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INTRODUCTION




Nobody knows what goes on in the head of the creator–the composer–as he is creating. It is a mystery, and one that this book seeks to elucidate.

What mechanisms come into play in creating a work, in generating something new, in producing something of beauty, in arousing emotion?

Is artistic creation a product of specific intellectual and biological processes? Is it possible to get closer to the underlying mechanisms to understand how a composer or musician or orchestra conductor chooses to combine this or that note, or to follow this rhythm with that one?

 

To what extent have recent and spectacular advances in our knowledge of the workings of the brain enhanced our understanding of something as complex as the process of creation?

Is it even possible to understand what is going on in the brain of the composer when he is writing The Rite of Spring or Le Marteau sans maître?

What is the connection between beauty and the extraordinarily complex machine that is the human brain?

How are the elementary building blocks of the brain – molecules, neurons, and synapses – related to mental activities as complex as musical creation and the perception of beauty?

 

Some of the questions touched on in this book – What is music? What is a work of art? What mechanisms underpin the creation of a work of art? What is beauty? – represent a fresh approach to constructing a neuroscience of art.

Such is the nature of the conversations that follow between neurobiologist Jean-Pierre Changeux, whose research has been dedicated to the study of the brain, and composer Pierre Boulez, for whom theoretical questions linked to his art – which is music – were always essential, joined by the composer Philippe Manoury, who contributed his own personal insights.

Odile Jacob







  


  CHAPTER 1


  What is music?


  

    

      Music and pleasure


      Jean-Pierre Changeux: I’ll start with a classic definition of music from the Encyclopedia of Diderot & d’Alembert: “Music is the science of sounds, as they are capable of pleasantly affecting the ear, or the art of arranging and managing sounds in such a way that from their consonance, from their order, and from their relative durations, pleasant sensations are produced.”1 How does that definition strike you? The author, by the way, is Jean-Jacques Rousseau.


       


      Pierre Boulez: It’s the standard eighteenth-century French definition, and I don’t like it at all. It reeks of sentimental hedonism. If you put it to Jean-Sebastian Bach, he’d probably have a good laugh despite the overlap in time. You could say more simply that music is the art of selecting sounds and relating them to each other. Except that by saying that, you haven’t defined music; you’ve described a particular type of artisanal activity. Still, it does allow you to create contrasting points of view: “this sound is musical,” “that sound is noise,” “this combination of sounds is chaotic,” “that combination of sounds is melodic.” The culture in which we are immersed plays a key role in our aesthetic judgments and our artistic sensibilities. Moreover, the same question pops up in other artistic endeavors. Is an installation art, or is it just a more or less sophisticated decoration of a space, like a department store window?


       


      J.-P.C.: I think I see what you’re getting at, but could you elaborate?


      P.B.: Think a bit about Rousseau’s definition of music. In Bach’s writing, there really is something other than the pleasure of the sonorities. Of course, this pleasure is certainly sometimes present in diatonic chorales, without tension or distortion, and where the continuous flow dominates. But Bach composed much more dramatic chorales where you find distortions due to chromatisms. And what was it he wanted to do in the Art of Fugue? Hard to say. No doubt he wanted to prove his virtuosity before he died. But here I mean rather virtuosic writing or thinking as opposed to merely virtuosic description or characterization. It’s still hard to say, “Yes, the Art of Fugue pleasantly affects the ear.” If it didn’t pleasantly affect the ear, it wouldn’t be considered a masterpiece among masterpieces!


       


      Philippe Manoury: It’s not even certain that the Art of Fugue does affect the ear pleasantly. At the end of the day, the succession of canons and fugues isn’t all that pleasant. Moreover, perhaps the work wasn’t even composed to be heard uninterrupted, in its entirety.


      P.B.: The work was created to be “read” chapter by chapter, but separately (that’s an assumption on my part, as Bach himself wrote nothing about it). Those who have tried to finish his last great fugue have piled up subjects and counter-subjects without managing to add any real value to it. That increases the virtuosity, but not the meaning. The question is just as complex with the Musical Offering, although there we are closer to reality since Bach wrote this set of pieces for three instruments. They are real pieces, so to speak, whereas the Art of Fugue is…unreal! It’s a work written not to be played but to be read. Is the pleasure in the listening, or is it purely intellectual? I’m not so sure. What drove Bach to conceive it? Certainly not Frederick II. Incidentally, Frederick never even reacted to Bach’s Musical Offering, which suggests that he didn’t find it very interesting.


      As you see, the Art of Fugue is a work I find problematic, even more so than Beethoven’s late quartets, where you sense that he’s fighting with the material, with the theme, with the instruments. Indeed, there Beethoven is fighting with everything. But it’s a real fight. Whereas the Art of Fugue is perfectly controlled. But to what end?


       


      J.-P.C.: Does any other work in the history of music pose issues similar to ones you mention with respect to the Art of Fugue?


      P.B.: No. I cannot think of anything that is even remotely similar.


      P.M.: Not even in the twentieth century? I’m thinking about works that are comparably abstract.


       


      P.B.: Webern’s Variations for Piano seems to me to come closest, in the way that Mondrian approaches pure geometry. But even with Webern there are twists and turns. And of course the form, despite everything, remains classical.


       


      P.M.: The border is often blurred between what is judged to be music and what is considered not to be music. Berlioz’s comments on what he had heard of Chinese music at the London World’s Fair in 1851, for example, leave one wondering. He found their songs atrocious, compared them to the yawning of dogs and the screeching of skinned cats, while describing their musical instruments as veritable instruments of torture. Debussy, on the other hand, was quick to note – quite provocatively – that “Javanese music obeys laws of counterpoint which make Palestrina seem like child’s play. And if one listens to it without being prejudiced by one’s European ears, one will find a percussive charm that forces one to admit that our own music is not much more than a barbarous noise more fit for a traveling circus.”2 On that point at least he was absolutely right. Pierre Boulez, surely you remember that the vocalization of Japanese Nō was perceived by Europeans as a series of ugly, disagreeable, and above all nonmusical screechings.


      P.B.: I heard French actors in Jean-Louis Barrault’s theater company make these kinds of remarks. When they imitated Japanese actors, it was only to caricature them. They did not understand the dramatic meaning of Nō for the simple reason that they did not know the codes. In the same vein, it is conceivable that Arabic singers might find the vocal virtuosity of Nō actors totally inept.


       


      J.-P.C.: So you’re saying that the Encyclopedia’s definition of music refers more to musical entertainment.


       


      P.B.: Not quite. Even in Rameau there is a lot of light music that isn’t all that pleasant. That’s what is not so good about him. His recitatives are much more dramatic and far more interesting, as are his pieces for harpsichord. I once spent a little time going through the music of the era because I was interested in knowing how it worked. But I must say that I got bored very quickly. There’s a whole side of seventeenth-century French instrumental music that is exasperating. You find exceptions, of course, but in general they are small descriptive pieces – nice, sweet, forgettable.


       


      P.M.: I think that trying to formulate a definition of music, or any art for that matter, is a perilous exercise. Whether we like it or not, we are in thrall to the values and aesthetic norms “in effect” in our times. In 1917, when Duchamp wanted to exhibit a urinal in New York as a work of art, independent of his desire to provoke, he asserted that ideas and concepts prevail over creation; the art object exists from the moment it is dated, signed, and exhibited wherever works of art are exhibited.


       


      P.B.: We made Duchamp a hero for glorifying the urinal. I have to say it leaves me cold. I think we’ve overestimated found objects. Sometimes they are in fact interesting as natural sculptures, but that’s just accidental. Generally, the art is trivial – and the trivial has never shaken many people up.


       


      J.-P.C.: The Encyclopedia’s definition of music hasn’t impressed either of you. Perhaps Diderot’s entry titled “Beautiful” might prove more fruitful for us. He begins, “How is it that almost all men agree that there is a beautiful; that some of them can experience it strongly where it lies, yet so few know what it actually is?” This elusive aspect is still relevant today. Following a lengthy analysis of the past use of the word, Diderot finally introduces his own definition: “I then call beautiful outside of myself, that which contains in itself what can awaken in my understanding the idea of rapports… The perception of rapports is thus the basis of the beautiful.”3 Distinguishing beauty from the pleasant, and without alluding to pleasure, Diderot emphasizes that it is the composition of the work that creates these rapports, pointing out the rule of “consensus partium,” the relationship of the parts to the whole. This is a far cry from the idea that the work of art must simply be pleasing to the eye or to the ear.


      P.M.: The idea of art as pleasurable is very problematic, especially today. Would we ask that a play by Shakespeare or Ibsen, a poem by Goethe or Mallarmé, a painting by El Greco or Cézanne be simply pleasing? No, of course not. Isn’t the idea of pleasure associated with that of reward, which you neurobiologists know something about?


       


      J.-P.C.: Reward and pleasure are not synonymous. Rewards may be positive and pleasant, but also negative and unpleasant, entailing pain or suffering. Moreover, both involve different transmitters: dopamine, for example, in the first case and serotonin in the second. Generally speaking, laboratory animals routinely avoid negative rewards. But humans are not laboratory rats; they have a unique repertoire of emotions and feelings that shade and reframe positive and negative rewards. A “negative reward” can be motivating.


      Humans possess a great capacity for sympathy and empathy that is part of social life. Francisco de Goya’s Disasters of War and Third of May 1808 affect us profoundly, even if as viewers we experience no “pleasure,” strictly speaking, in looking at these scenes of revolting cruelty. Goya’s genius lies precisely in recomposing and reintegrating these figures of horror in a pictorial context capable of touching the viewer, of moving him, of causing him to share the painter’s feeling of revulsion in the face of an unjust war. The perception of “rapports” that the painter creates among the figures he depicts, the vivid background, the light, whatever, are all part of what adds up to a work of art.


       


      P.M.: That’s true, but it seems to me that in music, unlike in all other arts, the “negative reward” is unfortunately very rarely accepted. Having said that, significant musical works often do involve tensions that are not necessarily resolved. Often it is precisely in this sense that they strike us as powerful. Proust compared Wagnerian leitmotifs to a sort of neuralgia. Are these not negatively rewarded tensions?


       


      J.-P.C.: Work on the neuroscience of reward systems has highlighted not only the idea of reward but also anticipation of reward. Owing to coherence between the parts and the whole of the work of art, opening the composition with, for example, a melodic fragment, such as the beginning of a phrase, creates an expectation about the completion of the composition or about the meaning of the phrase. If this does not occur or is inappropriate – we call it an “incongruity” – a particular wave appears in the electroencephalogram (EEG): the N400 wave.4


      Thus there is a physiology of reward anticipation, which the artist knows how to exploit to “manipulate” the emotions of the listener (Figure 1). I think that the aesthetic experience is very widely associated with emotional and cognitive states, with expectations of reward, and with inner resonances, associated with the “perception of rapports” elicited by the work. There’s a major field of study for the future!


       


      P.M.: What you say is particularly true of certain classical works. In Beethoven, for example, there is a desire both to maintain an internal balance and to satisfy what you call the anticipation of completion. The two are like mirrors of each other. Beethoven abandons a little motif at the beginning and only develops it toward the end of the work. He puts it “on hold” and finds a place for it, as with all the other motifs, at a later moment.


    


    

    

      The cerebral and the irrational


      J.-P.C.: Music is distinct from plastic arts such as architecture, sculpture, and painting – which require space as an essential condition of their existence and that we perceive at a glance – because it takes place in time.


       


      P.B.: To be heard, music must also fit into space and inhabit it. In this way it is similar to theater, which also requires space, sometimes the same type of space. Music and theater still have in common this polarity of individual and collective dimensions. Although it is difficult to compare the timbres of the instruments and voices with the individual personality of theatrical characters, it is nonetheless possible to draw a connection between the leader of the chorus and the chorus itself in the theater of antiquity and, on the other hand, the soloist (or soloists) with the vocal or instrumental ensemble.


      As for the temporal dimension in music, it is important to distinguish between two main categories of time: smooth time and striated time; in other words, “suspended” time, where the sounds are contemplated for themselves, and oriented, directional time, that depends on the agogic5 stress.


       


      J.-P.C.: Music really does require careful listening, and it “transfigures” the time that elapses through the delicate alchemy at work between the rhythm, melody, and harmony. But what about the question of it being rooted in history? Music is one of the most eminent forms of culture, or rather cultures, which have changed considerably over the course of just a few centuries, in particular in the West. It has evolved by diversifying, all the while maintaining constant genres – vocal music, instrumental music, sacred music, secular music.


       


      P.B.: For centuries, music existed purely to serve religion or entertainment. It was all lullabies, work songs, and mourners at funerals. Historically, music was always used as a tool: in the countryside it was intended only to make people dance; and naturally the Church required certain types of music for religious purposes.


       


      J.-P.C.: Religare: “to link,” “to bind.” The notion of intersubjective communication seems to me to be fundamental in defining music. We communicate not only by means of rationalities but also through emotions that are shared within the social group and are themselves meaningful.


       


      P.B.: I think that, through music, we go toward the irrational, or at the very least, we tend to. Rationality can be buried so deep, be so indecipherable that it is effectively irrational. Just as an excess of order is tantamount to disorder.


       


      J.-P.C.: Are you saying that music is irrational, or rather that it’s emotional? Isn’t your music perfectly rational?


       


      P.B.: I wouldn’t say “perfectly.” For the simple reason that perfect rationality doesn’t exist.


       


      J.-P.C.: But it seems to me that there’s no bend in the rules that you follow. Your music is often perceived as very cerebral, very technical, almost mathematical.


       


      P.B.: That’s just rational production.


       


      P.M.: I think that Bach, for example, as much more “rational” than Boulez. For instance, at the end of your Le Marteau sans maître, there’s a sequence composed basically for tam-tams. These instruments cannot be tuned; no two tam-tams in the world are alike. You find nothing like this in Bach’s music, where each note has a precise function within a totally hierarchical, measured system, with nothing left to chance. Do you remember how you composed this passage from the end of Le Marteau sans maître?


       


      P.B.: I remember it very well. At the premiere, the score stopped at the final flute solo because I hadn’t had time to finish the piece. Listening to this first performance, I realized that there were many sounds in the middle and high registers, but almost nothing in the low register apart from a few barely audible sounds like the guitar. I wanted to amplify it a little to bring it up to the level of the other instruments, but I finally gave up so as not to detach it from the rest of the whole. It was clear to me that I had to introduce, first, long sounds (because I had nearly none in any of the other movements) and, second, the lower bass register and a freer rhythm. Then, in the week following this first performance, I quickly wrote the final part for the tam-tams. The flute follows a very precise pattern in which you hear no periodicity at all, and there is still a wood block (xylorimba) that supports the flute by marking the silences. So it’s both calculated and impossible to perceive I wished to give the impression of total freedom and, once the tam-tams and gongs come in, to signal the final phase. Whatever relationship you might see with other movements of Le Marteau, you do feel that this piece is the last.


       


      P.M.: So you modified the work after hearing it on stage. That’s proof, if any were needed, that your music, often judged to be cerebral, is based on perception, or even a physical reaction.


      P.B.: In the last movement of Le Marteau, I did indeed allow myself to distort the relationship, such that you might wonder why this music is so violent, so different from the order of the other pieces.


       


      P.M.: Moreover, in Le Marteau, unlike the later Sur incises, you didn’t specify the height of the crotales. In other words, you departed from the sound hierarchy that is ordinarily provided by tempered instruments. Was that also a way of escaping generalized serialism?


       


      P.B.: Absolutely. That’s what really helped me to toss the number twelve out the window. I couldn’t stand it anymore.


       


      P.M.: You can’t create a generalized series with percussion instruments, because it’s impossible to organize the pitches. You went on to develop this “percussive” tendency in works like Sur incises where, for example, you use steel drums.


       


      P.B.: I use them intentionally to contrast with the rest. You hear them at the beginning; the pitch really is there. But it is very quickly transformed by the fortissimo because the surface moves and changes the spectrum. That’s why it’s interesting.


      P.M.: The attack creates interference that disguises the pitch, the dominant element of classical serialism.


      P.B.: Classical serialism is really… castrating; it’s something that bothers me deeply. I sometimes reacted pretty violently when, time and time again, we tried to impose the number twelve without having the curiosity to go further. What matters is having a flexible number.


       


      P.M.: The number twelve per se has never been all that interesting musically. The great idea of the twelve-tone technique was to reorganize the relationship of sounds to each other, between intervals.


       


      P.B.: For example, in Répons, everything is based on the name Sacher. I had discovered that the transposition of Sacher’s name in Messagesquisse for solo cello and six cellos, which I dedicated to Paul Sacher, produced very remarkable objects. I composed Répons around that.


       


      P.M.: Anyway, we can see that the boundaries between the rational and irrational are rather blurred in music, and more generally in art – and undoubtedly elsewhere as well.


       


      P.B.: The rationality that presides over the making of a work can very well give rise to irrationality on contact with and in the perception of the work.


    


    

    

      Pythagoras and randomness


      J.-P.C.: It seems to me that you are drawing a curtain, for now, over the question of the relationship of music to what you call the “irrational.” But in doing so you have raised the issue of its relationship to mathematics. This brings us to the very source of Western music, and thus to Pythagoras. He founded a school of philosophy and science, but also a sort of sect united by religious and initiatory practices. Pythagoreans were the first to embark on the path of mathematics. For them everything is a number, or an ordered plurality: “Things are numbers” and “number [is] the substance of things,” they said.


      According to Aristotle, the Pythagoreans believed that “the whole universe…is constructed in accordance with number and harmony.”6 Mind was “1.” In music – which is of interest to us – numbers are primordial. Musical harmonic relationships are based on numerical proportions. The octave, fifth, and fourth intervals are expressed in terms of simple integer ratios: 2/1, 2/1, and 4/3. The Pythagoreans demonstrated this experimentally using a one-stringed instrument known as a monochord. They observed that the pitch of the sound was inversely proportional to the length of the chord. Consequently, the Pythagorean scale was constructed on intervals of fifths with a frequency ratio of 3/2.


      P.B.: Today, with the electronic equipment we have at our disposal, we can all free ourselves from this subjugation to the laws of natural harmony. Pitch is measured in hertz, duration in milliseconds. That’s a great advantage of our times over the world of Pythagoras! And we can appreciate the richness of this universe. Pythagoras’ experiments were done with primitive material. If you listen carefully to a carillon, you’ll hear a struggle between the sonorities of the lowest frequencies, which are somewhat tempered, and their harmonics, which are chaotic and defy any tempering whatsoever. And since resonance requires that they coexist, the coexistence isn’t harmonious, but stormy. Today, whether intervals are perceived as consonant or dissonant always depends on a given grammar, not on the intervals themselves. In Bartók, the friction of a major second doesn’t produce the same feeling of tension as in Bach.


       


      J.-P.C.: But the Pythagoreans go well beyond that. For them, the whole sky is a musical scale that expresses itself in numbers. Pythagoras claimed to hear a harmony of the spheres, a planetary music. You might laugh, but many mathematicians, and some physicists, still think that the world of mathematics is a world unto itself, independent of the human brain. Whereas, being a neurobiologist, I think that mathematics is produced by the brain. I’ve debated this at length with the mathematician Alain Connes.7 I’d be curious to know what you two think about this question of numbers and music.


      P.M.: I use certain mathematical formalisms, especially those dealing with probabilities. Mathematics is such an abstract field that it can be applied to an infinite number of things. Leibniz asserted that “music is a hidden exercise in arithmetic, of a mind unconscious of dealing with numbers.”8


      J.-P.C.: The Pythagoreans are credited with demonstrating the famous “Pythagorean theorem” as well as a major treatise on geometric proportions that included the definition of the golden ratio (or golden section). I remember an analysis of Bartók’s Music for Strings, Percussion and Celesta by André Jolivet, with whom I studied composition for a while. According to Jolivet, the climax of the work uses the golden section.


       


      P.M.: That’s true for the first movement. As it is a fugue, the voices enter in succession: you find them in bars 1, 2, 3, 5, 8, and 13. You’ll recognize the famous “Fibonacci” sequence. When you divide the numbers by each other, you always get the same ratio – which becomes increasingly more precise the higher the number. It’s the golden ratio.


       


      J.-P.C.: Pierre Boulez, do you use the golden ratio or other compositional rules of this type consciously or, conversely, do these mathematical relationships – if they exist – appear spontaneously in your work without you having thought about it?


      P.B.: I don’t use the golden ratio at all. It has never meant anything to me: everything in my compositions is irregular, so a golden ratio would make no sense. The golden ratio implies favoring certain relationships, and I don’t favor anything. On the other hand, I might, for example, use a fixed number around which the planets turn – digital planets, so to speak. I am very interested in creating hierarchies that are useful for a while before collapsing into another hierarchy; and the first hierarchy is erased.


       


      J.-P.C.: So you apply a local rule that governs only part of the work before replacing it with another rule.


       


      P.B.: It’s always local. The process for using these numbers may vary, but the result is still about the same.


       


      P.M.: Like any voluntary constraint, calculating ratios – whether the golden ratio or something else – may help the composer to free himself of automatisms or habitual reflexes.


       


      P.B.: Constraints can indeed be stimulating, and sometimes even “exquisite,” as Valéry put it, rightly pointing out that it forces you to find something you wouldn’t otherwise have discovered. Moreover, when Stravinsky talks about his neoclassical compositions, very often he brings up the constraints he was obliged to observe and thanks to which he was able to write a work. Yes, constraints can be very useful.


      P.M.: Nevertheless, it’s better to devise them yourself.


       


      P.B.: Absolutely.


       


      J.-P.C.: At several instances in your Leçons de musique,9 you mention random structures, random works, random encounters, random transmissions, random musical events, and so forth. Is that a reaction to the Pythagorean hold on rhythm, intervals, composition?


       


      P.B.: It’s for totally different reasons. For example, in Répons, I used random but directed structures. I took as my model the technique of English bell-ringing that I discovered while reading a great article on John Cage’s Music of Changes. I asked Peppino de Giugno10 to transform this principle with well-defined rhythms that could also change randomly. If it is well thought out, randomness offers infinite variations that do not destroy the original model.


       


      J.-P.C.: For today’s composers, does the choice of randomness represent a rejection of mathematical rules that are too strict in their eyes?


       


      P.B.: Yes, actually, but you have to be careful with random structures. If you ask an instrumentalist to play pitches in random order, you can be sure that he will end up always playing them in the same order! There’s nothing at all random about that.


      P.M.: Musicians, especially when invited to choose among various routes, tend to reproduce their own reflexes, whereas the computer has no reflexes and never will.


       


      P.B.: It does exactly what it is told to do.


      P.M.: It can never reproduce a model, so that the random processes that govern it ensure constant renewal of musical discourse.


       


      J.-P.C.: Renewal that would be impossible to envisage otherwise?


       


      P.B.: But statistically, the result you are looking for generally does not produce a significant renewal of structures. They are renewed as sonic background. This is what I call wall papers in Répons: the piano dynamics influence the speed at which the electronic texture unfolds. The louder the piano plays, the faster the texture unfolds; and when the piano plays slower, the texture is somehow negated. Or, if the piano plays a very slow tempo, all the sound layers that make up these textures shrink, resulting in mini-intervals, with reproductions, for example, as in a mirror. So the entire register is fully used, but with a very narrow ambitus.11 And it’s all completely random.


    


    

    

      Is the human voice a musical instrument?


      J.-P.C.: The first instrument that comes to mind is the human voice. Emitting a vocalization involves several organs: the respiratory muscles of the thorax, ribcage, diaphragm, and lungs, which draw in air and send it to the larynx, where the vocal cords produce the sound. The tension and position of the vocal cords are controlled by voluntary muscles that modulate the sound’s pitch. Vocal timbre depends on resonance cavities under the larynx (windpipe, lungs) or above (mouth, nose, and head). The average range of the voice is around two octaves. It covers the speaking-voice register and the more extensive singing-voice register.


      So the human body is a superb instrument for producing sounds whose muscular components are controlled by the brain, which modifies their pitch, timbre, and intensity within specified limits.


       


      P.B.: Yet the artificially trained singing-voice register and the speaking-voice register don’t coincide. Moreover, they vary with age, especially in women. Schoenberg’s Pierrot lunaire is typical of the problems posed by this state of affairs. First, some performers accentuate the cabaret style such that the registers are completely transposed; there’s almost no exactitude of pitch. Second, some registers are so high and others so low that if you want to respect the written pitch, it’s practically impossible to bring them both under the same umbrella, so to speak. With Pierrot, I must say I’ve always had a problem. I’ve heard some questionable recordings of it. As for me, I vacillate between precision, when I’m feeling delusional, and imprecision, which is more realistic.


       


      P.M.: What Schoenberg advocates is to start with the written note and glide toward the note that follows.


      P.B.: But nobody ever does that. Moreover, after a while, the glissandi become tedious and lay bare any artificiality in the process. Before the First World War, some actors at the Burgtheater apparently used to speak that way in the theater.


       


      P.M.: In the film M, you can hear this kind of gliding in the voices, especially Peter Lorre’s, which actually suits the part perfectly. But in Pierrot lunaire, sometimes canons are interspersed between the spoken voice and the instruments!


      P.B.: That’s actually true. This voice – which is very hard to consider a speaking voice because it is written high up – well, I shift it to a lower register to make it more believable.


       


      P.M.: Schoenberg wavered between several types of writing to notate the Sprechgesang (speechsong).


       


      P.B.: All his life he wavered on this subject. In Moses and Aaron, for example, he used diatonic notes – and even for Moses, who was “speechless” – but he specifically asked that people “ignore any precise notation” because he himself considered it inexact. So you follow curves and lines. But in Ode to Napoleon Bonaparte, he wrote the voice on a single line – not the five lines of a staff – with sharps and flats on both sides of the line! You might ask what that’s about. He must have been aware of how relative his notation was, and this is the positive aspect of the innovation. But why did he include those sharps and flats?


      P.M.: He was probably looking to inject some precision into what he had otherwise and deliberately rendered imprecise.


       


      P.B.: It’s obviously an unrealistic precision. It’s probably worth adding, all the same, that Sprechgesang is only one of the vocal modalities that Schoenberg employed. He also used much more conventional forms, for example, in Erwartung or in Die glückliche Hand. But there’s nothing to say about it, since it was classical notation with separate registers, and so forth.


       


      P.M.: At the beginning of the third scene of the first act of Wagner’s Siegfried, just when Mime thinks he sees the dragon, there’s a scene of panic where the strings quiver and the voice is written in an extremely rapid tempo and with big intervals. The result is very nearly Sprechgesang, because the singer doesn’t have the time to draw out the notes.


      P.B.: Especially with Patrice Chéreau’s staging of it! In fact, at that point he asked the singers to move a lot. Between the motion on stage and the difficulty of the text itself, you’re lucky to get perfect synchronization.


    


    

    

      Vocal music and dramaturgy


      J.-P.C.: Macaques possess a repertoire of vocalizations almost as rich as that of humans. Chimpanzees have extremely curious “sonic conversations” among themselves. It’s very easy to imagine that when Homo sapiens appeared in Africa around 200,000 years ago, he used the proto-musical capacities of the human voice to communicate: hunting calls, religious rituals, lullabies in the mother and child context.


      We have access to time long past through oral tradition, traditional songs, rhapsodies, psalms, hymns, lessons for solo voice. Gregorian chant and sacred Vedic music are still practiced today. Pierre Boulez, some of your works – Le Marteau sans maître and Le Visage nuptial, for example – make use of voice. What would you say is the role of the human voice or vocal music in general?


       


      P.B.: In Le Visage nuptial and Le Marteau sans maître, the voice isn’t necessarily the central feature; it remains at the periphery. For example, when a soloist, with no text to utter, hums with her mouth closed, she becomes part of the instrumental texture. The last time I actually used voice was in 1970, in Cummings ist der Dichter, which involved a chorus. I haven’t composed for solo voice since Pli selon pli, in the early 1960s.


       


      J.-P.C. You’ve written no operas, but you’ve directed a lot of them. Why?


       


      P.B.: I’ve only directed a few. Wozzeck, Lulu, Moses and Aaron, Pelléas, Tristan, Parsifal, the Ring and, most recently, From the House of the Dead. I haven’t written any, first, because it wasn’t particularly appealing to me and, second, because I didn’t like the schema of the traditional musical theater. I would have had to totally rethink musical dramaturgy and invent a spatial concept that departed from the conventional relationship between stage and hall.


       


      P.M.: Two years ago, during a long stay in Japan, I was struck by the traditional marionette theater of Osaka (bunraku), in which the visual and sound elements are geographically separate. The visual component, that is, the big, mute marionettes are placed on the stage, facing the audience, whereas everything to do with sound – the text that is recited by the chanter as well as the shamisen, a small Japanese lute – is placed to the right, alongside the audience. This creates an extraordinary tension, really gripping. Does that sort of structure interest you?


       


      P.B.: I think so, but I’ve also always been interested in the shadow theater of the Far East. Unfortunately, we have persisted in presenting opera in the old Western tradition, even up to very recently.


       


      J.-P.C.: What do you think it would take to overhaul, or at least to reanimate, the musical dramaturgy of opera?


       


      P.B.: What I regret is that we haven’t borrowed the interesting and fascinating ways that other traditions have of creating differences or disparities between the history being recounted and the way it is told.


      P.M.: You might even say that after Wagner, opera took to transmitting codes that became very routine because they were used so consistently, such as the tremolo to signify fear…


       


      P.B.: …or the lower register to express anxiety. These codes have been adopted by cinema. If I had worked in the theater, I would first have been interested by the different histories of staging: How did staging evolve? Why did it evolve in that way? and so forth. That would have been required for the story I would have told. And perhaps telling it through shadow theater, for example, might have resulted in a better story! I’m thinking of the theater of Genet, in particular, his play The Screens. There’s one scene that I find remarkable: the one where the Arabs express their rebellion in symbolic form. One sees a plantation in flames, another an explosion in the midst of a gathering, and so forth. This scene of recriminations narrates the illustration of the screens; it constitutes the décor. The décor is this phantasmagorization. The spoken word creates the object. At that very moment, the text is indistinguishable from the staging.


      To come back to opera, I’m also reminded of that entire scene in the third act of Wozzeck, where everything depends on a single chord. This is a perfect illustration of Berg’s desire to articulate the visual in a strictly musical dimension. Here, the musical text totally suggests the staging. Peter Stein once said to me: “With Wozzeck, it’s not worth looking for anything: the staging is already written” That’s rare in opera. For example, there’s nothing like that in Schoenberg’s Moses and Aaron.


       


      P.M.: On the subject of shadow theater, in the 1980s you composed Dialogue de l’ombre double – a title you borrowed from Paul Claudel – for clarinet and electronics.


       


      P.B.: I borrowed it from a very powerful scene in Soulier de satin, whose title I’ve never forgotten: “l’ombre double.” It refers to the shadow of a man with a woman projected on a screen. Claudel used this allegory as the basis for the scene, and that as a matter of fact influenced my idea of a clarinet confronted by its shadow moving around it. A long time ago, I saw Jean-Louis Barrault’s staging of Soulier de satin. I don’t remember all the details, but I do recall his effort to dissociate the character into two figures. You could also imagine multiplying a single character by eighteen masks! Why not? The identity of the lone actor would be lost, which simultaneously would give him absolutely unprecedented range. Suddenly, the resonance would be much greater.


      I also remember seeing a performance by Peter Brook in London about contemporary society and its difficulties. The characters were arranged all over the stage, with great distances between them, each remaining “isolated in his tower.” When they spoke, it was across the distance. In the second half of the play, the same type of discussion resumed, but this time by means of loudspeakers. Each actor had a mic connected to the loudspeakers. Even though you could see the actors speaking their lines, the identity of each was completely blurred by this device. At the time, the production was still very basic. But I imagine that this spatialization technique could be improved, not only for the pleasure of it but also because of the confusion that it provokes and the ambiguity that it creates.


       


      P.M.: In Dialogue de l’ombre double you used loudspeakers exactly like shadows, because the clarinet playing on stage is immobile whereas the shadow, represented by the recorded clarinet, moves.


       


      P.B.: When the audience sees the clarinet on stage, they identify it thanks to the visual perception that they have of it, however far away it happens to be. That’s what’s important. When the shadow-double of the clarinet appears, by means of the loudspeakers, it is much more difficult to know where the sound is coming from because it’s indistinct and invisible. I’ve often taken advantage of the possibilities the theater offers to provoke this kind of perceptual ambiguity.


    


    

    

      From flutes to computers


      J.-P.C.: Musical instruments were invented by humans as “prosthetics” for the human voice, to extend its register, it’s intensity. The oldest instrument unearthed to date is a flute with spaced holes cut into the femur of a cave bear, discovered at Divje Babe in Slovenia and going back around 45,000 years.12 Even if this discovery has been challenged (the spaced holes would represent the trace of the canine teeth of a carnivorous animal), authentic whistles have also been found carved in the bones of prehistoric animals. For 9,000 years, the flute has been a traditional instrument in China, as well as in India, Persia, and among Hebrews.


      As everyone knows, the sound is produced by the flow of air created directly by the breath of the player, across a hole drilled in the instrument. Owing to this “physiological” relationship between human and flute, the flute is considered a particularly expressive and responsive instrument and, in this sense, close to the human voice.


      Are either of you particularly interested in this instrument, for the reason I just mentioned or any other? Pierre Boulez, your Sonatine of 1946 is for flute and piano; the flute is also part of the instrumental ensemble in the Marteau sans maître; and more recently, the flute is the triple solo instrument, so to speak, of …explosante-fixe… from the early 1990s.


       


      P.B.: The flute is an agile instrument with an extended register. Mozart combined it with the harp to very good effect, although to be honest he didn’t like it all that much. When I was just starting out and had barely left my studies in composition at the Paris Conservatoire with Olivier Messiaen, the flute allowed me to experiment with a certain virtuosity and brilliance. Later, I became more attached to the clarinet, and then to the violin, as solo instruments. But my main attachment remains to the piano, because of its polyphonic possibilities.


       


      J.-P.C.: Let’s take another original instrument – the musical bow. You find representations of bows in the rock paintings of the Magdalenian,13 which suggests that they were used as musical instruments, and evoke Greek mythology, Pythagoras and his monochord, and of course Orpheus and his lyre. The first drums, made of clay, appeared during Neolithic times. In all these examples, the sound production is less direct than in the flute: a string is plucked by the fingers, a percussive gesture is made by the hand or arm. There are many variables under human control. You make great use of percussion in your compositions. The strings appear to attract you to a lesser extent. Why this choice?


      P.B.: Actually, I’ve used strings a lot, in solo pieces, for ensembles, as well as in full orchestral compositions. I especially like divided strings, which allows the production of very dense chords. You don’t (or hardly) run into the problem of accumulation that occurs with wind instruments where, after a certain number of superpositions, the sound becomes opaque. You have to take into account their harmonic components, whereas with strings it is possible to create both compact and generous positions that always sound very good and remain clear and transparent (see Figure 2).


      As for percussion, it must be used very carefully. I find that it is very difficult to integrate it with other types of instruments. Above all, you have to distinguish between abstract percussion – which is what it remained for a long time – and pitched percussion. In Notation II for orchestra, which I generally play at the end of the cycle of four because it is the densest, the percussion has a very precise and well-defined role. First, it indicates phrasing, simply marking the beginning and end of phrases. In the second part, the percussion begins to take over the rhythms played by the other instruments, but leaves empty spaces. It takes over the beginnings of the phrases, and also the ends, thus encircling what you hear. Then, gradually, it completely takes over the rhythms of the phrases, until the coda, when the percussion plays simultaneously with all the instruments. The effect is overwhelming.


       


      J.-P.C.: It’s a veritable percussive invasion of the orchestral sound.


      P.B.: Right, and this explains the phrasing of the other instruments. Three layers coexist in the text: a main layer of high-pitched woodwinds, another that primarily involves strings in the lower register, and finally, with the brass, everything is invaded. As a result, the sound of the percussion explains the text. In the tutti section, you hear how all this comes together. The percussion instruments have indefinite pitches, but they are totally integrated into the text, into the orchestral fabric.


      P.M.: You use steel drums, which are essentially steel barrels that musicians in the English-speaking Caribbean Islands transformed in a very clever way. The sound of these instruments is pretty inharmonic.


       


      P.B.: That’s what’s interesting! I’ve always used pitched percussion as a departure from the norm.


       


      P.M.: To come back to strings, Wagner was one of the first composers to have divided them to any great extent. Debussy also did it, especially in his later works, as in the famous passage in La Mer where the cellos get divided into sixteen parts. I think that for him, it was a way of rowing against the romantic pathos of the kind you find in Bruckner or Brahms, where the strings are in unison, which is typical of romantic music.


       


      P.B.: But with Mahler, too, the strings are often very divided. His characteristic is that he uses them in the extreme registers, which sometimes suddenly creates a deserted space in the middle of the ensemble. It’s admirably well constructed.


       


      J.-P.C.: Very early on, Pierre Boulez, you broadened your interest in electronic music, first with the ondes Martenot,14 where the hand of the instrumentalist again comes into play, then with synthesizer music, where the hand isn’t involved at all. This brings us to IRCAM and its wealth of computers, whose main use may be to create new instruments with computer analysis and the synthesis– practically unlimited –of sounds.


       


      P.B.: The ondes Martenot was a very convenient tool. At the beginning, I used it because it can be tuned. So I experimented with perception: it was possible to compress three piano octaves into the interval of a semitone. In this way, the intervals became so tiny that you lost all notion of their distance. It was even impossible to tell whether you were going up or going down. It was rudimentary, but it was precisely this perceptual ambiguity of the relationship between pitches that was interesting. The instrument didn’t continue along this line, which was the only one that mattered, and I abandoned it fairly quickly. I also remember other experiments that failed to impress me when I was very young and still a student at the Conservatoire. We performed a concert for four pianos by Wyschnegradsky, who used tempered quarter-tones. It was actually horrible, because we could feel the temperament fighting against the harmonics. Each piano had two keyboards, one with quarter-tones and the other with semitones. So you had C, C-¼ sharp (these were little purple spots), C sharp, C-¾ sharp, and so forth. And when it came to playing a melodic line, that gave rise to totally distorted forms.


       


      P.M.: There are two schools of quarter-tone pianos. Either you take two concert pianos and tune one of them a quarter tone above the other, which gives the impression of badly tuned pianos; or you tune one piano in quarter-tones, such that its ambitus is reduced by half and does not sound, which minimizes the sympathetic resonances.


       


      J.-P.C.: What does physiology teach us on the subject of these micro-intervals? First, that our auditory apparatus is intrinsically limited in perceiving sound. Second, we are capable of distinguishing sound from noise. Brain imaging has shown that the areas of the brain activated by noise differ markedly from those activated by musical sounds. These are very different acoustic stimuli, which didn’t stop composers of the past from introducing noise into their music, such as the thunder that accompanies the entrance of Jupiter in baroque music or sounds that evoke wind or storms in romantic music.


       


      P.M.: Moreover, Berlioz tuned kettledrums to very unusual pitches compared with the tonality that he uses at the end of the “Scène aux champs” in Symphonie fantastique. He wished to suggest a distant storm, but I think that this corresponds to a sonority that he found interesting in the instruments that were available to him at the time. In a more recent example, the sound of the cowbells that Mahler uses in his Sixth Symphony, and Webern, too, in Six Pieces for Orchestra, opus 6, refers to the mountainous landscapes in Austria. And in Varèse’s Amériques, Intégrales, and Arcana, the percussion is in a way superimposed on the rest of the instrumental discourse.


      P.B.: This type of approach is sometimes convincing, but usually clumsy. In Varèse, the percussion doesn’t really fit with the text of the work. It is important, but secondary: owing to the failure to accord it the same level of interest, its expressiveness is impoverished and in particular very limited. It’s the same with the fire sirens he uses, which are part of the family of specific sounds. If you have lived in New York for even a short time, the sound of sirens inevitably reminds you of sirens. Varèse says that a siren is an example of continuous sound. But you don’t hear it as a continuous sound, you hear it as a siren, period. You can’t dissociate it from its source.


       


      J.-P.C.: Pierre Schaeffer’s “concrete” music is a clear example of the systematic use of noise as musical material. I remember my first exposure as an adolescent to Domaine Musical concerts at Petit Marigny. With these “new sounds,” recorded on magnetic tape, the music became electroacoustic. The “natural” noises and specific sounds were enriched by the synthetic sounds: the computer and its productions entered into the orchestra. That’s a far cry from the human voice and the breath of the flutist. This new instrument that, admittedly, remains under human control loses the direct physiological contact with breath and gesture. In doing so, are we contributing to the dehumanization of music or to its enrichment?


       


      P.B.: I have to say that natural sound, whether vocal or instrumental, transformed by electronics acquires new qualities that synthesized sound did not have in the past. The synthesized sound was poorer because it still lacked the complexity of the random movements of the harmonics. Music gains, because the possibilities offered by the computer open the way to the acquisition of intervals that not only are unusual, even unheard of, but literally impossible to achieve with instrumental music.


       


      J.-P.C.: Another particularly original use of the computer is what you call “musical interaction in real time.” During my visit to IRCAM, Philippe Manoury, you presented me one of your compositions where fragments of a work for viola were recorded, processed, and then taken up by the computer. Pierre Boulez, you yourself have written works that exploit this technology. Aren’t you ceding your talent and your prerogative as orchestra conductor to the computer and its automatism? Are we seeing a return to mechanical organs, only with a capacity for improvisation? You’re putting instruments and instrumentalists on a diet. How far do you think we will go in this direction?


      P.B.: We are not abandoning instrumentalists, far from it. The computer responds like an orchestra accompanying a soloist that it can follow thanks to the score stored in its memory. In Répons, I created informal background sounds that evolve with the orchestral performance. But what I would still like to achieve would be changes in polyphony, with reductions and multiplications of the voices or changes in the interval scales, always following the instrumentalists’ playing.


    


    

    

      Music and language


      J.-P.C.: One of the main ways of using the human voice, aside from vocal music, is spoken language. Some authors, such as Steven Mithen15 and Steven Brown,16 think that language and music have a common origin. Both are thought to be the product of a hypothetical “musilanguage.” It’s a tempting hypothesis, but far from being proven. We’ll come back to it.


      What language does share with music is that it unfolds in time. The sounds of spoken language follow one another like a melody of relatively stable and recurring forms, of “signifiers,” to use Saussure’s term. But speech is intelligible: listening reveals its meaning. Language conveys specific meanings, concepts, messages. That is not the case with music, generally speaking.


      P.B.: Indeed. In the absence of words, music – and especially instrumental music – doesn’t convey specific messages or ideas that are literally decipherable. It conveys states, whether stable or transitory. And even when words are sung, the vocal range often gets in the way of good enunciation, which makes certain vowels in the high register – especially the soprano and tenor “i” – incomprehensible. Consonants at the ends of words are sometimes lost. The meaning of the “message” is thus more or less perceptually blurred.


      J.-P.C.: I want to come back to the ability of certain sound forms to communicate extra-musical content, even messages. Obviously, intermediate situations exist, starting with the hunter’s call and cry of conquest, to the postman’s horn or the firefighter’s siren, to Wagnerian leitmotifs.


      There are other, more sophisticated examples, which Messiaen, in the preface to his Méditations sur le mystère de la Sainte Trinité, called “communicative language.” Messiaen played on letter/note equivalents, immortalized by B.A.C.H., the family name of Johann Sebastian Bach. Messiaen assigned each letter of the alphabet a note along with its pitch, register, and duration, and transcribed into music the “nom divin,” “Père des Étoiles,” “inengendré,”17 at times using the provincial rhythms of India. Very few listeners would be able to decipher the language. No matter!


       


      P.B.: Meaning can adorn music or attach itself to it from anywhere and in any manner! Take the example of Villa-Lobos, who at a certain point composed melodies with more or less pastoral content by copying the profile of the mountains in the middle of Brazil. Obviously it’s doable, but completely artificial! What matters is to see how these extra-musical models are transposed into music.


       


      J.-P.C.: I agree. You find other examples of meaning or of communicable messages in traditional acoustic expression, such as the drum codes of sub-Saharan Africa that Simha Arom18 has described so well – codes that enable communication between villages that are sometimes kilometers apart by means of drum sounds with two or several tonal pitches.


       


      P.B.: The musical drum language of Africa is comparable in every way to the Morse code of yesteryear. Morse is a drummed language. It’s not copied from that of the Africans, but it likewise possesses a vocabulary and a simple grammar that subtend it.


       


      J.-P.C.: Yet surely we agree that music as art does not possess precise semantics, nor does it link signifieds in the form of propositions with a definite and unequivocal meaning. Music escapes the constraints of logos. In your writings,19 you nevertheless frequently use the term “musical language.” So how do you see the relationship between language and music?


       


      P.B.: You have to keep in mind that, in the sense that we’re talking about – the language of Wagner, of Debussy, of Webern – the expression “musical language” is a metaphor. Messiaen, by the way, titled one of his works The Technique of My Musical Language.20 It really is about his language as opposed somebody else’s. The rules are obviously not the same for music and language, but there is at least some resemblance at the level of their respective grammars. Now, these grammars change over time. With both verbal and musical language, the syntax and logic are constantly evolving. In the past, in musical language, the choice of this or that chord dictated the chord that followed. After a certain point, you could choose whichever chord you wanted. Musical language has changed right under our noses. Previously, chords had a specific harmonic function. Since Debussy and Ravel, they are more color than function.


       


      P.M.: Some overarching principles of musical construction are still applied nowadays Structural repetition, progressions, moments of calm, the final gesture, transitions, introductions persist in contemporary music. Often they serve as strategies to facilitate perception of the musical events. Moreover, we don’t know the order in which the works we are listening to were composed: nobody knows whether Beethoven composed his themes in the order in which they appear in his works.


       


      P.B.: The order of invention is not important. At the beginning of the slow movement of his great Piano Sonata op. 106, Beethoven injected the first two notes of the main theme. He added them in after the work had already been printed. The idea for it came to him at the very last minute! The order in which things appear in the work is actually artificial.


       


      P.M.: When you compose, do you often find you have material but aren’t sure where it will go?


      P.B.: Sometimes, but rarely. I have a clear idea of the importance of what I find, and what doesn’t seem important to me serves as a transition; whereas objects that I can make deductions from are much more important, even essential. And if the deductions are interesting, then I make more use of those than the original.


       


      P.M.: The greater the potential of the material for development, the more important it is to you?


       


      P.B.: Absolutely.


       


      J.-P.C.: The relationship between music and logos has been the subject of much work in clinical neurology and brain imaging, and we will come back to that. Since the discovery by Paul Broca in 1862 that injury to the left inferior frontal gyrus of the brain (thereafter called Broca’s area) affects speech – so-called “motor” or expressive aphasia – many such cases have been reported. In 1874, Wernicke described another speech area, located in the temporal lobe near the auditory cortex, which when injured results in “sensory” or receptive aphasia.


      It’s been known since the eighteenth century that aphasic patients very frequently are capable not only of singing melodies but also the words of operas or hymns. Following a left hemispheric stroke, the Russian composer Vissarion Shebaline could neither speak nor understand spoken language. But, despite this handicap, he managed to complete his masterpiece, the Fifth Symphony . Does that surprise you?


       


      P.B.: I didn’t know Shebaline, either before or after the stroke. So I really can’t say.


       


      J.-P.C.: Brain imaging confirms this dissociation between music and speech in normal subjects.21 Many observations suggest activation of different neuronal circuits for music and speech.22 Superb brain images make it possible to go even further: they show that in the brain territories exist specialized for music, distinct circuits are activated by melody and by rhythm.23


       


      P.M.: Beethoven understood this separation between melodic and rhythmic elements very well. Everyone knows the four notes of the first movement of the Fifth Symphony by heart. But more than the intervals, it’s the rhythmic succession that is recognizable here, and of course that’s how Beethoven composed it.


       


      J.-P.C.: An important common characteristic of music and speech is what is known as “perceptual discretization.”24 Although music orders intervals differently from speech, speech organizes timbres at a level that is at least comparable to that of music, for example, in its ability to classify multiple sound frequencies into consonants and vowels that make up a comprehensible word.


      A similar process occurs in the perception of music, when you interpret a flow of continuous sound as a coherent sequence, an identifiable melody. These capacities differ from one language to another and from one musical tradition to another, including among musicians and non-musicians. Important cultural learning takes place that has nothing to do with the auditory apparatus. On the contrary, this process activates “executive” cognitive processes for planning, working memory, and attention. Is that your experience?


       


      P.M.: As far as a continuous flow of sound perceived as coherent sequences goes, English speakers refer to something called “grouping” that refers to the ability to memorize and to recognize shapes by breaking them into smaller chunks at a time – as we do with telephone numbers. This principle plays a big role in music. The opening theme of the Fifth Symphony falls into this category.


       


      J.-P.C.: Another common feature of music and speech is the ability to integrate duration. Thus, in general, the overall meaning of a proposition only becomes clear after its complete development in time. Working memory intervenes and enables telescoping of the signifieds into meaningful form. Isn’t it the same for the perception of melody and the relevant “chord” that is shaped at the end of the process in our working memory?


       


      P.M.: Things that were conceived to be deployed in time completely change their character when time disappears. Nevertheless, using the same intervals in both the vertical and horizontal dimensions is one of the features of the serial system. You even find these structures in Beethoven.


       


      P.B.: A melody has the opposite result: the falling horizontal semitone and rising fifth imply a larger gap and thus more tension. The opposite of what one wished to happen. It is true that horizontal polyphonic control is more difficult than vertical. But horizontal control of a melodic line is easier than harmonic control, especially if it is complex.


       


      J.-P.C.: In his 1976 Norton Lectures, inspired by Chomsky’s25 theory of generative grammar, Leonard Bernstein26 tried to compare musical syntax and linguistic syntax by emphasizing the generative character of Western tonal music permitting, according to Chomsky, “infinite use of finite means.” The syntax has to do with the principles that govern the combination of sequences of discrete structural elements. He suggested that there is an analogy between nouns, verbs, and certain specific musical elements, such as motifs and rhythms.


      Throughout its history, Western music has produced “standards” for combining discrete perceptual elements that are not equivalent to the grammatical categories of language (noun, verb, adjective, direct or indirect object complement, and so forth). Nor is there any relationship between the order of the elements and their meaning: music doesn’t transmit messages with the same specificity of meaning as does language. However, music has been recognized to have several levels of syntactic organization: the scalar interval, the tonic, chord structure and harmony, vertical organization and phrasing, tension, and tonal relaxation. Until the beginning of the twentieth century, they gave Western music a perceptual coherence.


       


      P.B.: I wouldn’t myself compare musical language and verbal language as Bernstein did. His thinking is only interesting as far as rigorously tonal music is concerned, but not at all for the music that preceded it – Machaut or Monteverdi, for example – or that came after it. In tonal music, indeed, rules prevailed, and even habits of containment. Privileged relationships existed between tonalities. The form was articulated according to specific functions – tonic, dominant, relative minor, and so forth. These relationships subsequently multiplied and developed increasingly toward ambiguity, surprise, the unexpected.


      The basic objects themselves lent themselves to connections based on ambiguity. In Debussy, certain chords – such as parallel chords – can become sound entities with no function other than to be manipulated at will. In Schoenberg, this ambiguity in the chord successions becomes generalized, but the precursors for it can be found in Wagner.


    


    

    


      Nature or culture?


      P.M.: The ability to perceive scales and tonality seems to me to stem more from culture than from biology. Habit is what makes a tonic or a chord resolution seem natural in the end. If you had people from Papua New Guinea listen to our music – people who’d never heard it before – no doubt you’d be surprised by their reaction.


       


      J.-P.C.: You’re suggesting that the perception of scales and tonality is a product more of cultural than innate phenomena. I think it’s a product of both. I will explain, but for now let me just say that there is neither infinite plasticity nor rigid innateness, but rather a “perceptive calibration” of innate dispositions based on musical experience. In his liner notes to Méditations sur le mystère de la Sainte Trinité, Olivier Messiaen writes: “Music, unlike [language], doesn’t express anything directly. It may suggest, create a feeling, a state of mind, touch the subconscious, expand the dream faculties, and these are its immense powers; however, it is not able to ‘speak,’ to inform with precision.”27


      Music doesn’t communicate meaning or ideas; contrary to language, it has no semantic system. But – to repeat Messiaen – it has “immense powers” that I would be interested to pin down with you as precisely as possible.


      P.M.: Musical semiology studies exactly the particular capacity of musical structures to signify specific, communicable content.28 In this type of theoretical approach, music is considered to be a language sui generis. But what are the powers of music that first come to your mind?


       


      J.-P.C.: The first that come to my mind, of course, are feeling, and emotion. And indeed, brain imaging of “musical chills” reveals distinct activation of the emotional, or limbic, system.


       


      P.M.: Denis Le Bihan29 also refers to these “musical chills” in subjects who were asked to listen to Rachmaninov’s Third Concerto for Piano and Barber’s Adagio for Strings. But not everybody gets these chills. How do you explain that?


       


      J.-P.C.: Simply by the fact that musical education and even musical experience are indispensable to perceiving and understanding music. The chill varies from one person to another – the younger generation gets chills from rock or soul, whereas for me it’s Monteverdi, Bach, Messiaen – or Boulez. What touches me about art is its extraordinary diversity, and the fact that it can be perceived so differently by people of different cultures doesn’t get in the way but rather enables it to have a universal impact and to unite people with very disparate levels of education and experiences.


      P.M.: Aren’t we back, yet again, to what you neurobiologists call “reward”?


      J.-P.C.: Reward plays a big role in our relationship with music. More activation is observed in reward circuits when a subject sings than when he speaks.30 Which is what explains the multiple attempts to define a vocabulary of emotions triggered by Western music, including joy, sadness, anger, fear, and so forth. One researcher suggests that sixteen musical figures express different types of affect; another proposes a circle containing seventy adjectives, such as happy, graceful, serene, dignified, vigorous, and so forth.31 In reality, the words in our vocabulary provide only a superficial translation of the emotional content of music. You can speak of “movement,” of “tonal color,” of an “ecology of sounds.” The terms “cue, “affective signal seem more appropriate to me. As if our brain had a sort of long-playing “organ console” whose keys tap an immense repertoire of specific acoustic memories, of specific emotional tonalities. A large part of this console could be innate, while intermingled with the flood of memories acquired over the course of a person’s development and life. Each of these memories in turn could be linked to even larger networks of individual memories – which would take into account what Messiaen calls “feeling,” “state of mind,” “subconscious,” and especially this power to “expand the dream faculties.” What do you think about that?


       


      P.B.: I think that it is difficult, and even impossible, to categorize feelings so precisely. There are big differences between the feelings you experience at the opera, the theater, or at a concert. And, even at a concert, a personal interpretation triggers reactions and feelings that are just as personal. The brain is probably equipped to select them. But as soon as you start doing experiments, you alter the behavior of the subject. There’s no doubt that everyone possesses a repertoire of memories. But does it operate in an exclusively personal way? In theorizing like this, are we not accumulating experiments whose results, on the whole, are as unconvincing as they are conclusive?


       


      J.-P.C.: That’s what we’re going to try to get to the bottom of next.


      

      

        [image: Figure 1. Paul Klee Pandora’s Box, 1920. Klee employs humour to illustrate the challenges of analyzing a musician’s brain. Ink and watercolour on paper mounted on card, 27,8x19 cm. Private Collection entrusted to Zentrum Paul Klee, Berne]
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        [image: Figure 2. Pierre Boulez, Éclat/Multiples for orchestra, 1970. Excerpt of Pierre Boulez’s conductor’s score, p. 52, with the conductor’s markings. Courtesy Paul Sacher Foundation. Éclat/Multiples für Orchester, © Copyright 1965 by Universal Edition (London) Ltd., London/UE 32746.]
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