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Paradigmatic parallels and complementarities among experiences in 
experimental musical composition and some of the primary problems 

in interstellar communication 
Deeply and thoroughly contemplating the import of communicating with forms of intelligence 
other than that we believe we know, and about which all our presumptions could be arbitrary, 
sends us immediately to the roots of fundamental questions about our own, differentiated 
existence. If we consider the meanings we attach to the words in the preceding sentence, nearly 
any of them could lead us to fully reexamine the presumptions we carry with us in order to 
function in the world. Much of this article is about questioning our metaphors for understanding 
intelligence, time, space, information, communication, and messages, while drawing on the 
striking parallel explorations that occur naturally in the vast terrain of musical composition, 
especially when undertaken with an experimental attitude (Rosenboom 2000c). What follows 
should be considered a prolegomenon to a more thorough and substantiated study still to come. 
In the meantime, the interdisciplinary juxtaposing of fields involved in speculative musical 
theory and extra-terrestrial communication (ETC) yields a plethora of sparks to light the fires of 
conceptualizing. This chapter is meant to fan those flames. 
As we open ourselves to the variety of forms in which intelligence—as we understand it—could 
possibly manifest itself, we confront both our a priori definitions of intelligence, and the 
profound ways in which these manifestations may differ. We begin to consider the range of 
variations and potential degrees of difference separating newly apprehended forms of 
intelligence from that which we associate with ourselves. First, we consider variations of 
intelligence we perceive among the human populations. Next, we move a bit further away and 
wonder about possible intelligence in other species living on our Earth. Finally, the notion of 
extra-terrestrial intelligence (ETI) carries our imagination and speculations further away from 
our self-models. Imagining ETI is not so different from imagining other intelligences nearer to 
us. Crossing the physical threshold of getting off the Earth, however, triggers our thoughts and 
forces our imagination to grapple with how fundamentally different, other forms of intelligence 
might be. 
When we return closer to home, this expanded imagination illuminates the diversity among 
forms of intelligence exhibited by beings nearer to us, both inside and outside our own species, 
and the multiplicities of intelligence existing within our individual minds. As it will be shown in 
all of the interdisciplinary domains of thought this study invokes, it is important to be ever 
mindful of the scales of relationships we can consider, the scales of intrinsic similarities and 
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differences that might become manifest and the physical and temporal scales over which 
intelligent relationships may be found. 
Having alerted ourselves to the scales of possible manifestations of intelligence, we may ask, 
what of consciousness? Is intelligence dependent upon consciousness and its possible further 
expansions in scale: self-consciousness, consciousness of consciousness, macro/global-organism 
consciousness, and universe consciousness? Three kinds of descriptions may be all that are 
necessary to create a unified description of these things (Rosenboom 2000c): 1) time-space 
extension—frameworks defined when processes extend themselves; 2) energy—changes and 
distinctions in time-space; and 3) information—order and pattern underlying emerging entities. 
Next, we consider the body, our bodies. To what degree are intelligence, consciousness, and the 
body inextricably linked? As we consider communication, we ask, how do we recognize when 
we are in communication with another intelligence? If this recognition requires consciousness 
emergent from underlying intelligence, and the manifestation of consciousness requires the 
configuration of matter and time-space necessary to create our bodies, and we are interested in 
communicating with forms of intelligence distant from our Earth, then we wonder if it is 
necessary to move the body around in time-space to be able to recognize, and therefore 
experience, that we are in communication with an ETI. If so, we are led to the large conundrums 
arising from the speed limits we believe are placed on the communication media we know, such 
as electromagnetic fields. 
Again, returning closer to home, we may pay attention to the phenomena of art making among 
humans. What is its function? As far as we know, the functions are myriad, probably beyond any 
description we’ve yet invented. However, one hugely important aspect of art making involves 
taking advantage of the potential abstractness of artistic media. In art we are given a form of 
behavior seemingly ideally suited to the exploration of paradigms of apprehension, intelligence, 
perception, thought, and human functioning, which may be radically different from our learned 
presumptions. Furthermore, we know that such different paradigms may be imagined, learned, 
heard, seen, and comprehended, albeit often only through the application of great effort and 
disciplined practice. Sometimes these art forms may enable us to grapple with scales of 
information and communication that are uncommon in our daily experience and ways of 
regarding space and time that are radically different from our usual, primarily linear concepts. 
For example, forms of time exist in cultures and styles of music making that simply do not 
contain the notion of time extending forever forward. Rather these forms of time, deeply 
experienced, may be entirely cyclical, always assuming endless repetition, or they may be 
entirely non-linear, only becoming ordered, collapsing into sequences when succession is 
apprehended among otherwise simultaneous possibilities in a configuration matrix. The qualities 
of change can assume radically different meanings in these alternative paradigms (Rosenboom 
1984a and 1984b). Figure 1 shows a score page from another of my compositions, And Come Up 
Dripping (Rosenboom 1969), for soloist and feedback-based, electronic signal processing. The 
musical and control structures in this work are all entirely cyclical in form. 
 



Print date: 3/30/10 

Copyright © David Rosenboom 2004 

3 

 
 
Figure 1. Score page from And Come Up Dripping for soloist and electronic processing in which all musical and 
control structures are entirely cyclical; cycles of delay and recombination of processed musical gestures produce 
new emergent forms. 

 
Elsewhere (Rosenboom 1992b) it was suggested that the ideal mental state with which a 
musician may approach a new kind of musical notation might be similar to that of the SETI 
astronomer looking for extra-terrestrial messages. An essential condition of this state would be 
maintaining the openness of perception and cognition required to find and recognize a form of 
intelligence, the nature of which cannot be known in advance. This is critical. This newly 
recognized intelligence would, no doubt, have arisen from a process of evolution that may also 
not be knowable. Stuart Kauffman has argued persuasively (Kaufman 2000) that it is not 
possible to finitely prestate the configuration space of a biosphere, or in fact, any process in 
which evolution proceeds through the co-evolution of autonomous agents with their environment 
and each other. Extending this argument to intelligent beings, one must conclude that the nearly 
limitless variety of ways in which intelligence may emerge is not predictable. Extending it to the 
evolving universe as a whole (Kaufman 2000 and Smolin 1997), the future course of the current 
universe and universes that may follow may be fundamentally unknowable in their basic 
constants and characteristics. Examples of music in which the configuration of musical elements 
that may arise in performance cannot be prestated abound. Consequently, their evolution cannot 
be predicted. Figure 2 shows an excerpt from my recent composition, Zones of Coherence 
(Rosenboom 2003), for solo or multiple trumpets. The score consists of a series of musical 
configuration spaces inside which a priori time does not exist until a performer manifests a 
succession of events in a localized now shared with his audience. 
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Figure 2: Score pages from Zones of Coherence for solo or multiple trumpets showing musical 
configuration spaces of simultaneous possibilities that are collapsed in performance to make local time-
space realizations. 
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We in the 21st century West are used to a standardized concert fare of classical repertoire in 
which the composer’s score is regarded as the sacrosanct, absolute definition of the composition. 
Audiences often mistakenly regard this music as having specific, ideal realizations, and 
performances are judged according to this standard of perfection. Even this music is much more 
pliable in its time-space parameters than most realize. However, in the global scheme of things, 
we shouldn’t forget that this repertoire comprises only a small percentage of the music making 
that exists and has existed throughout the millennia in the Earth’s myriad and diverse cultures 
and minds. We must keep an open mind about the kinds of alternative musical paradigms that 
can exist. In this chapter, we will draw on broad themes that have emerged in primarily 
contemporary, Western experimental music, which may offer new ways of thinking about 
interstellar communication. The subject is vast, and in the space available we will only scratch 
the surface of possibilities. 

Why music in this context—why is this landscape so stimulating? 
Music is a stimulating and useful source of metaphors for ETC because it is such an open form 
of human activity. We can consider invented cognitive models and propositional realities as 
musical objects and regard listening as a compositional act, in the sense that it involves the 
creative synthesis of internal, mental images related to interactive experiences with sound 
(Rosenboom 2000). Furthermore, I assert that such active listening is one of the most important 
activities in music making and may also be a prerequisite for success in ETC. It’s important to 
begin our investigation by taking a broad view of what music is and can be, extending the 
domain of activities we may consider to be music making before launching into an exploration of 
parallels between this form of art making and inter-stellar communication. The available musical 
and musicological literature is rich with excellent descriptions of these divergent musical worlds. 
Fundamental to many expanded views of music making is John Cage’s explication of a musical 
philosophy, beginning with his monumentally influential Silence (Cage 1967) that includes 
among other things intentional and unintentional sound, silence, sounds in isolation, and sounds 
juxtaposed by chance as music. Readers may wish to explore informative sources such as (Cope 
1989, Gann 1997, Nyman 1974, and Zorn 2000) to become more familiar with this musical 
landscape. 

What can we learn from experimental music that might aid us in interstellar 
communication? 
Here are a few ways in which we can begin thinking about what we might learn from this human 
activity we call music. The material stuff of music involves experienced time. As such, whether 
we know it or not, music is a discipline in which our metaphors of time and the organic 
experience of time are under constant exploration and manipulation. The scope of this is 
profound. Time is synthesized in music, made up, constructed through experience with 
configurations that may involve quantization in a variety of ways. It does not exist as a given. 
We are beginning to believe this may be true in physics as well (Barbour 1999). In music, we 
place our hands on time, mold it, and play with its emergent forms and how they relate to the 
structure of our experience and the mediating capacities of our underlying neuro-physical and 
organic substrates. The local, physical manifestation for this temporal clay is acoustic waves, the 
diffusion of displacements in a medium experienced on both its relatively global, continuous 
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nature, and on its discontinuous, granular, microstructure level. These wave media function as 
metaphors for fields as well, the relativistic wigglings of which are brought down into the 
temporal-spatial scales of human, earth-day experience by the various speeds of sound moving 
through molecular constructions. Music provides, thus, an abstract space for structuring and 
exploring time-space experiences in profound ways that probe the nature of perception, 
intelligence, cognition, consciousness, and communication. In attempting ETC, we face the 
daunting mental challenge of thinking in a range of time-space scales, the possible, palpable 
experience of which we are only beginning to imagine. 
Next, music is commonly a shared experience. It involves communication and interactivity 
among what we perceive as distinct manifestations of intelligence. As such, it is fundamentally 
co-creative. Musical constructions, i.e. compositions, serve as gathering points for co-creative 
activity and environments for exploration. Communication in music is, and this chapter will 
argue that all communication is, fundamentally co-creative. 
Finally, music involves discovering forms of intelligence, the fundamental nature of which 
cannot be known in advance. Sometimes, these may be imbedded inside musical artifacts, such 
as notations or interactive structures, which have been created by individuals exploring the 
possible extents of intelligence as part of music making activity. Sometimes they involve the 
most demanding discipline of music making, improvisation, which can be defined simply as 
composition that is immediately heard rather than subsequently heard (Rosenboom 2000). In 
this case, the individuals engaging in improvisation are involved in a co-creative activity that 
joins separate intelligences, the nature of which must also be discovered through dynamic 
interaction. This seems to me to be of paramount importance to any endeavor that involves 
imagining communication among intelligent entities, which cannot know each other in advance 
of recognizing contact. In this sense, it is fundamental that we regard communication as a 
collaborative process. Communication is collaborative co-creation among two or more 
differentiated, autonomous agents. If these are to be considered intelligent agents, then their 
nature must be apprehended through the process of co-creative communication. 

Recognizing radically different forms of intelligence, the characteristics of 
which cannot be known in advance 
How can we recognize intelligence unless we know what it is? Indeed, how is it possible to even 
know what intelligence is? We may have a Gödel-like problem here (Casti 1991) in that any 
formulation we might make to define intelligence places a boundary around a system 
configuration within which it will always be possible to formulate a kind of intelligence that is 
unknowable. We tend to associate intelligence with the emergence of a cerebral cortex of 
minimum size and regard those relatively microcephalic by comparison to have not crossed the 
intelligence threshold. Are there minimum characteristics of a system’s internal organization 
required for intelligence? Does intelligence emerge from a system of minimum complexity by 
means of crossing a catastrophic cusp (Thom 1975)? Or, does intelligence exist on a continuum 
of organic development? 
The concept of extra-terrestrial-ness arises from crossing a boundary or cusp, namely, being 
able to move to a minimum time-space distance separating us from our local gravitational 
singularity. It is not very much different, however, from crossing the boundary we place around 
the definition of our own intelligence, reaching into the realm of other-intelligence. The 
questions to ponder are similar. Most likely, we humans have not yet progressed very far in our 
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ability to recognize the possible forms of other-intelligence that may exist in the universe. Have 
we exhausted the possibilities on our own planet? Have we considered the potential range of 
time-space scales over which forms of intelligence may manifest themselves? Are we able to 
ponder forms of intelligent organization among systems that extend beyond the scales of our own 
lifetimes? Have we exhausted questions about the interlinking of intelligence with 
consciousness? Does intelligence require consciousness? Does consciousness require 
intelligence? What about organizations of autonomous agents? What is the extent of autonomy in 
a co-evolutionary system? Could the vast ant colony that has been discovered to cover a 
geographical space extending from the middle of California all the way to Argentina be behaving 
as a single unit? The questions are endless, but it is critical that we keep them open and not rest 
too easily in answers. 
Extra-terrestrial-ness broadens the questions to include time-space scales that necessarily extend 
beyond our own lifetimes. This occurs at a moment in our evolution when some forms of 
terrestrial intelligence are reconsidering the very existence of time and space. Perhaps, time-
space may be rethought as a cognitive tool with which one form of intelligence, the existence of 
which inside our own brains we are aware, manages the configuration spaces we observe in the 
universe and maps these onto the mental configuration spaces we experience. As such, time and 
space function as metaphors. Other forms of intelligence appearing to function inside our 
nervous systems may operate differently. Do we know them? Have we recognized them? Have 
we experienced them? I submit that the unexplored territory here is vast beyond our current 
understanding. As we move toward a proper regard for ETC, we cross several boundaries, the 
boundary of the small, conscious mind into a larger mind including the unconscious and beyond, 
the boundary of the self, the boundary of species differentiation, and the boundary of time-spaces 
larger in scale than our individual lifetimes. 

The freedom music offers in exploring paradigms of apprehension 
Music offers us opportunities to work with, interact with, and explore our interrelationships 
within complete, speculative realities (Rosenboom 1987a and 2000c). Music generally utilizes 
the medium of acoustic waveforms and auditory perception, but it can use much more than that. 
Events within this psychophysical medium can become symbolic of nearly anything the mind 
can conceive. Acoustic waves remain relatively abstract through the primary processing stages of 
auditory perception in the nervous system. Categorical parsing by means of acoustic feature 
detectors in the auditory nervous system parallels relatively closely the physical nature of sound, 
even at fairly high levels of signal processing in the brain. Consequently, music is an ideal 
medium within which to explore how we hear, process, store, associate, and recall sonic images. 
Within music, it is relatively easy to identify levels of abstraction and to explore the processes 
through which we apprehend and attach meaning to psychophysical events. 

Uncovering hidden mental paradigms through musical experiences 
Earthbound musical styles periodically undergo major paradigm shifts, as new ways of thinking 
and hearing are uncovered (Rosenboom 1987a). During these periods, the way in which we 
regard supposedly fundamental elements of musical construction can change radically. 
Dissonances cease to be heard as dissonant. Temporal constructions formerly regarded as 
chaotic come to be regarded as ordered. Active engagement with the components of such new 
paradigms can change how we process the abstract constructions of acoustic waves and how we 
construct mental representations of time. The enormous capacities of our underlying neural 
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processing structures to adapt and change the allocation of the brain’s resources to match the 
organism’s needs clearly supports this kind of shifting. Each time we experience a new paradigm 
the a priori hidden mental models with which we have habitually apprehended things become 
exposed for re-examination. The result can be a profound opening of the doors to new 
apprehension. 

Hearing invented cognitive models in music 
The past century was just such a time during which a great range of new possibilities was 
uncovered. One of the results was the splitting of former stylistic mainstreams into a plethora of 
tributaries, each with its own notion of musical reality. The parameters of compositional form 
were enormously expanded, well beyond the familiar ones of pitch, harmony, timbre, and rhythm 
that characterized previous, Western, common practice. The act of musical composition became 
similar to building complete, cognitive models of music. The revelation attached to this was the 
clear result that these proposed models could be heard (Rosenboom 1987a). They could be 
tangibly experienced. 
Model building, thus, is an activity that exists in music making as well as the sciences. A 
common link for both lies in how communication functions within these models and how we 
communicate about them. ETC connects them all. So, what are some of the ways we work with 
invented cognitive models? 
Both model building and physical experiment are essentially cognitive domains, aided by 
proprioceptive input and output, and involving correlating our semantic networks with supposed 
physical experience. It seems the most we can do is provide models expressing the consequences 
of assumed states and actions, which can bear only a speculative relation to any physical reality. 
The detection of phenomena through the senses by physical experiment serves to guide us in 
attempting to map the behavior of our models and our experience of physical reality onto one 
another. These mappings are isomorphic only to the extent that our experience is in some 
measure complete.  
The invention of terminology or the attachment of semantic labels to physical experience is half 
the battle of physical science. Finding the most evocative means to communicate or stimulate a 
conception in the mind, which gives form and substance to an abstract model, is a primary 
activity. The fine arts permit the model builder to define the degree of correlation that will be 
required between the model and any assumed physical reality in absolutely any manner. If the 
model is to be purely abstract, it then resembles pure mathematics. To this extent, model building 
is an important creative act in both the sciences and the fine arts. 
The creativity involved in such model building activity can be phenomenal. Indulging in the 
beauty of abstract models may also lie at the core of real advances in our conception of physical 
models as well artistic ones. For, it must be a fundamental biological attribute of humans to 
examine the phenomenon of true beauty as what nature must really be like. In ETC, it could be 
fruitful to work particularly with interactive and creative cognitive models in conceiving 
messages. 

Recognizing new forms of intelligence in music 
Creative musical activity involves recognizing the musical intelligence that may be imbedded in 
a musical work or expression. Music is an activity emphasizing dynamical processes. The 
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primary physical artifacts of music are: instruments—agents for interacting with acoustic or 
other wave fronts—, scores—iconic objects created to mediate dynamical experiences, and since 
the last century, recordings—electronic memories of the outcomes of dynamical processes. Now 
we can add interactive, evolving, complex adaptive systems created through networked 
electronic and computer media, which have been realized as musical works. 
Musical intelligence reveals itself in dynamical forms. When we try to distinguish physical 
artifacts that may have been formed by an intelligent agent from those arising spontaneously in 
nature, our assumptions about form and cause are invoked (Rosenboom 2000c). Making such 
distinctions among dynamic morphologies, all of which involve some manner of evolution, 
involves making judgments about the existence of ordering agents, which all life forces are. 
Recognizing the existence of such agents in music requires openness to hearing that may have 
little to do with prior assumptions about structures or tools for detecting order. This is rarely 
possible without actively interacting with those forms, the most important mode of which is 
active listening. Similarly, active interaction with a potential ETI may be required before it can 
be recognized. Mere speculation about possible artifacts of intelligence, which may be difficult 
to distinguish from natural phenomena, may be insufficient. 
While hiking up the Devil’s Slide trail in the San Jacinto Mountains, I came across a fallen log 
with a fascinating, complex pattern of grooves carved into the wood under its shed bark. Of 
course, insects, now long gone, had created these. What were the essential features that made it 
obvious these grooves had been created by a life form? Was this form imbued with the qualities 
of intelligence? Could it be regarded as a musical score? With creative interpretation, it certainly 
could be played as if it were. 

Communicating over large scales of space-time 
Perhaps, forms of both terrestrial intelligence and ETI may be thought about best as simply 
multiple intelligences separated over a range of relatively large time-space scales. In that way, 
we may come to regard intelligence as a continuously distributed phenomenon, a particular 
manifestation of the universe, which may be metaphorically described as having its own diffuse 
field with diverse, local manifestations. ETC may occur within this field in a variety of ways, 
analogous to interactions of waves in hypothesized morphic fields. [See (Abraham 1996a and 
1996b) for an example of an animated, mathematical model.] 

The primary problem of time in interstellar communication 
Regarding ourselves as time-space-bound entities of intelligence, with the requirement that we 
experience in localized consciousness the recognition of an ETC event highlights time as a 
primary problem in interstellar communication. How do we regard messages we may send as 
signs of our form of intelligence, when we do not expect to be alive at the time the messages may 
be received afar? Clearly, we must look to a higher form of collective consciousness within 
which such events may be experienced and owned, and/or we must find our way to alternative 
views of time and space, perhaps enabling us to experience parallel universes. 
In many world cultures, which have relied less on musical notation than the West, musical 
records are maintained primarily in individual and collective, auditory memories. Often, such 
musical forms and what we habitually regard as pieces or compositions are owned less by 
individuals and more by the collective. They also evolve as does the culture, and creators and 
practitioners, i.e. composers and performers, are not considered distinct from one another. Many 
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practitioners are able to contribute to the evolving forms. Consequently, the musical forms could 
be said to extend over the time scales of cultural evolution. Perhaps, our attitudes toward and 
methods for ETC could benefit from considering this kind of musical practice. 

The primary problem of time in physics today 
It is the condition of theoretical physics today that many regard time as illusive and possibly only 
emergent from underlying phenomena, or even not to exist at all (Barbour 1999). Classical and 
relativistic paradigms cling to the notion that the configuration space of the universe can be 
prestated, and within this view, no good reason for time to exist can be found (Kaufman 2000). 
Time may be one of the ways in which an evolving universe organizes itself. Similarly, time may 
be one of the ways in which intelligence manifests its own internal organization and one of the 
cognitive tools minds use to grapple with configurations of physical things. This mental, 
temporal tool determines autonomously a succession of differentiated entities by interactive 
perception and apperception, and from this, constructs a past and present and predicts a future. 
All three of these, however, exist only as components of particular present moments, particular 
nows. It is worth emphasizing that all these are synthesized within us, the past being that which 
we regard as having an effect on us, and the future as that upon which we can have an effect. In 
each present we assess the accuracy of our past predictions about particular futures and from this, 
compute expectancy and surprise. 
The speed of light, which may be better regarded as a maximum velocity for the propagation of 
influences among differentiable asymmetries—(symmetry breakings, warpings, distortions, 
singularities, waves)—in the electromagnetic field, appears to have its present value in our 
universe for no particularly good or well-rationalized reason. It is one of the parameterizations in 
our current model of the universe. Another way to regard it is as a kind of stickiness in the 
universe, like a kind of chewing gum that connects everything, and creates time by slowing 
down reactions. Thus, if one tries to pull a wagon with a piece of chewing gum or perhaps a 
rubber band attached, there will be an amount of time before the wagon reacts to the pulling 
force. In fact, this delay is always present, but is much shorter for more rigid arrangements of 
molecules, like a steel handle. 
The stickiness may also represent energy, that which keeps distinguished mass entities apart, and 
slows their influence on each other, creating time. The stickiness may be like the stretching or 
warping of the electromagnetic field, producing the potential energy of non-equilibrium 
displacement, which may be released or dissipated by the pulling together of opposites in this 
displacement, forces stretching in opposite directions, opposite charges, opposite kinds of matter, 
and so on. The enormous tension that is described as being imposed on super-strings, requiring 
many dimensions of description, may be analogous as well and also be the source of the 
differentiation we observe extending out into the familiar, spatial dimensions that are not tied up 
in the tiny scales of the strings’ size. 
Further contemplation leads to the merging of energy, matter, time, and space into what is 
referred to here as EMTS. (Delightfully, this can be pronounced “em-ty-ess,” almost like 
“emptiness.”) These formerly differentiated concepts are, in this view, simply not regarded 
different. They are the same thing, emerging in mental space as separate merely as a 
consequence of the internal tools we use to coordinate configurations of experience. Memory is 
like mass. Memory is a kind of coagulation of information orderings in the way that matter is a 
kind of coagulation of field asymmetries. Time and space are, thus, emergent. It is sometimes a 
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useful mental exercise to change the way in which we use language to refer to hard topics under 
study like this and observe what happens in our minds. Both in what follows and what has 
preceded, our usual nomenclature for space-time is reversed and called, time-space. Each time an 
anomalous term like this is used, some of our neural circuits are jogged and shaken a little. This 
leads to an accumulation to tiny reconsiderations, a healthy state of affairs. 

The stuff of music is the manipulation of time 
Music is a medium that manipulates time. It is often stated that music can manipulate something 
we call psychological time. It can be easily demonstrated also that music can manipulate our 
perception of the passing of time and perceived time intervals (Epstein 1995). Perhaps, we may 
also go further and speculate that music may provide an environment for experiencing 
configurations in which time is created, —at least locally—, by those interacting within these 
configurations. Further, the composition of these configurations is part of the art of music 
making. The time created and experienced is part of the stuff of music and becomes often 
attached to individual experiences of drama and emotion. A particularly thorough explication of 
this with emphasis on Western classical music can be found in (Epstein 1995). 
Musical compositions have been conceived of on time scales ranging from microseconds to 
those of long-term cultural evolution, analogous to the range of time scales for hypothesized, 
self-organizing systems (Jantsch 1980). The neuro-plasticity underlying shifts in selective 
attention and the perception of musical structure supports a very large range of temporal 
extensions. It has been demonstrated that these can be reflected in measurements of electrical 
brain activity, such as event-related potentials (ERPs) (Rosenboom 1997). Composers can learn 
to affect the likelihood that musical events will be perceived on various changing time scales and 
make that part of their compositional methods. The process is, however, still co-creative, in that 
through active listening, those experiencing the music may direct their attention, perceptual 
tuning, and high-level image formation toward ordering things in particular ways. 

Music in-time and music out-of-time 
Contemporary practice in musical compositional now routinely includes constructing musical 
relationships both inside time and outside time (Xenakis 1971). Both are considered part of 
music. Outside-time music involves constructing possible, often hierarchical, configurations, 
strategies, and groupings, building probabilistic relationships in stochastic music, making co-
creative game strategies, co-creative interactive designs, and heteronymous forms of 
cooperation, conflict, evaluation, and judgment in performance designs. These new 
configurations also include ideas about integrating the musical parameters used to articulate the 
structural forms of the music, beyond those obvious and traditional materials of pitches and 
sound intensities, to include such things as degrees of order and temporal-spatial densities. 
To produce each, local realization, musical space is parameterized in this way, as are our models 
of time-space and EMTS. This parameterization is outside time. The configurations that result 
are given succession and order in acts of apperception, which synthesize time. 
Figure 3 shows a page from my 1967 musical composition, Then we wound through an aura of 
golden yellow gauze (Rosenboom 1986). In a way that resembles diagrams of the configuration 
spaces one might see today in a monograph about theoretical physics, a configuration space of 
musical relationships is depicted. This circular space is parameterized along a set of axes—not 
shown in the score—corresponding to several rotated diameters. The center corresponds to a 
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kind of origin and each diameter to a parametric axis along which values of individual musical 
parameters are scaled. Values extending out in opposite directions from the origin are thought of 
as pointing to structural opposites, analogous to positive and negative numbers mapping the 
tension between separated physical opposites like matter and anti-matter. For example, one axis 
corresponds to density, and results along this axis are the most visibly evident in the graphic 
score. A close clustering of figures can be seen on one side of the circle, while spatially disperse 
figures of larger spatial extent appear on the other. Each symbol is given a particular meaning 
relating to the starting, stopping and modulating of sounds. The symbols are further divided into 
sound events that can be extended in psychological time so that they are perceived as having 
gesture shapes imbedded inside them, and those that are so short that they can only be perceived 
as transients. A performance, which is considered to be a kind of collapsing of the configuration 
space into the local dimensions of musical event, may proceed via a limitless variety of rules for 
traversing the space. The rules may function as social orderings for several performers, 
analogous to agreeing to play the piece at a particular time and place, and/or they may be 
designed to maximize the emergence of particular relationships observed in this constellation of 
notations. Traversing the space makes it possible to experience its imbedded relationships. These 
relationships are composed out of time and, through performance, manifested in time. Similarly, 
the configuration space of the universe, —which may contain myriad manifestations of 
intelligence—, is experienced by traversing its relationships via the time-space stickiness of 
electromagnetic or other fields. Experience here is regarded as the collapsing of a field of 
simultaneous, possible relationships via the creation of duration and extension in a field that 
further coagulates these into the analogous forms of memory and mass. [Readers may wish to 
refer to two stimulating examinations of field ideas by (Williams 1980 and Auyang 1995)]. 
 



Print date: 3/30/10 

Copyright © David Rosenboom 2004 

13 

 
 
Figure 3. Score page from Then We Wound Through an Aura of Golden Yellow Gauze showing an interactive 
configuration space in which parameters of potential musical relationships are embedded in the way performers 
traverse the space and in adaptable symbols that can be defined for any performance medium. 

Parallels among musical practice and interstellar communication 
Doing musical things requires practice in a vast array of skills. Key among these is mastering 
subtle forms of non-verbal communication. The ability to recognize and utilize ineffable, often 
inexpressible links and concurrences in time-space, —for example, among members of an 
ensemble—, is an essential, practical skill. Recognizing concurrences, particularly in time, are 
similar to detecting covariance among variables in a physical model, often a clue to possible 
links in a system of interacting parts with shared dynamics. Can we consider such covariance to 
be a form of communication? If so, we must be alert to how such covariance might link our 
detection and analysis exercises with the objects of our perception, —for example, possible 
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messages. As is the case in developing musical skills, increasing our observational acumen in 
this regard requires regular, disciplined practice with our ways of perceiving the nature of reality. 

Creative (not re-creative) musical practice 
Mature musical practice is always creative, even in the supposedly re-creative acts of performing 
extant, relatively fixed-form, musical literature. Both generating outputs through our neuro-
musculature in performance and processing inputs through hearing and perceiving are creative 
acts engendering the synthesis of internal images for execution or storage. ETC is similar, 
involving the creative synthesis of messages and creative detection of correlations that could 
emanate from unknown intelligences. Objectivity in these endeavors is merely a form of 
relatively large-group agreement about observations. 

Listening is as important as making sound in music; it is another form of composition—a 
creative manifestation of images 
Listening is a compositional act. It involves self-directed attention, tuning perceptual 
mechanisms, activating recognizing circuits, and completing images that may be distorted or 
fragmented. Music is a landscape for exploration through listening. The perception and 
organization of internal auditory scenes involves an immense amount of computing and is 
analogous to constructing a reality (Bregman 1990). We know that our conceptual mechanisms, 
tools, and capacities can be developed through disciplined practice and self-exploration. We now 
know that the underlying neural plasticity involved can be enormous. Particular processing 
pathways can be greatly enlarged or diminished through practice, entrainment, repeated 
exposure, and experience, co-opting or releasing large amounts of the processing and memory 
capacity of the brain. 

Listening is as important as sending in interstellar communication; it is another form of 
message invention—a creative interpretation of what is received 
Listening in music involves the active selection of variations in a part of our physical 
environment, continuously presented to us through a detection system of limited scope, with 
which we choose to engage our musical intelligence for a constellation of individual reasons. As 
we practice being open to hearing, we widen the range of variations we recognize as having 
potential for such engagement. More and more aspects of our auditory scenes begin to have 
musical potential. New kinds of covariance are established between the neural substrates 
supporting our musical intelligence and the physical phenomena impacting our senses. 
Subsequently, this affects the range of possible output patterns we may synthesize when creating 
new music. Similarly, in ETC, a detected message is also an invented message, a creative 
interpretation of what is received. Concentrating on the kinds of covariance with which our 
message recognizing intelligence is capable of being engaged may both broaden our recognizing 
capability and provide new insights into message design. 

The propositional music model 
Previously, I have described a view of musical practice and labeled it propositional music 
(Rosenboom 1992 and 2000c). It was conceived initially in reference to the enormous period of 
expansion in ideas about what music could be that characterized the previous and, so far, the 
current centuries. It includes a view of composition as the proposition of musical realities—
complete cognitive models of music—using propositional musical language accompanied by a 



Print date: 3/30/10 

Copyright © David Rosenboom 2004 

15 

propositional language of music theory. Composers are regarded simply as creative music 
makers of all kinds, who may work by first developing a model of a proposed universe and, then, 
proceed to make music that is consistent with that model. Interactivity within entirely invented 
models of whole worlds is emphasized as a driving force for evolution, and musical forms are 
considered to be emergent phenomena within individual works and across cultural history. 

Complex adaptive processes in music 
Recent developments in understanding complex adaptive processes play a significant role in this 
new musical landscape. Again, music provides an environment for experimentation. Complexity 
can be heard. It is a phenomenon of apprehension. It is tempting to regard apparent complexity 
as special and likely to have resulted from intelligent initiation. In perception and recognition, 
simplicity and complexity are relativistic and complimentary terms. Cultural artifacts may appear 
to have simple forms in relation to the perceived complexity of nature. A simple, large-scale 
form, like a building, may result from a complex arrangement of small parts. The apparent 
simplicity in the outer form of a sand pile may result from an immensely complex fitting together 
of grains. The temporal structure of music offers many analogies. A musical drone may appear 
simple. However, when one listens to it actively for a very long time, the subtle variations in its 
microstructure may reveal limitless complexity. Similar exposure to apparently random noise can 
activate resonant, recognizing circuits such that many recognizable things are heard inside the 
noise. The stochastic arrangement of a cloud of sounds may have simple direction in its overall 
movement. It may be a fundamental trait of adaptive organisms to develop correlations between 
the derived complexity-simplicity of a perception and the projected complexity-simplicity of a 
source or cause of that which is perceived. Such correspondence may not always be borne out 
and this might be critical to keep in mind when interacting with unknown intelligences. The digit 
sequence of π appears complex, but can be produced by applying simple rules. Similarly, we 
dream of discovering simple rules, which when applied, could produce a whole universe. Music 
composition today includes the same ideas. 
Note that these notions about complexity differ from some common, impressionistic meanings in 
music, which tend to equate complexity with something that is difficult to hear or described as 
unpleasant and “hard” to listen to. We know we can hear, or learn to hear, and make fine 
discriminations between sound aggregates produced with different probability distributions, or 
different applications of set orderings. We may not be able to discern the generative methods 
behind these, but we can differentiate among various results. To each result, we ascribe a sound 
quality. As always, effort opens doors. Without that, the fantastic plasticity of our nervous 
system will dutifully allocate the brain’s resources to becoming ever more efficient at tuning in 
what is common and tuning out what is uncommon. It isn’t unreasonable to question whether this 
kind of adaptation in intelligence has survival value for the species. 

The On Being Invisible musical model 
My musical work, known by the title On Being Invisible (Rosenboom 1984a, 1984b, 1997, 
2000a, and 2000b), is an example of a self-organizing, complex adaptive musical system. 
Spontaneous musical forms emerge in this system as the result of feedback interaction between 
the brains of one or more performers and what could be described as an artificially intelligent, 
computer music instrument. Figure 4 shows a schematic plan for the organization of this system. 
The beginning point for it is the generation of sounds by the instrument, either pre-composed or 
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algorithmically produced, often through stochastic means. The instrument analyzes its sound 
output stream according to a partial model of musical perception, which resides in software and 
is always being refined. It looks for places in the sound stream that are likely to be perceived as 
natural parsing points, boundaries segmenting the stream into meaningful, perceptual categories. 
The system predicts which potential parsing points might be perceived as significant and tests 
these predictions by analyzing the performer’s electroencephalogram (EEG) and looking for 
event-related potentials (ERPs). ERPs are commonly associated with shifts in attention to a 
target event. The occurrence of such ERPs supports the predictions and their absence does not. 
The confirmations or disconformations of the model’s predictions are used to modify the 
generative, musical algorithms. Usually, confirmation will increase the likelihood that patterns 
containing changes similar to those associated with the predicted parsing points will recur and 
the musical chunks identified between the parsing boundaries are stored in memory. 
Disconfirmation results in these becoming less likely to recur, and the music is made to evolve 
by means of stochastic, mutation, or other transformation procedures. At a certain point in the 
process, the system changes state and begins to build hierarchical pattern groupings, based on 
predicting successions of previously detected groupings, and testing for concomitant ERPs. In 
this way, patterns of patterns emerge and a larger scale musical form is created. The result is 
often characterized by emerging musical forms that converge toward and diverge away from 
patterned relationships in sound, following fluctuations in the performer’s attention and brain 
processing behavior. Of course, these behaviors can be influenced by volition and psychological 
factors. Consequently, the performer rides a thin line separating the role of being an initiator of 
change and simply being part of an evolving, larger system. This view of the performer’s role 
gave rise to the title, On Being Invisible. Many years’ work with this system has led to 
observations about the genesis of forms, some obvious and universal, some unique. 
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Figure 4. Score diagram from On Being Invisible depicting a system for co-creative performance practice in which 
forms emerge from a feedback loop enclosing a musical expert system and inference engine with the brain of a 
perceiving interacting entity (PIE). 

 

Extension—over the axes of experience 
Extending a phenomenon over any of the parametric axes used to describe the phenomenon 
enables recombinant forms, new forms emerging by being recombined with delayed or extended 
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versions of themselves and others. Time need not be the privileged dimension. The production of 
mass may come about this way. Mass may be an emergent form, resulting from underlying 
extending and recombining. Communication may be thought of as mass, the extension and 
recombination of distinctions through co-creative, co-participation of autonomous processing 
agents in feedback networks. 

Feedback—a hierarchy of inner and outer—internal and external—perception and 
synthesis loops results in a network of form-creating extensions 
Each intelligent, processing agent necessarily operates with a hierarchy of feedback paths 
connecting its inner and outer worlds, its internal and external environments, and interacts with 
these through both perception and synthesis loops. A hierarchy of feedback paths is created, 
those indigenous to the autonomous agents and those connecting individual agents in an 
environment. A network of extensions results from this. The delays involved produce a 
succession of events, engendering emergent forms. These networks may better be viewed as 
holarchic, that is, seen as a system that operates as a whole, rather than in a strictly hierarchical, 
bottom-up or top-down manner. 

Tangible forms emerge naturally in feedback between two or more information processing 
agencies 
Feedback between two intelligent, information processing systems, albeit one is artificial in the 
On Being Invisible system, creates form. Because of the stickiness in fields of relatedness 
described in an earlier section, feedback creates form also through the process of extension over 
one or more axes of description. Furthermore, the combination of spontaneous generation, 
analysis, prediction, testing, and storage creates the fine structures of particular present moments 
or nows, in which potential configuration spaces collapse into these structures, each with an 
emergent past, present, and future. 

Delay—distance, prolongation, and directionality in musical performance and history 
Delay, thus, becomes a primary principle in the creation of forms. It extends phenomena and 
creates substance and possibility for communication via entities of distinction. However, it may 
not require us to privilege the dimension of time. Delay requires first making a distinction. Then, 
a translation is made over one or more of the axes of description in any particular dimensionality. 
The time axis may not need to be privileged. Instead, these distinctions and translations may be 
thought of as existing in what Julian Barbour calls time capsules (Barbour 1999). They may not 
be subject to linear dependency, i.e. sequence in particular orders. 
For many years, I have been involved in experiments with performance events in which the 
interacting participants were distributed over large geographical distances, often on different 
continents linked by various electromagnetic means, all of which involved unavoidable time 
delays. These telecommunication concerts included experiments with transmitted video images, 
audio information, computer data, and even biological signals. Instruments in one location were 
controlled by performance gestures sensed and transmitted from another. Brainwaves and 
electrically recorded muscle signals from performers were sent to control electronic and 
mechanical instruments distributed across continents. Special compositions were created to 
purposely exploit the transmission time delays. In one experiment supported by NASA, 
transmitting electronic signals from dancers’ muscle movements and using them to generate live, 
electronic music in a biofeedback paradigm linked two dance companies on opposite coasts of 



Print date: 3/30/10 

Copyright © David Rosenboom 2004 

19 

the US. Another, six-year telecommunication arts project was produced in collaboration with the 
Electronic Café International in Santa Monica, my composer collaborator, Morton Subotnick, 
and other artists at the Center for Experiments in Art, Information and Technology at the 
California Institute of the Arts with support from AT&T. In events like these, that which is 
perceived as the present by distributed performers and audiences is relative to their own, local 
reference frame. The results have been fascinating. In every case, the musicians, dancers, actors, 
and other artists, who were placed in these situations requiring them to perform together while 
being geographically separated, were able to adjust to the emerging artistic forms that fit 
naturally within the particular temporal-spatial dynamics. This was true, even though the 
concerts perceived by audiences in each location were necessarily different. The separations, 
delays, and extensions, however, were critical to the emergence of each particular form. On an 
earlier occasion, I had the opportunity to send musical signals originating from a studio in 
Toronto around the Earth through a chain of linked communication satellites to produce the 
longest delays I’d experienced in one of these distributed music events. One could easily imagine 
vastly extending the time delays of these concerts into the realm of the time-space scales of ETC 
and speculate further on the results. Figure 5 shows visualizations of musical events separated in 
time-space with resulting, recombinant rhythms and the imagined effect of waves of cultural 
change transmitted, transformed, received, and recombined over greater scales of time-space. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Visualizations of recombinant musical rhythms emerging from transmission and reaction time extensions 
in time-space and the imagined effect of similar experience with transmissions reflecting cultural changes over inter-
stellar scales. 

 

So, delay, extension, and recombination are fundamental in the emergence of patterns and forms. 
Short time delays are often employed in musical practice to create rich composite forms from 
relatively simple, initial patterns. Elongation and prolongation contribute to the evolution of 
forms on longer time scales as well. In Western harmonic music, one can describe the evolution 
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of increasingly complex chromatic forms in the 19th century, which led eventually to a dissolving 
of tonality followed by a rebirth of new kinds of tonal relationships in the 20th century, as having 
come about through a process known in music theory as prolongation. The elements of a 
simpler, diatonic, harmonic matrix typical of late 18th century music became stretched and 
warped as if on a rubber sheet throughout the 19th and early 20th centuries. The movement of 
individual voices in traditional harmonic motion would be selectively delayed or prolonged, 
resulting in increasingly complex, composite chord types. Thus, chromatic music can be thought 
of as diatonic music out of sync. A similar progression took place during the development of jazz 
harmony, wherein certain chord voices would be suspended over new chord tones to produce 
rich, evolving forms of increasing complexity. Again, our adaptable hearing mechanisms learned 
to incorporate this new complexity into what came to be regarded as normal practice. In the late 
20th century, new forms sometimes referred to as gradual process music employed delay, 
prolongation, and recombination to create forms that emerged from the slow evolution of 
patterns over extended time frames. (The use of the word minimalism to describe this music is, in 
my view, misleading.) These processes in musical evolution remind us of a related phenomenon 
in the evolution of biological morphologies. Here, the time is increased during which a particular 
part of an organism, —such as a selected organ like the brain—, is allowed to develop before the 
individual reaches maturation, allowing that part to grow larger or more complex. Thus, we have 
selective delay in the maturing of body parts changing the form of the organism. 
Such distortions of normal experience with time can lead to profound questions based on real 
experience. For example, without raising issues about the arrow of time, we may examine 
directionality in our perception of spatial dimensions. Our ideas about direction may be tied to 
the fact that we have eyes only in the front of our heads. If we had eyes in the backs of our heads 
as well and brains capable of computing experiences commensurate with completely spherical 
vision, our worldview may be quite different. We may not give such distinction to the ideas of 
ahead and behind. This applies to our experience of time as well. We synthesize memories by 
making correlations in one temporal direction, giving rise to the concept of succession and the 
distinction of before from after. Of course, these are only given meaning with respect to any 
particular now or present moment. We believe we can see back in time by looking into deep 
space. Perhaps, however, the topology of space may be different from what we suspect, and 
fields may bend back on themselves. Perhaps time is expressed through a holarchy of cycles of 
varying scales, returning to any origin in a topology of nested, closed, naked curves. Some 
cosmologists have proposed universes with finite, periodic characteristics (Overbye 2003). 
Perhaps we can imagine a world in which we possessed a ”time eye in the back of the head” 
(Rosenboom 1984a and 1984b). We may speculate on what this could mean for ETC. 

Emergence—emerging forms are a fundamental practice in music making 
Co-creation may be the only way intelligent entities not sharing a common language can 
communicate. In so doing, they create the basis for new language. Such practice is common in 
music making. Today, the growth of electronic communication networks has given rise to a new 
phase of experimentation in this regard. New music is being created involving interactivity with 
audiences on the World Wide Web, often employing artificial life (A-life) systems in complex, 
evolving structures. An interesting example, called Verbarium is an interactive work containing 
all these components (Sommerer and Mignonneau 2002). Mechanisms of evolution, including 
emergence of structures, selection and adaptation are all involved. It may be an important 
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principle in ETC to create interactive, not fixed, messages that communicate our current 
understandings about the emergence of life and what we consider both life and intelligence to be. 
Some principles of emergent forms in art and music follow from work like this and the On Being 
Invisible system. 

• Phase transitions toward complex structures in the system’s dynamics occur at critical 
points in the process. 

• A multiplicity of interacting parts is needed. 
• Recognition of differentiation among parts is required along with the simultaneous 

understanding of higher-order unity. 
• System components, like living organisms, include two essential components: 1) 

something that synthesizes their internal components and outputs, and 2) marked states 
that differentiate them from each other. 

• Prediction and memory become part of the description of any present moment. 
• What is perceived as complex is relative to the observer’s perceptual reference scale. 
• Extension and prolongation lead to nested, local cycles and larger, global hypercycles in 

an emerging structure. 
• Power law scaling among components on small local and large-scale global extensions 

enables the system to exhibit metastability, common functioning over a wide range while 
considerable variation and adaptability takes place among behaviors on each individual 
scale (Kelso 1995). 

We may speculate about the point at which the system’s behavior reaches a critical transition 
resulting in the emergence of something we recognize as intelligence. 

Apprehending musical forms and its relationship to recognizing 
interstellar messages 

Sound, perception, hearing, listening, and music—how are they 
distinguished in experience? 
Perhaps it may be useful to place sound, perception, hearing, and listening in a possible 
landscape of experience. Here’s an attempt. Sound is simply things as they are. Auditory 
perception is a bridge between sound and hearing, a link between the nature of things and 
experience. Hearing is observing our sensory input in its totality and knowing our mechanisms 
for synthesizing memory engrams, our inner representations for sound experiences. Listening is 
active practice with the interaction of our own nature and sound as it is. If we are making music, 
we are being ourselves with the decisions and actions we make in order to invent inner and outer 
worlds involving sound. Practicing music making involves attempting to know and understand 
these decisions and actions. 

Music as something we do with sound—i.e. waves 
Waves are the physical stuff of music—acoustic waves, to be sure, but waves nonetheless. 
Drama and emotional content is installed in interference patterns, bending pitches in a tonal 
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context, complex harmonic ratio structures, difference tones, and in the West, consonance and 
dissonance. All this is molded with the clay of waves, often emanating from sentient beings 
doing physical things. Acoustic experience involves modular combinations of waveforms, 
probabilities of prediction—engendering temporal direction—, vibrations in essential tensions 
among displacements and disequilibrium states seeking equilibrium—evoking past and future—, 
multiple dimensions of description, resonance phenomena, and the emergent geometries within 
which influences are propagated. Musical solitons, waveform entities that maintain structural 
integrity while passing through each other take on special meaning. 

Waves and auditory knowledge 
Nothing exists in isolation in music. It is no wonder that relationships among centers of gravity 
in the universe have been likened for centuries to musical relationships, i.e. music of the spheres 
(Kepler 1618). Anything identifiable exists in interaction with other things, and directionality 
ascribed to the propagation of apparent causes may have validity only for limited localities. 
Wave models can offer mental challenges, such as the physical phenomenon of anomalous 
dispersion in which the energy carried by a wave travels in a direction opposite to the wave’s 
propagation and the possibility of a reverse Doppler effect. What is the import of these ideas for 
our evolving views of the cosmos? 
A synthesis of auditory knowledge, wave interactions, resonance, tuning, coupling of systems, 
and so on are critical to deeply understand the theories of music. Helmholtz provided a landmark 
compendium (Helmholtz 1954), which guided developments for a long time, and recently, 
Chalmers has provided an important recasting of the enormous importance of tuning in the 
modern context (Chalmers 1993). To complement this acoustic understanding, we need to add 
the cognitive domains involved in how we build internal representations of auditory scenes 
(Bregman 1990). This involves acquiring comprehensive knowledge of sound worlds, how 
physical and temporal boundaries are perceived, how auditory coherence is synthesized, what 
contributes to perceiving continuity, how auditory streams are segmented, fused, and grouped, 
and understand the difference between the musical and psychoacoustical meanings of things like 
dissonance and harmonicity. 

Relying on wave spectra in communicating messages and interactive processes—a musical 
perspective 
As with the physical principle of least action, it may be a quality of intelligence to put constraints 
on processes so as to minimize the energy required to implement them. In relying on wave 
spectra for communication and interaction, we find a tendency to gravitate toward simple 
harmonic ratios. This may be because such relationships require less energy on the part of the 
processing entity, such as the brain, to recognize and compute them. Imbedding more 
information in harmonic structures requires employing higher overtones with more complex 
frequency ratios, increasing the processing time and energy. Modulating these with information 
not easily related to the waveform structure further abstracts the relationship between the 
information imbedded in the waves and the structure of the wave complex itself. Perhaps, 
working with the structure of the wave complex as a message would be a fruitful direction in 
designing messages for ETC. 



Print date: 3/30/10 

Copyright © David Rosenboom 2004 

23 

The point of view of waves 
Thinking in relativistic terms and imagining the point of view of a massless entity like a light 
wave traveling at the presumed speed limit of the universe as if it were an organic being, such a 
wave would perceive zero time passing as it travels from point to point. This raises a conceptual 
difficulty in thinking about what it means to define a frequency for a waveform without invoking 
measurement against a hidden, absolute background clock. Space, time, distance, scale, and 
resultant causality seem to be emergent properties. They appear as a kind of coagulation of 
distinguishable, extended phenomena, each with its own, independent, emergent time-space. The 
coagulation of such phenomena into mass or memory seems to require a slowing down, but 
slowing down with reference to what? Perceiving a frequency—a pattern or structure that 
repeats—requires time, memory, and the ability to compare a past with a present. Furthermore, 
either the wave must move in some sense past the perceiver or the perceiver must move past a 
fixed, or standing pattern. Another way to reveal the frequency of an acoustic wave to an 
observer is to enclose the wave in a bounded medium, such as a string with fixed endpoints, a 
drum head, a concert hall, a canyon, a limited atmosphere, or a box of air, within which wave 
structures form, as energy is imparted into the system, reflect off boundaries, and interact as they 
dissipate the non-equilibrium state of the system and return it to equilibrium. Perhaps we should 
ponder these conundrums in imagining how to best imbed the content of messages inside the 
structure of waves. Can we communicate the state of our knowledge about the universe by the 
way in which we use waves themselves? 
Perhaps all that we perceive as stuff—the masses, memories, and energy that often have 
underlying waveform descriptions—is information superimposed on one underlying principle. 
This unfolding is the modulation of that principle—introducing time—through the information. 
Modulation involves cause-effect-action-perpetuation dualities. Again, we have a cognitive 
dilemma. The creation of motion and the creation of space are complementary, congruent, and 
equivalent, as are energy, matter, and time, components into which we dissect experience. We 
are organisms whose particular arrangements of EMTS compute a self-contained image of time 
through transience. It may not be a reasonable assumption that other localizations—local 
concentrations—of life would be constructed so as to manifest the same invention of time. 
Memories are that part of who we are today, which we choose to label as belonging to a concept 
we synthesize from the likelihood or probabilities we compute for how the present we experience 
might be organized, and call the past. It follows that from the point of view of the now we 
experience, movement toward the past equates with moving toward the improbable, and 
movement toward the future equates with moving toward the probable. Each being may be 
thought of as an articulation of intricately related and self-organized compactings of polarity 
elements—like virtual particles emerging from a vacuum potential—, which moves in a 
configuration space of these elements constantly reorganizing and incorporating them into its 
ineffable form. Other than that, greater, impenetrable substance may be illusory. 

Notation—its role in co-creation 
Notation in music, a relative fixing of forms in musical artifacts, plays a variety of roles in this 
context. It is related to our discussion about waves, because both deal with diagramming time. 
Both involve metaphors for time. A convenient collection of interesting examples of 20th century 
notation can be found in (Cage 1969) and other sources. 
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Notation and time 
It is not clear at what point this began, but musicians can be credited for having invented some of 
the earliest parametric-time graphs as notation. Music involves a succession of events, and early 
notation may have been no more that a list of events to take place, one after the other. At some 
point, the idea occurred to conceive of the passage of time on a linear, spatial axis, and, 
eventually, to give it a scale of values. However, this is not the only way. Consider the 
possibilities for choosing other parametric axes to distinguish as the axes of differentiation—the 
axes for the derivative—the dimension of difference 
In the 20th century, composers began experimenting with ways to separate the dimension of time 
from various musical actions. The American composer, Earl Brown, experimented extensively 
with notation in which time is not indicated mechanistically, as it is in common rhythm 
notations. In Brown, it is articulated, but not interpreted, for each performer. Consequently, 
performers of this music become intensely aware of the overall, ensemble result that grows out 
of individual decisions, and how the sounds made or actions performed contribute to the 
construction of a time form that emerges. His notations involve improvisation in an open-form 
compositional structure. This profoundly changes the way in which the performers interact with 
the composition, the audience, and the performance experience. [See (Cope 1989 and Gann 
1997) for more descriptions.] 

Notation as an evolving, interactive medium 
Other approaches to notation make it an interactive medium with results that evolve. In my work, 
A Precipice in Time (Rosenboom 1966 and 1991), notations with measured degrees of freedom 
were created by beginning with relatively standard notation figures and systematically stripping 
off layers of specificity to make a play with kinds of openness that still maintains the integrity of 
the counterpoint and transformations of shapes involved. This work also employs a system of 
proportions spanning all of its temporal scales, from the length of the piece, which determines 
the longest possible, fundamental wavelength in the musical construction, up through the 
smallest time scales of its acoustic structures, and finally to the light frequencies (colors) with 
which parts of the performance are to be seen. A more recent work, Naked Curvature, (four 
memories of the Daimon) (Rosenboom 2001), presents the musicians a large, modular score with 
music, text, and interactive software components that can be assembled and reassembled to make 
the form of each particular performance emerge from the musicians interactions with each other. 
A large work by Karlheinz Stockhausen, Plus minus, 2 x 7 seiten für ausarbeitungen, nr. 14 
(Stockhausen 1965), offers a huge construction kit, in which performers are given elements and 
rules for constructing their own, complete, individual compositions. Figure 6 shows a page from 
another of my compositions, In the Beginning: Etude III, in which the wave shapes of sentic 
forms, recorded initially in the neuro-musculature of individuals expressing emotions through 
physical gestures, are plotted in a temporal construction that is adaptable to a variety of 
performance mediums and scales. The essential elements that are preserved in the notation are 
the forms of gestures and how they are placed in counterpoint articulating a proportional time 
structure. 
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Figure 6. Score page from In the Beginning: Etude III in which sentic waveforms associated with various emotions 
and thought to be fundamental in the brain’s feature processing are drawn on time vs. pitch height graphs; numbers 
indicate proportions for duration and gesture rhythms; score could be realized in almost any performance medium. 
 
Musical notation can, thus, be pliable, flexible, interactive, and adaptable to contexts. The 
signifiers of notation can be adaptive and not regarded as fixed artifacts. Message designing for 
ETC might benefit from considering content that is less iconic and fixed in meaning than has 
been used in the past. In a marvelous treatise on notation (Gaburo 1977), Virginia Gaburo 
describes musical notation as a constantly changing, living, entity in which the generalized 
identity of things is derived moment to moment only through “that which is agreed to be 
significant by a particular linguistic community.” That is, notation acquires its functionality and 
meaning through communal, co-creation. 

More about time and how music can help 

Psychological context of time in music 
Music is an art form in which time is manufactured. Music is not of time, —though it is thought 
of as a time-based art form—, music creates time. Temporality is a domain of expression about 
the relationships we perceive among distinguishable entities that involves memory—the 
coagulation of successive experiences—like mass is a coagulation of time-space. 

Musical manipulation of perceived time 
Music manipulates perceived time (Epstein 1995). Time delays and phase shifts in human action 
synthesis and physical reflexes, —a vast persistent structure that attempts to maintain, refine, and 
strengthen itself through repetition—, helps structure time as musicians experience it in 
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performance (Kelso 1995). The brain’s cerebellum is heavily involved in learning musical action 
algorithms and giving them temporal order. The temporal fine structure of its highly parallel, 
computation capacities is tuned and ordered through practice and is subject to the limits of 
processing delays. These delays help separate events in succession. 
It is hypothesized that there is a temporal fine structure in the brain limiting the speed with which 
successive perceptual chunks can be processed (Epstein 1995). Various theorists have used 
values in the range of 20-40 milliseconds, with 33 milliseconds gaining a certain preference by 
some. As we examine how perception and learning function on increasingly extended time 
scales, we find that both operate similarly across a wide range described by power law scaling, 
which means they have no characteristic time scale (Kelso 1995). For example, typically, when 
a person listens to a repetitive stimulus, perception initially locks to that stimulus, but eventually 
shifts intermittently. Kelso found that the time during which such a percept is maintained in the 
brain before it switches to another can be described by a power law relating the duration of this 
event to the number of times it has occurred, and that this applies over several orders of 
magnitude. Experiments with an even greater range of scales may be in order. Through malleable 
time forms in composition, musicians work actively with these processing limits and scaling 
factors to change intuitions about temporality, duration, and speed. Varieties in speeds are used 
to change time perceptions and establish dramatic structure. These speeds evoke emotion-
thought feedback processes encouraging assignment of meaning. 

The fine structure of the musical present 
Large-scale time forms emerge from concrete details at smaller scales. These details are 
calculated in the brain, which makes decisions about the order of things on many scales (Austin 
1998). The decisions may or may not correspond to the order of events inferred by other 
observers. Many factors are involved in constructing time capsules associated with what is called 
the psychological moment. These are intimately tied with developing a concept of self. The 
image of self requires a sense of temporal order on the short-term scales of perception and the 
long-term scales constructed in association with memory. The brain receives energy activations 
from the senses, parses these into potentially useful units and, then, proceeds to construct a 
sequence ordering for these units. It is important to emphasize that this is constructed, emergent 
time. Time is inferred from things, and this is critical to the development of a self-image. Other 
forms of intelligence, which may have different means of constructing self-images, may have 
radically different relationships to time. 
Our experience with both the temporal present and musical moments have detailed fine 
structures. We think of tangible, temporal forms often as being teleological. They are directed 
toward target goal states. Extension and prolongation create durations, which support this. 
Duration gives us a measure of difference. However, a musical piece is a time-space construction 
that does not require a global background. It establishes its own internal structure as a succession 
of time capsules within configuration spaces. In communication, these are co-creative instants, 
recognized in particular manifestations of each now. Each has its own fine structure, consisting 
of its own past, its own present, and its own future. In other nows, this fine structure is 
completely different. Different constructed pasts and projected futures distinguish different 
nows. Musical pasts are synthesized in memory and are strongly related to forms existing out-of-
time. Creating a past is part of skilled musical practice. It places the present in the context of a 
constructed past. Correlations over past time coupled with directional predictions create each 
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particular, projected future, which resides in each moment. Our information and correlation 
systems enable prediction, expectation, and by extension, confirmation of predictions or 
disconfirmation and surprise. These are all part of each now (Figure 7). [Consult (Jantsch 1980) 
for an insightful description of the fine structure of the temporal present.] Our models of entropy 
and correlation provide analytical tools and give directionality to what we call experience 
(Lindgren 1991). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: Fine structure of a temporal present, a now; see (Jantsch 1980) for elaboration. 
 
Memories are filters, but possibly not always in-time. They are also not absolute or literal 
records, but means with which to synthesize experiences that somehow contain coincident 
structures with other recognized experiences, but again, maybe not in-time. Memories are that 
part of who we are today (now), which we choose to label as belonging to a concept we 
synthesize and call the past. That’s also how we create perceptions of musical forms. 
Some musical forms are not tied to an arrow of time. In these forms, correlation doesn’t 
automatically imply cause. Some are symmetrical forms that do not change when we change the 
temporal direction of executing them (Figure 8), some are entirely cyclical with no beginning or 
end (Figure 9), and some are forms made available to be scanned in a wide variety of ways 
(Figure 10). These interpretive actions collapse the forms into a local temporal arrow upon 
realization in a particular performance. 
 

Timeless present moment 
 

M 

Past   NowNow   Future 

Expanded into a fine 
structure with duration, 
including correlations and 
projections as part of now. 
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Figure 8: Notation excerpt from Golden Gestures (Rosenboom 1984), showing a phrase or gesture that 
can be oriented in time-space in any way and realized by any performing forces; adaptable symbols are 
defined in the score according to a system for describing the beginnings and ends of events and how they 
evolve through the course of their duration. 
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Figure 9: Page from manuscript of Zones of Influence, Part III, Closed Attracting Trajectories for 
percussionist and interactive, computer music system (Rosenboom 1983-1984), depicting an array of 
endless, cyclical functions that tell the performer how probabilities change in the way the computer 
system may respond to what (s)he plays. 
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Figure 10: Score page from Naked Curvature (Four Memories of the Daimon) (Rosenboom 2001) for six 
instruments, whispering voices, and interactive electronics, showing array of pitch materials to be scanned 
by each performer through a moving window of selections; curves show tempo melodies, gestures of 
speeding up and slowing down, with which each performer articulates their window’s time frames. 

 
As unseen presumptions about time can limit our potential experiences of music, hidden 
predictions imbedded in ETC message design may also become problematic. It is very difficult 
to avoid them. 

Communicating the current state of our understanding about time as an 
integral part of message construction 
Engaging an ETI with our understanding of temporality, possibly through interactive, co-
creative, emergent process of communication, may be fundamental in revealing our nature. The 
more we contemplate this, the more it seems time does not flow like a river with us riding upon 
it. We, and everything else, create emergent time with every fluctuation of energy or essential, 
elastic tension with which we are associated. Music is a perfect medium within which to explore 
how we cognize time. We live daily with our concept of years, relating only to our spinning 
Earth, and our physical-mental programs giving everything order and succession in this local 
context. For an ETI there may not be a correspondence of reality with the succession of events 
emanating from sequential algorithms, whether they are embodied in organic structures or 
computers. We are organisms whose particular arrangements of the congruent quantifiers of 
EMTS compute a self-contained image of time through transience. It may not be a reasonable 
assumption that other localizations–local concentrations—of life would be constructed so as to 
manifest the same invention of time. The time problem in ETC is also entwined—entangled—



Print date: 3/30/10 

Copyright © David Rosenboom 2004 

31 

with the meanings of absolute scale and the meaning of distance. Space may be one of the 
qualities we use to separate the simultaneity of all experience into non-simultaneous events and 
could be an illusion as much as time. It certainly seems to be a primary metaphor for 
distinguishing things and enables change to be understood metaphorically in terms of motion 
(Lakoff and Núñez 2000). 
Some musical forms attempt to squeeze distances together in perception and cognition, resulting 
in simultaneities and meaningful coincidences among events that would otherwise be viewed as 
distinct. Some of the mechanisms involve fusing elements in perception by psychoacoustic 
means, resonant coupling of otherwise separate systems, exploiting unpredictable, opportunistic, 
rhythmic (time) coincidences, and other associations that are instrumental in perceiving forms. I 
and other composers have experimented with collapsing spatial distances by means of high-
speed telecommunications or by exploring means for coordinating concurrent, physically 
separated performances with notations or instructions that allow for open interaction with what 
musicians imagine to be taking place in each location. Then, different mixtures of the resultant 
music may be transmitted to the separate locations. The musicians may later compare their 
experiences. 
Creative co-communication may be comprised of co-creative instances recognized in the 
resonances occurring among all distinguished entities in any now. A fibrous view of time-space 
emerges in which networks of resonant couplings manifest independent, localized time-spaces 
for each coupling, replacing the need for a global, background reference field (Figure 11). Each 
of us may be individually comprised of and determined by configuration spaces for the entire 
universe, manifested from each particular, unforeseeable point of view through such resonances. 
Since each has a different experience, a different now, what we think of as temporal realities are 
individually synthesized. Of course, a timeless view of physical reality requires a complete 
reconsideration of gravity. In combination with timeless quantum theory a surprising picture 
emerges. Probabilities only come into play because when the wave field equations are applied to 
a timeless configuration space, —an abstract but not featureless space, not including time, but 
linking the dimensions needed to describe relationships among differentiated things and to 
produce simultaneous possibilities for any now—, a differentiated observer who is also part of 
the whole thing must have a way to choose just one of these possibilities. Gravity, being 
attractive, but also possibly in a counterpoint of tension with dark energy, becomes a source of 
the otherwise highly improbable order we see all around us in nature. Entropy would otherwise 
make such order unbelievably unlikely. Another idea is to view space and its physical limits—
(ex. maximum speed for electromagnetic motion)—as a kind of glue—an EMTS stickiness 
again—that binds things together through a set of rules (Barbour 1999) that are purely cognitive 
inventions. Of course, it's terribly hard to describe what can appear to be a clear vision of this. 
That's part of the art and practice needed in ETC message design. 
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Figure 11. Fibrous nature of time-space: relationships created along network of imaginary lines 
connecting differentiated local symmetry systems with strong or weak resonant coupling; web of 
connections on different extents, each manifesting its own, local, time-space, replaces concept of global 
background field. 

 
Within a model of the universe wherein absolute distance has been eliminated, and consequently, 
absolute size has no meaning, communication over large time-space quantities may be 
psychologically manageable and the natural way of things. The cognitive logic we use to handle 
succession among events would be different, however. A shift in consciousness necessary to 
absorb this—with hard inner work—would also be required in order to grasp the naturalness of 
the new kinds of content such communications may carry. At present, I know of no other way to 
arrive at this than by application of hard inner work on understanding the vast part of our 
consciousness that is so much greater in extent than the much smaller, thinking and interacting 
mind on which we normally rely. Here, greater and extent apply to aspects of consciousness for 
which we struggle to find a language of description. It is our apprehension of our self—and the 
metaphors we use to describe it—, our consciousness of our consciousness, in turn apprehending 
the world that produces the soil from which the laws of physics grow. Thus, they will always be 
limited by the extent of our own self-knowledge. 
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The problem of concrete forms in communication 
Meaning plus structure produces form. Isn’t it interesting how each generation and culture finds 
its utterances, words, to connect with emotions and feelings. We witness the development of 
language all the time; a kind of emotional syntax is developed to go with semantics and the 
binding of structure with feeling. 
In the 1950’s, Charles Osgood and collaborators developed powerful techniques using multi-
dimensional scaling to create maps of the internal semantic structure of individuals (Osgood 
1957). These explored how signs can become related to their significants. Combined with 
parallel developments in methods for evaluating the content of messages, particularly those in 
the media, (Pool 1959), effective tools for exploring how meaning structures are formed were 
created. They also underscored the degree to which seemingly fundamental assignments of 
meaning within individual languages can vary across individuals. We can construct relationships 
of signs to significants, as in composition, and these relationships can be developed through 
associations. Consideration of how meaning may be attached to pictorial components in 
interstellar messages has been given in (Vakoch 2000). 

The requirement of concurrent imagination for the recognition of signs and 
labels 
For ETC, this points up a problem with sending signs of things. To accurately represent an 
object, the communication object must be the thing itself, rather than a sign of a significant. The 
sign and the significant are distinct. The sign is illusory. The relationship between them has to be 
imagined. Communication, then, only takes place if the imaginations of the various parties in 
communication are the same. For human beings on Earth, this may not seem important. For 
intelligences that could be vastly different from humans, it may be a serious matter. Different 
intelligences may attach different meanings to things themselves, of course, further exacerbating 
the problem of relying on signs. 
An approach to correcting the problem might be to imbed the thing being communicated about 
inside the structure of the medium of communication. Music involving emergent processes may 
provide examples. The forms that emerge from these processes are the things themselves. No 
frozen representation of signs, such as musical symbols, could represent the object. The essence 
of music like this lies in being immersed in an emergent, dynamical process with all its attendant 
layers, which may include opportunities to apply particular meanings and drama to the 
generalized forms. The process is offered to others as an invitation to experience the object in 
interactive, co-creation, not in a set of fixed signs requiring referential speculation. A principle of 
extreme importance in message design is to recognizing the individual synthesis of 
apprehensions, perceptions, and understandings in the recognition of signs. 

Relationship of this to the incommensurability problem 
The problem of interpretation of signs and the problem of their requiring concurrent imagination 
among two or more beings for mutual understanding is directly related to the much discussed 
incommensurability problem in ETC (Vakoch 1998). A challenge for ETC message design is to 
overcome hidden requirements for and presumptions about mutually understood views of reality 
among senders and receivers before any understanding to take place. Nevertheless, as 
communication develops, it may be important to build some consensus views that incorporate 
both those of the senders and receivers. A possible solution may be to send dynamical objects 
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that unfold, not icons. Make the dynamical objects interactive so that their evolution is co-
creative and both parties share in the results. Make the dynamical objects model the state of our 
understanding about evolutionary succession and the emergence of time-space. For example, 
interactive, evolving automata with variable time-space scales and outputs synthesized in 
displays covering wave spectra from very long times to light frequencies and beyond might be an 
approach worth considering. 

The two-way-ness of communication 
Communication requires two-way co-creation to exist in any form. Communication is a form of 
relatedness and an interaction that brings about new forms. The emergent forms of our culture 
provide many examples. Even large-scale, cultural forms like cities can be thought of as 
emergent patterns in time, an aspect of hidden order (Holland 1995). It could be that merely by 
existing in the context of our large-scale environment of the universe we may already be in 
communication with more than we know, a state of mutual inter-affecting over large time-space 
scales. Time-space limitations may constrain our conscious apprehension of this within short life 
spans. For ETC, we are better off not sending labels, but rather, sending processes that unfold 
and invite response. Labels rely on the coincidence of imaginations and are one-way. We could 
draw on the two-way music of active, co-creative processes in ETC. 

Practical steps 
The time bases of information patterns contained in electromagnetic spectra from other 
intelligences could be very different than our own. Intelligence may exist on a wide range of 
time scales. Perhaps, we should be doing long-time-base correlation studies in SETI listening 
experiments. The enormous capacity for archival storage of signal information required in very-
long-time-base correlation studies may require cooperation across long-time-scale cultural 
lineages. This amounts to making the search a cultural tradition to be maintained. We must be 
able to develop trans-generational, cultural ownership of SETI in order to be ready—on both our 
own and ETI’s evolutionary time scales—to participate in ETI interactions. 
Forms of information that become increasingly separated, in reference to the local time scales 
associated with the biological concentration of the observer, may seem unlinked. This may not 
be the case. We must develop the ability to imagine links when the separation is much, much 
greater, and then imagine drawing all the separated forms of information back together, possibly 
creating a total simultaneity, in which everything is linked. This is a mental exercise in opening 
the doors to refining our analytical skills. These speculations and observations lead to a selection 
of ideas for practical steps in considering ETC message recognition and design. 

Interactivity 

The value of composing messages that encourage active involvement and co-creation by the 
recipients 
Examples of co-creative, interactive music systems abound. Many that employ electronic media 
are described in (Chadabe 1997). Co-creative strategies emphasizing improvisation and 
including interacting species are described in (Zorn 2000). A section on interactive music in 
(Gann 1997) describes several of my works, including Systems of Judgment (Rosenboom 1989a), 
which make use of compositional concept spaces, in this particular case, mapping several views 
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about the evolution of language and how they interact in the emergence of the compositional 
form. This is shown in Figure 12. The idea may have a bearing on possible message designs. 
 

 
Figure 12. Example of musical concept space depicting top-level organization in Systems of Judgment 
(Rosenboom 1989a); three ways of viewing the possible evolution of language are shown on three spatial 
axes. Compositional form moves in time along composition form trajectory, mixing music that is 
symbolic of the three views in different amounts to produce the final composition. 
 
Other works I’ve written, also described in that text, involve environments for improvisation and 
organically grown music from seeded plans that are animated in performance. Various post-
Cage’ conceptualists in America, for example, the Sonic Arts Union, David Tudor, Richard 
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Teitelbaum, George Lewis, and many others have employed interactivity as an energizer of 
musical evolution and the field is very broad and vigorously active. These examples underscore 
the value of communicating by means of co-creative processes. The results produce shared 
experiences that emanate from all the linked parties and do not depend upon one-way 
transmission of icons or signs, which are hard to interpret because there is no co-ownership. 

Time-space scales of interactive processes 
Again, the time-space scales required for ETC interaction may be large, larger than our lifetimes. 
Consequently, we may not have been looking long enough at this point in history to know if 
some ETC interaction isn’t already happening. Perhaps, though, our collective consciousness can 
be much larger than ourselves as individuals. To bring things into our individual, time-space 
scales, so that we can know that something is occurring in a particular now, involves employing 
a distinguished simplifier (Barbour 1999) to collapse a configuration space into that now. Most 
of the time, that distinguished simplifier is our own self-reference. To keep in our minds some 
idea of distance scales in the universe, the size of a super-string is about 10-33 centimeters, and 
the size of some of the more distant galaxies we’ve studied is about 1026 meters (1010 light years). 
Within our own brains, the size of a neural synapse is about 1 micron and the cortex is about 30 
centimeters across. A transformation of consciousness may be needed to enable us to conceive 
life as substantial and mentally palpable on a larger range of time-space scales. The small-scale, 
local individual may be maintained as an energy source to fuel the broader, vaster consciousness 
without loosing the distinguished individual. 
Information may also be packed into tiny time-space scales. A general principle suggests that the 
smaller the dimensionality and time-space scales of a physical phenomenon the more energy or 
essential tension is packed inside that distinguished entity. It is thought that unimaginably huge 
amounts of energy are packed inside the tiniest super-strings. This may also apply on 
communication-information dimensions. If the parameters of an energetic impulse can be known 
with enough precision, their values can encode large amounts of information. Thus, the 
parameters of a singularity could contain enough information to model a universe. Interactive 
music constructions, particularly those involving networked interactions over long time-scales 
along with those involving micro-sounds (Roads 2002), can offer help in extending our normal 
range of apprehensions. 

Music of participatory forms and interactions in time 
Thinking within the confines of communications initially limited to electromagnetic field 
transmissions, participatory forms of music involving message completion come to mind. 
Recipients could be invited to participate in extending open-ended, incomplete patterns or 
fragmented images with multiple possibilities for co-creative completion. First, an incomplete 
pattern would be sent. Next, suggested ways to extend or complete the patterns would follow. 
Then, more beginnings of incomplete patterns would be sent to invite recipients to join in by 
inventing ways to complete them. Communications with rhythms would be particularly 
appropriate. Patterns could be sent and, then, subsequently elaborated in modular fashion, in the 
way composite rhythms are often built up in African drumming, Latin American rhythms, Indian 
music, and some kinds of contemporary Western percussion, for example. Then, basic patterns 
would be resent, inviting participatory elaboration. Such things are easy to compose and might 
provide good, beginning steps towards interactivity. Drawing on the many cyclical, gradual 
process, musical forms from the past half-century or so, patterns with delayed, recombinant time 
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forms could be composed for ETC, suggesting how patterns could be recombined with 
themselves by the participants to extend the structures they receive. 
Making use of inherent delays in recombinant forms could illustrate the idea of creating 
communication mass analogous to the time-space stickiness underlying the emergence of 
substantive forms. These could also lead to illustrating emergence by means of resonance with 
delayed waveforms, in which selected harmonic components are reinforced or reduced during 
recombination. As noted before, waveforms are ideal for imbedding message content in the 
structure of the communication medium. Harmonic structures, timbres, tonalities, and tunings 
may illustrate a host of fundamental physical principles, as we understand them. Musical 
drones—which are never really static—could be sent with information imbedded in the 
structures of their moving overtones. These should not be thought of as limited to the time scales 
of acoustic waves on earth. Rather the waveforms used should cover a very large range of time-
scales. Perhaps, harmonic fundamentals, or the longest possible waves in a structure, could be 
chosen according to the physical aspects of local star systems, target star systems, or even to the 
dimensions of possible, closed forms for the universe, (perhaps, a toroidal form folding back on 
itself). 
Messages could be constructed inviting recipients to participate in elaborating pattern 
combinations by inserting additional material in rhythms (hocketing), adding accompaniments, 
or adding new material to existing accompaniments. Harmonies built of basic waveform types 
with sequences could also be constructed and sent with beginnings, completions—like 
cadences—, and then, more beginnings with open-ended possibilities for continuing the 
sequences. This might lead to similar experiments with language forms, mimicking natural 
language learning paradigms. Messages containing gesture shapes in time, perhaps encoded in 
waveform structures may provide important content. These shapes may also be transformed and 
recombined to illustrate the origins of language. Interactive versions of gesture transforming 
systems could be devised as well. 
Experienced performing arts teachers often work by: 1) demonstrating, 2) waiting for imitation, 
and then 3) continuing to perform with the learner. Message paradigms drawing on this well 
tested, interactive, pedagogical technique could be developed. Message completion might also be 
one way to work with visual forms, perhaps drawing on examples from biological morphology. 
Such forms could be sent first in complete form and, then, in incomplete form, inviting 
speculation on possible evolutionary outcomes. All of this might also take the form of play, 
playing with ETI in a grand improvisation. After all, playing is one of the most important forms 
of interactive, human learning. 

Music of emerging forms and interactions out of time 
Examples of Internet-based art and music hint at extending the scales of forms of interactivity. 
They also emphasize many to many communication paradigms, interactive communication 
among groups of participants, in addition to the familiar one to one models we tend to emphasize 
in engineering and psychology. Some practitioners have found that when participants work 
together on collaborative projects by interacting with tangible, co-creative, emerging forms, the 
results are more fruitful than when individuals work with their separate, computer-based 
production tools, even though the outputs from these tools can be shared (Popat and Smith-
Autard 2002). Possibly these make for more open and longer time-scale, human-to-human 
interactions (Hinkle-Turner 1999). Abandoning the idea of the temporal river that flows, a 
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multiplicity of relating forms seems to drive the emergence of time in several Internet-based 
music systems, titled Cathedral, Integer, FMOL, and Telemusic (Tanzi 2001). The scaling of 
listening times in these musical examples can assume dimensions suiting individual, interactive 
situations and are not artificially bounded. Temporal reasoning is not driven by any pre-imposed 
structure. Interactive music in this form becomes a landscape of multiple possibilities and 
opportunities. Musical configuration spaces, often used in out-of-time musical notation, could be 
recast in interactive, electronic form such that the recipients could collapse them into realizations 
with co-participation. The observers or message receivers in the case of ETC would be able to 
create their own realities within a co-evolving system of this kind and, thereby, learn its 
characteristics. These very characteristics may, indeed, be the message sent! 

Scales of biological information processing, linked events, and the brain 
In his analysis of dynamical patterns in self-organizing systems, Kelso stresses the conclusion 
that linkage between coherent events at different scales of observation is by virtue of the 
underlying, shared dynamics that produce them (Kelso 1995). This suggests that correlations and 
covariance observed on a broad range of scales may result from common, underlying 
phenomena. It is also suggested further that it may be possible to derive clues about broad-scale, 
temporal-spatial, co-creation in ETC on various individual scales of extent. The time scales of 
information processing in the brain range from about 1 millisecond at the level of the synapse to 
about 200 seconds at the level of the cortex, extended, of course, by memory to encompass the 
lifetime of the organism. We may also speculate on the information processing time scales of the 
biomass. Clues to self-organizing dynamics may be found at any particular level of analysis. 
Patterns created by oscillations generally result from collective phenomena and the significance 
of oscillations do not become apparent until they are coupled or temporally correlated with other 
events on various scales. This is seen in tendencies towards phase locking and frequency 
synchronization reminiscent of resonant phenomena. Kelso also observes, however, that power 
law scaling is typically a sign of long-range, temporal anticorrelation, emphasizing the variation 
and adaptability of phenomena needed on an event-to-event basis to keep systems from 
becoming inflexible. Degrees of correlation on various spatial and temporal scales reflect this as 
well.  
In order to design forms of communication applicable to an extended range of time-space 
processes, we need modeling tools that also apply over an extended range of interacting, local 
and global phenomena. Recently, new local/global, dynamical theories of brain function have 
emerged in which distinct, but interacting, local processes drive bottom-up, macroscopic, global 
dynamics observed in electrical brain activity, and global processes arising from functional 
integration facilitate top-down, synchronous activity in cell groups simultaneously on a range of 
spatial scales (Nunez 2000). There are striking similarities among concepts that can be applied to 
pattern analysis on the scales of neurological functioning and those that may also be applied in 
SETI and ETC. The brain and the universe are, after all, massively coupled systems, our 
observations of which tend to be on different time scales. Since they are both made up of EMTS, 
however, they may be coupled on all time scales. The language of pattern-forming, dynamical 
systems could become part of a language for co-creative communication. 
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Participating as entities on relatively small local scales of duration and extent in processes 
involving relatively larger scales of recognized interaction—communication 
Relativistic thinking about communication may apply equally on all time-space extension scales 
by adjusting the life-consciousness extension scales in a similar manner. The impact on 
communication-relatedness of relativism at small scales for high-speed phenomena—like an 
electron spinning—or short life-span, consciousness extensions—like a mouse running—may be 
just as great as for slow-speed, long life-span consciousness—like human beings, elephants, the 
biomass, species, cultures, distributed intelligence, interstellar cultures, or universes—, 
engendering similar effects. Some suggest there must already be emergent phenomena at the 
level of the universe from the existence of a multiplicity of distributed intelligent cultures in the 
inter-stellar medium (Wolfram 2002). If so, Earth-based cultures are a part of that, too. 
Our co-evolution with other forms of intelligence in the universe can certainly be expected to 
take place eventually, or it may already be taking place. We humans, currently from Earth, seem, 
by engaging in exercises like this investigation, to be trying to increase conscious awareness—
memory coagulation—of our ongoing relatedness to and participation in the processes of 
evolution in the universe. There are many neurons in our brains the behavior of which we don’t 
understand; there are long sequences in our DNA code the function of which we don’t 
understand. Attempting to engage in ETC is presently a behavior trait for some humans. In other 
words, this exploratory activity can be seen as characteristic, human species behavior in relating 
to other intelligences in the universe. In a sense, we are engaging in an anthropological study of 
ourselves, as the time-space extension of our cognition grows ever larger. 

Covariance as communication 
Signals extracted from noise, because some covariance with an observer has been detected, may 
correspond to messages. If confirmed, they will develop meaningful correlations through 
interactive co-creation, a further kind of covariance between two or more systems with their 
own, individual reference frames. However, it may be worth pointing out that regularity in the 
carrier signals used to encode ETC messages reduces the rate with which information—in the 
mathematical sense—can be imbedded in the carrier. More complex signals offer more ways to 
compact information by modulating the multiple waveform components that may be combined to 
make up the carrier with information in the message. This, though, results in a signal that looks 
more complex to us and more easily confused with purely uncorrelated noise. Signals nested 
inside signals nested inside signals compact information. One way to unpack them is to use 
complexity dimension analysis. This has been applied in music as well, for example in my 
composition, Two Lines (Rosenboom 1989b, 1995, and 1996). This piece is an examination of 
apparent instability and how the fine sensitivities of the ear can detect hidden order inside very 
complex patterns, which, at first glance, may appear to be noise-like. The perceptual powers of 
the auditory recognizing system are phenomenal in this regard. (Complexity dimension analysis 
is a technique used in studying chaotic systems and involves calculating the correlation 
dimension of a time series, roughly the number of dimensions required to describe the behavior 
of the signal. Highly complex signals, like stochastic sequences, require many dimensions, while 
more simple and regular ones require fewer dimensions.) 
In the 18th century, Roger Joseph Boscovich described a kind of relativistic covariance focused 
on the internal motions of the parts making up the observer, leading to the conclusion that the 
observer exists primarily on the interface or boundary between its macro-form and the universe 
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(Rössler 1991). Poincaré conjectured that the makeup of the internal parts of the brain must 
contain a group structure that is coincident enough with the order of the component parts of the 
universe that knowing the universe will eventually become a natural characteristic of the brain. 
Only a sufficient amount of inner exploration producing self-knowledge would be required. 
Perhaps, there is a potential, embodied calculating engine of such immense power in us that what 
has become conscious so far is only a mere hint at what is to come. This engine may involve 
correlations among the component parts of the brain with the component parts of the universe, to 
say nothing of groups of brains. 
Such speculations have led to a suggestion for increasing our capacities in ETC message 
recognition. The suggestion may sound outlandish at first, but may be worth contemplating for 
whatever useful spin-offs it may engender. Following the composition, Two Lines, a second 
experiment involving a composition called Four Lines (Rosenboom 2001a) was carried out, in 
which comparisons were made between the dimensional complexity of the temporal sequence of 
brain event-related potentials (ERPs) generated during work with the On Being Invisible, self-
organizing, music system described earlier, and the dimensional complexity of electronic sounds 
created at the time the ERPs were recorded. Interesting correlations were observed. 
This followed a study described in (Birnbaumer et. al. 1996) in which the dimensional 
complexity of brain signals was correlated with the dimensional complexity of music heard by 
active listeners and processed by their brains. Their experiments explored what is known as the 
non-linear resonance hypothesis of music perception in which relationships are drawn between 
the complexity of music stimuli, the complexity of observed EEG waveforms, musical training 
and experience, and the presumed activation of neural assemblies necessary to process rich 
associations. The complexity of EEG waveforms and music stimuli were strongly related, but 
also strongly affected by the level of subjects’ musical training and experience. Nevertheless, for 
experienced, active listeners, a coupling between EEG complexity and sound complexity is 
strongly suggested. 
At this moment, a widely distributed array of perhaps thousands of computers are probably 
processing radio telescope data from the SETI@home project, http://setiathome.berkeley.edu/, 
all looking for patterns in these noise-like signals from space. Perhaps this is not enough 
analytical power. Suppose these signals were presented in sonic form to highly experienced, 
open-minded musical listeners, while complexity dimension analyses were being carried out 
simultaneously on these signals and the electromagnetic brain activity of the listeners, perhaps 
via multi-channel EEGs or magneto-encephalograms (MEGs). Variations in the correlations 
among the analysis of each might lead to clues. The listeners need not achieve conscious 
awareness of the results. In fact, it might be better if they were not encouraged to do so. Too 
much consciously directed, focusing of attention might reflect a priori presumptions about 
listening and result in some possibilities being filtered out. Better, perhaps, that the 
experimenters allow the brain activity be simply coupled with the signals and freely influenced 
by them. Perhaps the proper state for the listeners would be that of alert, zazen meditation. Given 
how good the brain can be at discerning subtle differences in complex arrays of musical sounds, 
and given how many very large computer programs have been debugged in the history of 
computing by listening to the bit streams of program readouts and finding the anomalous patterns 
of malfunctions that couldn’t be found any other way, it might be worth a try. 
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Large-scale physical processes 
It is intriguing to imagine what kinds of large-scale physical processes beyond methods known 
for using electromagnetic fields could be taped for ETC. Ideas about resonance are important 
here. They are fundamental and familiar in many musical processes, and their conception 
extends well beyond the usual notions of acoustic or waveform resonance. Ideas about resonance 
described as the topological coupling of influences in interactive processes (Thom 1975) and 
informational coupling via mutual information measures have been applied in music 
(Rosenboom 2000c). Mutual information, —a measure of the complexity of computations 
required to compute a phenomenon from information already known in a prior phenomenon—, 
has particular bearing on evolving life forms as well (Chaitin 1970, 1979, and Casti 1991). In 
this arena, a complex interdependency among the parts of a distinguishable entity—like an 
organism—, modeled partially through this concept of mutual information, is essential in 
defining a living organism. Furthermore, Chaitin writes, “In summary, the case is the whole 
versus the sum of its parts. If both are equally complex, the parts are independent (do not 
interact). If the whole is very much simpler than the sum of its parts, we have the 
interdependence that characterizes a living being.” 
Here are some speculative questions intended to stimulate thinking. Could a signal be designed 
that would resonate with the configuration space of a galaxy or cluster of inter-stellar objects in 
the environment of possible ETI? Would it be distinguishable from the physical configuration 
itself? Could this resonance maintain the signal for a period of time and support modulation by 
message sequences, such as patterns derived from human DNA sequences. Could 
electromagnetic field transmissions be made self-regenerative, renewing themselves by 
borrowing energy from other encountered fields—gravitational, electromagnetic, black hole 
spaces, or stars? Could resonant tuning among fields produce a kind of coherent universe laser or 
maser? We might call it a user. 
Could an electromagnetic reaction-diffusion reaction be generated with the Earth’s magnetic 
field—a strong one would, in turn, affect the Earth—resulting in a strong transmission field for 
messages? Could such a field be modulated with DNA sequences? If the wild speculation were 
true that message sequences from possible ETI could already be imbedded in our DNA 
(Wolfram 2002), why not send them on outward again? If no message is so imbedded, why not 
send it on anyway? Can these resonance models lead to understanding possible communication 
through morphic fields, perhaps modeled by arrays of coupled oscillators (Abraham 1996a, 
1996b, and Goodwin 1991)? All this is meant for brainstorming possibilities without a priori 
limits. 

Implications of a point of view that considers entities communicating are already in 
interaction prior to sending or receiving messages 
The extent of the unconscious and its types is most likely even vaster than Jung communicated. 
Since consciousness is an emergent, localized phenomena in individuals rising out of the 
interactions of a critical mass of subordinate parts of the unconscious, the unconscious, too, must 
be imbued with the natural forms of the universe and the processes by which it has formed. 
These may be accessible to consciousness if it can visit and interact deeply and actively with the 
unconscious substrate. Knowing one’s self therefore may indeed, result in knowing the universe. 
The depth of this return of the ego into the unconscious mist is great and the work involved vast. 
This kind of work is needed for us to be able to evolve our physical and mathematical metaphors 



42  Print date: 3/30/10 
 

Copyright © David Rosenboom 2004 

further, understand the meaning of communication better, deal with large time-space scales 
(Smolin 1997), and learn to relate to what is individual and what is universal in intelligence. As 
we learn more about thought itself as a system (Bohm 1994) with observable dynamics we 
understand more the place of language, with all its flexibility and plasticity, in the work of 
disciplines like physics, which function more like a dynamical system of communication about 
reality than a representational form for that reality. 

Principles for constructing interactive processes— music of many nows 
Here are a few guidelines for constructing interactive processes. 

• Consider all interaction to be a process of co-evolution of autonomous agents with each 
other and their environment, the procedures of which lead to emergent order. These are 
potentially best implemented with an adaptive network structure (Kauffman 1993 and 
2000). 

• Begin with procedures that return to first principles of composition: 1) choose the 
universal set or domain of compositional attention and the kinds of distinctions that will 
be made as a result of compositional thought and choice; 2) list the potential generative 
relationships among distinctions in the universal set, i.e. how it will be ordered; 3) 
determine the dimensions of description and scales of measure for parametric values to 
be used; 4) determine the levels of significant difference for each parameter; 5) design the 
compositional pragmatics needed to make arrangements among the distinctions in the 
universal set. [See (Rosenboom 2000c) for further description of this approach and 
(Rosenboom 1987b) for compositional thought exercises in intuition, context, purpose, 
unison, listening, and intelligence.] 

• Consider interaction states as communication and compositional objects, i.e. each 
condition and/or mode of interaction becomes an element for compositional design. An 
example could be a particular relationship of a musician—or an ETI—to an artificially 
intelligent instrument (Rosenboom 1992a). 

• Make messages be in interaction with versus in response to. Acting upon or in response 
to something like a message engenders illusions of self-localities as central in inter-
acting, rather than as part of a larger process. Note that an individual inter-acting with 
something else is different than two or more things interacting, just as a process that is in-
formation is different than objectified information units. These are points of view in our 
use of language, always good to keep in mind. 

• Consider all interactive processes to have many nows, many versions of the present. 
• Initiate co-creative processes by: 1) send intention, invite into co-creative participation; 

2) send messages with delays designed over long cultural time frames and consider 
interactive messages to be recombinant as they come in; 3) consider and make interactive 
responses; and 4) examine the co-creative forms that emerge. 

• Consider the necessary cultural evolution as important as technological evolution for this 
to work with our species. 
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Potential of genetic algorithms and neural networks in message design 
Communicating by employing hypothetical models of evolutionary processes may offer a fruitful 
approach to co-creative message design. An excellent introduction to the principles of genetic 
algorithms (GAs) can be found in (Mitchell 1998). GAs and connectionist models with neural 
networks have been employed in music for some time (Todd and Loy 1991). Of particular 
relevance to our discussion of time-space are experiments using neural nets in quantizing 
musical time—i.e. separating discrete and continuous components in the experience of musical 
time. GAs are often used to interactively explore the very large parameter spaces commonly 
encountered in computer models for musical sound synthesis, algorithms for composition, 
simulating adaptive, musical, perceptual processes, recognizing unpredictable, physical gestures 
of performers, and creating somewhat autonomous musical organisms (Degazio 1997). 
One of the problems of open, interactive interface designs for music performance is that the 
possible vocabulary of performance gestures cannot always be known in advance. This seems 
analogous to the co-creative interaction paradigm involving an unknown form of intelligence 
encountering a dynamic object sent as a message. GAs have been successfully employed in the 
classification and estimation of parameter values involved in gesture movements and adapting 
musical instrument responses to them (Lee et. al. 1992 and Lee & Wessel 1992). In this work, 
neural net structures in a computer music program were able to learn gestures and link them to 
multi-dimensional mappings of perceptual spaces for musical timbre, providing data to guide a 
synthesis engine. This linking of gestures to multi-dimensional perceptual spaces could be 
adapted to interactions with other life forms, as it often is in compositional concept spaces in 
music (Rosenboom 1987a). 
Ideally, these interactive processes can be made worthy of continuous practice and learning, so 
that through continued exposure and experience, the results become richer with deeper 
information about the nuances and subtleties contained in the evolving message system. In 
music, particular interaction states correlating two or more intelligent systems become 
compositional, musical objects that can be directly considered in the form of a work (Rosenboom 
1992a). Examples of such interacting entities include performers, intelligent instruments, and 
interactive, compositional models. 
One problem with many current applications of GAs in the arts is that they mirror the 
engineering approaches of using GAs to narrow the search space of a problem to produce a 
desired outcome that is known in advance. It is very different to think in terms of generative 
systems producing desired outcomes versus outcomes that just happen in adaptive, interactive 
systems. Interacting without expectation is a very different activity than being a controller of 
processes. Neither humans nor ETIs may know what to expect from an interactive process with 
an unknown intelligence. However, for ETI, the particular response modes of such processes 
could hint at human characteristics. For example, vocal tract synthesis could be used or rhythm 
generation with the typical human metrical processes emphasizing the multiples of neural time 
quanta often seen in music combined in simple ratios, such as 1:1, 1:2, 2:3, and 3:4 (Epstein 
1995). 
In ETC, what might an interactive message artifact with GAs and neural networks sense and 
generate? Perhaps, the positions of the nearest astronomical bodies and strong gravitational 
centers could seed GAs which could, then, evolve physical outputs based on the local, 
astronomical configuration spaces. Repetitive gesture patterns could be sensed through image 
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receptors, measurements of variations in light intensity and spectrum, physical vibrations 
(sounds), changes in radio or other electromagnetic sources, variations in local chemistry, or 
physical motion, i.e. being picked up and moved in relation to local gravity, anything that could 
conceivably result from interaction with another autonomous organism. Gestures could be 
generated in response with adaptive, neural nets aiding the GAs’ interactions. Notions about 
potential universalities in the forms of human gesture messages or emotional expressions—sentic 
forms—could be employed, as in (Vakoch 1999) and in my score, In the Beginning: Etude III, 
shown in Figure 6. If the forms of sentic communications are indeed durable with some broad 
commonalities among traits, as has been observed on Earth, then these may be good candidates 
for ETC over long time-space scales. 
The limitation of sending objects into space, of course, lies in the fact that they have to go 
somewhere in particular. An electromagnetic field disturbance—i.e. wave—, on the other hand, 
can expand in all directions, though the diminishing strength of a wide beam over distance is a 
disadvantage. Expanding or contracting regions of space through which the waves may travel 
can also warp them and shift their frequencies. These are strength and scaling problems. To 
compensate, we may try to adjust our perceptual assumptions about distance and size. A new 
challenge might be to imagine how all these ideas about interactivity could be initially imbedded 
in physical fields rather than objects. Then, once an electromagnetic or other field message has 
been received, interactive objects could be sent in the direction of the source. In effect, this 
interaction results in producing a local simplifier on the domain of communication. The future of 
interactive object design may benefit from developments underway in miniature, evolving, and 
self-organizing hardware with circuitry that can change and grow (Burton and Vladimirova 
1999, Hand 2002, Stoica and Salazar-Lazaro 2002a and 2002b, and Stoica 2002). These evolving 
objects may use dust-like swarms of micron-sized sensors in laser-shaped clouds of controllable, 
granular matter that can report information back about the nature of newly encountered 
environments (Quadrelli 2003). Though these exciting developments are mere beginnings, it is 
clear that interactive objects for use in ETC will eventually acquire the ability to self-replicate, 
evolve, implement self-repairs, and adapt to unknown environments and interactions with 
unknown intelligences, all the while carrying messages from Earth imbedded in their very 
makeup. 
It is important not to fall into the trap of the creator and critic paradigm when using GAs for 
open interactivity wherein the purpose of the GAs is to produce responses that please the 
interactive participants or score high in some selected measure (Johnson and Cardalada 2002). 
This works against the idea of evolutionary composition as a genre. The results desired from the 
GA are, in effect, known in advance and all inconsistent results are rejected. The critic directs the 
evolution. This will not work for ETC, in spite of the likelihood that some kind of fitness 
landscape, though not prestated, may operate in co-evolutionary systems (Kaufman 1993). 
Adaptive capacity through controlled feedback, such as in my On Being Invisible model 
described earlier, in which the participants ride the fine line separating making choices from 
evolving naturally as part of a larger system, may be better for ETC. A version of this system 
might be implemented in which interactions from ETI might replace the brain ERP testing of the 
earlier models. In On Being Invisible, perception is not equated with evolution. It is a mechanism 
in a process. The participants must be open to hearing to get beyond the presumptuous of a priori 
evaluating systems. There must be no grandstand evaluation of fitness in true evolutionary 
systems. 
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The engineering solution approach to the use of GAs and A-life systems is, to be sure, useful in 
tool building, self-organizing space ships, habitation systems, and medical treatment systems. A 
potential model for an evolving, networked approach to world health, called IRIS (Individual 
Resource Information System), was suggested in (Rosenboom 1975). Today, GAs and A-life 
systems could carry this approach further by evolving tools with which to analyze the vast arrays 
of data associated with world health trends and generate responses to changing indicators in a 
global feedback model intended to improve fitness. However, this would not be the best 
approach to use in communicating with unknown intelligences. Evolution happens. GAs enfold 
our consciousness of this back into processes, implying succession and extension of locally 
collapsed events from fields of possibilities, and enabling co-creative communication. 
More recently, some of the criticisms levied at early artistic and musical work with GAs and 
neural nets have been addressed and new ideas advanced for practical projects in the areas of 
imbedding adaptive rule systems inside interactive compositions that change during 
performances (Bresin et. al. 1992), interactive composer’s assistants (Nishijima and Watanabe 
1992), exploring large spaces of musical objects (Todd 1992), and the spontaneous generation of 
musical forms by applying models of perception to improvised musical input that can not be 
known in advance (Rosenboom 1992c and Rosenboom and Braxton 1995). All of these show 
great promise and potential. 

Avoiding thinking in terms of linear time and concurrent imagination 
Thought provoking schemes for characterizing cyberspace and the time-space aspects of 
communication within it have been advanced by artist/thinkers like (Anders 2001). A 
dimensionalized environment of thought and experience is described in which space is regarded 
as an artifact of memory. The process may not be the result, however, of the linear concatenation 
of things in sequence. This invokes again the principle described earlier of extension in time-
space creating mass, in this case extension beyond bodies through media as the genesis of a new 
kind of substance, which is quite palpable and ponderable. This is a space, however, of routinely 
changing dimensions, expanding and contracting through interactive, often non-linear processes. 
In it, the dimensions of copies, so easily produced electronically, can seem to amplify the source 
through its absence and the application of imagination and projection. These imaginations may 
or may not be concurrent and coincident among multiple participants, and the co-creative 
communication that results may not depend upon it. “In electronic media, the scale of an effect is 
a product of speed and distance,” Anders asserts. This brings up the relation of transmission 
speed to the tightness of coupling between a message and its source. In electronic musical 
instruments, digital media have never achieved the tightness of coupling between performer and 
instrument that were inherent in analog media. The translation of gestures into codes creates and 
inherent distance. In view of this, we may need to carefully consider the distancing effects 
produced by using codes in ETC. Gestures, however, can easily be rescaled through these media 
and scale factors can be manipulated in ways that are not correlated with natural experience. A 
mouse can be as big as an elephant and distance can be collapsed or expanded at will. 
Replication and repetition can alter the perceived scale of a source message in profound ways.  
How can we use this to alter the way we cognize the relationship of large time-space scales to 
presupposed human scales? The brain itself is like a cyberspace, particularly if we view it on 
appropriate scales and adjust our perceptual assumptions about size. 
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Sending processes that co-evolve—even in ways we may not be able to 
predict—may communicate far more about us than sending signifiers of 
cultural or scientific objects. 
In an excellent cataloging and examination of approaches to A-life and their implications for art 
(Etxeberria 2002), a point of view that considers evolution itself as an organism is developed. 
Evolution is considered to be something instantiated by living systems. This is a stimulating 
thought in its implications for interactive art making, though there are still some limitations 
brought on by initial assumptions and conditions. Partly through contrasting synchronic views—
vertical or bottom up—with diachronic, horizontal or transformational approaches that develop 
by extension over generations like genetic algorithms do, a meta-view of the evolution of 
evolution emerges. Interesting parallels immediately come to mind with Smolin’s meta-
evolutionary picture of the cosmos, which involve natural selection among particular parameters 
limiting the development of universes—and thus, laws of physics—and favoring those that 
generate lots of black holes from which daughter universes could emanate (Smolin 1997). 
For adaptive systems, an agent’s efficacy is increased more if all the rules for adaptation are 
always considered hypotheses under continuous testing and verification, with alternative 
hypotheses always ready to be tried when contradictions are revealed, rather than attempting to 
make new rules achieve consistency with other rule sets modeling the environment. This is 
especially important in open, co-creative communication. Coherence and persistence under 
change require interaction, adaptation, and learning. Co-evolution involves the generation of 
spontaneous order plus selection, and adaptation leads to unmistakable delineation and identity 
for the adapting agent (Kauffman 1993). 
In a view of meta-co-evolution as a dynamical process, any particular diversity configuration 
may be thought of as a dynamical standing wave, a pattern in time (Holland 1995). Viewed as a 
holarchy, such co-evolution is intuitively different from design activity in that nothing outside 
the system intervenes in the process. However, human beings do design and are likely to initiate 
some designs in ETC, though they should carefully choose when to initiate action and when to 
simply be part of larger processes, as in On Being Invisible. Such designs will consider 
organization and functionality, which necessarily imposes external goals on a co-evolution 
system. Kauffman’s mathematical models of genetic regulatory systems implemented within 
networks of connection may lead to solutions for co-communication with unknown intelligences 
(Kauffman 1993). These may help designers design while avoiding the generative entrenchment 
problems of being ontogenetically locked into pre-configured fitness solutions. In this way, 
functionality can be made to emerge through embodied design constraints. 

Constructing messages outside the context of a universal background of 
evaluation 
ETC message design must avoid the problem of empirical evaluation (Moreno 2002), which in 
effect, establishes a universal background of evaluation, analogous to that of Einstein’s prison, 
the background of classical time-space. This conundrum of dialectic duality is difficult to 
surpass. If expectations for results of emergent forms can be forecast in any measure, then how 
can their interpretation be justified? If they cannot be forecast, then the results may be misjudged 
as trivial. If we approach ETC in this way, we fall into hermeneutic circularity in 
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communication. We employ models to elucidate our theoretical expectations for the interaction 
and, then, use them to interpret the interaction that results. 
Again, the On Being Invisible system may offer a way out. Simply by building interactive, co-
creative, communication networks among autonomous, intelligent agents, each of which has its 
own internal order for building time capsules out of nows, synthesized pasts, and predicted 
futures, and implementing internal and external feedback paths in linked hypercycles, 
substantive forms are likely to emerge with salience and meaning for all participating agents. In 
such systems, each agent is free to be an initiator of action, collapsing the field of possibilities 
into particular asymmetries, or to be a relatively invisible processor of forms within the network., 
substantive forms emerge with salience and meaning to all participating agents. Furthermore, 
each agent is free to be an initiator of action, collapsing the field of possibilities into particular 
asymmetries, or to be a relatively invisible processor of forms within the network. No universal 
background is needed. 

Possible deleterious effects of presenting terrestrial understandings 
and examples of music as completed compositions 

The problem of the perception of objects dissolving the objects of 
perception 
There is a parallel between the observation from Zen practice that the perception of a 
phenomenon dissolves the phenomenon—the perception of an inner form dissolves the totality of 
that form—, and the collapse of parameters associated with the observation and measurement of 
a quantum phenomenon in the physical world. Similarly, formal perception—the perception of 
form objects, such as in music or messages—is derived from a cognitive contraction, a limitation 
that dissolves the perception of context and totality. The perception-observation of a totality is 
dissolved by perception-observation of the particular. Through practice, in-formal perception—
awareness of perceptions in the process of being formed—arising from coenaesthesis and de-
contraction of the self can be developed. Through these means we can observe the movement of 
intelligence through thought-emotion reflexes. That these two observational worlds, the inner, 
universal world of limitless mind, and the world of physical models behave in the same way 
should come as no surprise. Some ETIs may have already evolved through this process. 
In physics, it is questionable whether we are searching for computational reducibility in an 
irreducible universe. We must be wary of falling into the trap of looking for computational 
reducibility in potential ETC messages. We become the distinguished simplifier with our 
limiting focus. Understanding or comprehending ETC interactions may not involve reduction to 
simple, generative terms. We may need to step outside of our systems of thought to conceive of 
kinds of ETC that may be normal for some ETIs. 
Forwarding already completed compositions as part of ETC may lead us into that 
aforementioned trap. Through singular exclusivity, it limits the efficacy of our messages and 
precludes the forward-looking emergence of common understanding. Of course, the normal 
nature of perceiving is to be selective. This collapses the potentialities of consciousness in 
singular attention. This is a manifestation of the individual, a selective attention. However, if we 
focus on developing a long common history in our interactive strategies with time extensions far 
beyond the individual, we are forced to balance our selectivity with openness. This is difficult 
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until it becomes easy. We may have to learn to consider this collective experience as primary—
give it primacy over individual experience—and also learn to appreciate the individual as a part 
of this as well. These are not mutually exclusive points of view. 

Issues regarding possible misrepresentation of human culture 
Cultural artifacts may appear to be simple and, in fact, the simpler they are the more difficult it is 
to tell if they were created with a purpose (Wolfram 2002). An element of imaginative projection 
is required and must be accepted. Sending artifacts in ETC, therefore, involves an inherent 
potential for misrepresentation through imaginative interpretation by unknown, imagining 
intelligences. Presuming definite purpose is a conjecture. Interactive strategies avoid this because 
they are co-owned. Furthermore, interactive processes may reveal more about the nature of 
humanity at a future time when our messages are received than will be revealed by sending 
icons. 
If we wish to communicate something about who we are, then who are we? Do we know? We 
tend to want to represent the state of our scientific and engineering knowledge. It may be more 
important to communicate something about our evolutionary state. An advanced ETI may 
employ minimal technology, possibly resulting from having achieved a simple, effective 
understanding of universe with its own notion of prediction. It would likely be inconsequential 
for such ETI to receive a message showing that the sender has a working model for the states of 
the hydrogen atom. That would be obvious to the ETI recognizing receiver. 
What does it mean to take action—i.e. construct and send messages—in this framework? A 
potentially important message might involve what we consider imagination to be and how does 
an aggregation of the stuff of the universe manifest itself in such a way to develop imagination. 
If we could communicate something about the nature of our understanding of imagination, we 
might provide ETI with critical instruction on the nature of human beings. The possible 
implications are vast and difficult to grapple with. To aid human culture with this, we may need 
new mythologies to help illuminate the darkness of incomprehensible change. 
If we work at stripping away the presumptions evident in our language, we glimpse the 
transformation of ourselves needed to comprehend the next stages of evolution. For example, we 
can dissect the phrase represented by the acronym, SETI: Search for—describing a quality of us, 
a behavioral state characteristic of human beings; Extra—a word describing a difference logic, a 
mode of differentiation; Terrestrial—a label for our locality context; Intelligence—an attribute 
ascribed to ourselves and speculatively attributed to other species. Next, these components can 
be reintegrated into an expression of expanded meaning. 
In designing and sending self-organizing, interactive, evolving processes, we may project into 
the future and ask, “Will culture and consciousness transform themselves in a similar way by the 
time the messages are received?” Ralph Abraham provides us with metaphors for applying the 
science of dynamics to history (Abraham 1986). From this we can see cultural evolution 
proceeding through cycles of advancement, opening and closing, as the dynamics of memes—
waves of cultural themes passing through the medium of society—are revealed. Developers of 
strategies for ETC will have to keep this in mind, given the long time-space scales that will be 
involved in interactive processes. Cultural ownership will need to become as palpable in the 
experience of individuals as individual ownership is now. 
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Can we—should we—even attempt to create responses in advance—lest 
they not be true responses? 
We are in the habit of needing to be able to foresee the implications of receiving a message or 
artifact. This is a teleological position, related to how complex systems and representations of 
time-space have developed in the brain. As has been asserted earlier, in SETI, listening is more 
important than sending. However, we send anyway—we cant stop ourselves—we are always in 
interaction—we are always who we are—we are always our nature. If we try too hard to create 
our response prior to receiving a message, then the answer will not be in response to the 
message. If we treat detection of a message as simply recognizing that we are already in 
interaction, then perhaps, there are reasons to work on a response with this mindset while 
carefully considering a dialogic model of responding that values differences, like that described 
in (Vakoch 1998). 

Ascendancy of empathy, altruism, and self-consciousness 
Recently, a reconsideration of the evolutionary emergence of love, compassion, and caring 
among species that may not be based on selfish reward has emerged (Loye 2000). This gives 
another perspective on altruism. Deep consideration of ETC demands us to question how we 
might best focus this work on the highest imperative of evolution. Can human beings serve as an 
agency for such evolutionary advancement?  
Is the ascendancy of empathy instinctual and reflexive? The automatic sensation of repulsion and 
horror upon viewing brutality inflicted upon another seems like an instinctive reflex. Is it the 
result of the human species’ ability to imagine what the experience of another would be like if 
experienced by one’s self? This underscores the trait of imagination among human species and, 
consequently, the ability to imagine another’s experience. A moral agency may then be required 
to differentiate among the possible results of imagining and taking on another’s experience, such 
as jealousy versus shared joy—when the experience is perceived as good and rewarding—, or 
repulsion and looking away versus compassion and outreach—when the experience is judged as 
bad and damaging. Imagination and altruism are, in these respects, intimately linked. 
The development of self-consciousness would seem to be required for all this. However, without 
the parallel development of understanding the non-differentiated self—as in zazen—the 
differentiated self (ego mind) is easily led toward self-maintenance in response to imagining the 
experience of others rather than altruistic consciousness and compassion born of understanding 
unity and universality. From this perspective, acquisition of deep self-knowledge seems to be a 
primary prerequisite for consciousness to reach higher orders and, in turn, a prerequisite for all 
higher human evolution. (Human evolution as an agency for higher evolution in general is, of 
course, only a symbol, recognizing the certain existence of other high levels of consciousness 
throughout the cosmos.) This may be a requirement for ETC to succeed, particularly when large-
scale time-space interactions require collective engagement. Co-creative, interactive, co-
communication may only be possible among forms of intelligence in which altruism and 
empathy have ascended naturally in evolution. What better way to begin communicating 
altruistic intentions than by inviting co-creative interaction? What better way to recognize being 
in communication than by participating in co-creative processes? 



50  Print date: 3/30/10 
 

Copyright © David Rosenboom 2004 

Intelligence and the distinction of species from each other 
A great deal of this inquiry has been framed by considering what kind of mindset might best 
enable us to recognize and interact with forms of intelligence the nature of which we cannot 
know in advance. Part of this requires us to question and strip away all our assumptions about 
what intelligence might be and on what scales of physical and temporal manifestation it could 
possibly exist. We have looked to music as an arena in which hypothetical, invented, cognitive 
worlds, embodied in real performance and interactive forms, are routinely explored. Here we ask 
further, if information about the physical and temporal forms with which sources of intelligent 
communications may be embodied were not available to us, how would we make distinctions 
among these sources and differentiate them one from another in the way we do the species of our 
local biosphere? Indeed, would such a categorization be appropriate? 
The system of metaphors we use in describing the embodiment of our own minds connects our 
presuppositions about intelligence very closely to our own makeup (Brockman 1999). Our 
assumptions about intelligence may not yet be abstracted such that they can be disentangled from 
us as particular embodiments of biological evolution. They may also result from our inability to 
avoid differentiating humans as particularly distinguished examples of self-organization. It 
follows, extending Gödel’s assertions (Casti 1991), that we may ask, is it possible for human 
intelligence to define general, non-human intelligence? By analogy with the incompleteness 
theorem, it may be impossible to incorporate within any particular, delimited definition of 
intelligence an ability to conceive of other possible forms of intelligence outside this definition. 
Self-organization is common and normal in nature. Each self-referential instance manifesting 
intelligence is fundamentally a localizing phenomenon of time-space binding (Jantsch 1980). 
The temporal-spatial extent of each localization may range from instants of apperception within 
an individual, to realizations of the many kinds of intelligent agents within each single individual 
of a species, to varieties of intelligence existing within a species, to possible species intelligence, 
cultural intelligence, and on through broader and broader scales of extension. Viewed in the 
broadest sense, intelligence may be described as a self-referential or self-knowing quality of the 
universe. It is very difficult for a highly localized manifestation of intelligence to realize how 
different other such manifestations, those of possibly vast extent or even those within apparently 
similar organisms, can be. 
We tend to look toward our species’ capacity with what we consider to be our most abstract and, 
therefore, universal, constructions, like mathematics, as providing both yardsticks for measuring 
intelligence and guidelines for message design. If, as Lakoff asserts, however, “…mathematics 
as we know it is a product of the human body and brain; it is not part of the objective structure of 
the universe…” (Brockman 1999), what are the implications for SETI? This underscores the 
potential differences in paradigms of intelligence, the metaphors we use in describing them, and 
may involve the degree to which we can recognize differences among our own species and how 
these balance with species universals. Do we trust our recognizing capacity, here? The brain-
body’s enormous capacity for plasticity, adaptation, and alternate paths of development and 
evolution must be factored in. This also applies to the evolution and adaptability of intelligence. 
One of the implications of this reconsideration of intelligence, once fully worked out, may be 
that we will see yet another recasting of the anthropic principle (Zimmerman 1991). A quality of 
the universe may be that it only exists out there—as separate—as a result of our capacity as 
particular embodiments of intelligence to know it and that our metaphorical powers have in turn 
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created descriptive languages like mathematics with which to describe this knowledge. Another 
related twist in a more familiar form has been stated recently as, “…human consciousness can 
question the terms required for its existence only in a world in which those terms have been met” 
(Wright 2001). 
In the score of one of my works for chamber orchestra, electronic speech, text, and film, In the 
Beginning V (The Story), one of the characters in a dialogue, a hypothetical form of global 
consciousness emerging from the collective phenomena of intelligent beings on Earth, referred to 
as The Double, speaks its definition of intelligence (Rosenboom 1987b). “An entity exhibits 
intelligence if it is engaged in increasing comprehension of the process of its own evolution and 
that of the supra- and infra-organisms in relation to itself and if it demonstrates a facility to 
operate in contrapuntal symbiosis with and is engaged in synergetic facilitation of this process, 
as an integral part of it, with a degree of self-originated and willful motivation. This is by 
inalienable and universally evident design a necessarily self-referential definition.” This libretto 
excerpt is offered as a musician’s perspective on the matter. 

Recognizing and re-cognizing species and intelligence differentiation 
What is the essence of true intelligence, and how does it differ from our understanding of human 
intelligence? Some believe that no reasonable definition of intelligence can be given that is 
independent of the details of life on Earth (Wolfram 2002). Again, invoking analyses of Gödel’s 
assertions about the fundamental incompleteness of systems (Casti 1991), we may question if 
alternative intelligences can be defined from inside the characteristics of the intelligence trying 
to do the defining. To what extent would ETI have to show similar characteristics and details to 
the characteristic of human intelligence for us to be able to recognize it? What about ETI’s 
consciousness and its relationship to embodied intelligence? Conversely, what differences would 
ETI have to show for us to recognize it as being separate from us? 
Wolfram states that the principle of “Computational irreducibility implies that it can be 
arbitrarily difficult to find minimal or optimal rules. Yet given any procedure for trying to do this 
it is certainly always possible that the procedure could just occur in nature without any purpose 
or intelligence being involved (Wolfram 2002).” The search is still going on. Perhaps human 
beings just occurred in nature in exactly the same way—as the minimal solution to producing 
advanced intelligence. The repertoire of partially autonomous intelligences within humans is 
only beginning to be understood, and consequently, the possible extension of this to other species 
in the universe is relatively unexplored. 

Recognizing the existence of other intelligences and revealing our 
existence 
How will we know the existence of possible ETI and how will we reveal our existence in ETC? 
Given our present understanding, we may only be able to recognize ETI to the extent that it is 
different than our own. Can we learn to represent the fundamental forms and processes of 
unknown intelligence with ordinary language? 
Nature is about interactions. Cognition strives to manage knowledge of interactions with 
intelligence. Looking for a best match among intelligences is a part of the co-creative aspect of 
communication. So, we may consider these ways to reveal ourselves: 
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By means of reflecting things back 
––––––––––>| 
<––––––––––| 

Using mimicry and transformation of what is received as a structural technique. 

By means of emanating original things 
––––––––––>---------------- 

Revealing characteristics of the active, autonomous functioning of the mind. 

By means of affecting interactions 
––––––––––><––––––––– 

Engaging in co-creative communications for the purpose of maximizing the opportunity 
for shared, emergent forms. 

Is all of this always happening? 
How can music help? 
The universe speaks to us through whatever means we are willing to listen. 
We rest in doing. 
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held the Darius Milhaud Chair from 1987 to 1990.  
 
He studied at the University of Illinois with Salvatore Martirano, Lejaren Hiller, Kenneth 
Gaburo, Gordon Binkerd, Bernard Goodman, Paul Rolland, Jack McKenzie, Soulima Stravinsky 
and John Garvey among others and has worked and taught in innovative institutions, such as the 
Center for Creative and Performing Arts at SUNY in Buffalo, New York's Electric Circus, York 
University in Toronto, where he was Professor of Music and Interdisciplinary Studies, the 
University of Illinois, where he was awarded the prestigious George A. Miller Professorship, 
New York University, the Banff Center for the Arts, Simon Fraser University, the Aesthetic 
Research Centre of Canada, the San Francisco Art Institute, the California College of Arts and 
Crafts and Bard College.  
 
His music, performances, and productions have been recorded on various labels, most recently 
on Mutable Music, Centaur Records, Lovely Music Ltd., Cold Blue, Pogus Productions, Tzadik, 
Black Saint, West Wind, Elektra Nonesuch, Frog Peak Music and others. Examples of his recent 
projects include Bell Solaris (Twelve Movements for Piano) and Seeing the Small in the Large 
(Six Movements for Orchestra), both exploring new ideas about counterpoint and musical 
transformation, Chanteuse, a CD of new song forms with performance artist, Jacqueline 
Humbert, On Being Invisible II (Hypatia Speaks to Jefferson in a Dream), a self organizing, 
multimedia opera involving brain signals, Naked Curvature, a modular score on the mystical 
writings of Yeats and others for instruments, whispering voices, and interactive computer music 
systems composed for the California EAR Unit, performances of little known pioneering music 
from the David Tudor Archives at the Getty Research Institute with colleagues, Vicki Ray, Mark 
Trayle, and Ron Kuivila, a new CD of Zones of Influence, a concert length work written for 
percussionist, William Winant, and the Touché, an innovative electronic instrument designed in 
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collaboration with Donald Buchla in 1979-1980, a new recording of And Come Up Dripping for 
oboe and computer signal processing, with soloist, Libby van Cleve, two works exploring a new 
scoring technique involving notational configuration spaces, Zones of Coherence for solo or 
multiple trumpets written for Daniel Rosenboom and recently released on a CD of new trumpet 
works and Twilight Language for solo piano referring to a mystical language of Tibetan Siddahs 
and written for Vicki Ray, and, in collaboration with director, Travis Preston, Bell Solaris—
Twelve Metamorphoses in Piano Theater, a ground-breaking, visual theatrical expansion of this 
earlier solo piano work into a full-evening production with a live video ensemble. 
 
Rosenboom is author of influential books such as Biofeedback and the Arts and Extended 
Musical Interface with the Human Nervous System and papers such as Propositional Music: On 
Emergent Properties in Morphogenesis and the Evolution of Music; Essays, Propositions, 
Commentaries, Imponderable Forms and Compositional Methods, Improvisation and 
Composition–Synthesis and Integration into the Music Curriculum and Collapsing Distinctions: 
Interacting within Fields of Intelligence on Interstellar Scales and Parallel Musical Models. He 
is also coauthor with Phil Burk and Larry Polansky of the widely used computer software 
environment for experimental music, HMSL (Hierarchical Music Specification Language). 
Currently, he is working on a book about compositional models, entitled Propositional Music, 
and other writings in interdisciplinary topics combining music with neuroscience, cognition, self-
organizing systems, evolution, theoretical physics and possible forms of intelligence. 
 
More information is available at: 
http://music.calarts.edu/~david 
 
Recent CD's with Rosenboom's Music 

How Much Better If Plymouth Rock Had Landed On The Pilgrims, first complete recording of all 
nine sections of major, historic work from 1969-1971. Featured performers include Swapan 
Chaudhuri (tabla), Erika Duke-Kirkpatrick (cello), Vinny Golia (winds), Aashish Khan (sarode), 
Daniel Rosenboom (trumpets & co-production), David Rosenboom (piano, electronics, & co-
production), I Nyoman Wenten (Balinese instruments), William "Willie" Winant (marimba & 
Balinese instruments), two progressive rock/new music/metal bands from Los Angeles, Plotz! & 
DR. MiNT, master recording engineer, John Baffa, piano technician, Alan Eder, and others. CD 
booklet includes two essays, musical notes and analyses by Chris Brown, and "The '60's as an 
Intellectual Monster" by philosopher-writer, Sande Cohen. New World Records, 80689-2, 2009, 
double-CD http://www.newworldrecords.org/ 

Future Travel, digital re-mastering of 1981 compositions for one of the first digital keyboard 
instruments, Touché, piano, violin, percussion and 300 Series Electric Music Box from Buchla 
and Associates, all played by Rosenboom. A newly re-edited version of And Out Come the Night 
Ears with material never before released for piano and 300 Series Electric Music Box is also 
included, New World Records, 80668-2, 2007, http://www.newworldrecords.org/ 

Brainwave Music 2006, re-release of classic works form the original 1976 album on A.R.C. 
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Records, together with a new recording of Four Lines (Two High) (2001) for electronic tracks 
derived from auditory event-related potentials in the brain doubled by violin and oboe lines 
performed by Rosenboom and Libby Van Cleve, EM Records, EM1054CD, 2006, 
http://www.emrecords.net/ 

Bloodier, Mean Son (trumpet virtuoso, Daniel Rosenboom performs world premiers of diverse 
new trumpet works, including two by David Rosenboom), Ninewinds Records, NWCD 0238, 
2005, www.ninewinds.com & www.danielrosenboom.com 

Suitable for Framing (forms of freedom for two pianos, mrdangam and kanjira, with J.B. Floyd 
and Trichy Sankaran), Mutable Music, 17517-2, 2004, www.mutablemusic.com 

And Come Up Dripping (oboe extended techniques and interactive electronics, with Libby Van 
Cleve), published with the book, Oboe Unbound, Scarecrow Press, Lanham, MD, 2004, 
www.scarecrowpress.com 

Chanteuse, Songs of a Different Sort (new song forms performed by Jacqueline Humbert with 
electronic soundscapes, arrangements and compositions by Rosenboom and others), Lovely 
Music, Ltd., LCD 4001, 2004, www.lovely.com 

Invisible Gold (classics of live electronic music involving extended musical interface with the 
human nervous system), Pogus Productions, 21022-2, 2000, www.pogus.com 

Music from-On Being Invisible II (Hypatia Speaks to Jefferson in a Dream) (selections from a 
self-organizing chamber opera for brainwaves, speaking voices, musicians, and multi-media 
computer performance), on Transmigration Music, Centaur Records, CRC 2490, 2000, 
www.centaurrecords.com 

Two Lines, David Rosenboom and Anthony Braxton, (music for winds, MIDI piano, and 
interactive software), Lovely Music, Ltd., LCD 3071, 1995, www.lovely.com 

A Precipice in Time, (for percussion, saxophone, cello, piano-celesta, and sound rotation), on 
The Virtuoso in the Computer Age-I, Centaur Records, CDC 2110, 1991, 
www.centaurrecords.com 

Systems of Judgment, computer music system and auxiliary instruments, Centaur Records, CDC 
2077, 1989, www.centaurrecords.com 

Some other sources for Rosenboom's music and writings are: 

Frog Peak Music: www.frogpeak.org 
Electronic Music Foundation: www.emf.org 
CDeMusic: www.cdemusic.org 
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Leonardo on-line: mitpress2.mit.edu/e-journals/Leonardo 
American Music Center: www.amc.net 
NewMusicBox: www.newmusicbox.org 
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