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In some respects the best way to learn about improvisation as a performer is to jump right in and start doing it.  Musical improvisation certainly has elements of that “sink or swim” attitude.  There is the leap into the unknown or the uncharted, the adrenaline rush that can accompany the excitement and danger of an uncertain future, and the mandate to make something happen–to swim –or else that initial excitement may give way to fear and failure.  Yet during this exhilarating and inherently risky endeavor, delicate and exquisite dynamics can emerge under certain conditions: conditions that rely on communication and cooperation and a shared history of interactions or experiences.  Musical improvisation hinges on one’s ability to synchronize one’s own intentions and actions and to maintain a keen awareness of, sensitivity to, and connection with the evolving group dynamics and experiences.  And the most successful improvisations are those in which the musicians are able to synchronize, not necessarily their sounds–although this too can miraculously happen–but their intentions or their moments of inspiration.  Even during the most complex and dense passages of collective improvisation, a swarm-like quality can emerge in which individual parts are moving in very different directions and yet the musical whole moves with a collective purpose. Sync or Swarm, then, describes the critical moment at which a complex system either moves towards a state of greater fitness or is extinguished.

Free improvisation has received some scholarly attention, although its emphasis on in-performance creativity and interaction often defies the standard musicological tools of the trade and accepted methods for evaluating competency and aesthetic value [2,3,8].  Our existing analytical tools, derived in great part from the study of European notated music, offer only limited insight into contemporary improvising approaches that tend to avoid pre-established harmonies, melodies, rhythms, forms–and often any strong idiomatic components–in favor of the dynamic and self-organizing qualities of ensemble interaction and exploration [1].

Much of our research has proceeded with the idea that important developments in contemporary improvised music and contemporary science can offer insight to one another through their juxtaposition and potentially offer certain insights that would be unavailable otherwise.  In the past few decades, several scientific approaches, often grouped under the umbrella of nonlinear dynamical systems theory, have emerged aiming to model the unpredictable behavior of systems that involve cooperation or competition and in which the whole is greater than the sum of its parts.  While the full complexities of musical performance are still beyond the scope of these approaches, their emphasis on nonlinearity and collective dynamics may offer insight into the complexities of musical production, interaction, and reception. 

Steve Strogatz writes in his recent book titled Sync: “For reasons we don’t yet understand, the tendency to synchronize is one of the most pervasive drives in the universe, extending from atoms to animals, from people to planets” [10].  Sync lies behind the power of lasers and the problems of epilepsy and earthquakes.  Humans also exhibit the extraordinary ability to entrain their subtle movements and behaviors with others and the (at times troubling) tendency to synchronize their beliefs and actions into a political and social zeitgeist.  And musicians are masters of sync.  

Playing and listening to music together provides a cultural space and a cognitive means through which individuals and social groups can coordinate their actions and behaviors.  Improvisation, in particular, focuses additional attention on the synchrony that may be created or may arise during performance.  And with the freest forms of improvisation, the emergent qualities of performance can play an even more dynamic and dramatic role. The individual parts and the contributions by the individual musicians do not exist for each other, in the sense of supporting each other within a functional whole (like a 32-bar AABA structure or a 12-bar blues), but the parts exist entirely by means of each other in a nonlinear, network fashion. In a freely improvised situation, what we do only takes on a direct meaning in relation to what others are doing and to what has immediately come before or to what may be expected to come next. There is, of course, a half-century-long recorded history of this kind of improvisation, and performers frequently choose to integrate insight and techniques from all sorts of practices and traditions, but at least in principle, free improvisation provides a unique set of challenges to performers, audiences, educators, and researchers.

Cornelius Cardew, the English composer and piano improviser with the AMM, writes in his Treatise Handbook: “This kind of thing happens in improvisation.  Two things running concurrently in haphazard fashion suddenly synchronize autonomously and sling you forcibly into a new phase” [4]. The majority of group free improvisation is segmental in form, involving sections usually articulating a particular musical character or a certain level of gestural continuity or integrity.  The “phase transitions” between sections in a segmental form, therefore, represent collective decision-making and play an important role in the music’s formation and reception.  South African pianist Chris MacGreggor emphasized: “I think it is a definite responsibility in the newer music that you have to be aware all the time that what you are improvising is the structure” [5].  From a phenomenological perspective, transitions may appear to happen either on their own or to be directed by certain individuals or by the group as a whole, but in nearly all cases their appearance is acknowledged by the group and necessarily influences subsequent developments and interactions.  Small-scale transitions continuously occur within the relationships being articulated by the ensemble, but larger-scale transitions occur less frequently, often at moments of unexpected synchrony or as the flow of the ensemble coalesces around a common idea space or musical intention.  

To illustrate these ideas we would like to focus on a few transitional moments in the work of Sam Rivers’ trio (with Cecil McBee on bass and Barry Altschul on drums) from their 1973 concert at Yale University, released as “Hues of Melanin.” [9]

Despite his longstanding dedication to composing challenging music for large jazz ensemble, multi-instrumentalist Sam Rivers may be best know for his dynamic and exploratory trio work.  In this intimate and flexible setting, Rivers has been creating compelling music-in-the-moment for nearly four decades.

We had the pleasure of hosting Sam Rivers and his current trio at UCSD last month for a week of performances, presentations, and workshops.  During his visit Sam told us that perhaps his greatest contribution to the history of jazz lies in being the first to adopt what he terms “spontaneous creativity”—an approach to improvising without preconceived structures in which everything is created “on the spot.”

Perhaps the most remarkable aspect of his improvised trio performances, both then and now, is that a delicate balance and order unfailingly emerges, despite the fact that Sam swears that he does not plan any details in advance.  [Since we invited trombonist George Lewis to be a surprise guest at one of Sam’s performances, we can attest to the fact that nothing was discussed ahead of time.]  During a talk to our undergraduates, Sam did admit to a preference for music which undulates in an organic manner, foregrounding moments of tension and relaxation, complexity and simplicity.  This connection to natural rhythms and processes is apparent even in the titles he has chosen for his work: streams, waves, contours, colors, crystals, and hues, for example.  Sam states in the liner notes to his 1978 album titled Waves that he was “thinking in terms of forces of nature . . . the motion of waves, changing currents, changing flow.”

These changes in flow are apparent in “Hues of Melanin,” often occurring every two or three minutes as the trio moves between more and less dense textures and between moments of rapid propulsion and phlegmatic rubato, frequently switching as well from polytonal explorations to periods of extended harmonic drones or exploratory timbral colors.

The catalysts for these sudden and dramatic changes vary, but two common ones are a trill-like figure to signal a slowing of pulse and energy or a tossed-off melodic fragment or a quick rhythmic impetus that can jumpstart the group’s up-tempo explorations.  While these signals frequently come from Sam Rivers’ horn, the other two members also can and do initiate these transitions.

AUDIO 1 [2:00 in]– trill figure to halt tempo

AUDIO 2 [7:30 in] – melodic fragment to jumpstart up-tempo

Although these catalysts are often effective to trigger sectional transitions, their use and result is not always so predictable.  In the next example we hear a melodic catalyst that does not provoke a complete shift to shared tempo, but rather a gradual collapse into a drone-filled melodic and rhythmic space.  A powerful moment of sync follows when the soprano saxophone and bass land on the same pitch, provoking a moment of heightened intensity felt by everyone.  Finally, after some more intense development, a new melodic fragment launches the trio into an up-tempo improvisation full of gentle tug-and-pull between the three members.

AUDIO 3 [10:00 in] – Sync 1

A second example of powerful sync arrives when Cecil McBee initiates a flowing, funk-type bass line that floats in, eventually securing an agreed-upon groove.  The impetus seems to come from Barry Altchul’s bass drum that articulates an and-of-4-into-1 figure that Rivers picks up on immediately, both catching its second appearance and quickly working off of the groove rhythmically and harmonically.

AUDIO 4 [13:20 in] – Sync 2 (bass groove)

Our final example—one we have dubbed “coupled oscillators”—is drawn from near the end of this 35 minute improvisation and illustrates how even the sectional structure and transitional nature of this trio’s music can evolve into a complex layering or coupling of multiple tempos and textures.  Rivers is by now on flute and voice and the trio seems able to successfully articulate, not a unified sense of pulse or texture as in many of the previous examples, but the coexistence of conflicting and complementary expressions and motivations.  We hear a sort of speed pulse in the drums, an energy-based sheets-of-sound playing in the saxophone, and a powerfully articulated drone in the bass.  Even as a final melodic fragment on the flute seems to signal a collective transition back to tempo for the trio, the mood by now in their performance necessitates a playful signifying on or deconstruction of their own practices from earlier in the improvisation.

AUDIO 5 [31:00 in] – coupled oscillators

A problem for those who love improvised music and want to understand it more deeply, is the lack of a critical vocabulary comparable to that of so-called classical music, which as already noted, fails to address many aspects of contemporary music, especially group improvisation.  Nonlinear systems

dynamics provides a vocabulary that is appropriate in many ways, but for it

to be more than a metaphor requires constructing models.

We are, therefore, developing a theory of hierarchical structure with a complexity measure having mathematical properties of an information measure to capture certain formal features of musical performance and reception.  And we are working to implement an algorithm to compute the minimum complexity and associated simplest structural analysis of temporal sequences, based on techniques of dynamic and backtrack programming.

Like any modeling technique, such an approach involves certain choices and inherent values, therefore we do not assume any special ontological status for the abstractions involved and we do not intend them as a grand solution to all possible problems in the philosophy, psychology, or sociology of music.

These models should be models of musical experts (either performers or listeners) rather than models of disembodied pure music, a vacuous abstraction that cannot ever really exist.  This already determines a largest possible space of percepts (potentially including multimedia aspects), from which specific styles would carve out small subspaces; a musical piece would be a path in this space [6].  Our emphasis, however, should be on a space of possible understandings of paths in that space.  

A second key point, noted long ago by Leonard Meyer, is that anticipation must play a central role, since music in general, and improvisation in particular, is in a sense about time: both performers and listeners are always looking into the future and the past as a piece unfolds, in their attempts to understand it. The space of all possible understanding of a given piece should also take account of the embodied nature of human cognitive capabilities.  These capabilities include the easy recognition of certain patterns (e.g., a triad) and certain relations among patterns (e.g., transposition by a fifth); furthermore, this capability is hierarchical—in other words there can be patterns of patterns (e.g., a funk rhythm)—but there are limits to the complexity that can be processed.  Thus, the patterns have weights, which measure their cognitive difficulty, and these weights can vary as a piece unfolds, since a repeated pattern (e.g., a riff) will become easier to process on rehearing.  When a listener (or performer) hears what they expect, there is low complexity and what is called "coherence" in dynamic systems theory; and when they hear something unexpected, there is "incoherence" and a higher complexity. Contemporary improvisers tend to avoid low complexity regions, which are called "basins of attraction" in systems theory, as they metaphorically surf the “edge of chaos.”  This creates a dilemma for improvisers, since they must constantly create new patterns, or patterns of patterns, in order to keep the energy (i.e., complexity) going, while still maintaining the coherence of the piece.

The low complexity components of a piece—dynamically varying as it plays

out, and finally determined when it is over—may be melodies, rhythms,

structures, or other kinds of patterns (timbral variation, for instance).  They and the way they are combined give a piece its particular character; they are the smallest elements that have distinct emotional tones in this context; we

borrow the term “quale” (the plural of which is qualia) from philosophy for

these chunks.  Note that there is an inverse relation between “saliency” and

weight, i.e., the most salient chunks of sound carry the qualia of a piece. [7]

The complexity of an understanding of a musical piece is a weighted

hierarchical sum of the complexities of its components.  The “ideal” understanding of a piece would, therefore, involve combining the components or qualia of a piece in a weighted hierarchical fashion—the parts and the parts-of-parts, etc.—in such a way as to produce the smallest possible complexity.  The hierarchical complexity measure (involving both anticipation and recall) gives what is called a “potential function” over the space of possible pieces.  Sudden changes in the values of such a function along a path signal structural transitions in a piece.  

Our goal of having dynamical systems models, and not just the language, now seems achievable: given a set of atomic elements and transformations, with weights, and given a piece that can be described using them (at a certain level of abstraction), the potential function is then a kind of “abstract height” on the space, and using it, concepts like “basin of attraction” and “direction of motion” make literal sense, where the former is a region of low potential, and the latter is a tangent vector, corresponding somewhat to more familiar musicological ideas such as “gesture.”

To revisit briefly our examples from Sam Rivers’ trio performance, perhaps the most difficult aspect of highlighting the subtleties of structural transformations and transitions that take place is providing a sense of their hierarchical complexity.  The linear aspects of cause-and-effect style playing and analysis can be interesting, but the nonlinear, part-whole relationships that emerge in performance frequently convey more subtle meanings to listeners and performers.  For instance, the transitional devices used early in the trio’s performance—the trills and melodic and tempo triggers—diminish in cognitive “weight” when they reappear at subsequent moments, necessitating altered formulations and responses and highlighting new strategies of collective expression and interaction in order to maintain the overall complexity of the performance.  So that by the half-hour mark, a new level of complexity is reached in which all three performers are articulating very different, and yet delicately coupled, expressions.  

We are only in the early stages of investigating the nonlinear dynamics of complex systems involving social interaction and human cognition and creativity.  But these interdisciplinary approaches are already encouraging in their ability to offer alternate perspectives, vocabularies, and analytical strategies.  While the allure of musical improvisation may continue to be its inherent unpredictability, a better understanding of the dynamics of ensemble performance will only highlight the subtleties of its form. 
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