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When French composer Olivier Messien listens to a melody, he sees fireworks of color (Cytowic, 1996). Christina Frank, a math professor, feels the taste of banana as a system of tiny circle rotating counter-clockwise while the sound of flute tickles her nose (Ariannel, 2002). And when Alex Dobbs, a senior at Walt Whitman High School, looks at printed black letters, she sees them in different hues (see interview). Messien, Frank and Dobbs are among the few otherwise normal people who have a medical condition called synesthesia. Their senses – vision, hearing, taste, touch and smell – blend together instead of remaining separate, which allows them to experience the ordinary world in extraordinary ways (Ramachandran, 2005). 


Scientists have been aware of synesthesia (from the Greek roots syn, meaning “together” and aesthesis, meaning “perception”) for more than a century (Ramachandran, 2005). In 1880 Francis Galton, a cousin of Charles Darwin, published a paper on the phenomenon in a scientific journal called Nature. Unfortunately, his ideas were easily discarded as descriptions of drug use or vivid imagination and for a long while the causes of synesthesia remained virtually unknown. Many believed that the so-called synesthetes were experiencing childhood memories or associations. Perhaps a person who has played with a colored alphabet as a little kid remembers that ‘A’s were red and ‘O’ were green. Still this explanation does not clarify why some people would have more vivid sensory memories than others. Moreover, when we look at a beach photo we might imagine warmth but we do not actually feel warm, no matter how many times we have been to the beach. A related idea is that synesthetes are merely being metaphorical when they describe the note C sharp as blue or chicken as tasting pointy, just as most people can speak of a loud poster or sharp cheese. Linguistic metaphors permeate the ways we interpret our sensations, and synesthetes appear to excel at abstract thinking. For the past 10 years, however, many scientists have taken on the difficult task of uncovering the brain processes that might account for this unusual phenomenon (Ramachandran, 2005). 


Vilayanur Ramachandran and Edward Hubbard, researchers at the Center for Brain and Cognition at the University of California at San Diego, collaborated on an in-depth study of the different aspects of synesthesia (2005). The first fundamental question they investigated was whether synesthesia is a genuine sensory experience. They used a simple experiment called Pop-Out test, which showed synesthetes a set of ‘2’s in a shape of a triangle scattered among ‘5’s of the same color. If non-synesthetes took the test, it would be hard for them to discern the ‘2’s without engaging in an item-by-item inspection of numbers. This inability to differentiate quickly between complex tokens, such as numbers, is explained by the fact that only color and line orientation provide a basis for perceptual grouping. Yet what would happen if the same set was shown to synesthetes who see ‘5’s in red and ‘2’s in green? Unlike normal subjects, synesthetes correctly reported the triangle formed by the 2’s 90 percent of the time. Such results suggest that the induced colors that synesthetes see are a genuine sensory experience (Ramachandran, 2005). 


Confirmation that synesthesia is a true condition brings up the real question of why one in about 200 people experiences it. Dr. Richard Cytowic, famous for his research on synesthesia in the 1980s, suggests that in some level of development of our perceptions we are all in fact synesthetes (1996). He thinks that there is something in the wiring of the synesthetes’ brains that allows them to have a “conscious awareness that a sound is not just a sound, but it’s also a taste, and a shape, and a movement, and a location in space, and a color”. His theory is based on the simple, though often overlooked, fact that all senses participate in every experience. Synesthetes are aware of this holistic picture while for everyone else a sound is just a sound. Furthermore, examiningthe brain metabolism of a person who is having a synesthetic experience, Dr. Cytowic reports activity in the limbic system, rather than the cortex where high mental functions occur. This finding is consistent with reports that drug-induced hallucinations, which resemble synesthesia in their characteristic experience, cause a lessening of the cortical activity with a relative enhancement in the activity of the limbic system. Richard Cytowec elaborates on these results when he explains, “synesthetes are cognitive fossils of the past, because they represent not only an earlier way of perceiving, but also a very mammalian way of perceiving.” Although at first this may appear as a radical statement, one needs to consider that evolution brings specialization and further separation of specific functions of the brain. In that sense, the synesthete’s brain is slightly more integrated than that of most people (Cytowic, 1996).


Through numerous experiments, Ramachandran and Hubbard attempt to find exactly what kind of cross wiring happens in the brains of synesthetes (Ramachandran, 2005). An understanding of the neurobiological factors of their findings requires some familiarity with how the brain processes visual information. After light reflected from a scene hits the cones in the eye, neural signals travel to Area 17 in the occipital lobe (see Diagram) where the image is “broken down” to simple attributes as color, motion, depth and form. Then, in the case of color, information travels to an area called V4 of the fusiform gyrus in the temporal globe. From there, it proceeds to a patch of cortex called the TPO (see Diagram), which deals with more sophisticated color processing. Numerical computation also takes place in the fusiform gyrus, where shapes of numbers are presented, although further processing takes place in the angular gyrus, a part of the TPO. Hence, because both colors and numbers are processed initially in the fusiform gyrus and subsequently near the angular gyrus, Ramachandran and Hubbard suspect that, “number-color synesthesia might be caused by cross-wiring between the V4 and the number appearance area (both within the fusiform) or between the higher color area and the number-concept area (both in the TPO)”. Similarly, the hearing center in the temporal lobes is close to the area that receives color signals from the V4, which could explain sound-color synesthesia. 


In addition to the physical cross wiring theory, another explanation points to the cross activation of different regions if the balance of chemical signals was skewed. Normally neighboring brain regions inhibit one another’s activity, but if a chemical imbalance of some kind precluded this inhibition, activity in one area of the brain might elicit activity in the neighbor, as well. This explanation is supported by the finding that if shown Roman numerals (a ‘V’ instead of a ‘5’), synesthetes perceive no color. It is not the numerical concept of a number, but the visual appearance that elicits the perception of a color. This implicates cross activation within the fusiform gyrus in number-color synesthesia since that structure analysis the visual shape of a number, not the high-level meaning. Consequently, when days of the week and months of the year elicit colors (a concept of numerical sequence), Ramachandran and Hubbard suggest that cross wiring occurs in the higher area near the TPO, rather than between areas in the fusiform. This would explain why even the idea of a number elicited by days of the week can evoke certain colors. Hence, depending on where in the brain cross wiring or cross activation happens, there are different types of synesthesia: “higher” synesthesia produced by a numerical concept, and “lower” synesthesia, driven by the visual appearance of a number. 


Research on the neurobiological basis of synesthesia has certain implications to the most fascinating aspects of the human mind, such as the nature of abstract thought and metaphor. According to a statistical study, synesthesia is much more common in creative people than in the general population. After all, creativity is based on the ability to use metaphors or to make links between apparently unrelated conceptual realms, which is what the brains of synesthetes do automatically. This would explain why the seemingly useless synesthesia gene (synesthesia runs in families) has survived through the ages (Emerson, 2005). In fact, Ramachandranand Hubbard agree with Richard Cytowic that we all have some capacity for synesthesia and that, “this trait may have set the stage for the evolution of abstraction” (Ramachandran, 2005). The TPO, for instance, is normally involved in cross-modal synthesis and hence in the emergence of metaphors. Psychologist Wolfgang Kohler designed a simple experiment that suggest that all people are to some degree synesthetic. He presented two drawings, one that looks like an inkblot and another that resembles a jagged piece of broken glass, to subjects and asked them which one is a “bouba” and which is a “kiki”. Ninety eight percent of the people picked the inkblot for “bouba” and the other for “kiki”, probably because the gentle shapes of the inkblot resemble the gradual inflection of the lips as they produce the “boo-baa” sound, while the jaded shape relates to the sharp sound of “kiki”. Hence, Ramachandran and Hubbard conclude, the cross-modal connections that synesthetes excel at are a function of the normal human ability to form complex types of abstraction. 


After years of research, scientists are still unable to identify the causes and evolutionary origins of synesthesia. Nonetheless, the prospect that this strange phenomenon might offer insight into the nature of thought serves as a source of constant inspiration. 
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Interview
Thanks to Alex Dobbs, a senior in Walt Whitman High School, we can get a glimpse at what it means to live with synesthesia

1. What is your experience with synesthesia and when were you diagnosed? 

          Well, I have always seen letters and numbers in different colors. Growing up with it, I never realized there was anything unusual with my perception in the world until 9th grade when talking to a friend once, I apologized for misspelling a word with a ‘b’ instead of ‘g’ because they are both brown. She thought it was unusual, but her friend had learned about it in biology, and was able to give me more information. When I realized no one else had it, it felt bizarre as if I had just found out that no one else could smell. 

2. How do entire words look?

            It depends on the combination of letters, sometimes it looks like a jumble, and sometimes a dominant color comes through. The dominant color of the word is determined by how prominent the hues of the individual letters are: for example, in the word ‘reference” the ‘r’s are brown, the ‘e’s are green, ‘c’ is blue and ‘n’ is pink. The brownish green color tends to predominate. It depends on how many times a letter is repeated and on the hue of all the letters as a combination. 

3. Do you think that synesthesia can improve your memory?

          Oh, definitely I often remember words in colors. When I look across the room at that white ‘reference’ sign I see it in white but my mind imposes hues over it. If I was to turn around, I would remember the colors themselves. If I wanted to remind myself of something I could draw colored spots on my hand and be the only one who can “read” it later. 

4. What about other languages with different alphabets? Do you still see colors?

           Yes, I do, although not always. When I first started learning Russian, the letters were plain, but over a period of time, after I became more comfortable with them, I began to associate colors with them.  When reading the Russian Cyrillic alphabet, only some letters have strong colors and often in association with English (although written differently, the ‘r’ sound is still an ‘r’ sound and as such, it looks brown). Some letters are colored based on their sound, while others upon how they look.

5. Do you ever associate sounds or music with colors?

          Yes, I often perceive high pitched or loud sounds in a certain hue. Also, some songs appear in warmer colors while others are blue-ish, cold.  But it’s not classical synesthesia

6. Do you wish you didn’t have it?  

         No, sometimes it can be difficult and overwhelming, but now I have come to appreciate it as a unique aspect of my life.  

