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ABSTRACT

Two early uses of the computer to
synthesize and process sound—additive
and FM synthesis—led to new thoughts
about sound spectra, tuning and
pitch. Detached from their traditional
association with the timbre of acoustic
instruments, spectra become structured
and associated with pitch in ways that
are unique to the medium of computer
music.

With 50 years of rapid technological
evolution and increasing knowledge has
come an explosion of detail, which can
become tractable through imaginative
use of the inherent attributes of the
medium itself and through visualizations
that can make implicit detail explicit.

INTRODUCTION

In 1957, just fifty years ago, Max Mathews
introduced a wholly new means of making
music. An engineer/scientist at Bell
Telephone Laboratories (BTL), Max (with
the support of John Pierce, who was director
of research) created out of numbers and
code the first music to be produced by a
digital computer. Itis usually the case thata
fascination with some aspect of a discipline
outside of one’s own will quickly conclude
with an experiment without elaboration.
But in Max’s case, it was the beginning
of a profoundly deep and consequential
adventure. It was an adventure that he
modestly invited us all to join through his
elegantly conceived programs, engendering
tendrils that found their way into far-flung
disciplines that continue to grow without
end fifty years later.

From the very beginning, Max’s use of the
computer for making music was expansive.
Synthesis, signal processing, analysis,
algorithmiccomposition, psychoacoustics—
all were within his scope, and all were
expressed and described in great detail in
his famous article [4] and the succession of
programs MUSIC I- V!

It is in the nature of the computer medium
that detail be elevated at times to the
forefront of our thinking. Unlike preceding

music technologies, both acoustic and
analogue, computers require us to manage
detail to accomplish even the most basic
steps. Itisin the detail that we find control
of the sonic, theoretical and creative forms.
And it 1s through paying attention to detail
that we reveal our scientific/engineering
insights or our artistic expression—our
own voice.

The first examples of computer-generated
music produced by Max Mathews and John
Pierce at BTL were rich in ideas, including
algorithmic composition, novel tuning,
matching tuning systems to complementary
spectra, 1maginative and compelling
graphics and visualizations and, soon
afterward, controllers [3]. It 1s fortunate
that these two scientists/engineers—who
cultivated a nexus between science and
art, and who invited composers and artists
like Varese and Cage to their laboratories
to share the possibilities that they saw—
were willing to place these nascent musical
studies in the public view, confident in the
intellectual content of their ideas. Some
of their ideas remain as compelling now as
they were then and should be “re-viewed”
given the enriched domains of application
at this 50-year mark.

BREAKTHROUGHS

The richness of the ideas in these early
examples was not matched by the quality
of the sounds with which they were

expressed. Little was known about some
important aspects of perception and the
acoustics of musical instruments. Max
invited two important composers to work
at BTL, both of whom made important
contributions in this area in addition to
creating compositions. They were James
Tenney and Jean-Claude Risset.

Preceding Max’s famous article by a few
months was an article by Tenney that
described in exquisite detail the program
that Max had created [8]. Tenney had
been invited by John Pierce and Max to
work at BTL beginning in 1961. He had
studied with the visionary Lejaren Hiller
at the University of Illinois, so he came
prepared in matters of programming and
stochastic processesin composition. During
his three years at BTL, he made several
important contributions. ~ He created
compositions using this new medium, and
he wrote in great detail about how he had
constructed his compositions and what he
had learned from Max. Because he was a
composer, Tenney’s description of Max’s
MUSIC IV was from a musical viewpoint,
and it remains an exemplar of clarity and
completeness.”

But, important to the points being presented
in this paper, Tenney came upon a music-
driven question in his compositions using
MUSIC IV for which there was no answer.
So, with Max’s guidance, he did a study
regarding the perception of attack times [8].
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The italicization is to draw attention to
two points: first, the fact that from the
outset psychoacoustics had been seen by
Max as one of the crucial disciplines in
the advancement of computer music?, and
second, that musicians have a particular
sensitivity to the details of auditory
perception.

Risset Uncovers the Microstructure

There is no doubt that the most important
breakthrough in the early days of computer
music  occurred when Jean-Claude
Risset and Max Mathews began detailed
computer studies in the analysis, synthesis
and perception of acoustic instrument
tones, which culminated in Risset’s An
Introductory Catalogue of Computer Synthesized
Sounds [3]. With this work, the medium of
computer music reached a level beyond
Max’s correct but abstract assertion that
computers (coupled with loudspeakers)
can produce any perceivable sound. The
capability of simulating natural-sounding
tones presupposes an understanding of
the perceptual relevance of the physical
stimuli, only some of which have been
“selected” as meaningful by the auditory
system.

Risset began his research with a study
of trumpet tones [7]. The brass family
had eluded attempts at simulation based
upon extant acoustic descriptions. In a
detailed analysis, Risset discovered that

the “signature” of the trumpet tone is
the correlation of input force (pressure)
and spectral bandwidth. The evolution
of the harmonic amplitudes during
the attack portion of the tone is rapid,
complicated, but with a direction: as the
overall intensity of the tone increases, the
greater 1s the relative contribution of the
higher harmonics. Risset had made an
important discovery relating the auditory
system’s perception of “naturalness” to
selected physical stimuli. This discovery
figured prominently in the advancement
of FM synthesis.

FM Synthesis—40 Years

It was forty years ago that this author
“stumbled” upon FM synthesis [1]. The
actual date is not known. Not having a
scientific or engineering background, I
did not have the habit of keeping dated
lab notes, but I did keep notes. There
is a record of my having visited BTL
on December 18, 1967, when I showed
the data that I used in my first trials to
Max, Risset and Pierre Ruiz and played
them the examples. It was a month or
two before, almost certainly late at night,
while experimenting with extreme vibrato
frequencies and depths that I realized
“there is more here than at first meets the

bl

car.

Its discovery was not a purposeful search—
that 1s, stemming from a realization, from

looking at the equation, that there might
be some interesting experiments to try.
Rather, it was altogether a discovery of
the “ear.”

One must remember that while the
theoretical potential for the production of
rich dynamic sounds with the computer
was great, the knowledge required for
realizing this potential was meager.
Risset’s catalogue was 1n  progress
and was little known outside of BTL.
Furthermore, the cost in computer time
was enormous, limiting the complexity of
synthesis algorithms. Deep into the details
of digital reverberation at the time, I was
keenly aware of this issue. My “ear” was
continually scanning for any sound having
internal dynamism, coupled oscillators,
random vibrato, etc. That I found it within
such a computationally efficient algorithm
was certainly partly chance, but then I was
also certainly prepared for that chance.

The first experiments were each only of a
few seconds’ duration, because of the tens
of minutes’ computation time on a time-
shared system. But they do show that from
the outset, all of the essential features that
would eventually be developed and used
in musical contexts were noted:
* both harmonic and inharmonic
spectra could be produced
* achangeinfrequency deviation (Af)
produced a change in bandwidth
of the spectrum

* the spectrum is conserved through
the pitch space with a constant
ratio of M frequencies

As it turned out, these parameters of FM
synthesis have a remarkable perceptual
relevance.

As mentioned above, Risset’s study of
trumpet tones had a major influence
on my own development of FM
synthesis. I first heard about this study
on the aforementioned visit to BTL in
1967, during which I showed my first
experiments in FM synthesis.  Risset
explained his analysis and re-synthesis of
trumpet tones and played some examples.
It was not until 1970, however, that I
fully appreciated the importance of his
discoveries about trumpet tones.

While working on the FM synthesis of
percussive sounds, I noted that in nearly
all tones of this class, the amplitude
envelope and the envelope controlling
the modulation index were very similar if
not identical. I also noted that there was
as strong a correlation of the perception
of “strike force” to the modulation index
as there was to intensity. I considered
other classes of tones where this might
be the case, and I remembered Risset’s
explanation of the “signature” of trumpet
tones, some three years previous. With only
afew attempts I was able to create credible
brass-like tones by simply coupling a single
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function to the amplitude and modulation
index envelopes with appropriate scaling.
I realized that this correlation of force or
effort (strike force, breath and bow pressure
velocity, etc.) to the bandwidth and/or
high-frequency emphasis of partials can
be generalized to all natural sound and that
the parameters of FM synthesis provided
a straightforward implementation of this
important correlation.*

Then began a rapid development of FM
synthesis’, and the eventual licensing of
the technology by Stanford University to
Yamaha. The rest is history.

STRUCTURED  SPECTRA  AND
PITCH SPACE

There are two ways in which additive
synthesis and FM synthesis have been used
that merit emphasis, because they touch
upon issues that are important beyond any
particular means of synthesis. John Pierce
and Max foresaw one way in the early
years: the creation of a non-traditional
scale that has a structural link to timbre,
where the frequency ratios from the scale
are used in the construction of the tone’s
spectra.® Risset, however, used synthesis
iIn a manner not foreseen—a manner
imaginative and evocative.

Constructing Spectra in the Pitch Space

The final example in Risset’s catalogue

stands as a striking advance in computer
music, although it is little recognized and
little exploited. It is the first instance
where pitch 1s used to express timbre in
the same functional manner that pitch
expresses melody and harmony—melody-
harmony-timbre all within the pitch
space. Pitch is composed sequentially as
line and simultaneously as harmony, for
which there are rich functional theories,
but composing timbre as a collection of
partials drawn from the pitch space cannot
be achieved with acoustic instruments and
falls squarely in the domain of computer
music.

The sound potential of any instrument is
vast, but limited—the partials that make
up an instrument’s tone can only be partly
modified by performance techniques and
devices such as mutes. A clarinet and a
violin can play the same pitch at the same
loudness for the same duration, but they
cannot be made to have the same spectrum
through time—the frequency and intensity
of an instrument’s partials are locked
within boundaries defined by its and the
performer’s physical properties.

Risset realized in his timbre studies that
by summing numbers of sinusoids (pure
tones) where each sinusoid can have its own
independent control over intensity and
frequency through time, he had unlocked
timbre from any physical constraints. He
could create tones that cannot exist in the

natural world, complex timbres where
the partials themselves are a part of the
pitch space. He composed a short pitch
sequence that is heard first sequentially in
time (melody), then simultaneously in time
(harmony), and then again simultaneously
with exactly the same pitches but now as
partials associated with a single sound
source, as shown in Figure 1. [2]

Because all of the partials die away in a
similar manner, they fuse and are heard as
timbre rather than harmony. The timbre
1s similar to that of a gong, but a gong
whose spectrum is imprinted with pitch
information, giving the sound an extra-
natural structural link to the preceding
Risset’s was an altogether new conception,
uniquely possible with computers, and
beautifully framed in several of his
compositions, first in Mutations (1969).
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Figure 1. Pitches become the partials of the gong-like tone, linking timbre to the
pitch space in a manner uniquely possible with computers. From Jean-Claude

Risset’s Mutations (1969).
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Constructing Spectra and the Pitch Space

John Pierce and Max saw early on that
using the computer for both control and
synthesis could unlock tuning systems
from physical constraints, just as Risset
had unlocked timbre. Max composed a
piece, The Second Law, that is entirely made
up of noise and entirely free of common

n "

3 4236
2 2.618
1 1.618
0 1.000
-1 0618
-2 0.382
-3 0.236
-4 0.146
-5 0.090
-6 0.055
-7 0.034
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Pseudo-Octaves

Figure 2. The pitch space in both Stria and Voices is based upon pseudo-octaves that are powers of the Golden
Ratio ¢, which are further divided into 9 steps. The spectra of tones generated by FM c:m ratios that are also

! t

Division of the psuedo-octaves into 12 steps

powers of ¢ contain partials that are powers of ¢, here shown at the interval of a pseudo-octave.

understandings of pitch, yet it expresses
In his FEight-Tone Canon (1966) [3],
Pierce divided the octave into eight equal
The even-numbered steps (equal
to the multiples of three in a twelve-step
division) and odd-numbered steps each form
a diminished seventh chord. But what is
interesting about this short piece is that Pierce
used tones composed of sums of sinusoids

9 Dd"° m=0,1,2..
>

that progress from octave to half-octave to
quarter octave with each iteration of the
canon. Except for the octave, the spectra
are inharmonic, but they are composed of
frequencies that are common to the pitch
space!

Stria (1977)

While this example is not rich in the sonic
sense, it is a compelling and powerful idea
that I found especially evocative because of
my interest in spectra composed of ordered
inharmonic partials that could be simply
produced by FM synthesis. One class of such
spectra thatI found particularly interesting is
based upon carrier-to-modulator frequency
ratios (f /f ) derived from the Golden Ratio
or ¢ =1.618. Remembering Pierce’s canon,
I conceived a composition in the mid 1970s
that 1s based upon spectra structured in a
way that is complementary to the division
of the pitch space. The traditional octave
1s replaced by a pseudo-octave based upon
powers of the Golden Ratio (¢ ") rather than
powers of 2, and the spectra are produced
by values of f /f that are also powers of ¢
as can be seen in Figure 2.

After several years thinking about its
theoretical underpinnings, I realized Stria
in the months from July to October 1977.
It was first presented on October 13 at the
Centre Pompidou as part of IRCAM’s
concert series “La Voix des voies,” produced
by Luciano Berio.

The Fall 2007 issue of the Computer
Music Journal (31:3) contains a suite of
articles about Stria that fully explain
the circumstances of its composition,
the several versions and analyses.” The
Winter issue of CM]J (31:4) includes a
DVD with all of the original materials
that were used by the authors in their
articles, the original quad sound files, a
reconstruction in quad sound files and a
visualization of Stria from the Princeton

Sound Lab.)

Joices v. 3 (2007)
Voices  for soprano and interactive
computer uses the same division of
the pitch space and structured spectra
as Stria.  Again, all of the sounds are
produced by FM synthesis and all of the
spectra are generated from ratios based
on ¢, as noted above (except for a few
instances of voice-like tones that use
integer ratios). The formal structure of
Woices is altogether different, however,
and requires a larger set of differentiated
sounds than did Stria.

Theimportant and initial question was how
well a soprano, both as a performer and as
a “sound,” would fit into this “artificial”
pitch/spectral space where, first, the scale
is unfamiliar to the performer and not
related to any of the common modes or
tunings, and second, the partials of sung
vowel tones are harmonic and do not

11
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share the same spectral distribution. Can
one mix a sonic artifact totally dependent
upon the computer for its existence with
a natural—perhaps the most natural—
musical sound, the singing voice?

The music performance problem would
seem to be a major hurdle for the soprano.
While a single scale step in the 9-step/
pseudo-octave division only differs from
the traditional semi-tone by 7 cents, the
maximum difference in the progression
is nearly a quartertone and there are 13
steps in the interval closest to a true octave,
as shown in Table 1.

Voices

n Scale Pitch
0 1.000 a

| 1.055 a#t(-)
2 1.113 b(-
3 1.174 c(-
4 1.238 ct(-)
5 1.306 %-)
6 1.378 d#(-
7 1.454 d#

8 1.534 e(+
9 1.618 f(+
10 1.707 TH(+
11 1.801 +
12 1.900 g gr+)
13 2.004 a(+)

It is my good fortune to have had a
soprano’ at hand with whom I could work
during the initial stages of the composition.
My hypothesis was that singing in this
unusual scale is possible if the structured
inharmonic spectra of the accompanying
tones are infused with complementary pitch
information, since most good performers
tune to context. Iincluded in the program
(written in Max/MSP) the option for the
singer to give herself a cue tone for the
current target pitch or the following target
pitch. In fact, the option is rarely used,
since the singer seems to easily tune to the
partials of the structured spectra—to the
context, as hypothesized.

Common

Cents Scale n
1.000 0

-7 1.059 1
-14 1.122 2
-22 1.189 3
-29 1.260 4
-37 1.335 5
-44 1.414 6
48 1.414 6
41 1.498 7
34 1.587 8
26 1.682 9
19 1.782 10
11 1.88& 11
4 2.000 12

n/9

Table 1. A comparison of the scale used in Voices, ¢"*, with the common tempered
scale, 2", showing the closest scale degree and the difference in cents. The 6"
step of the common scale repeats to maintain the proximate Voices step and show
that it is the 13th step of the Voices scale that is closest to a true octave.

The other part of the initial question was
this: how well would the soprano, having
partials in the harmonic series, fit within
a context composed of dense (albeit
structured) inharmonic partials?  The
somewhat surprising answer is that the
performer and the listener are unaware
of any spectral mismatch. Moreover,
one senses an overall pitch coherence
that is more like a soprano singing with
an ensemble of acoustic instruments with
harmonic spectra than with idiophones
having dense inharmonic spectra (such as
gongs and bells). There are several possible
reasons that there is no overall perception
of “out-of-tuneness” or psychoacoustic
dissonance.

While the spectra of low tones in FVoices are
often dense, they are selectively dense, with
partials of a single tone spaced at intervals
from large to small (in log frequency), as
is the case with the harmonic series. In
addition, the spectra are composed such
that the energy is concentrated around
the low order partials (small modulation
index). Therefore, whether or not low
order partials fall within a critical band is
dependent upon the interval of two tones
within the pitch space, as is the case with
partials in the harmonic series.

Another reason is that the concentration
of harmonic energy in typical soprano
tones is limited to the low order harmonics,
especially the fundamental, which reduces

the incidence of strong partials interacting
within critical bands.

Finally, there is a third, somewhat
speculative reason why there is little
psychoacoustic ~ dissonance. Critical
band theory is based upon perceptual
experiments using stimuli having few
variables and highly stable partials, quite
unlike the sounds of the natural listening
experience. We know that the auditory
system responds to partials in a different
way when mediating temporal factors such
as amplitude envelopes or synchronous
micro-modulation (e.g. random or quasi-
periodic vibrato) are present.

This internal dynamism brings into play
an additional perceptual theory based
upon grouping and common fate from the
Gestalt laws of perceptual organization.
It is a higher-level mechanism (probably
not in the cochlea) that causes partials to
fuse or cohere where individual partials
are difficult or impossible to distinguish,
and they become identifiable as a source,
known or unknown, and segregable within
a collection of sources.

It seems that these temporal features,
which are intrinsic to our “out of lab”
perceptual experience, may reduce the
importance of the interaction of individual
partials relative to critical bands, because
the interaction becomes transitory and no
longer stable.

13

14



ICMC 2007 Keynote Address

John Chowning

200772008

arrdy
-

Dynamic partials not only animate the
sounds (harmonic or inharmonic) of
which they are a part, but they contribute
to the surface allure of the larger sound
context, leading the ear through time in
a complex of detailed multi-dimensional
spaces of timbre, location, loudness and—
most importantly regarding dissonance—
pitch. The pitch space is loosened from
its abstract skeletal form by the internal
dynamic detaill and accommodates
the sound of the soprano, whose fluid
expression derives from its own internal
dynamism.

During the thirty years since composing
Stria, 1 have often wondered whether
the integrated spectral tuning and pitch
tuning worked because of the particular
attributes of the work itself, the manner in
which the work slowly unfolds from sparse
to dense spectra having enormous acoustic
mass, having no other spectral forms than
those rooted in the Golden Ratio. Is it a
pitch/spectrum construct that is unique to
the piece?

My experience with Toices suggests that
it is not. It could be that these early
ideas—Risset’s structured spectra, Max’s
and Pierce’s joining of odd tunings
with complementary spectra and Max’s
evolving pitch space in his melodic
metamorphoses—can ~ be  generally
exploited with synthesized sound, with
physical models where the “physical”

is infinitely malleable, or even sampled
sounds, especially with the availability of
new stable high-Q) filters [6]. A medium
1s defined by its distinctive attributes, and
these ideas are certainly unique to music
made with computers.

IMMERSED IN DETAIL
MANAGING IT ALL

From the micro-structural detail involved
in understanding, creating and processing
the sound itself, to the understanding of
machine-generated or -processed music
for which the description (the equivalent
to a score) may lie in the detail of program
code (which, even if familiar, is not a
springboard to formal visualization), to
the vast amount of relevant theoretical,
empirical and poetic detail that is available
to us through the web, technology provides
us with ever more options and consequent
detail—we are immersed.

But the evolving technology also provides
us with increasing power and new options
for managing the detail—links that become
vast virtual libraries, rich in content
constructed by experts—and new ways to
make accessible the complexity of detail
when it is transformed into synchronous
visual/auditory representations.

Knowledge Webs

I have long been impressed with Julius

Smith’s Global JOS Index and its ever-
evolving context on the CCRMA server.
Rich in detail and having great scope, it
is a resource to which I refer often. For
example, whenever asked the difference
between frequency and phase modulation,
I refer the inquirer to this index. Thisis a
detail that I need to know about, but not all
the time and certainly not in the same way
that Julius Smith knows about it. In these
matters, Julius Smith is an expert whereas
I am not, and the answer is better found in
arich but neutral context. Itis a detail that
may have quite different meaning for the
inquirer, inviting investigation of related
topics that could lead to unanticipated
results.

The Max/MSP-Pd concept of “help files”
1s a localized but extremely effective web
providing interactive sound examples in
addition to text descriptions. But this web
and the Global JOS Index should be linked,
and this is precisely what Julius Smith and
his colleagues plan to do. His concept of
“knowledge webs” includes:

*  “backwardslearning” (startreading
about what you want to know, and
click as needed)

* on-line, demand-driven, self-paced
education

* complete “ladders” from any
research topic down to the
advanced high-school level

Whatanidea! This growing community, of
which we are a part, can strive to enhance
and tighten the links that connect us and
to enable those from whom we have yet to
hear."

Visualization

Since the early days, Max and his
colleagues have effectively used graphic
representation of processes both as a
means of composing—signal bandwidth
as a function of time or functional control
of melodic transformation—and as a
means of simplifying complex processes.
Indeed, the very form of diagrammatic
representation of unit generators and
instruments that Max used in his Music
I-V programs presaged the object-oriented
programs that are now so widely used. It
was a representation that made computer
music accessible to those of us who were
not expert programmers.

Once-difficult concepts, loaded with
relevant detail, can now be easily
explained in a very short time, thanks
to sound-synchronous animation. For
example, with two or three animated
slides, the relationship between Bessel
function coefficients and the amplitudes
of the sideband components (partials)
when the modulation index is changing as
a function of time can be demonstrated
and understood to the required level
of usefulness in minutes as opposed to

15
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hours. All such demonstrations should
be integrated into the “Knowledge Web”
and become available to our growing
community of users.

Making visible the relevant detail of the
music that we compose and listen to is an
exciting frontier. The Princeton Sound
Lab"' provided me with a modification
of ‘sndpeek,’ their real-time, multi-mode
sound visualization program with which
one can display in real-time any pre-
recorded music. My request was for a
special concert visualization of Stria. The
modification extends the 3-D spectral
display to include the future as well as
the past, so that the waterfall display has
an illuminated slice in the middle that
is the “now line.” This representation,
somewhere between signal and score,
provides the listener with a view of what is
to come, thus revealing details of Stra, e.g.
the complex beating and the ambiguity
between frequency and pitch, that would
be nearly impossible to show in any other
visualizationand thatare onlyimplicitin the
score-generating code and the score itself.
While there is only twice the information
when compared to a typical 3-D waterfall
projection, the perceived detail seems
much more, as one is able to track details
in both the future and the past. There are
a number of further refinements planned
that will bring this representation even
closer to how we perceive. Doug Keislar,
who has a long-standing interest in music

representation and who has suggested
many refinements, points out that this
kind of inter-modal reinforcement can be
especially appropriate to electroacoustic
music, for which there is typically no
score."”

CONCLUSION

Extending and better understanding
the ideas of structured spectra and
complementary tuning spaces could
lead to dynamic contextual tuning where the
spectrum and pitch spaces are malleable
through time, but always coherent.

Composers can reveal the background
detail of their work, as poetic as it is
technical, through the use of graphics
and new modes of visualization of
compositional structures. With the sound
and/or score it becomes a complete
record—the meta-composition—and it all
becomes part of our “Knowledge Web.”

NOTES

1. For a complete account of Max Mathews’
work and publications, see http://www.
ina.fr/produits/publications/collections/
collec_I1.frhtml.

2. His early interest and important
contributions notwithstanding, Jim Tenney
did not continue in computer music, but
rather became a distinguished teacher,
performer and composer of acoustic music.

He died on August 24, 2006.

3. Max wrote in 1963 “At present, the
range of computer music is limited
principally by cost and by our knowledge
of psychoacoustics [4].”

4. The ease with which spectral change
could be coupled to effort (key velocity)
is one of the reasons for the YAMAHA
DX7’s remarkable success.

5. The first real-time FM synthesis was
programmed on a DEC PDP-15 computer
by Barry Truax in 1973, while studying
in Utrecht. At Stanford, Bill Schottstaedt
developed a particularly powerful form
of the algorithm that was used in many
compositions for many years.

6. Karlheinz Stockhausen created a similar
relationship between pitch and spectrum
in his Studie 1 (1953), although with analog
technology.

7. “An Analysis of the Compositional
Techniques in John Chowning’s Stria” by
Matteo Meneghini; “The assembling of
Stria by John Chowning: A philological
investigation” by  Laura Zattra; ‘A
Reconstruction of Stria” by  Olivier
Baudouin; and  “Surface  Tensions:
Dynamics of Stria ” by Kevin Dahan.

8. Voices was commissioned by GRM in
2004 and first performed (version 1) by
Maureen Chowning at the Maison de
Radio, Paris, March 12, 2005.

9. Maureen Chowning, for whom Toices
is written, has had experience singing in
alternative tunings, e.g. Solemn Songs for
Eveming by Richard Boulanger, written in

the Pierce-Bohlen scale.

10.  See  http://ccrma.stanford.edu/
realsimple/

11. PhD candidates Ge Wang and Ananya
Misra, and Perry Cook, Director.

13. 2003 IEEE Workshop on Applications
of Signal Processing to Audio and Acoustics
October 19-22, 2003, New Paltz, NY.
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A Selection of Responses to
Gregory Taylor’s Letter about
Gender and Computer Music
from the Winter 2006 Issue

The Listening Room (http://dao.
cim3.net/cgi-bin/wiki.pl?Womens
Listening Room), organized

and curated by Pamela Madsen,
demonstrates the wide range of women
creating electroacoustic music today
(2007). This vyearly presentation at
California State University-Fullerton is
inspiring and could change perceptions
about women and the composing of
electronic music. The Listening Room is
designed for non-stop all-day playback in
fine concert halls. The production could
be presented anywhere in the world with
high quality sound systems and is a great
step forward in encouraging women to
shape a new musical paradigm. The
Listening Room certainly inspired me
all over again.

--Pauline Olweros

At FTM-8 (Feminist Theory & Music 8,
June 23-26, 2005 in NYC), a letter from
Mara Helmuth was distributed to the
audience. I find two quotes from that

letter to be still very much relevant and
important today:

“More often, devaluation of a woman’s
work is done subtly, by a casual comment
implying the insignificance of non-
legitimacy, a joke, or a concert ignored.”

and

“We all grow up in a biased culture, and all
absorb it in different ways. It is up to us to
honestly assess how to change it personally
within our lives.”

--Paula Matthusen

Computer Music exists at the intersection
of engineering, mathematics, and music,
all of which have been historically male
dominated fields with strongly patriarchal
models of pedagogy and achievement.
Alarmingly, Anita Borg[1] citesadownward
trend in the percentage of CS and CE
degrees earned by women. Elizabeth
Hinkle-Turner [2], while identifying
significant achievements of women in
music technology, also notes a decrease in
women’s participation in the field. Itis our
job as artists and educators to examine the
pedagogical tools and curricula rigorously
to ensure that talented voices are not being
excluded, and that those who enter the
field are encouraged to stay [3].






