head: A Functional Connectivity Analysis with Grapheme-Color Synesthetes,” Neuropsycholgia 50, no. 14 (2012): 3363–3369 (with permission).


Table 10.2 Comparison of Phenomenological Features of Different Synesthesia Types
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Drug-Induced Synesthesia

If synesthesia is biological, then neurotransmitters must play a role. It also follows that the manipulation of different transmitter classes might either induce synesthesia or modulate the naturally occurring kind. Why bother with this? Because inducing it chemically might help broaden our understanding of automaticity, binding, and memory. And if synesthesia is a spectrum of phenotypes rather than a singular entity, it also might clarify one or more mechanisms that lead to the same subjective endpoint of coupled modalities.

The nonselective serotonin agonists LSD, mescal, psilocybin, and ayahusca sometimes induce spontaneous synesthesia, particularly sound-to-sight couplings, and these mostly in response to voices and music. Ordinal sequences and graphemes never figure in drug-induced types just as proprioceptive, vestibular, and interoceptive sensations (e.g., hunger or nausea) do not elicit a cross-modal response in developmental synesthesia. Reports of enhancement by fluoxetine (Prozac) and bupropion (Wellbutrin), both selective serotonin uptake inhibitors, further support the role of serotonin in the drug-induced variety at least. The seven classes of serotonin receptors are mostly excitatory, but inhibitory in those parts of the brain dealing with perception. LSD dampens both internal and external inputs, making sensory targets more easily activated by unconventional inputs—hence synesthesia. Serotonin receptors are maximally concentrated in the hippocampus, thalamic nuclei, basal ganglia, and cerebral cortex.

Hallucinogens generally inhibit serotonin transmission while sparing the postsynaptic serotonin receptors that engage in up-regulation and down regulation. A primary influence of hallucinogens is on the locus coeruleus and pyramidal cells of the cortex. Serotonergic cells project to all reaches of the brain with an enormous dispersion ratio of one to five hundred thousand. The locus coeruleus secondarily controls the release of norepinephrine and thus overall sympathetic nervous tone. LSD boosts serotonin but less so norepinephrine. Depth electrodes implanted in animals and humans under the influence of LSD record a desynchronized cortex together with synchronized, paroxysmal discharges in hippocampus and amygdala. This suggests that such individuals are aroused but unable to discriminate one thing from another. The subcortical discharges observed coincide behaviorally in humans with heightened affect and altered perception.

Yet are drug-induced distortions anything like normal synesthesia? The answer appears to be no. It has been 175 years since Théophile Gautier first reported the pharmacological induction of synesthesia in 1843. But researchers today in Hannover led by Markus Zedler and Christopher Sinke found more differences than similarities when they compared developmental, acquired, and drug-induced forms of conceptual coupling. This contradicts much earlier literature that portrays them as virtually the same. That literature suffers from substantial limitations in methodologies and lack of placebo controls. The latter particularly matters given how much psychedelic drugs enhance suggestibility. Also lacking are endpoint definitions for automaticity, specificity of what induces synesthesia, and a requirement for consistency between stimulus and response.

Adding to the overall muddle, self-selected volunteers in these studies with a history of drug use reported having synesthetic experiences only “some of the time.” Additionally, almost all measures of color perception (brightness, saturation, luminance, contrast, and hue) are affected in volunteers given LSD. Given the drug’s brisk onset of action, one must assume that it operates on existing physiological pathways. Classical research in animals shows its main effects to be facilitating early brainstem transmission of primary sensory inputs while inhibiting pathways further downstream in the cortex.

Experimentally, LSD does not substantially bring about grapheme-color or sound-color pairings in response to test sounds and graphemes. What instead appears characteristic of psychedelics is that they affect ongoing streams of transmission rather than causing stimulus-induced activation as in normal synesthesia. Transient fluctuations in perception may thus be more relevant in the synesthetic-like experiences during drugged states. In one study that exposed LSD volunteers to standardized graphemes and sounds, the best predictor of who would experience synesthesia was their proneness to absorption and openness to new experience. States of absorption are difficult to distinguish from a proneness for fantasy. Another confounding variable is that absorption is associated with high dream recall, emotional responsiveness, susceptibility to hypnosis, thinking in images, and a capacity for transcendent identification. Absorption is clinically associated with the feeling of a presence (chapter 8), meditative states, and the personality constellation observed between seizures in persons who have temporal lobe epilepsy.

Several chemical agents can modulate ordinary developmental synesthesia. Using mescal in 1966, Klüver noted that some subjects experienced their synesthesia projected in space while others saw it internally—a phenomenological division similar to the distinction some still make between associators and projectors. More recently, 1,279 verified grapheme-color synesthetes whom Eagleman and I analyzed said that alcohol and caffeine tended to enhance synesthesia (9 percent for both drugs) or reduce it (3 percent for caffeine, and 6 percent for alcohol). Of six synesthetes who had ingested LSD, two (33 percent) said it enhanced it.

Compared to developmental synesthesia, drug-induced varieties are not consistent. They take many minutes to appear rather than being immediate and automatic. Ordinal sequences are never involved, emotional assessment modulates the experience, and photisms typically vanish on eye opening or shifting the attention elsewhere. Perceived colors often are primary red, yellow, and blue compared to the particular, nearly infinite, and even impossible shades seen by developmental synesthetes. Almost unique among drugged states is dysmorphia, the Alice-in-Wonderland feeling that one’s head or limbs are too small, too big, or otherwise distorted. Time perception also changes, and an oceanic feeling of oneness settles in. At low doses, LSD photisms are simple, geometric, and resemble the form constants; selfsame images within images, or pareidolias, are likened to scrolls or Persian carpet designs (figure 10.1). In general, pareidolia is seeing images in random data, such as faces in the clouds or the man in the moon. At high doses, LSD visualizations become complex, pictorial, and increasingly based on personal memories or fantasies.
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Figure 10.1 Pareilolias are common drug-induced visualizations compared to those seen in developmental synesthesia.

Drug responses, then, are typical of bottom-up processes in which context has little effect. This stands in contrast to developmental synesthesia in which the way a stimulus is interpreted matters more than its sensory particulars. Review the Navon figure in figure 3.3 and the ambiguous stimulus in figure 10.1 that can be interpreted either as the letter A or H. Contextual stimuli in developmental synesthesia are furthermore independent of modality: synesthetes can see a grapheme, hear it spoken aloud, or merely think of the concept in order for it to induce synesthesia. High-level concepts such as the weekdays, for example, cannot be sensed or encountered perceptually in everyday life. Synesthetes aren’t confused and reading is not problematic because they are reading words, not individual letters. Even in cases where words (lexemes) are colored, individuals can ignore it when reading through for context and meaning.

There are 350 known psychoactive chemicals and potentially 2,000 untested ones. The most frequently reported drug-induced synesthesia is sound to sight, yet fewer than 1 percent of recreational drug users report grapheme-color synesthesia, one of the most frequently occurring natural kind. And the few who do already have one or more forms of congenital synesthesia in the same grapheme cluster.


Sensory Deprivation and Release Hallucinations

A brain deprived of sensory input will start to project a reality of its own, perceiving things that are not there. The situation is not so outlandish as it might seem. After all, when your hearing is muffled by the white noise of the shower, how often have you thought—meaning hallucinated—that the phone was ringing or that someone was calling your name?

A similar situation occurs with loss of hearing, touch, or vision. Even simple boredom is conducive to hallucinations. As sensory loss progresses, hallucinations increase in intensity and degree. At first one might see simple geometric patterns, mosaics, lines, rows of dots, or elements like Klüver’s form constants. They then become progressively more complex and dreamlike, involving illogical juxtapositions of people and objects.

Hallucinations that are “seen,” “heard,” or “felt” in a blind, deaf, or insensate field are called release hallucinations, so named because it is as if a given sensory cortex were uncoupled from its normal upstream feedback and acting on its own. Individuals with progressive hearing loss might hallucinate music or voices. Elderly persons with reduced vision (e.g., cataracts, macular degeneration, presbyopia, glaucoma) may suffer from the Charles Bonnet syndrome in which they hallucinate people and animals. Affected individuals realize they are hallucinating and are not frightened by them.

Patients with lesions in the optic nerve or tracts can see startling sound-induced photisms in their blind visual field. Triggering sounds are usually those of daily life such as the clanking of a radiator, the crackling of a wall as it cools at night, or the whoosh of a furnace ignition. Photisms range from simple flashes of white light to colored forms that look like a flame, an amoeba, pulsating flower petals, a spray of dots, or a kaleidoscope. All last only “a split second.” Some patients experience multiple photisms whereas others have only one. Clinically, these are called spontaneous visual phenomenon.

It is puzzling that patients claim to perceive the photisms in only one eye and believe them to be induced by sounds heard only with the ear on that side. This is contrary to the conventional arrangement of vision and hearing anatomy. We cannot tell which eye sees an object unless we cover first one and then the other to determine that only one eye, in fact, sees it (when the nose is in the way or objects appear in the nonoverlapping fields of our peripheral vision). Similarly, the acoustic localization of objects depends on differences in the sound reaching both ears. Yet in a case of sound-induced release hallucinations,

the click of an electric blanket thermostat induced a flashbulb photism in the right eye of patient 6 only when the thermostat located to her right clicked; the same clicking from her husband’s thermostat located to the left never induced the phenomenon. A petal photism was perceived coming from the right eye of patient 7 when a nurse spoke into his right ear. The photism never occurred when the nurse spoke into his left ear.


Spontaneous visual experiences occur in 60 percent of individuals with early visual pathway damage. They end up with supersensitive downstream structures that include integrative multisensory areas, which is why phenomena that resemble synesthesia can result. One individual who was blind in his left visual field had three kinds of release hallucinations: metamorphopsia in which the right half of faces seemed to melt and take on a yellow-violet tint; palinopsia, in which what he was looking at multiplied or left trails; and generic form constants of red-and-green perpendicular lines, red-and-blue spots, and black-and-white pulsations. In another individual with retinitis pigmentosa who became completely blind at age forty, touch began to induce visual synesthesias.


Meditative States

Formal meditative states such as Zen or advanced Yoga are states of reduced input, making them qualitatively akin to states of sensory deprivation. They are also states of deep absorption when done correctly. In asking whether synesthesia can be cultivated, Roger Walsh at the University of California at Irvine turned to three groups of Buddhist meditators who had practiced for different lengths of time: Tibetan retreat participants, physicians in an established Vipassana meditation group, and adept teachers from three Buddhist schools (Theravadin, Tibetan, and Zen).

Walsh found that 35, 63, and 86 percent of meditators in each respective group experienced synesthesia during meditation. The length of time that subjects had practiced meditation correlated with an increased incidence of synesthesia. As a group, retreat participants were the most naïve, yet within that group those who did experience synesthesia had accumulated nearly twice as much practice time as nonsynesthetes—a difference significant for years of practice rather than time spent in retreat. Compared to its baseline incidence of 4 percent, synesthesia is ten or more times as common during meditation. So if you hope to experience synesthesia, don’t take LSD, but learn to meditate. Incidentally, 57 percent of synesthetic experiences that occurred in the most experienced group of teachers were multisensory.

Walsh reminds us that meditation is proven by repeated experiment to enhance perceptual sensitivity. In The Man Who Tasted Shapes, I argued that “synesthesia is actually a normal brain function in every one of us, but its workings reach consciousness in only a handful.” Based on his empirical observations, Walsh contends that awareness-enhancing techniques such as meditation may unmask an ever-present sub-rosa synesthesia to consciousness.

Walsh intriguingly observes that the most experienced meditators report concept-based or categorical-sensory amalgamations. Cognitive “emotions, thoughts, and images” are experienced in sensual terms such as sound, taste, or touch. Emotions are most often experienced as synesthetic touch, and less so as tastes or sounds. One participant “tasted thoughts” whereas another felt them as “quivering vibrations,” while for a third, “the thought of a friend can have the scent of frangipani.” Whether these reports qualify as a type of synesthesia or are more a matter of imagistic visualization is open to debate.

In the liturgy of Sōtō Zen, the sandokai says, “Each sense gate and its object all together enter thus into mutual relations,” whereas the scripture of great wisdom (prajnaparamita) asserts there is no distinction among senses and concepts:


For what is form is pure—and what is pure is form;

The same is also true of all sensation—thought, activity, and consciousness …

In this pure there is no form, sensation, thought, activity, or consciousness;

No eye, ear, nose, tongue, body, mind; no form, no tastes, sound, color, touch, or objects …



Walsh says, “To what extent these ancient claims represent accurate descriptions of very advanced meditation experiences, and to what extent they represent idealized extrapolations is unknown.” His observations do suggest that meditators may be an untapped pool for studying synesthesia and cross-modal metaphors.


Temporal Lobe Epilepsy

Seizures originating in the temporal lobe are called complex partial or psychomotor epilepsy. (First, a clarification of terminology: a convulsion is the violent muscular contractions seen in some kinds of epilepsy whereas seizure refers to a sudden electrical discharge in the brain. Not all seizures cause muscular convulsions.)

Unlike grand mal seizures that produce electrical storms throughout the brain and therefore major convulsions, a seizure discharge in temporal lobe epilepsy (TLE) is circumscribed. TLE accounts for 60 percent of all epilepsies and affects one in sixty-five hundred individuals. Given that all sensory and association areas project to the temporal lobe, TLE seizures produce subjective perceptions laden with affect. They are sometimes called “psychic seizures” given that they may be experienced entirely as an alteration in perception, thought, or feeling, such as déjà vu, jamais vu, depersonalization, or sudden anxiety. Auras consist of somatic, olfactory, gustatory, or visual hallucinations; vertigo; and autonomic signs such as sweating, goose bumps, and rapid heart rate. Someone having a temporal lobe seizure may engage in repetitive motions (automatisms) that look purposeful to an uninformed observer but for which the individual has no conscious recollection.

One individual described having a three-part epileptic synesthesia involving vision, hearing, and pain. Whenever his electroencephalogram showed left temporal spikes, he heard the word five in both ears, saw the numeral 5 projected on a gray background, and felt a shooting pain in his face. Although not epileptic in nature, synesthesia can also follow closed head trauma. In 205 cases of my own, 1.4 percent experienced synesthetic pain lasting several months. Bright light or loud noise caused shooting pains in the head, neck, or an arm.

About 4 percent of temporal lobe seizures feature tastes and smells. They are usually not detailed but described in general terms, such as “bitter,” “unpleasant,” or simply “a taste.” Yet if the electrical seizure extends beyond the temporal lobe, the taste becomes more specific the way that tasted phonemes do (e.g., “rusty iron,” “oysters,” “an artichoke”). TLE mixes many subjective symptoms as the following examples from a series of cases show:

	A taste of bile, tingling of the left wrist, twitching of the left corner of the mouth.

	Stomach pain, shivers, a bitter taste, nausea.

	A lump in the throat, tongue and mouth movements, photisms in the right upper field, a bitter taste.

	An intense heat ascending from stomach to mouth accompanied by a disagreeable taste.


Richard, also a synesthete, has up to twenty temporal lobe seizures a day—a number not uncommon. “Everything has its own color, texture, and sometimes smell,” he says, illustrating how normal synesthesias and epileptic ones combine:

It’s the colors and the music that are the meat of the episode. But I also see people, hear voices, and see places all at the same time with the music. Aside from the beauty of the light and sound show my brain is putting on, the physical sensation is ecstasy. It’s the only word that describes it. After it is over, I begin to sweat profusely all over and my heart races as if I had just done strenuous exercise. … And I can never wait for the next one.


It remains to be determined whether epileptic synesthesias exhibit the same consistency and have the same or a different neural mechanism as developmental synesthesias do.

11 Mechanisms

All proposed mechanisms of synesthesia must be thought of as preliminary. It is still a young science, which means that contradictions are sure to abound. It seems ten questions arise for each one that research clarifies. Issues that once seemed settled, such as splitting grapheme synesthetes into groups of projectors and associators, have a way of becoming unsettled the farther down we drill into the physiology of synesthetic experience and its subjective expression.

Whereas forty years ago I had to overcome a decade of fierce resistance from an establishment that insisted synesthesia was bogus, many young researchers today bring fresh eyes and clever techniques to bear on its unruly loose ends. But to make a difference, any mechanism put forth must account for the numerous varieties of developmental synesthesia as well as sundry acquired forms. Mindful that we are dealing with a spectrum of possible entities that have overt synesthesia as their common end point, we can nonetheless start with the axiom that synesthetic brains are characterized by increased cross talk. What is less clear is how and why that comes about.

In Wednesday Is Indigo Blue, Eagleman and I outlined the two main hypotheses of increased connectivity versus decreased inhibition.

Favoring increased connectivity is the fact that the fetal brain creates two million structural synapses a second. This leaves newborns with an excess of working connections among assorted brain areas that are then pruned away in response to an individual’s unique experience. Recall Daphne Maurer’s neonatal hypothesis in chapter 3. It suggested that all neonates are synesthetic, only to lose the trait around the age of three months. One possibility for why the cross talk that produces synesthesia exists is that the normally occurring excess connections are insufficiently pruned for some reason and accordingly persist in the adult. A problem with the increased wiring hypothesis is that we should expect to see synesthesia present from birth onward, but we don’t. The trait does not become evident until mid-childhood: grapheme-related synesthesia appears only after age three, and emotionally mediated synesthesia between the ages of three and five.

A variation of the connectivity idea proposes that neurons in a synesthete’s brain undergo unusually robust branching. Both notions of insufficient pruning and increased arborization presume that synesthetic brains harbor more numerous synaptic connections than usual (figure 11.1a). We have not yet been able to confirm this assumption solidly.
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Figure 11.1 Diminished inhibition leads to spreading activity. When inhibition levels are normal (a), activity in one area stays sequestered because inhibition counterbalances excitation. With diminished inhibition (b), activity in one area spreads unhindered to excite the other. See color plate 12.

The second possibility imagines faulty inhibition as synesthesia’s root cause. It presumes that in the normal brain excitation and inhibition are balanced, whereas in synesthetic ones excitation overcomes inhibition that is innately weak. This framework acknowledges the rich connectivity present in all brains, and itsees the difference between normal and synesthetic brains as one of inhibitory degree (figure 11.1b). The structure being disinhibited may be nearby or remote. What matters isn’t proximity but rather that connections exist between two given entities.

For simplicity’s sake the figure depicts long-range inhibitory connections, but the important difference might well be in local inhibitory interneurons. Local networks are known to shape cortical responses to conventional thalamic inputs, and one theory of multisensory binding hinges on such neurotransmitter-mediated inhibition: local inhibitory networks are presumed to keep high-frequency cortical firing confined to a narrow region instead of letting it spread. When such an inhibitory network is pharmacologically blocked with bicuculline, a convulsant and pure GABAA antagonist, activity in one cortical area breaks through the inhibition and propagates broadly.

Favoring the disinhibition hypothesis is the observation that nonsynesthetes occasionally have synesthetic experiences during states of meditation, deep absorption, sensory deprivation, or while drugged or falling asleep. One nonsynesthete, Patti, remarks that if a door slams just as she is drifting off, it induces bursts of colors. This suggests that in the above situations existing pathways are able to reroute their functional connections. As demonstrated by sensory substitution and blindfolded volunteers (chapter 5), anatomical cross-connections may well be present in all brains, but rendered nonfunctional by counterbalancing forces of excitation and inhibition.

[image: 10568_011_fig_002.jpg]
Figure 11.2 The schematic proposes that neurons coding for graphemes and those coding for colors connect with varying strengths. Because of this, some graphemes can drive activity in the color area above the threshold for consciousness, represented by the upper plane, while other grapheme activations are too weak and remain below the level of detection. See color plate 13.

The issue of wavering inhibition may fortuitously explain why grapheme-color associations are patchy. Most synesthetes do not have colors for every grapheme, and the depth of color saturation varies from glyph to glyph—sometimes severely so. This observation means that our theory of cross talk between grapheme and color areas is incomplete. While imaging studies and magnetoencephalography confirm V4 activation when subjects look at or hear graphemes, it is not the case that every grapheme activates the color areas or activates them with equal vigor.

Figure 11.2 illustrates the problem. Think about flying above a cloud-banked range of mountains. Some peaks peek through the clouds: these we are conscious of. Others aren’t tall enough to poke through, so they are invisible or unconscious to us. The variations in height represent the intensity of different cross-connections. Some will burst past the threshold of consciousness while others will not.

It is currently impossible to decide between these two hypotheses because a change in either connectivity or neurotransmission physiology could produce a change in the other variable. While early studies with diffusion tensor imaging appeared to support the speculation of increased anatomical connections, it is equally possible that the denser connections observed via tensor imaging are a result of, or secondary to, imbalances among neurotransmitters.

We may well elucidate synesthesia’s ultimate cause only by pressing on with family linkage analyses. This is an indirect statistical tool for genetically mapping complex traits that aggregate in families. It works well for traits that have high penetrance, as synesthesia does. It requires having large families and, ideally, DNA samples from all members of a pedigree. By unearthing some specific stretch of DNA that is transmitted in common down through the generations, it can identify the genes responsible for synesthesia. There are nuances and caveats to achieving this (e.g., for one, penetrance can be age and sex dependent). The finer points are beyond our scope here.

No mechanism ultimately gets to “why,” nor is it likely to in the fundamental sense that everyone is hoping for. Asking why some people are synesthetic while others are not is no different than asking why some people and not others have migraines, epilepsy, or anything else. We have known about seizures for over four thousand years. The ancients called epilepsy “the divine illness” because people at the time believed the afflicted to be seized by supernatural spirits and therefore blessed with augury and premonitions. Today we know an enormous amount about epilepsy in minute detail down to the cellular and molecular level. But we still cannot answer “why” other than to say that some people are predisposed to it. For some time, the same will likely hold true for synesthesia.


V4 Is Not the Seat of Synesthesia

The discovery of the V4 color complex in humans occurred relatively recently in 1989, just after I published the first book on the subject in English, Synesthesia: A Union of the Senses. We continue to learn details about it and the subsidiary cortical networks that underlie the experience of alien color.1 The first report of heightened V4 activity in synesthetes appeared in 2002: Thirteen individuals saw color in response to spoken words. Subsequent studies have confirmed heightened color-sensitive activation in response to graphemes, lexemes, concepts, and overlearned sequences.

Although this makes it an easy area to point to, it bears emphasizing that V4 is not the location of synesthesia. I cannot emphasize this strongly enough. Consider just the minimum circuit necessary to experience colored graphemes. The added color must first enter consciousness and capture one’s attention. There will be some emotional affect toward it, positive or negative. A memory is then formed, to which memories of previous instances can be retrieved and compared. This engages judgment and executive functions as we weigh the experience, anticipate what comes next, assign it meaning, or simply benefit from the speed and memory advantages that it confers. Its meaningfulness relates broadly to ego, self-identity, and more.

The minimum necessary circuit swells when color experience is triggered by sound, taste, touch, pain, or texture, or when part of the experience involves movement and spatial location. My point is that a great deal more brain tissue is recruited besides V4, so it is mistaken to point to V4 as the location of synesthesia. Think instead in terms of neural networks, also called distributed systems. I stressed earlier that neural networks are dynamic constructs, not static circuits like the ones found on circuit boards. They form as needed (auto-assemble in technical jargon), self-calibrate, disband upon task completion, and then reconstitute as the situation demands.2 This perspective says that synesthesia occurs as the dominant process in the distributed network supporting its expression at any given moment.

The advantage in seeing synesthetic networks as fluid and dynamic is illustrated by an anatomical study of color-sequence synesthetes as they transitioned from the resting state to a stimulus-driven one. Comparing auditory-grapheme and visual-grapheme trials, it concluded that synesthetes have more connections between grapheme and color areas than controls do. Similarly, in music-color synesthesia a white matter tract connecting visual and auditory areas with frontal regions (the inferior fronto-occipital fasciculus) is enlarged compared to normal. Diffusion tensor imaging also reveals that even nonsynesthetic relatives of grapheme-color synesthetes have increased white matter connections and process graphemes atypically.

Since its admittedly exciting discovery, we have focused single-mindedly on V4 as a color center. But in the ensuing three decades, we have learned that it overlaps with cortical networks that handle texture discrimination among other things. This is one reason why color synesthesia almost always involves qualia in addition to color. We can perceive texture and assign it meaning via several modalities. It can be visual (metallic looking, velvety, crumbly, shiny, translucent), tactile (rough, smooth, ridged, buttery, slick, prickly), or sonic (crackling, bubbly, liquid). Music reliably evokes textures as well as color; recall Sean Day, who could reach in and swirl the musical photisms he saw when he listened to jazz. Other synesthetes have described the texture of particular voices as buttery, warm, golden, liquid, or smooth like flowing chocolate.

We now know that networks that process color and surface texture overlap. They are separable anatomically and behaviorally even though both clearly relate to what appear to be separate material properties of objects. We also know that synesthesia is a multidimensional experience, so not surprisingly color regions sometimes also process form. (In fact, no conventionally defined anatomical area is “pure.” Electrode penetrations in what is supposed to be unimodal cortex occasionally encounter neurons that respond to different modalities.) Several methodological reasons may explain why earlier imaging studies failed to note the activation of texture-responsive areas such as the collateral sulcus or inferior occipital gyrus. New testing methods may in time discover whether a synesthesia involving only texture without color exists.


The Retinex and Why Conventional Color Theory is Inadequate

I said that conscious vision is distributed in time and space. This leads to illusions and perceptual effects that artists often exploit (see the “watercolor effect” below). We perceive an object’s color 80–100 milliseconds before we detect its motion, an enormous difference on the time scale of neural events where it takes only 0.5 to 1 millisecond for nerve impulses to cross from one cell to another. We perceive color before spatial orientation, and emotional expressions before we can register facial identity. Despite these temporal asynchronies, the fragmented attributes of vision are experienced in perfect register.

Accounts of how we see color almost always start with an error: the claim that the retina’s three types of cone receptors respond, respectively, to wavebands of red, blue, or green light. This is utterly wrong. There are no such things as “red wavelengths” or “blue wavelengths” because light has no color even though it is composed of an aggregate of wavelengths. Recall in chapter 4 that Sir Isaac Newton said, “the Rays have no color. In them there is nothing else than a certain disposition to stir up a sensation of this Color or that.”

Color is perhaps the best example of how the brain constructs reality rather than passively taking in the world as given—as if it were no more than a dumb antenna waiting for stimuli to come along. Far from being a passive receiver, the brain actively seeks out what interests it. This makes each brain unique, endowing people with different subjective points of view when looking at the same supposedly objective thing. This applies to art, of course, as Georgia O’Keeffe understood when she said, “Nothing is less real than realism.”3 Writer Anaïs Nin seconded the observation when declaring that “We don’t see things as they are, we see them as we are.”4 

For vision to be useful, the brain must ferret out essential and unchanging characteristics of a world in constant flux. A Golden Delicious apple looks the same whether seen in daylight, incandescent light, or fluorescent lighting—but why should its color remain unchanged when viewed in light sources that differ enormously in wavelength composition? Why doesn’t it look redder at sunrise or sunset than it does at high noon when it should look bluer, or yet a different shade indoors on the kitchen counter or in the LED light of the refrigerator? The puzzle of “color constancy” has two centuries of books devoted to it. 

Color vision lets us discern more than 10 million hues. But what purpose does color serve? Its preservation in numerous species over a long evolutionary time suggests that its function is fundamental rather than aesthetic. The short answer is that the brain’s color apparatus serves to determine an object’s constant features in an ever-changing visual environment. After all, color would not have much biological utility if it shifted with every variation in ambient lighting—and ambient light changes all the time. Moving objects would be particularly confusing. Yet our ability to track them easily shows how useful color constancy is. Despite surfaces that reflect light composed of ever-changing wavelengths, we somehow assign them stable colors. Edwin Land, the distinguished optical scientist better known for inventing Polaroid, is the person who figured out how the brain does this.

Dr. Land named his theory of color vision “Retinex” because it was not possible in the late 1950s through the 1970s to determine whether its mechanism lay in the retina or the brain’s cortex. His proofs took the form of public demonstrations in which viewers were invited to disbelieve their own eyes. Central to his experimental setup were two identical montages of matte-colored papers called Mondrians, so named because they resembled the works of Dutch artist Piet Mondrian (figure 11.3, plate 14).5 The left and right boards are individually lit by three projectors equipped with bandpass filters so that long, middle, and short wavelength light can be mixed in any ratio of brightness. We pick a rectangle on the left Mondrian—say, a red one. A telescopic photometer aimed at it measures the energy flux reaching the eye from it one waveband at a time, and the results are displayed on the white overhead scale. We next pick a different rectangle on the right Mondrian, say a green one. The three separate projectors lighting it are then adjusted so that the triplet of radiant energy coming from the green rectangle is made to exactly match that coming from the red rectangle on the left-hand Mondrian (figure 11.4, plate 15). Despite identical energy fluxes reaching the eye, the two rectangles produce different color sensations. There is no color in the wavelengths. The color must be constructed in the viewer’s brain.
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Figure 11.3 The set-up for Edwin Land’s color Mondrian demonstration. See text and color plate 14.
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Figure 11.4 Physics of Land’s “color Mondrian” experiment in which identical energy fluxes reaching the eye nevertheless yield different color sensations. See color plate 15.

What Dr. Land discovered was that color is a property of brains, not objects. The brain assigns a stable color to a surface by computing a simple ratio. This is consistent with the principle that all perception involves comparison. What V4 does is compare the relative lightnesses on long, medium, and short wavebands reflected from a given point to that reflected from surrounding surfaces. The comparison leads to a ratio, and that ratio never changes, no matter the lighting.

Color is autonomous in several senses. Its anatomical substrate is not evenly distributed throughout the brain nor even among the two dozen areas that constitute the visual brain. It is located entirely in the V4 complex. And V4 is concerned only with calculating ratios. The color complex is further autonomous in the sense that its operations are largely independent of those taking place in the rest of the brain. In art, we can see this in the “watercolor effect,” in which colors need not slavishly conform to outlines but rather can comfortably bleed outside the lines (figure 11.5, plate 16).6 We are not bothered by the mismatch because the color system operates at a low resolution. Color perception is relatively coarse because its neural network has many fewer cells and a much larger receptive field than those for determining form or spatial location. Artists can apply color more loosely than the high-contrast outlines that normally bound it. A comparatively low-luminance color will seem to conform to high-contrast outlines even when it actually does not.
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Figure 11.5 Sketch of Isadora Duncan, Abraham Walkowitz (American, 1878–1965). See color plate 16.

In thinking about color we need to distinguish the color of pigments (subtractive color) versus the color of light (additive color). Such differences are illustrated by Yves Klein, Josef Albers, and Mark Rothko representing the first, compared to Dan Flavin, John Whitney, and Oskar Fischinger representing the second.

The autonomy of color is of course prominent in synesthesia, in which it appends itself to a wide assortment of perceptions. There are colored graphemes, but also colored tastes, colored time units such as days of the week, months, calendar forms, decades, specific dates and clock hours, as well as colored sounds that include ambient noises and musical notes, keys, and timbres. The list is hardly exhaustive. Researchers so far have catalogued more than 100 couplings.


Final Thoughts

Developmental synesthesia establishes itself during early life when the brain is most plastic. It arises not only because an individual brain is genetically different but also because it is different during the time a child is learning various categories of objects. As I have stressed, the disposition to have synesthesia is genetically determined. Yet the specific forms that emerge are shaped by environment and learning.

Couplings consolidate over time by processes that involve normal mechanisms of cross-modal learning and categorical perception (e.g., everyone shows in-step relationships between pitch and luminance). This is why mappings differ across individuals but are not strictly random. Experiential and semantic influences sway the final phenotype that emerges. They affect the arrangement of the numerals one to twelve in a clock face pattern, for example. It will be interesting to see whether this trend changes as digital clocks prevail and analog clock faces become less prevalent.

Studies have shown repeatedly that associative learning is not a plausible general mechanism. Imprinting can happen, but it is hardly the norm. Internally generated synesthetic percepts are reified and treated similarly to other sensory impressions as the young brain learns multisensory attributes of different objects together with its cross-modal associations.

The future will bring increasing numbers of forward-looking (prospective) studies that track the development of large groups of infants. These will address the speculation that synesthesia is “locked in” during specific time windows during which gene expression and environment interact just so as to produce neural cross talk that sticks. Teasing out the nature of that interaction will be a fantastically rich area for study.

The hunt to isolate synesthesia’s genes is under way on several continents, and new genetic tools and methods are appearing at a fast pace. As the search narrows, we will be able to better address the question of why the synesthesia genes are so common in the population. Why does evolution so strongly select for the trait, and what, if anything, is its larger purpose? Is it really a gene for metaphor? The distribution of sensory pairings is not random (table 4.1), which strongly suggests evolutionary selection pressures for and against certain types. For instance, hearing has only one channel, and so auditory synesthesias might interfere with hearing actual sounds in the environment. By contrast, vision is multidimensional—shape, movement, location, contrast, and so on. Color is only one of these dimensions, and life doesn’t depend on it—8 percent of men are color blind and get along fine. That’s twenty-six million individuals in the United States alone, and most are unaware until someone calls their attention it. Any synesthesia that couples to color vision will be less of an impediment than one that links to more critical senses such as hearing or touch. The statistics bear this out: the latter two types are much rarer.

An infinitesimally small change in one’s DNA results in increased cross talk in the brain. When those cross talking regions are sensory or conceptual the way number forms or personification are, then synesthesia easily reveals itself by its unusual manifestations. What if others in the population carry the same mutation but express cross talk in nonsensory areas? Knowing what markers to look for, we may soon be able to answer that question. For instance, what happens when the gene is expressed in frontal areas involved in moral reasoning, judgment, and planning? What happens when enhanced cross talk takes place in areas involved in memory, emotion, fear, or drive? Does it influence creativity, boost intelligence, induce psychosis, or lead to depravity? Finally understanding the mechanism behind synesthesia in such a fundamental way may shed light on an array of abilities and ailments involving mental, cognitive, physical, and emotional capacities that have long baffled us

And what about the flip side of reduced cross talk as seen in autism? For any direction of change in nature we typically find a change in the opposite direction. Might autism be the flip side of synesthesia? I mentioned that mirror touch can occur in autism without the need for enhanced empathy. Indeed, a number of findings support the view for reduced cross talk within the autism spectrum. For example, a greatly reduced McGurk effect shows that their visual and auditory pathways are not tied together as tightly as those of others. They do not perceive visual illusions that depend on reading the surrounding context, nor are they fooled by certain visual illusions that routinely take in everyone else.

A rule in science is that nature reveals itself through exceptions. This is why synesthesia is no mere curiosity. It is instead a window looking out on a broad swath of mind, brain, and our highly individualized view of what constitutes reality. For both synesthetes and nonsynesthetes, our umwelt is a mere sliver of what exists. The human brain is not a passive antenna but instead constructs reality from the tiny slice that it samples from the physical world. In its many varieties, synesthesia highlights the profound differences in how individuals see the world. It reminds us that each brain uniquely filters what it perceives in the first place, making the world thoroughly subjective.


Notes

1. Supplemental color areas exist, one of which is wavelength dependent unlike V4, which does not calculate color based on wavelength.
2. Technically, the ability of a discrete brain area to process several uniquely different mappings of the world arises from its complicated pattern of inputs and internal connections in each architectural region, and the linking of this calculation to several outputs. This is a distributed system, which means that the many aspects of complex functions (e.g., vision, hearing, memory, emotion) subserved by a particular circuit are not rigidly located in any one of its segments but rather exist in the dominant process happening at a given time in the circuit itself. The number of distinct regions it transmits to and receives from varies from ten to thirty, making for an exponential level of complexity far beyond simple connectionist models.
3. Quoted in “Miss Georgia O’Keeffe Explains the Subjective Aspect of Her Work,” New York Sun-Herald, December 5, 1922.
4. Anaïs Nin, Seduction of the Minotaur (Chicago: The Swallow Press), 124. The line in the novel reads, “Lillian was reminded of the Talmudic words: ‘We do not see things as they are, we see them as we are.’”
5. The set-up for Edwin Land’s color Mondrian demonstration. See text and E. H. Land, “The Retinex Theory of Color Vision, Scientific American 237, no. 6 (1977): 108–128. Land’s Retinex algorithms are used in modern digital cameras, including those in smartphones.
6. The “watercolor effect.” See text for details, and E. H. Land, “Recent Advances in Retinex Theory,” in Central and Peripheral Mechanisms of Color Vision, ed. David Ottoson and Semir Zeki (New York: Springer, 1985), 5–17.

Glossary

	Binding Problem
	Different features of an object such as color, shape, sound, flavor, smell, texture, and temperature are dynamically encoded in geographically separate brain areas and at different speeds. Yet the brain must figure out which features belong to which object and unify them into a singular perception. This is the binding problem.
	Comestible
	Being edible, or an item of food. We make comestibility judgments as to whether an item is edible, what it might taste like, and other expectations via multisensory inputs.
	Conditioned learning
	The theory that a process of association leads to a new behavior. In its simplest form, two stimuli are linked together to produce a new learned response.
	Embodied perception
	Assumptions about the world are built into our physical structure. Hence, how perception is unavoidably influenced by having a physical body, and what the consequences are of having our motor and perceptual systems situated in an obligate physical environment.
	Epigenetic
	Nongenetic influences on gene expression.
	Gene
	A unit of heredity transferred from parent to offspring that determines some characteristic of the descendant. Technically, it is a sequence of nucleotides that form part of a chromosome; the order of nucleotides determines the sequence of a nucleic acid molecule or polypeptide that its cell can synthesize.
	Graphemes
	The smallest meaningful units of written language.
	Homeostasis
	The propensity of all living things to maintain a stable milieu. Homeostasis is the foundation of all emotion.
	Imprinting
	Literally, to impress or stamp a mark. In psychology, learning that is phase- or time-sensitive.
	Interoception
	Awareness of internal sensations such as respiration, hunger, heart rate, and bowel movement. Interoception is associated with autonomic motor control, and linked to self-identity and one’s sense of self.
	Lexicality
	Relating to the graphemes, morphemes, words, and vocabulary of a language. A morpheme is the smallest unit of meaning in a language. Lexicality implies the degree to which a stimulus is word-like as opposed to a nonsense string.
	Lightness
	It can’t be the wavelengths of reflected light that cause color. It must be something else that stays the same when the illumination varies so that an object’s color can stay constant. The lightness of an object depends not on the amount of energy sent to the eye but on everything else in the surrounding scene. The thing that remains constant as the lighting changes is the lightness of an object in relation to every other object in the scene. Land concluded that the color of an object depends on the brain calculating its three relative lightnesses. Because they are constant, the color stays constant despite changing illumination. 
	Mental lexicon
	The dictionary in one’s head. The vocabulary of a language or branch of knowledge. The auditory lexicon is the mental representation of phoneme and word sounds along with their pronunciation and meaning.
	Microgenesis
	A theory that sees immediate experience as a dynamic unfolding in which the germ of the final experience is already embodied in the early stages of its actualization. Microgenesis is a phenomenological and generative theory of cognition in which any perception, thought, expression, or action is a process of unfolding differentiation rather than detection or integration, as cognitive theories contend.
	Modality
	Often used interchangeably with sense. The basic sense modalities are light, sound, flavor, smell, temperature, weight, pressure, and proprioception.
	Monozygotic
	Of twins: derived from a single egg and hence theoretically identical. But even in cleaved zygotes that start out identical there will be some epigenetic influences and random mutations, so even the most identical-looking and acting twins will not be precisely identical.
	Overlearned sequences
	Any sequence that is learned and reinforced through rote repetition. The alphabet, counting integers, days of the week, and months of the year are examples. Speaking and writing one’s name, birthday, or address are also overlearned (and so always poor choices when testing memory) because we repeat them regularly all our lives.
	Paradigm shift
	A moment when the usual and accepted way of thinking about something completely changes. For example, the shift from a geocentric to heliocentric view of our solar system is a paradigm shift in society’s view of how the world works.
	Penetrance
	The degree to which a gene or set of genes is expressed in the phenotypes of the individuals carrying it.
	Peripersonal space
	The intermediate space around us—a sphere typically within arm’s reach—in which we interact with objects and people. It is established by a set of interconnected regions in the parietal and frontal lobes. Peripersonal space is centered on body parts (i.e., hand, head, or trunk centered).
	Phenotype
	The observable characteristics of an organism resulting from the interaction of a genotype with its environment. Brown eyes, hazel eyes, and blue eyes are different phenotypes of eye color.
	Phonemes
	The distinct sound units of a language that distinguish one word from another; also the smallest meaningful sound units.
	Photisms
	A visual sensation involving light, color, and form.
	Plasticity
	Also called neuroplasticity. “Plastic” sounds odd because it connotes cheap and artificial. Perhaps it conjures images of shampoo bottles. Its original etymology from the Greek plassein means “to mold,” and it gradually shifted to mean “characteristic of molding.” Scientifically, it refers to the brain’s ability to change and adapt, to create new connections or alter existing ones. It can do this to different degrees depending on one’s age.
	Polymodal
	Involving more than one sense. Luria’s S is the prime example of a fivefold polymodal synesthete, though not a unique one.
	Priming
	An unconscious form of implicit memory in which exposure to one stimulus affects the perception or response to another one.
	Projection
	One of the classical ego defense mechanisms. Projection is the unconscious transfer of one’s own wishes or feelings onto another person, or in this case, an inanimate object.
	Qualia (singular: quale)
	The subjective, inner aspect of perception. Redness and greenness are qualia particular to color; a rose fragrance is a quale particular to a rose flower.
	Stroop interference
	A demonstration of a task’s reaction time, used to illustrate the automatic rather than willful nature of a task. Named after John Stroop, who first described it in 1935. When shown the word red printed in blue ink and asked to name the ink color out loud, subjects react slower than when asked to name colors that are congruent with the word presented (e.g., green printed in green ink). This time lag is Stroop interference.
	Topic organization (retinotopic, tonotopic, or somatotopic)
	Meaning there exists a point-to-point correspondence between a physical point on the retina and an orderly map in the primary visual cortex. The auditory cortex in Heschl’s gyrus is likewise arranged tonotopically, with its neurons arranged progressively from low-to-high frequency–encoding ones, and mimicking the orderly sensitivities of the inner ear’s hair cells. The body’s primary sensory map (S1, also called the postcentral gyrus) is likewise orderly arranged as a homunculus.
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Plate 1 Masking, wherein a figure projected into one’s peripheral vision becomes invisible when surrounded by other items. Synesthetes likewise cannot make out the masked digit, but nonetheless perceive a color.
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Plate 2 A field of 5s in which a pattern outlined by 2s is hidden. Synesthetes who see 2s as differently colored than 5s have an advantage in visual searches and more quickly find the oddballs.
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Plate 3 Subtle variations in color saturation depending on the visual features of a given typeface for synesthete CC Hart.

[image: 10568_999_fig_004.jpg]
Plate 4 Example of a grapheme-color synesthete whose induced colors vanish when graphemes are presented at low contrast. The letter F at 40, 30, and 10 percent, and 10 percent again on a second occasion (top). The letter F at 5, 4, and 2 percent contrast (middle). The letter H at 30 and 5 percent, and B at 30 percent (bottom).

[image: 10568_999_fig_005.jpg]
Plate 5 A Navon figure has a global feature (in this case it looks like a 5) as well as a local feature, here the small 2s that make up the 5 configuration. In 1977, David Navon showed that global features are perceived more quickly than local ones (a trait called global precedence). When synesthetes shift their attention back and forth from global to local, the perceived color changes. David Navon, “Forest before Trees: The Precedence of Global Features in Visual Perception,” Cognitive Psychology 9, no. 3 (1977): 353–383.
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Plate 6 In grapheme-based synesthesia, homonyms look different. Often, the first letter “shades” the entire word (first-letter effect), whereas vowels tend to lighten or darken it.

[image: 10568_999_fig_007.jpg]
Plate 7 The spatial location where Sean Day sees his photisms: about thirty degrees up from the horizontal plane, and thirty degrees lateral to the sagittal plane. The distance from self to the percept varies depending on the source (e.g., voice versus music). Courtesy of Joy A. Day.
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Plate 8 Humans are sensitive to less than a ten-trillionth slice of the universe’s energy spectrum, which covers a billionfold span. We simply lack the biological sensors to sample other parts of the electromagnetic spectrum, and so our “reality,” or umwelt, is only what we can perceive. Brain-machine interfaces such as cochlear and retinal implants as well as sensory-substitution devices can change and enlarge this.

[image: 10568_999_fig_009.jpg]
Plate 9 Lawful and orderly relationships among different aspects of sensation increase or decrease in step with other variables (i.e., they are “monotonic”). Increasing darkness is also larger, louder, and lower in pitch, for example. Color priming sways observers to believe that white wine surreptitiously colored red is actually red wine. Smell and taste judgements are also affected.

[image: 10568_999_fig_010.jpg]
Plate 10 Perception, memory, and metaphor are all interrelated and embodied. We conceive of them only from the reference point of having a physical body attached to our brain. Courtesy of the author.

[image: 10568_999_fig_011.jpg]
Plate 11 Calendar and month forms for Marti Pike (left). June is topmost, and July–September take up more space than the other months. Brownish November contains a nested serpentine form for the days of that month. “Highlighted” days such as 7, 13, 16, and 25–26 mark appointments, birthdays, and special occasions. These aid her memory. Overlapping three-dimensional spirals mark the hours and minutes of a given day (right). The Xs indicate the positions where she can look from different vantage points. For further details, see the text.

[image: 10568_999_fig_012.jpg]
Plate 12 Diminished inhibition leads to spreading activity. When inhibition levels are normal (a), activity in one area stays sequestered because inhibition counterbalances excitation. With diminished inhibition (b), activity in one area spreads unhindered to excite the other.

[image: 10568_999_fig_013.jpg]
Plate 13 The schematic proposes that neurons coding for graphemes and those coding for colors connect with varying strengths. Because of this, some graphemes are able to drive activity in the color area above the threshold for consciousness, represented by the upper plane, while other grapheme activations are too weak and remain below the level of detection.
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Plate 14 The set-up for Edwin Land’s color Mondrian demonstration.

[image: 10568_999_fig_015.jpg]
Plate 15 In this example, the long-wave, middle-wave, and short-wave illuminating projectors are adjusted as indicated. Yet a rectangle that looked red continues to look red (left), an area that looked blue continues to look blue (middle), and an area that looked green continues to look green (right), even though all three are sending to the eye the identical triplets of long-, middle-, and short-wave energies. The same trio of reflected energies can be made to come from any other area: If a rectangle was white when viewed under white light, it remains white; if it was gray, it remains looking gray; if yellow, it remains looking yellow; and so on.
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Plate 16 Sketch of Isadora Duncan, Abraham Walkowitz (American, 1878–1965). 
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Sample Menu
*Menu may vary according to the season and any ongoing research.
4 Tastes - canape
Between The Folds ~ canape
Bouba & Kiki - canape
Offering To The Gods - corn, beans, mole
Royjins’s Servant - jellyfish, seasame, dashi
Mrs Randolph’s Seaside Treat - oyster, yuzu, shallot
Marinetti - sea trout, soy pearls, tempeh
Flavours Of The Earth — mushroom, cassava, pumpernickel
Every Act Of Creation - duck, beetroot, rocket
An Education In Umami — Parmesan, mushroom, licorice
Believe Nothing of What you Hear - chocolate, passion fruit, celery
A Senseploration Of Chivas - cheese, Chivas Regal 12
A Bit Of Magic - Petite four
Experience price £2200* for up to 10 guests.
*Includes 13 courses, service charge and VAT. Welcome drink and
carefully selected wines are complementary.
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