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1. INTRODUCTION

Composers, performers, and audiences are subservient to
the sounding space in a musical performance. Any sound
must exist in a (physical or virtual) space (outdoors, con-
cert hall, living room, elevator, headphones, etc.), and there-
fore it stands to reason that space has an important influ-
ence on the sound it contains. One notable effect is that
any sound carries an acoustic imprint of the characteris-
tics of the (physical) space it occurs in. These features are
defined by such elements as the size and building materi-
als of the space and manifest themselves most clearly as
reverberation and echo in the sound.

Emmerson [1], Smalley [2], Kendall [3], and others have
discussed sound in space and each has created similar tax-
onomies describing various subdivisions of a space. Here
I will use Emmerson’s idea of landscape, arena, stage,
event, and frame because it is the most readily accessible.
Landscape denotes all sound within the acoustic horizon,
which includes the arena, which contains a stage on which
we frame an event. Further subdivisions of the frame are
possible with technology by exploring spectra (Fourier)
and grains (Gabor) [1]. 1 , 2

For a typical instrumental music performance (Mozart,
Beethoven, etc.), this means that different musical gestures
(frames) take place on a stage, where they are transmitted
to the audience, which is situated in the arena. Presum-
ably all of this takes place inside of a concert hall, signi-
fying that the arena is bounded and closed and that little
of the produced sonic energy will reach the landscape and
vice versa. It is also important to note, when talking about
traditional musical performances, that the spatiality of mu-
sic, while always present, is rarely a fundamental building
block of the music itself. The understanding of a perfor-
mance does generally not hinge on the space it is heard
in [5]. When the location and direction of sound becomes
artistically important we speak of spatialization.

An important omission in Emmerson’s taxonomy is the

1 See Ungeheuer [4] pp.135-143 for a brief overview of both tech-
niques

2 Expanding in the opposite direction we get terrestrial space and ce-
lestial space.
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perspective of the listener in the space, which can be added
by appropriating Smalley’s terms proximate and distal space
[2]. Proximate denotes the space nearest to the listener
whereas distal is the space furthest away. These terms
will be important when we consider technical limitations
of sound reproduction in space.

2. HISTORICAL CONTEXT

In the opening paragraph of [2], Smalley claims that “acous-
matic music is the only sonic medium that concentrates
on space and spatial experience as aesthetically central.”
While acousmatic music certainly has a higher potential in
its use of spatial experiences, it hardly is the only or even
the first medium to do so – as I will demonstrate in Sec-
tion 2.1 below. Subsequently, I will introduce two early
influential electroacoustic music schools of thought along
with their theories on spatiality in their respective compo-
sitions followed by an overview of different approaches to
sound in space.

2.1 Pre-Electronic Precedence

This paper examines the use of space in electroacoustic
music. However, electroacoustic music, which, for the pur-
poses of this paper I will consider from the period of 1945
forward, was not the first (Western) music to use space and
spatialization for artistic purposes. As early as the late 16th
century composers of the Venetian School – most promi-
nently Andrea and Giovanni Gabrieli – perfected the use of
spatially displaced choirs and/or instrumentalists, known
as polychoral antiphony, to create striking spatial effects at
St. Mark’s Basilika in Venice. Mozart used spatial effects
in at least two works: Serenada Noturna (K.V. 239) for
2 small orchestras and Notturno (K.V. 286) for 4 orches-
tras. 3 In the latter, three of the orchestras are placed at a
distance from the central one. This spatial displacement is
used for great effect in showcasing the use of the echo in
classical music as a formal device [6].

Many composers from the 20th century to the present
have used space as a compositional and aesthetic tool. While
a detailed discussion of composers and their works is be-
yond this brief overview, I will list some well-known prac-
titioners (in no particular order) who have used space in
their instrumental music: Charles Ives, Henry Brant, John

3 See https://www.youtube.com/watch?v=
-1jBjMsyMew for a good excerpt
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Cage, Karlheinz Stockhausen, Iannis Xenakis, Pierre Boulez,
Louis Andriessen, Toru Takemitsu, R. Murray Schafer (see
Harley [5] for a more detailed discussion on spatial sound
in instrumental music).

2.2 Early Electroacoustic Music

Tow early and highly influential schools of thought within
the field of electroacoustic music are Musique Conrète and
Elektronische Musik. Musique Conrète is a type of fixed
media composition pioneered by Pierre Schaeffer in France
in the late 1940ies. It is based on the idea of using concrete
sound as the primary compositional parameter by abstract-
ing its musical value. He introduced the concept of re-
duced listening, where one looses the origin, cause, even
the source of a sound [7] by active and repeated listen-
ing. Karlheinz Stockhausen, along with his mentor Herbert
Eimert, championed Elektronische Musik (Stockhausen ini-
tially studied with Schaeffer in Paris) in Germany. In con-
trast to Musique Concrète, this technique used voltage to
generate sounds, also known as synthesis. Here the sine-
tone was the fundamental musical entity, which was seen
as a pure musical object, since it consists of only one fre-
quency with no additional partials. This meant that – in
theory – any sound could be constructed via additive syn-
thesis (combining various sine-tones at different pitches,
amplitudes, and phases) [8].

As early as 1951, Pierre Schaeffer and Pierre Henry ex-
perimented with a gestural controller for spatializing their
compositions. The apparatus, sometimes called pupitre
d’espace, pupitre de relief or relief desk was first used to
perform Symphonie pour un home seul [7, 9, 10]. They
added a live component to their fixed compositions using
this gestural controller (see Figure 1). This was the first
instance of incorporating space into a fixed media compo-
sition and can be seen as a direct predecessor to today’s in-
tricate spatialization techniques (see [11] for a recent ges-
tural controller). While the interaction only affected the
amplitude of the recorded tape, this is a prime example
of a piece where space was directly manipulated in real-
time by a performer in order to facilitate a heightened lis-
tening experience. According to Teruggi [10], “the major
concept behind [the relief desk] is that music should be
controlled when presented to an audience, thus creating a
performance situation.”

Karlheinz Stockhausen serialized the spatialization of
sounds, an approach that contrasted Schaeffer’s. He is gen-
erally credited with composing the first masterpiece [9,12–
14] of electronic music (Elektronische Musik) with Gesang
der Jünglinge (1955-56). Gesang was the first piece of
music that serialized the movement of the sound in space
(see [6, 14]). Originally conceived and premiered as a 5-
channel work and later mixed down to a 4-channel version,
this represents the first attempt to use space as a quantifi-
able and controllable musical parameter. Stockhausen [6]
described it as

(einen Versuch), die Schallrichtung und die Be-
wegung der Klänge im Raum zu gestalten und
als eine neue Dimension für das musikalis-
che Erlebnis zu erschließen. [...] Von welcher

Figure 1: Pierre Henry performing with the pupitre de relief in
1951.

Seite, mit wievielen Lautsprechern zugleich,
ob mit Links- oder Rechtsdrehung, teilweise
starr und teilweise beweglich die Klänge und
Klanggruppen in den Raum gestrahlt warden:
das alles ist für das Verständnis dieses Werkes
maßgeblich. 4

He termed this new approach Raum-Komposition (room
composition), and it was influential among many of his
contemporary colleagues. In [6], he suggests that the circu-
lar spatialization scale would have to be subdivided into the
smallest perceivable directional units. Bregman [15] re-
ports that for sounds that have a visible source, this thresh-
old is as large as 30 degrees (i.e. spatial permanency of
sounds). If that number is similar for sound sources with-
out any visible source, Stockhausen’s circle would be sub-
divided into 12 equal parts.

But Stockhausen also projected that, if electronic music
or Raum-Musik was to be the next evolutionary step in mu-
sic (see [8], p. 245 for a similar notion), new, custom-
made performance venues would have to be constructed.
He envisioned spherical rooms with speakers all-around
(rundum), the audience suspended on a visually as well as
acoustically transparent platform [6]. Today, many rooms
are available for the performance of Raum-Musik, although
they are typically attached to research institutions, rather
than – as Stockhausen was hoping for – public concert
halls. For example see the Birmingham Electroacoustic
Sound Theatre 5 (BEAST), KLANG! Acousmonium 6 ,
Ligeti Hall 7 (KUG Graz), and AlloSphere 8 (UCSB). One
notable exception was the San Francisco Audium R© – A
Theatre Of Sound-Sculptured Space 9 which was a private

4 Translation by the author: “[an attempt] to mold the sound direction
as well as the movements of the sounds in a room for the purposes of de-
veloping new dimensions of musical experiences. [...] It is of paramount
importance how the sounds and sound groups are transmitted into the
room in order to understand the work properly: from which side, with
how many speakers, with left or right rotation, partially fixed, partially
moving.”

5 http://www.beast.bham.ac.uk
6 http://www.klangacousmonium.fr
7 https://www.kug.ac.at/nc/

studium-weiterbildung/studium/infrastruktur/
raeume-ausstattung.html?tx_kuglocations_
pi15Braum_nr%5D=11538

8 http://www.allosphere.ucsb.edu
9 http://www.audium.org
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theatre created in the 1960s by composer Stan Shaff.
Both compositional approaches discussed above brought

a new dimension to the experience of a music performance
with the use of spatialized sounds. Schaeffer and Henry
argued that a performance situation was needed in order to
engage the audience and bring them closer to the sounds.
Stockhausen, on the other hand, thought that the distribu-
tion of sounds in the performance space could open up new
ways of conceiving and reacting to sound and incorporated
it into his compositional process as a precisely controlled
parameter.

However, Stockhausen’s idea of structuring the perfor-
mance space (the arena) into a circular scale of directions
is inherently flawed. Apart from the highly mutable layout
of performance venues, which interfere with a maximized
virtual circular space, the listeners are seated throughout
this virtual circle, which destroys any intended spatializa-
tion. Coupled with the listeners’ ability to shift their focus
to different sound-events at will (i.e. attentive listening;
or the cocktail-party-effect) and the physiology fo human
spatial hearing, which exhibits different degrees of exact-
ness depending on the orientation of the listener, this tech-
nique becomes a theoretical construct with little composi-
tional potential. Put differently – and this is a general criti-
cism of highly serialized music – the resulting abstract mu-
sical designs are predominantly inaudible or as Harley [5]
states: “These effects are like well-behaved children: they
are seen, not heard.”

2.3 Contemporary Electroacoustic Music

Building upon the the techniques discussed above, the fol-
lowing section continues with a discussion of more con-
temporary pieces that use spatial features as an important
aesthetic component. There are many composers and works
that fall into these or a closely related categories including
a number of compositions by Karlheinz Stockhausen (e.g.
Kontakte, Mikophonie I, Sternklang). However, I will fo-
cus on different uses and concepts of space as a guide to
what pieces to discuss. In each category, I will draw at-
tention to one piece that is a representative example of the
technique under discussion.

2.3.1 Projection/Spatialization

Emmerson: Five Spaces
Emmerson creates a system in which the five strings of

an electric cello are each amplified by a separate speaker
in his piece Five Spaces. This allows listener to be im-
mersed in the cello sounds and simultaneously draws at-
tention to the performer’s gestures by closely linking them
to unique locations in the space. This unusual dislocation
of the performance gesture and the resulting sound allows
the composer a high degree of control over the sound pro-
jection and spatialization (also see [16, 17] for a system of
spatializing a piano; both forthcoming). 10

10 Also see pieces by Cage, Stockhausen, and Wishart for representative
examples.

2.3.2 Perspective

Berio: A-Ronne
A-Ronne is a unique entry in this list since the original

concept for the piece was not for a staged performance 11 ,
but rather was conceived as a radiophonic documentary
for five actors [9]. Each character in the story has their
own virtual/artificial space, which is created through stan-
dard radio-drama techniques (reverberation, spatial move-
ment, equalization). These virtual spaces change through-
out the performance as the actors take on different roles
in different settings. In the case of the staged version of
the piece, these imagined spaces are contrary to the visual
and acoustic cues perceived by the listener about the real
performance space. This forces a continuous reevaluation
of the spatial perspectives by the audience. This is even
more pronounced in the original radio version since there
are no visual or spatial clues the listener can use for orient-
ing themselves.

2.3.3 Resonance/Feedback

Lucier: I am sitting in a Room
In Section 3 below, I discuss the impact the spatial char-

acteristics of the arena can have on the resulting projected
sound. I am sitting in a Room exploits and draws atten-
tion to this phenomenon. The piece consists of a prere-
corded speech explaining the process of the piece itself 12 ,
which is played back in the performing space. A micro-
phone in the space records the speech and plays back the
recorded version of the speech, which is recorded by the
microphone and is then played back, etc. This feedback
loop has the effect of colouring (i.e. filtering) the sound
at each iteration. There are several sources that contribute
to these colourations: the speakers themselves change the
recorded material slightly as the frequency response across
the spectrum is not equal; the room will colour the sound
according to its spatial characteristics; the microphone –
similar to the speakers – has a frequency response as well.
The effect of this filtering, over many iterations, is that the
original sound becomes unintelligible as the space’s char-
acter becomes dominant. In effect, the recorded voice is
playing the room, which is the instrument [9]. 13

3. PERCEPTION OF SPACE

As mentioned in Section 1, electroacoustic music usually
takes place in the (bounded) arena space where, through
the mediation of speakers, it creates an aesthetic environ-
ment [2], or as stated by Henriksen [18]:“the room and the
loudspeakers operate as one acoustic system.” This ecosys-
tem then extends the traditional concert experience – i.e.

11 It was later adapted for concert performance with mixed result [9].
12 The full speech reads: “I am sitting in a room different from the one

you are in now. I am recording the sound of my speaking voice and I
am going to play it back into the room again and again until the resonant
frequencies of the room reinforce themselves so that any semblance of my
speech, with perhaps the exception of rhythm, is destroyed. What you will
hear, then, are the natural resonant frequencies of the room articulated by
speech. I regard this activity not so much as a demonstration of a physical
fact, but more as a way to smooth out any irregularities my speech might
have.”

13 Also see pieces by DiScipio, Cage, and Reich for representative
examples.



receiving all audio, visual, and gestural information from
the same location: the stage – by placing speakers in dif-
ferent locations around the room.

The room changes how we perceive the played back sounds,
and these sounds in turn also shape the way we perceive
the space of the room. If, for example, we record a very
dry sound – a single hand clap in a small, carpeted room –
and play it pack in a large cathedral, the original dry sound
is now perceived as reverberant due to the spatial charac-
teristics of the cathedral. To put it in Emmerson’s terms,
the arena modified our perception of the frame/event. Con-
versely, if we create a highly reverberant synthetic sound
and play it back in a standard (mostly dry) performance
space, we can invoke the spatial characteristics of a large
space (cathedral, cave, etc.). The event can modify the
listener’s perception of the arena. Composers utilize this
to play with the listener’s perception of space by switch-
ing/overlapping/colliding/merging between different spaces
(see the A-Ronne example in Section 2.3.2 above).

This concept is crucial to electroacoustic music analysis.
Music displays different spatial features depending on the
characteristics of the performance space. This raises many
concerns regarding the analysis of such pieces, especially
towards the spatial components (spatial features vary from
performance to performance). Which performance is the
most authentic one that should be analyzed? What was
the composer’s “ideal conception of the sound of his own
work[?] Is it the sound-image of the studio in which the
piece has been produced or is it an imaginary, unreachable
sound-image?” [19]

When criticising Stockhausen’s approach to serialized spa-
tialsation (Section 2.2 above), I mentioned that the vari-
able positions of the listeners in his circular space would
destroy any spatialized intentions. This is largely due to
technical limitations of the concert set-up, which typically
includes 4 or 8 speakers placed on a plane around the audi-
ence. Figure 2 shows how in a typical quadraphonic setup
(4 speakers: front left, front right, back left, back right)
different listening positions will result in different expe-
riences of the musical performance. If a sound-event is
placed at the exact physical center of the speaker set-up, all
speakers should contribute equal amounts of sonic energy.
A listener sitting in, or near the center will have a balanced
acoustic image (the sweet-spot; this is usually where the
mixing console is located, for exactly that reason). How-
ever, if a listener were to sit at the front left, their percep-
tion of the sound would be very different. Most of the
perceived sonic energy would emanate from the speaker
closest to them (front left in this hypothetical case) and the
sound would not be perceived as central to this listener.

3.1 Technical Considerations

The existence of a sweet-spot is a considerable impediment
for an ideal reproduction of a sound-event as it was con-
ceived by the composer. While it is beyond the scope to
discuss this in detail, Smalley [2] introduces the concept
of microphone space, also see Emmerson [9] for further
issues surrounding the recording of sound-events and their
influence on the perception by listeners of these events in

sweet Spot
listening position

Figure 2: Sweet spot at the center of the image. Any listener
outside this location will have a different spatialization experi-
ence then intended by the composer.

the arena space.
In an effort to alleviate some of the issues surrounding

the sweet-spot, two techniques were introduced to cap-
ture/reproduce the entire sound field:

1. Wave Field Synthesis (WFS) [20]

2. Ambisonics [21]

A sound field is the sum of all sonic energy within a space
of interest. Both WFS and Ambisonics were created to
record/synthesize and reproduce a sound field [9]. In the
case of an electroacoustic piece, the sound field would be
all the events and frames, their trajectories and transforma-
tions overtime projected into the performance space.

WFS captures the sound field with a number of micro-
phones arranged on a closed curved/surface. To reproduce
the recorded sound field, the same number of speakers have
to be arranged in the same closed curve/surface (see Fig-
ure 3a). Ambisonic recording on the other hand, captures
the sound field at a specific location with a microphone ar-
ray (Figure 3b).

WFS theoretically gives a better and more accurate rep-
resentation of the overall sound field. To create a good
image of the space, as many microphones as possible have
to be employed, which is prohibitively expensive and com-
plicated to set-up. Ambisonics, on the other hand, uses a
limited amount of microphones on as small a space as pos-
sible (i.e. spherical microphone array) in order to capture
the sound field in that one location of the space.

4. DISCUSSION

The dilemma of electroacoustic music performance prac-
tice was briefly touched upon in Section 3, with regards
to spatial reproduction. Typically these musics have no
visual score; the sound exists in space during the perfor-
mance. As a result the methodologies needed to describe
these sounding objects must rely on the instance of a mu-
sical object (i.e. a specific performance in a specific space)
rather than being fixed on a written down score or instruc-
tions. Which version of a performance is the definite ver-
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Figure 3: Simplest case scenarios for 3a) wave field synthesis,
and 3b) ambisonics. (a) = Simplified wavefield synthesis exam-
ple: n microphones are reproduced by n speakers placed at the
same locations as the microphones. (b) = 1st order ambisonic
example: source is captured with microphone array and decoded
into variable speaker setup.

sion of a piece? What can we study and what should we
study to gain a better understanding of the piece?

One possible approach is to study the creative process.
Kinderman [22], in describing the shortcomings of more
traditional analytical approaches such as Schenkerian anal-
ysis, states “no one methodology is definitive, and that an
overemphasis on ’structure’ shortchanges other aspects of
the artistic experience, such as expressive, gestural, and
symbolic meaning.”

It is possible to gain a better understanding of the piece
as a whole by studying the composer’s pre-compositional
work, sketches, iterations of soundfiles, different versions
of the final score (if available), etc. Donin [23] practices
one such holistic approach, which is called genetic anal-
ysis. This type of analysis allows us to understand the
creation history of a work (analysis of the production pro-
cess) and gives insights into the composer’s concept of the
piece and his/her intensions with regard to performance
outcomes. While this enables us to understand the inten-
tions of the composer it does not help in advancing a crit-
ical understanding of the piece, or how the piece unfolds
in space, which can only be done by repeated listening (in
the same space under the same circumstances; aural anal-
ysis) [7].

Several researchers have developed computer assisted mu-
sic analysis programs. Three such iterations by Donin [24]
and Donin et al [25], Clarke et al [26], and Burleigh et
al [27] have different philosophical approaches regarding
the musical analysis as well as how this analysis is pre-

sented to the user. 14 , 15

The Signed Listening Project (SLP) headed by Donin at
IRCAM (Institute de Recherche et Coordination Acous-
tique/Musique) is based on the idea of repeated, expert lis-
tening and the manual annotation of a digital score. SLP
enables the analyst to annotate and embed information per-
tinent to the music and guide the user through a recording
as well as a score (if available). Since the system is based
on linking additional information to a central representa-
tion, it is also possible to add lengthy essays or related ma-
terials to the analysis. This may include sketches by the
composer, or music that has influenced the composition or
has since influenced other composers.

Tools for Interactive Aural Analysis (TIAALS), is part
of the larger Technology and Creativity in Electroacoustic
Music research project at Huddersfield University and is
supervised by Clarke. Figure 4a shows a screenshot of an
annotated spectrogram, where different shapes and colours
represent different, meaningful musical entities. Each of
these shapes was identified and hand drawn by the ana-
lyst. The program is then able to turn these annotations
into graphs that show relationships between different mu-
sical structures (Figure 4b). TIAALS provides an intrigu-
ing feature with its interactive sonogram, which allows the
user/analyst to explore complex timbres in great detail as
well as in isolation of other sounds. However, the manual
identification, segmentation, and labeling is still the main
focus of this tool.

In contrast, the software developed by Burleigh et al [27]
is not generalized and in fact is currently only used for
the analysis of a singular piece of music by Luigi Nono:
A Pierre Dell’azzurro silenzio, inquietum, a più cori, for
contrabass flute, contrabass clarinet and live electronics.
Tremendous amounts of time were spent on the manual
extraction and annotation of the musical materials. Here
the task was not to interact with the spectrogram as when
using the TIAALS software, or to explore the timbres by
themselves, but rather to separate all sounding sources and
to allow the user to peel back the complexities and con-
centrate on a singular sound source. As such, the software
allows the user to listen to the piece as performed or lis-
ten to the individual instruments. Since each instrument
also has live transformations and effects associated to it
during the performance, these elements can also be inter-
actively enabled or disabled for listening (such as delayed
versions of the signal, pitch-shifted versions, filtered ver-
sions). This facilitates a rapid understanding of the care-
fully crafted construction of this complex piece. 16

While these are important step towards a more holistic
understanding of a piece of music, the question of space
still remains largely unanswered. The use of the spectro-

14 Both Clarke and Burleigh use spectrogram analysis as a major part of
their analysis process. One early proponent of this type analysis – because
of a lack of a notated score – was Martha Brech [28]. The spectrogram
can be a visual aid in combination with expert listening to gain greater
insight into the music. Depending on the piece, the spectrogram might
also give clues to sectional divisions, densities, timbral transformation,
etc. See [28] for a detailed discussion.

15 Other software solutions include: Acousmographe, EAnalysis,
iAnalyse, Audiosculpt, etc.

16 This brief description was focused on the computational part of the
project. The entire project was more holistically oriented and also in-
cluded sketch studies, score studies, etc.



(a) Interactive Sonogram

(b) Ambisonics

Figure 4: (a) = Example of an interactive, annotated sonogram
from TIAALS (b) = Example of graphs created from the anno-
tated sonogram from Figure 4a.

gram in several of the above mentioned approaches, while
useful for the types of analysis these programs facilitate, is
not practical when trying to understand the spatial compo-
nents of the music. A spectrogram, in essence, displays the
sonic energy found across the frequency range over time.
This means that a spectrogram of a multi-channel work
is effectively flattened into a mono signal for representa-
tion. If we were to create separate spectrograms for each
available channel of sound, we could in theory see how
events/frames are moving between channels, but there is
currently – to the best of my knowledge – no efficient way
of displaying and analysing the amount of data generated
by such a system (see Brech [28] for a detailed discussion
of the pros and cons of spectrogram analysis). There also
is no agreement in the electronic music community, or the
music community at large, with regards to the analysis or
notation of spatial aspects of music.

4.1 Spatial Notation

Limited research has been conducted at post secondary in-
stitutions in an effort to formalize and standardize some of
the issues surrounding sound in space, or rather the nota-
tion of sound in space. For example, at the Institute for
Computer Music and Sound Technology, Zurich Univer-
sity of the Arts, two important approaches have been pub-
lished. The Spatial Sound Description Interchange Format
(SpatDif) ( [29–31]) aims at “providing a structured syn-
tax for describing spatial audio information, addressing the
different tasks involved in creating and performing spatial
sound scenes” [29].

The Spatialization Symbolic Music Notation project [32]
tries to provide composers and performers with a concep-

tual framework and the soft- ware tools needed to incorpo-
rate spatialization as a musical/compositional parameter.
This includes specific symbols (see Figure 5) to be used
for types of spatial movement, integration of these sym-
bols into interactive notation software so musicians may
audition and perfect the spatial trajectories while working.

Figure 5: Proposed symbol set (extract) from Ellberger [32]

Both systems are powerful implementations that can help
composers and performers to create, perform, store, and
share spatialization information. However, neither has a
broad user base within the community and currently stand
as important signposts for future research and possible adop-
tion by the practitioners in the field. Also, this research
seems to be primarily focused on the creation of new mu-
sical works that try to integrated precise spatialization no-
tation as well as software to render these instructions in
real-time at a given performance space. While this is im-
portant for creating software tools, terminology, as well as
dialogue between researchers, musicologists, theorists and
musicians, it does not address the issue of scholarly dis-
course of space in these pieces.

4.2 Alternative Approach

A new research project [33] is currently under way at the
University of Calgary in an effort to understand the use
of space in contemporary electroacoustic music practices.
This project is a direct extension of the Burleigh [27] ap-
proach mentioned above. In this new research higher or-
der ambisonic (HOA) recordings are combined with com-
puter vision tracking algorithms to estimate the movement
of a spatialized signal. As mentioned in Section 3.1, this
technique is capable of encoding and accurately recreat-
ing/decoding a three-dimensional imprint of sounding events
as detected at a single location in a performance space.
An ambisonic recording captures the sound at the location
of the ambisonic microphone from all directions, which
means we can imagine the microphone array as a direc-
tional sensor that allows us to visualize the sonic energy
on a sphere [34, 35].

In this case the sphere represents the arena, the detected
amplitude is the distance of the sound to the microphone,
and the location on the sphere is the direction the sound
was emitted from in the performance space. Computer vi-
sion algorithms allow us to analyze the amplitude locations
on the sphere (bright spots) and automatically track them



in order to store and transcribe them for further analysis.

Using HOA recordings is a significant departure from any
of the above mentioned analysis approaches. While some
of the discussed techniques are taking the sounding event
into consideration (i.e. using spectrogram analysis) none
are able to capture and analyze the sound field, as a listener
at a specific location in the performance space would have
perceived it.

As demonstrated above in Section 3 above, the perfor-
mance space has the ability to modify the sound. This sys-
tem can help in comparing and analyzing these changes
since the original sound is known (or can be recorded in
software before it is output to the speakers).

The spatialization of electroacoustic music can have many
unknown spatial factors in its performance. This could be
randomly generated trajectories by the computer, or a live
diffusion by a human operator. In order to evaluate if these
operations were successfully executed in accordance to the
composer’s intentions and how they were perceived by a
listener, we need to be able to track and analyze the move-
ments of the sounds in space.

The SpatDif library was briefly mentioned in Section 4.1
above. While it does not facilitate the analysis of trajecto-
ries, it might be a good system for storing the tracked tra-
jectories generated by this new approach. The Max/MSP
[36] extension of SpatDif [37] is a very practical setup for
visually creating trajectories, or scenes, for new pieces that
can be stored and repeatedly used for reliable playback and
subsequently compared to the automatically tracked spatial
trajectories of a performance of the piece.

5. CONCLUSION

The exploration of musical space and spatilization, or more
broadly, sound in space since the 1950ies has led to many
innovative works and artistic practices. This paper demon-
strates that sound in space is an important factor in the cre-
ation, perception, and appreciation of electroacoustic mu-
sic. On the importance of music technology Kostka [8]
insists “the rise of electronic music is responsible for the
most important development in timbre in the twentieth cen-
tury”. It is not only important to the development of tim-
bre, but to the development of the use of space as a musical
parameter. Many tools are already in existence to deal with
the analysis of most aspects of electroacoustic music (see
Section 4 above). However, the available musicological
methodologies are unable to properly evaluate this music
in the spatial domain. New methodologies must be devel-
oped in order to truly understand all aspects of this music.

A new approach was discussed, which enables the ana-
lyst to track the trajectories of events/frames as they were
recorded during a performance from a higher order am-
bisonic microphone. This type of analysis, while in the
development stages, shows great promise as it can theoret-
ically be used to analyze two different, difficult to capture
analytical/musicological issues.
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