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ABSTRACT OF THE DISSERTATION

Temporal Metaphorics
Participation and Involvement in Time-Based Media Environments

by

Joachim Gossmann

Doctor of Philosophy in Music

University of California, San Diego, 2012

Professor Miller Puckette, Chair

The conundrum of interactive time-based content implies a clash of three
distinct temporalities: The timelined playback of music and film, the temporal
characteristics of the technological components of a media system, and last but
not least, the temporality of the involved participant—the user, observer, recipient
of the message and massage provided by the mediated content.

In order to analytically untangle these relationships, this dissertation follows
two guiding lines that are centered around the concept of temporality and partici-

pation: on he one hand we will discuss the temporality inherent in computer-based
media, on the other hand we will place the temporality of participation in the the
center of our inquiry. Both aspects run in parallel, and long the way, we will pass
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a large number of detailed aspects and discuss them from these two perspectives.
We present a new conceptual framework for the relationship between the

human participant and the technological extensions of the body that is based on
temporality.

Principle impulses for this work came out of the writings of Martin Heideg-
ger and Marshal McLuhan through a derived model of media as extension of man,
and technology as an extension of the body.
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Chapter 1

Prelude

The human relationship to wildflowers is not without contradictions: On the
one hand, they are an enjoyable sight, on the other hand their pollen is known to
cause allergies. And yet, the apparent primary biological purpose of the flower—the
attraction of insects in the context of a strangely indirect procreation mechanism—
is unrelated to both of these aspects.

In the scientific approach to plant life—Botany[81]— a popular strategy is
to organize wildflowers by their structural anatomy, the shape of blossoms, stems,
leaves and roots. We describe and discover how the stalks carry the blossoms, how
they are structurally joined and branch off from one another, how the different
elements that we see as constituting the whole of the plant connect together.

Structural diagrams are produced that afford description, analysis, compar-
ison, categorization, memorization, recognition, et cetera.

These inflorescence diagrams naturally depart from the perceptual impres-
sion available during an encounter with the actual plant: Depending on the ques-
tion or nature of our interest, we make a decisions about which geometric primitives
to use, we employ our intuition and best judgement in finding the right strategy to
reduce the complexity and establish a manageable variety of descriptive elements.
What shapes, lines, brush strokes, color combinations are chosen as stand-ins?
Does the representation attempt to recreate the experience of the plant or are the
elements rather designed to allow a quantitative, informational modeling? Or does
the representation contain artistic strokes that attempt to target a depiction and
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Figure 1.1: Wildflowers on a meadow

perceptual representation of the plant itself?
Depending on the attitude and intention by which the observer approaches

the plant, the characteristics of the resulting inflorescence diagram can range from
an assembly of accurately quantified geometric elements to an artistic representa-
tion that aims to render a subjective impression: We are confronted with a con-
tinuum that stretches from the the creative work of a human artist capturing the
likeness of the plant in a portrait to an analytic decomposition of the anatomy into
a abstract shape grammars that only capture a clearly defined set of quantifiable
properties.

As examples, we can look at the inflorescence diagrams that attempt to
formalize the blossom structure (figure 1.2), and also the tableaus of scientist-
aritst Ernst Haeckel, who’s nature illustrations hold a delicate balance between an
accurate structural representation of the natural organism, the recreation of the
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Figure 1.2: Inflorescence Diagrams (source: Wikimedia)

perceptual impression of the organism as well as an interpretation of both from a
standpoint of personal—and occasionally idiosyncratic—aesthetic sensitivity (fig-
ure 1.4).

Why it this here?

There are two reasons why I inserted this associative prelude at the begin-
ning of my dissertation.

The first reason is that I see inflorescence diagrams as revealing a basic strategy
we apply when approaching the environment we find ourselves surrounded by.
From the as-is perceptual appearance of actual wildflowers, we remove information
to derive simplified abstract models that allowing us to handle the objects in our
environment for a specific purpose—for example to classify and sort them them by
blossom structure, so we can find ourselves at home with the inherently mysterious
and unknown experiences that are coming toward us in life.

The flower is no longer regarded as a unique individual—it is instead han-
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Figure 1.3: Topologies of expected growth. (source:Wikimedia)

dled according to a generalized model and represented as a composition of smaller
fragments from a shape alphabet contributed by the creator of the representation.
Even if we do not dwell in the details of botanical nomenclature, the very concept
of a wildflower in itself is already such a model that we apply and infer to the
meadow in front of us. No matter which flower we pick, we may later cut all stems
to the same lengths when creating a bouquet, and we are only enabled to do so
by removing other information from the specific flower—for example its rarity, its
potential to cause allergy, or a general ignorance that the flower might be there to
procreate, and instead we see it as a vehicle for beauty.

Without conscious effort we infer a model we see fit into what we see: We
refresh, re-sue abd adapt strategies of metaphorical representation toward environ-
mental phenomena: Metaphors that we, eventually, live by, as Lakoff and Johnson
write[50].

The inherently open and holistic potential of direct experience is framed into
and later replaced by our simplified strategies construed from elements implied in
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our strategies to provide attention and care. We will rediscover this relationship
between the information present in the environment and the observer’s inference
of strategies of action and perception frequently throughout the chapters of this
text.

The second reason is that the structural analyses of descriptive botany can be
interpreted as a model for the epistemological strategy of this dissertation. Ev-
idently, I have not undertaken a set of case studies or delved into empirical or
mathematical methods, instead I am bringing up models that describe the archi-
tecture and structure of time-based media environments similarly to how a botanist
would approach a biotope: From the realm of what is visible. The hope here is
that the presented structural model of the relationship between time-based media
environments and the people who participant in them will allow us to handle time
and temporality, perception, interaction and participation and thereby establish
and expand platforms for creative exploration that can be flexibly implemented in
future media computing systems.
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Figure 1.4: Illustration from Ernst Haeckel’s “Art Forms of Nature”[38]
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1.1 The Extended Body

1.1.1 The dual ontological status of the body

Empirical science establishes testable predictions and explanations about
the universe we find ourselves surrounded by—relationships that ideally exist and
operate independently of the presence of an observer. When we ourselves enter the
picture however, a set of criteria and distinctions appear that are inherently beyond
the methodology of empiricism. As an example, we can look at the relationship
we have to our own body: on the one hand it is evidently a part of the observable
external and material world —molecules, chemical compounds and quantifiable
extension, consistencies, masses et cetera. At the same time however we also have
an inside perspective on our bodies: what we consider to be ourselves connects to
the world both in sensing and action through the affordances our body provides us.
Hands, eyes, legs, et cetera are on the one hand physical objects, Aspects of our
body can be regarded under two different ontological perspectives: As a physical
object and as something that is an aspect of our own Being.

As we will see during the course of this dissertation, this dichotomy of in-

ternal/external is not an inherent contradiction in demand of a resolution, instead

both perspectives are an aspect of the way we find ourselves within the world that

surrounds us.

The body as unconscious

It is notable that we are very aware of certain aspects of our bodies, while
we have no sense of others. Pain for example draws our attention and awareness
to the body part that hurts and to the potential causes of the pain. We can easily
make ourselves aware for example of our hands and our faces.

Other processes and properties we may have access to might require more
effort to become consciously aware of—our breath, our heartbeat, or specific spatial
locations within our body, for example the feeling in each of our toes.

Then however, there also processes within our bodies that we have no sense
of whatsoever—the workings of our inner organs, the specific activities of our
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nerves, involuntary eye motions, cell metabolism, et cetera. Even though we ex-
istentially rely on these unsensable processes within our body, we have no way of
caring for them directly.

What we can see is a continuum of consciousness that reaches from aspects
that in our immediate attention and care, like combing our hair and smiling (or
the avoidance of both), to those that are harder and harder to reach and finally to
those aspects of our own body we are completely unaware of that might only be
accesses through forms of meditation or technological mediation.

Figure 1.5: Bones in the human hand from Gray’s Anatomy [35].

1.1.2 Media and World

Our topic is time-based media and their relationship to human observers.
Marshal McLuhan calls media extensions of man, extensions to action as well as
perception—a dual information stream, simultaneously coming toward the partic-
ipant and outgoing from the participant. These two coupled channels, action and
perception, are connected at every step along the way, starting from the way we
think to the way we use our body and the technology provided to us to extend the
areas of the world accessible to us.
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Figure 1.6: Simplified model structure: extension

Extension

What McLuhan means by extension can be derived from Heidegger’s fa-
mous analysis of a shoemaker using a hammer to drive a nail into the heel of a
shoe in order to repair it. A well trained craftsman will be so versatile with the
tool that it functions like a part of his body, allowing the shoemaker to focus his
care completely on driving the nail into the heel without thinking about how to
handle the hammer. The hammer becomes part of the shoemakers skilled arm, a
transparent physical extension to his hand: the established in-order-to has become
intuitive and familiar through practice. A good hammer will enable the craftsman
to provide exactly the right transformation of the force exerted by the body and
gravity to allow a maximum amount of control over the nail. With the terminol-
ogy of McLuhan, we could say that the material that the hammer consists of is
becoming a medium for the activity of the craftsman through its use as a hammer.
When the hammer breaks however, using-it-as a hammer is no longer possible: the
care is shifted toward fixing it, for which in turn other tools might be applied. The
hammer has detached from the body and become a part of the world the craftsman
applies care to [22, 58, 40].

Thus the hammer in this example can be in the two distinct ontological
states we have described in 1.1.1: it can be a part of the craftsman’s extended
body by which he approaches the exterior world to care for the shoe, or be a part
of the exterior world and itself a recipient of care. using something as allows us to
extend our bodies dynamically by turning models and metaphors into media for
our intentions and using them in our improvisatory approach to the world. Paul
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Dourish cites Suchman, who drew attention to the improvisatory nature of our
moment-to-moment actions:

The sequential nature of action is not a formulaic outcome of ab-
stract planning, but rather is an improvised, ad hoc accomplishment,
a moment-by-moment response to immediate needs and the setting in
which it takes place [22] .

We are improvising our way through life, using the objects around us as
media for our intentions, depending on what we need to get done and what setting
it occurs in. Moreover, the rigid separation between use and care is frequently
softened in the activity of play, when objects and models get taken apart, re-
assembled and re-used, et cetera.

We would now like to extend this perspective of the relationship between
our physical body and its extension through exterior objects to the models we use
in our cognitive access to the world: the metaphors underlying our actions that
are not externalized into a specific use of our physical body or the objects we find
in our environment, but that we use in our thinking about the world.

Science philosopher Paul Feyerabend argues against formalized scientific
methods and for an anarchistic use of all available models in our access to knowl-
edge [30]. Feyerabend’s epistemological anarchy can inspire an extension of the
concept of the use-as of exterior objects to the metaphors we use in our cognitive
access to the world. If we allow the exterior world and our physical body to be
used in our daily improvisatory performance, why not care in a similar way for
the cognitive and perceptual tools we use to approach the world? This is possible
if we have access from both of the ontological states we have described above for
the shoemaker’s hammer: if we are able to construct suitable metaphorical models
and then are also able consciously use and apply these metaphors in the way we
handle the world.

Along these considerations, we can sketch a model representation of how
the human being accesses the world in the sense of 1, separating three ontological
regions or realms of body. This will serve as a floor plan for the problematic areas
we encounter in time-based media.
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1.1.3 The three regions of the extended body

First, our physical body is the most obvious interface between our interior
and our exterior worlds, between what we perceive as belonging to ourselves and
that which belongs to the exterior space that we share with others, or—as Heideg-
ger describes it—between the world and that which is not not me [40]. The body
is the medium by which we are connected to the exterior in perception and action,
and the locus of sensimotor knowledge [62].

Secondly, we use technological apparatuses that modify or extend our phys-

ical bodies, providing additional affordances in our approach to daily life: exterior
objects we use as tools according to a learned or developed scheme of action that
extend our interface with the exterior world. These media in the sense of McLuhan
[58] can provide extension to both the reach and capabilities of sensing as well as
behavioral action and ideally provide a successful coupling between extended sens-
ing and extended action.

A third realm of metaphorical use patterns can be found in our cognitive

approach to the world: the sensory, abstracting and behavioral capabilities we
have made available to us. This third realm of body is differentiated from the
projection of metaphors on the physical body and exterior objects: It describes
our capability to shift the nature of our cognition and perception, changing our
involvement with the world surrounding us: in my practice as a sound engineer, I
learned to listen to music as an engaging performance, a sound quality, a tight mix,
a spectral distribution, a technical transmission, et cetera, all of which correspond
to different perspectives on the audible sound between which one can change at
will.

Perceptual effects caused by shifting cognitive models can be observed in
everyday life: an artwork may look quite different after an art historian has pro-
vided us with context about its making and historical significance. The way we
drive a car might change drastically after we have attend theoretical driving les-
son. The carefulness by which we handle a piece of technological equipment might
change after we learn how expensive it was. These effects can be attributed to the
two cognitive inputs to Gregory’s hypothesis generator [36]. Some of the cognitive
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models are obviously not accessible from the ontological perspective of detachment:
for example, we obviously have difficulties to hear the audible vibrations produced
by a person speaking in our native tongue as anything but language. However, we
can for example choose to listen and pay attention to a specific person at a cocktail
party or, with some training, choose to follow the viola voice in a string quartet
recording.

There is a continuum between what is accessible to our conscious choice
and that which we seem to be simply subjected to—a grey area that is somewhat
comparable to the continuum in the ontological status of external objects from
being detached from our body to being integrated through a process of familiar-
ization. Eventually they may become transparent parts of our body when we lose
awareness of them.

The aspects of our cognition and perception which can both be observed
and consciously used in our approach to the world constitute what we would like
to describe as the third area of the extended body: the cognitive body. It contains
the analytical tools we have at our disposal to access the world, the focus of our
attention, learned schemes, models and thought structures that we can use to
voluntarily shape the way the world occurs to us. Beyond that is our Being, which
we simply are, without being granted access.

We can expand the congitive body by learning to see-things-as and consider-

things-as, or on the contrary, by practicing the Zen ideal of not seeing the world
as something and thereby letting the world occur to us as openly and with as
little inferred expectancy as possible. There is empowerment in keeping our minds
flexible in the approach of something unknown, when we are brought in contact
with something unfamiliar. We may venture to ask if Feyerabend’s demand for
epistemological anarchy should receive more attention in the education of the young
[30].

Summary

Before moving back to the topic of time-based media I would like to insert
a short summary. As body I define everything that can appear to us in both
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ontological states:

• detached from ourselves, as part of our environment, as a recipient of care,

• as something we use to get something done without being aware of it.

This applies naturally to our physical body and the technology and tools we use,
but it also applies to thoughts and concepts we approach the world with. This body

is open at two ends, on the one hand, it connects to the Being which is everything
that we are that is outside of both our grasp and understanding, and on the other
hand, the world that is detached from us, but that to which our existential purpose
is to provide care for.

Everything that we can care for can be extended. That is what media do,
and it seems to me this is what McLuhan meant when he described media as mes-

sages in themselves [57]. They appear to us as another element of the exterior
world and are an affordance for us to extend our bodies. Extending this concept
into our cognitive approach to the world, I would like to state that cognitive mod-
els available to our improvisatory behavior of thinking can inform, influence and
educate our perception, abstraction and thereby our behavioral/physical approach
toward the world.



Chapter 2

Time-Based Media: Where

technology, content and participant

merge

2.1 Time-based content

Architecture, sculpture and photography address observers and participants
through their space-based structure. They are standing still while we can move
through them and past them, observe them from different perspectives, at different
times and under changing contexts and conditions. In contrast to objects in respect
to which we move ourselves, we can also find ourselves addressed by external
movement and become interested in perceptual processes that unfold over time
while we ourselves seem to be at rest. If the displayed process—the content of
a medium—can not be stopped, slowed down or sped up without significantly
changing or deteriorating the information a participant can derive from it, we have
to address it as time-based content.

In turn, we can describe time-based media as technological strategies for
the creation, encoding, storage, transmission, decoding and display of processes
that address an observing participant through their temporal development and
sequence.

14
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Unlike space-based content that is a persistent offer for a participant be-
come present to it and within it, time-based content demands attention and self-
attribution during the limited time span of its own presence, a receptive attitude
or a readiness for synchronized active involvement during the specific temporal
frame occupied for its playback and realization. The nature of this involvement is
a core interest of the following explorations.

2.1.1 Moving image, moving sound

In recorded music, radio, audio books, radio drama, the primacy of temporal
structure as information carrier is immediately evident. For the moving image

however—videos, films, animations et cetera—the the relationship between content
and time is more complex as the image itself has a space-based aspect.

Both audition and vision pass through a time-based gateway

Both auditory and visual components of a sound film are based on the
arrival of waves at the sensory array of the participant—acoustical and electro-
magnetic waves of a specific frequency range respectively. The reliable generation
of these stimuli is the task of media technology, of loudspeakers, video screens,
headphones and the signal chain leading up to them—amplifiers, D/A converters,
et cetera. But this address to temporal sensitivities of the human sensory array is
of course only a gateway to the participant’s perceptual process—temporal expec-
tations, strategies and behaviors that are addressed, evoked, activated and realized
by the incoming change.

What is revealed by pressing Pause

During the playback of a time-based medium, we often have the opportunity
to press the pause button to halt the development and progress—for example, the
playback of a Blue-ray video disc. Pausing the playback provides the observer with
an opportunity to suspend commitment with with the time based content, to free
up the potentials for action and perception that are involved with its observation.
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Figure 2.1: Single motion phase of a galloping dog from Eduard Muybridge’s
Animal Locomotion [61]

For example, we can chat with someone, get some food from the kitchen, or simply
freely think about something else—hear or see something that was masked by the
playback.

In the state of pause, the content sometimes does not disappear completely.
A halted video, film, animation or other animated visual medium is often reduced
to a still image: the dynamic aspects, the trajectories and developments of percep-
tual objects that are expected from the temporal progress of the media playback
disappear. In fact, the perceptual objects themselves may disappear if they are
only evident from a common fate—such as the famous example of the invisible

dalmatian or the colors and shapes in Steina and Woody Vasulka’s video work
Noisefields (1974). Needless to say, moving images activate a different strategy to
generate experience, they address a different set of potentials for perception than
the still image.

Halting the image is not just loss of information, it allows the image to
be observed in more detail, we can avert and return with our gaze, change our
perspective and discover details that we do not have enough time to realize when
the images replace one another in the prescribed frame rate. Loosing its time-
based potentials, paused film collapses into a space-based medium with its own
benefits and potential interests: Muybridge’s still images of consecutive motion
phases (figure 2.1) have become so widely known because they provided perceptual
access to the sometimes surprising poses a moving body proceeds through even in
everyday activity. They also remain to be important study material for character
animators to this day.
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Sound demands precise timing. In the presentation of silent film, the specifi-
cations of frame rates was rather vague, and occasionally was even intended to be
manipulated by the projectionist during the presentation [13]. In fact, a standard-
ization of 24 frames per second emerged as a requirement during the introduction

of sound film. Unlike the image, which always has the potential to be observed as
still-frame, slow motion, time lapse, et cetera, the experience of audio playback is
extremely vulnerable to minute changes in speed and timing. The extreme sen-
sitivity for playback accuracy can for example be deducted from our potential to
differentiate between the minute differences in playback speed accuracy between
digital and analog tape recorders [87].

We can find many indications that the auditory sense is much more strongly
associated with the analysis of temporal development than the visual sense, and
Michel Chion’s book Audio-Vision is full of such examples [16].

The strange behaviors of stopped sound. A still image is indeed visible
for a split second when we a film is played at its intended frame rate. Halted
sound on the other hand generates an entirely different impression. Most often,
it disappears completely and is replaced by silence. Alternatively, if the audio
signal is transformed from a pure time-varying signal into a sequence of frames by
spectral analysis, a sound is produced that is often difficult to associate with the
sound played back at its correct speed. As a third strategy, we can also attempt
to pause the current moment by repeating a short temporal fragment over and
over in exactly the same way— for example, the sound associated with the single
frame of a film, or the rotation of a skipping CD or vinyl record. Especially in
the unchanging repetition of small time-based fragments, something important is
revealed about the participating listener: While in the still image of a running dog
(figure 2.1), a single motion phase becomes available to closer observation, and
more detail about the motion phase becomes visible, a dog bark that is repeated
precisely over and over changes its appearance into an abstract timbre pattern:
the perception of the dog bark itself is no longer the same. While the precisely
identical sound waves may arrive at the ear of the listener, they do not produce
the same perceptual result. What is moving is the participant’s perception.
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2.1.2 The obfuscated distinction between content, medium

and participant in time-based media

Perceptual changes that result from repetition of the precise repetition have
been studied both in perceptual psychology, for example in the experiments of Di-
ana Deutsch [20]. In Steve Reich’s early works, the perceptual change of temporal
fragments in their repeated presentation becomes a composed aspect of musical
progress—the same pattern heard ten times is no longer the same pattern, the
changing perceptual perspective of the participant becomes simultaneously an as-
pect of the time-based content itself.

We can assume that this potential for the participant’s perception to move
must also be present when the content is not repeating, it is only made invisible and
covered by the changes in the in the content and becomesattributed to the media

content instead of the participant. We may say that what is moving when time-
based content is displayed is not only the content itself, and not only the display
technological generating the stimuli, it is by the same measure the perceptual
approach of the participant. We are reminded of a Kōan from The Gateless Gate

[88]:

Two monks were watching a flag flapping in the wind. One said to the
other, “The flag is moving.”
The other replied, “The wind is moving.”
Huineng overheard this. He said, “Not the flag, not the wind; mind is
moving.”

While the relationship between the observers and the flag seems compara-
ble to the relationship between the participant and time-based media, we have to
deal with an added level of complexity: From a semiotic perspective, the flag in
this story appears as an index for itself, while a time-based media system is char-
acterized by the production of both referential and symbolic references that point
beyond the object directly present, aspects that are put in place by an author that
come toward the observer through the medium—for example the places, objects,
stories, voices we experience while watching television. The experience of a media
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Figure 2.2: Temporality triangle of a time-based media channel

system, is characterized by a distinction between the medium and its content. We
will take a closer look at the semiotic aspects of media temporality in section (2.6).

What we can see from these observations is that purely time-based content
is characterized by a blurring of the distinction between the processes and develop-
ments realized by the technology, those inherent in the content and the self-motion
of the participant—a synchronous connected involvement of all three is required
for the emergence of an experience: Content, technology and participant are moved

and moving at the same time, and in the second half of this section we will begin to
lay out relationships and connections between these three contributing constituents
of time-based media.

2.1.3 Content and medium

When we call into consciousness the many varieties of auditory content—
audio-books, radio drama, classical music, pop music, narration, news, live and
recorded presentations, et cetera—and compare it to the simple unified interfaces
we are accessing this content through, for example in a CD player, we can very
easily distinguish content and medium.

While time-based content is realized in the onset, passing and decay of
temporal events, it is characterized by a potential to exist independently of both
the specific format of the medium and even the passing of time in general—a
structure comparable to a space-based artifact that persists through time.
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A story narrative can be adapted as a radio play, film, a text novel, graphic
novel or alternatively sequence of still images without becoming a completely dif-
ferent story. A film can be played in a cinema, television, DVD player as online
video. A piece of piano music can be realized as a human performance, a player pi-
ano, CD playback or recreation as MIDI file played back over a digitally simulated
piano. However, medium and content are also strongly connected.

“Gadget love” and “the medium as message”

From the concert halls and salons through radio and vinyl albums to the
digital formats, music has changed not only in the quality of its transmission or
the degree of visceral transparency and performative precisions recordings have
acquired. On the way towards greater reproduction quality and ubiquitous access,
seemingly circumstantial characteristics of reproduction have come and gone. Dig-
ital audio has not only made the crackles and scratches of the vinyl LP disappear,
also the potential to play the record back at the wrong speed, as well as the “thud!”
followed by the suspenseful rumble of the empty groove the needle of the record
player has just entered.

In 1936, Walter Benjamin described the playback of a phonograph record-
ing as an artwork meeting the beholder half-way [7]. But the infrastructures for
digital music recording, storage and playback we have available to us today have
transformed this situation even further. With indefinite repeats of every split sec-
ond of a music performance in near perfect fidelity, the potential of being exposed
to all available music at any moment, not only changes the aura of the music piece
and our attitude toward a live performance changes, we also become involved with
the music in an entirely different way. Hardly ever do we hear music performed
live. Instead, we are often exposed to highly produced audio tracks that target our
potential for musical experience without the detour through a documented music
performance, and the reconstruction in a live performance outside of electronic
and digital medium itself is often impossible. The scratching of vinyl records, the
cutting and gluing of audio tape—we find medium and content to become com-
pletely intertwined: computer generated music might be turned into audible sound
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for the first time when the CD is played back, and we encounter sound artists that
generate music specifically for these playback media [80]. Within this perspective
of content creation enabled by media technology we can also locate the writings of
Eisenstein and Vertov: In film montage, technological format and content generate
an inseparable unity [26, 27, 83]. 1

When we interpret media technology and its strategies of recording, encod-
ing, transmission, storage, decoding and display toward the participant as platform
for creative involvement we also have to look in the other direction, from the per-
spective of the participant’s access and influence over the content. Each technolog-
ical infrastructure offers different pathways to the attention and interest, provides
different opportunities to modify, to disturb, to fail to operate. Possibilities for
the participant to express themselves, and through which to express themselves to
others at the same time arise: The simultaneously complex and intimate relation-
ship between the participant and the medium McLuhan has exposed in his book
Understanding Media [58].

2.1.4 Participation

The user of the medium—watcher of television, cinema goer, radio listener—
is often described as a listener or observer, the receiving end of a transmission chain
that reaches from the author through the medium all the way into the observer’s
immediate environment. As we saw earlier however, the recipient of the message—
the third ingredient of our definition of time-based media—is not simply a passive
end terminal of the technological transmission chain. We can only receive, decode
and experience time-based content if we are moved by it— on the physiological level
as well as the level of each perceptual process and activity involved: Time-based
content addresses the entire extended body we have laid out in section (1.1).

1Despite its greater temporal specificity, the theories of editing—of the potentials that media
technology provides to the creation of time-based content seem to be more frequent for the visual
aspect of time-based media, while media-specific discourse for audio is comparably sparse. It is to
be suspected that this imbalance of critical inquiry is related to the curious fact that many forms
of auditory content have a strong relationship to phenomena that exist outside of the context
of technological mediation—music, speech, environmental sounds et cetera. We could say that
audio has a closer relationship to time while the visual medium is more natively technological.
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As we saw in the extended body, some aspects of this process are easily
approachable to our conscious attention and care, some are harder to understand,
and yet other aspects of this participatory activity of our extended body remain
inaccessible to our direct inside perspective and may only be indirectly clarified with
appropriate technological means—biometric measurements for example. Similar
to the relationship with our physiological bodies, there is a continuum between
aspects that are under our conscious attention and care, while others seem to be
involuntary involvements we have no influence over: a continuum from unconscious
and involuntary to conscious and intentional involvement—for example, from the
involuntary way in which human vocalisations immediately appear as speech, to
the conscious way by which we can navigate a cocktail party and provide selective
attention to objects in our environment. We will come back to this example at
several points within this text. We can already begin to see that our role and
involvement in the way time-based content appears to us is full of interesting
detail, and a closer look at these relationships is attempted in chapter (8).

Levels of involvement

Often, we find active contributions of a participant factored out of investi-
gations and analysis, critique and review of media and all accountability for the
experience is attributed to the structure and development of the content as a thing

of its own, and to the creative agency behind it: the author. While our own role
in the way media occur to us is subjective and therefore difficult to access from
the empirical perspective, we have to uphold that the participating observer is as
essential to time-based media as the presence of the listener is to the sound of the
proverbial tree falling in the forest.

Beyond our role as a platform for experience, we have a choice about
whether or not to let the medium enter and influence the time available to us:
we can turn the playback on and off, change the volume, listen with headphones,
close or open eyes and ears, walk into or out of the concert hall, pay or deny
attention, contribute our knowledge or previous experiences or instead drift into
a daydream—or become absorbed in an intense inquiry about what the content
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coming toward us is actually trying to convey.
This perspective becomes even more crucial when we look at media systems

that enable physical real-time interaction with content elements: the conundrum
of interactive time-based content that is addressed in Sara Robert’s article The

Present Tense [71]. Interaction can destroy the present the content intends to
generate—the potential to interact and interfere with the progress of the medium
can subvert the suspension of disbelief the content relies on. In order to avoid the
introduction of an outside perspective that results from the insertion of interactive
elements into immersive media streams, we need to overcome the distinction be-
tween interaction and content and to regard the participant not only as a repository
for addressable perception potentials. Active involvement needs to be interpreted
as a platform on which content itself plays out in a similar way as the patterns of
minimal music unfold in the listener. We can see a strategy that works in this di-
rection in David Rokeby’s Very Nervous System which will come up as an example
at various points in this dissertation. From this perspective, that Rokeby articu-
lates in his article Transforming Mirrors [72], we can trace back the involvement of
making choices about the progress of an interactive movie by pressing buttons with
their hands to the situation of the audience in a music concert that quietly sits in
their seats, well-behaved and seemingly passive, with all mobility constrained to
the cognitive body.

Formalizing the overlap of medium, content and participant: duration,

persistence, mobility

When we look at the way the passing of time itself factors into the relation-
ship between the participant, the content and the technological infrastructures, we
quickly realize that participant and content do not touch on a singular point in
time, the perceptual potentials that are addressed by the content, are based on an
observation sequential states and developments in relationship and juxtaposition
to one another, to trace dynamic developments that occur over time. Evidently,
this perception of mobility and development is based in an integration of time, on
the phenomena of duration as well as persistence.
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When a film is played back, different phases of motion, states and transi-
tion are combined into the impression of continuous dynamic movement. Musical
structures—melody or rhythm for example—are based on perceptual persistence
that allows the instantaneous moment to influence our approach to toward the
next moment and the one to follow: our perceptual perspective on the present is
continuously influenced by what came before. This requirement for temporal inte-
gration as a basis for time-based content is addressed both in the specious present

described by William James, as well as the more spiritually minded concept of
duration introduced by Henry Bergson. An exposure to persistent structure or
movement is also crucial to our own ability to become active in the first place.
We will talk about the various extensions of the temporal frame beyond the in-
finitesimal now and the phenomena of perceptual persistence in time-based media
in section (2.3.2) and chapter (7).

2.1.5 Summary

These introductory observations about time-based media open up the ques-
tions will be explore in the following chapters. What is laid out before us is a
structural triangle of temporalities (figure 2.7) that connect in the playback and
experience of time-based content, and each temporality provides us with a per-
spectives from which we can access and approach the temporality of time-based
media:

• the temporality of the transmitted time-based content itself

• the temporality of the media technology that enables encoding, transport,
storage, transmission, decoding and display of the content and provides af-
fordances for access, selection, navigation to the participant

• the participant’s temporality of perceptual potentials, cognition, action, mem-
orization, attention, expectation, attitude, boredom, interest et cetera as well
as the intentional and unintentional control over the medium and relationship
to the necessary technological infrastructure.
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Figure 2.3: Video playback on Youtube: spatialized time bar

2.2 The progress bar: content under the condition

of spatialized time

Time-based media are naturally constrained to a limited time span: whether
we listen to a CD or see a Youtube video, there frequently is a clock that shows us
how many minutes and seconds of the media stream we have already been exposed
to, how long the current media stream will still continue for. When the medium is
played back, the content clock time moves at the same speed as the cosmological
clock time: the virtual minutes and seconds of the media time-line run synchronous
to the real minutes and seconds of our lifetime we also find ticking away on the
clock of our computer desktop, cell phone, clock tower or wrist watch.

In the media player, a cursor or marker travels from left to right on a
horizontal axis along which the temporal development of the medium is lined up.
It tells us where we are within the media stream: how far from the beginning, how
far from the end. It indicates the coordinate position at which the present of the
cosmological clock touches the time line of the encoded content.
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The spatial time-line affords us a dual perspective on the medium: on the
one hand it provides us with an outside perspective on the content as time is laid
out before us. Within the range of time denoted by the length of the line any
moment is freely accessible. On the other hand we can experience the events
and developments encoded in the media stream when we press play. Through
moving image and sound, the time-based content then addresses and connects to
our potentials for experiential temporality.

2.2.1 A-series and B-series

We can rediscover this dual perspective on time in the A-series and B-

series McTaggart describes in his essay The Unreality of Time [59]. The A-series
is a sequence of events and states that reach from the distant past through the
immediate past and the present to the immediate future and the far future. The
B-series on the other hand is a sequence of states, events or developments that are
connected by before, simultaneous and after, without a concept of past or present.

An experience of time-based content conforms to the A-perspective, while
the timelined overview of time-based content can be related to the B-perspective.

B-Perspective and Bergson’s Spatialized Time

In the interface of the proceeding line, all moments in the media object have
an equal value and equal distance as time-points on a spatial time axis: a fixed
spatial structure that is persistent and unchanging. This outside perspective on
temporal developments is implied in Henri Bergson’s concept of spatialized time.
For Bergson, spatialized time excludes the mobility that characterizes temps durée.
According to his philosophy, spatialized time can not harbor any real change as
it is not only immune to how fast or slow time effectively passes, but even in
which direction its ’befores’ and ’afters’ progress: it is a persistent, super-temporal
structure, indifferent to the point in time we may occupy and experience within
it presently, but also indifferent to how we may relate to it in our subjective
temporality and experience [8]. In its purest form it represents a structure that is
neither affected by the emerging temporal developments of the natural world nor
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Figure 2.4: McTaggart’s B-series: moments connected by attributes of before and
after

can it be directly influenced by a participating observer.

A-Perspective—inserting the now

When a medium is in the process of playback, the time we inhabit is syn-
chronized to the progress of the media playback—the movement along its spatial
timeline. The present divides the time axis into the two intervals of past and fu-
ture. Now the events are no longer organized as before, after and simultaneous as
in McTaggart’s B-series, but appear instead as an aspect of the past, something
we expect in the future, or something that is in the progress of happening right
now. In order for us to experience a B-series of chronometric, spatialized time,
it has to enter our own present—its developments, movements, structures have to
traverse the A-series. When we permit this spatialized temporal stratum to enter
our present, we are allow it to connect with our potentials to experience tempo-
rality. Measuring time in metric units now becomes secondary, while instead the
dimensions inherent in our sense of now become the primary scale reference for the
behaviors and developments we are experiencing.

Already in this notion of a temporal scale reference our concept of present

has grown beyond the Euclidean point as which it appears in the spatial represen-
tation. This extended now of our experience does not only split the B-series into
the clearly distinct areas of past and future, it is also a locus for the strategies by
which temporal structure is transformed into experience. Whatever characteristics
we may attribute to this experiential now, they create the essential basis for our
experience of time-based content.
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Figure 2.5: McTaggart’s A-series: the temporal relationship between past,
present and future

2.3 The present of the participant

2.3.1 Point, stream, duration

Right now, it is October 21st, 2011 at 37 minutes past noon, PST - my cur-
rent position on the time scale provided by the chronometric device of choice: the
clock of my computer, synchronized to a network time server. The clock describes
my present tense as an infinitesimal point constantly moving into the future—
each moment as it arrives is immediately moved into the past2. The chronometric
present cleanly splits the time axis into the two open intervals of past and future.
As we know all too well, the progression of this point into the future is unstoppable.
With every second it has moved yet again, apparently without any contribution
on my part. Looking back at the clock again, I become informed about just how
much time has passed while I was involved with other things.

The external present

We might call this time that passes by without us looking the external

time, or chronometric time as it is the quantitative time measured by our clocks.
2Evidently, I have been returning to these paragraphs in the meantime, for example, on July

7th, 2012 at 8:15 pm. After the successful defense of the dissertation, another pass was made on
November 27th, 2012 at 0:14 am in preparation of the text to entered into the digital dissertation
database.
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Figure 2.6: Content, participant and media channel temporalities determine the
temporal behavior of the videoplayer.

Chronometric time desires to be synchronized with the physical universe—to pro-
cesses we observe in our environment such as the rhythms of summer and winter,
day and night, but also events of non-participatory dynamism of a much smaller
scale: How apples fall from trees, water flows down the river, or the way rain falls.

A formalization of the present as an infinitesimally small point is very use-
ful in the description of these mechanical processes, but it becomes immediately
insufficient when we insert our own perspective into the proceedings, when we in-
quire into the way the present occurs to us, and how we are in fact participating
in this now—if only by being subjected to its experience.
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Speaking of the present

When we address the present through language, we often refer to calendrical
units like day, hour, minute or second, accustomed processes or repeated rituals,
like dinner time and lunch time, but also cultural units like a music concert, the
movement of a symphony, et cetera. What we consider the present can in fact
encompass a vast range of time that easily surpasses a typical human life span,
for example the paleontological or climatological present that is talked about in
geoscience. Within the language game [86], the way we address temporal phases,
sections, seasons, eras, epochs, historical periods has to reach a level of account-
ability shared among the users of a given language, through utilitarian concerns,
or by being derived from a shared experience: we see the passing of day and night,
events such as puberty or sickness. Alternatively, the present can be constrained
as the time during which one is present at a specific location, a common expec-
tation or the general persistence of circumstances—whether one is subjected to
them passively or has brought them about actively. As we can see, the units and
concepts by which the present is addressed with in language is a field that could
easily span a dissertation all by itself, and I am not going to pursue it beyond this
point.

Perceptual phenomenology requires temporal integration

The phenomena of movement and gesture, our perception of frequency, me-
ter and rhythm as well as our understanding of language all imply the integration
of time into an extended range: a present that is not just a vertical phenomenon
but a duration that permits sequential developments to form relationships and con-
texts while changing their own appearance on their way into the past. The present
as an area of temporal integration can be found in physiological, psychological and
philosophical perspectives on human temporality.

The psychological present

Psychologist William James developed the idea of the specious present from
an analysis of introspective reports: he described our perception of time as a stream
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passing through consciousness allowing events and developments to be perceived
as juxtaposed within the same moment before passing on into what we address as
the past [46]. For James, this specious present has an extension that can vary from
a few seconds to about a minute on the chronometric time scale.

The physiological present

Another access to a duration of the now is available to us from chronometric
inquiries into the temporal properties of the physiology of our bodies and the
temporal behavior of our central nervous system. The chronometric evaluation
of introspective reports and electrophysiological measurements have produced the
popular 3-second-rule as a temporal horizon of the now, of perceptions occurring
in the time-frame of reality [23]. Unlike James’s derivation from introspection,
the 3-second rule is often associated with a physiologically motivated temporal
integration.

The semantic, psychological and physiological integrations of time we have
mentioned up to here share a quantitative relationship to chronometric time. In
the semantic present, clock time appears as a reference point. In the latter two,
chronometric time is monitored while time passes by for a test subject. The present
can however also be approached from a phenomenological perspective, in which the
passing of chronometric time appears as secondary: The A-Series.

2.3.2 The present and its human participant

As we saw, the conceptualizations of the present we can derive from seman-
tic, physiological, philosophical and psychological considerations share an aspect of
duration, but they differ in regards to the role each of these perspectives attributes
to the human being. After all, we live within and inhabit this specific moment of
time. Depending on whether we look at our involvement from the perspective of
the present of consciousness, the physiological present, the perceptual present and
the psychological present we become attributed with varying potentials for action.
In fact, the nature and relevance of our very existence varies.

A scientific strategy that intends to find a place for the human being in a
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universe that occurs without our contribution will necessarily have to render the
way time occurs to us as increasingly irrelevant, while Henri Bergson’s approach to
temporality comes to the opposite conclusion: he sees us as the locus of duration

and mobility: in fact a birthplace and mysterius locus of change and mobility in
that occurs within the duration of the moment [8]. Duration of the present is
for Bergson the moment the completely new enters into the world, starting out
as motion and intuition that is abstracted from mobility into objects through
processes of retrospective reflection and analysis. We can observe a shift in the
way the world appears to us if we grant it duration in our observation: We can
always discover something new by simply being with the world.

But even though our mind is attributed with a central role in the way
the world unfolds and occurs in Bergson’s Duration, it is still unclear how it is
that we are actively involved within this world, what the origins and destinations
the things we have to deal with as human beings are. In an attempt to fill this
gap, philosophical approaches have been developed that describe and organize
the relationships of our Being to the phenomena of temporality in an attempt to
discover what the existence of past, present future and the passing of time itself
makes available to us as we conduct our lives. The potentials to become active
within the passing of time and the framework of our own temporality is a recurring
topic of phenomenology in the legacy of Husserl, Heidegger and Merleau-Ponty, and
an elaborate exploration in this direction is provided in Martin Heidegger’s Being

and Time [40].
An ontological analysis of how expectation of the future and our accu-

mulated past shapes what we call the present provides another set of concepts
about human temporality—one in which the passing of chronometric time plays a
secondary role: the temporality of Being or temporal phenomenology of our exis-
tence. The scientific approach that sets out to find reliable connections between
the temporality of our existence and external, non-participatory time through a
chronometric analysis of the physical, physiological, cognitive or psychological as-
pects of our existence. A phenomenological analysis on the other hand can open
temporality as a platform for our action: the human being is not regarded as
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the passive outcome of an emergent process, but something that can use help in
becoming and being active.3

2.4 The emergent, spatial and involved outlooks

In section (2.1.5), we introduced three perspectives from which the pro-
gression of a time-based media presentation can be observed. First, we talked
about time-based content itself as a defined sequence of events and developments
organized along a spatial timeline. Spatialized time does not only appear at the
interface, it is the strategy and condition under which time-based content is tra-
ditionally stored and displayed. Analog audiotape plays at a specified amount of
centimeters or inches per second, movies are shown at a specific frame rate. De-
pending on the size of the image this frame rate translates to a specific length of
film passing through the projector’s light beam per second.

Second, we are dealing with the temporality inherent in the media chan-
nel technology itself, the temporal behavior of processing units and automated
machine movements involved in the playback. On the one hand this affects the
technology’s potential to faithfully recreate the prepared timelines and perceptual
events, to generate the intended perception-oriented stimuli. This also implies the
temporal behavior of the technology and the temporal characteristics of its re-
sponses to participant operations. The interaction of the physical components of
the transmission and playback technology come into play: mass, inertia, friction,
elasticity, electromagnetic capacity and inductance, et cetera.

Last but not least, the third component is contributed by the observer’s
3Natural sciences regard our bodies as an outcome of energetic interactions in the matter of

the universe, as structured by emergent processes such as evolution. The ontological perspective
on the other hand speaks to the Being that has an inside perspective not only on their own body,
but also on the world as it is available to them.

Science accumulates knowledge, but it is sometimes forgotten that the integration of this
knowledge into the technological extension of the bodies we inhabit as human beings speaks to
our responsibility. We are the ones who are supposed to provide care to the world through bodies
extended with these technologies. We see ourselves not as passive witnesses of our lives, but as
responsible agents within the world we inhabit. A perspective on participants that emphasises the
potential for action is naturally also a key aspect for an inquiry into the question of involvement
in time-based media.
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Figure 2.7: Three vehicles toward the next moment

involvement in action and perception of the content and the media technology
through which it is delivered. This implies the temporality of perception itself,
but also aspects, criteria and potentials for action the observers are dealing with:
their activity of access, control, participation, perception, attention or ignorance
through which the experience of the medium unfolds. The selection of content, the
control of its playback—the direction of the attentive focus of looking and listening
with its inherent potentials for simultaneity. In relation to Heidegger’s analysis of
the Dasein, we can summarize this third temporality as the temporality of the
Care the participant provides to the medium.

We can regard these three areas as cornerstones from which we can ap-
proach the temporal development of a time-based medium analytically, as three
vehicles that can take us from one moment to the next. As we learned in sec-
tion (2.1.2), what can be observed as causality for movement is on the one hand
the content with its designed spatialized timeline, the media channel technology
with its engineered emergent behaviors as well as the temporality of the involved
participant. In the playback of time-based media, we need to find all three tempo-
ral vehicles transparently superimposed, synced and merged: Time-based content
synchronizes the spatial timeline of its content to the cosmological clock by con-
trolling the emergent machine behavior correspondingly—all in order to involve
the participant’s potentials for temporal experience and behavior.
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2.4.1 Spatialized time

As we saw, most known forms of time-based content are examples of spa-

tialized time: events and developments organized on a persistent timeline and
scheduled to occur in a sequence organized by an author in order to achieve a
desired effect. In analog media, this spatialized time is often realized by a phys-
ically extended material structure that passes by a reading head at a specified
speed—magnetic tape, the sequential translucent images of celluloid film or the
groove of a vinyl record are examples of this translation of temporal passage into
spatial movement. During the display of the medium, the medium itself is ideally
unchanged. It persists through this process, can be stored away and retrieved later
to reproduce exactly the same temporal content—the same music and the same
film—again and again.

This fixed materialization of spatialized time—for example in the form of
time-encoded data—results in the inherent immobility that Bergson criticises: The
content is present as a temporal structure that is in itself unchanging and indifferent
to the process of its observation, or the direction and speed at which the playback
occurs [8].

Spatialized time in the computer

In present day, we find content under the condition of spatialized time
realized by computer systems. While hard disks spin and data tape drives move
in the process of reading data, we find the translation of spatial movement into
temporal passage that characterizes the playback of analog media transformed into
a complex choreography: the sequential retrieval of spatially distributed memory
locations and processes of buffering an paging that allows them to become present
one after the other at the computer’s output components such as a graphics card
attached to a monitor or an audio D/A converter connected to an amplifyer and
loudspeaker.

Why is the recreation of temporality in the computer characterized by so
much complexity?

While the CPU ticks of the von-Neumann machine occur at a constant fre-
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Figure 2.8: Analog tape recorder

quency, the temporality of the computer architecture emerges from the interaction
between the hardware and the various layers of operating system and software com-
ponents. It is characterized not only by significant complexity, but in fact emerges
as an inherently unpredictable sequence of states connected by deterministic steps.

2.4.2 The emergent temporality of the media channel

Time-based content comes toward the participant through a technological
infrastructure—a media channel with it’s stages of encoding, storage, transmission
and decoding, the physical behavior of its moving parts and the temporal nature of
its responses to actions of the participant such as changing the record or switching
to another channel, et cetera.

The intermediate states a media system goes through are the result of de-
terministic interactions between its system components, with the target to recreate
the spatialized temporality of the content and to respond to actions of the partic-
ipant. The technology is engineered to perform this realization within established
technological tolerances that are evaluated against perceptual thresholds and aes-
thetic preferences of the participant: the wow of a tape recorder needs to be
controlled and should not affect the appreciation of the music playback, or jitter
deteriorate the playback of event-based or stream-based digital content.

When the emergent temporality of the media channel does not produce the
timeline with sufficient accuracy, we are often witnessing artifacts in the playback
that appear as unexpected perceptual results: drop-outs, wow-and-flutter, jitter,
image flag-waving or outright breakdowns of transmission deteriorate the faithful
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Figure 2.9: A mechanical clockwork: temporal behavior emerging from the in-
teraction of mechanical components.

recreation of stored time-based content. The artifacts and inaccuracies that become
noticeable when the transmission does not occur correctly and the participant is
called upon to interpret the disturbed signal can be appreciated as starting points
in the design of new experiences. We can find examples in which the imperfections
of media channels have been turned into inspirations for creative expression in
electronically produced music, experimental film and media art.

Temporality and the von-Neumann machine:

Over the last 20 years, analog playback infrastructures have receded and
media playback has migrated into the computer—from desktop PCs to laptops,
tablet computers, media players, game consoles, set-top boxes and the connected
wireless and wired data networks.

While these media infrastructures permit the time-based content to be
stored and distributed in unpreceded quantities and ubiquitous availability, the
precise temporal behavior of these infrastructures is inherently unpredictable. Both
the time required between the storage and the display output of digital content as
well as the temporality of the real time response of the system are characterized by
a degree of unpredictability: even though it relies on strictly deterministic atomic
steps, we can often not know in advance how long precisely the processing will
take. Between the storage of content and its display and between the input and
output of a computer system, a sequence of intermediate states occur that remain
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Figure 2.10: CPU usage history graph tracing the emergent temporality of the
von Neumann machine

unknown before they have been reached and traversed by the machine.
The temporal evolution of the internal states of the computer emerges from

an interaction between the components of connected hardware—hard drives, mem-
ory chips, buffers and dedicated processing chips of various kinds—with the vari-
ous layers of software, from hardware drivers and the components of the operating
system to the specific applications that are currently executing processes on the
machine. With every tick of the processor clock, the machine transfers data from
its memory into various processing units. Some are interpreted as processor com-
mands while others become data values that are subject to the processing itself,
depending on their context. Results are in turn transferred and stored into the
various types of memory locations the machine has access to—RAM, graphics
memory, output buffers, other processing units, et cetera [84].

In this way, the machine proceeds from one command to the next accord-
ing to rules and mechanisms that are implemented in the microscopic layout of its
electronic circuits. These intermediate states are connected by a limited set of pos-
sible operations—each processing unit has a specific instruction set that connects
digital commands to a specific performance of the processing unit [45] and each
of these instructions is a deterministic process in itself: like an atom of spatialized

time, every command is characterized by a specified sequence of execution steps.
However, with the possibilities of the processing flow to perform case-based

branching depending on intermediate results, we can often neither know in advance
how many CPU cycles a specific program will need to finish, nor is of course the
end result itself known in advance. Since programs are usually not written using
machine instructions, but rather higher-level programming languages, the potential
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for a precise knowledge about the intermediate states and processing operations
is further inhibited through the introduction of compilers and virtual machines
that often are themselves not transparent to a programmer. Thus, the large-scale
temporal evolution of the machine that emerges from the execution of these atomic
instructions as well as the specific intermediate and final states that result from
this processing activity are unknown until the time of their execution.

We may be able to freeze the computer and have a detailed look at its
present state and from there extrapolate how the machine will proceed to the re-
spective next state, but in order to predict the future states we have to ourselves
perform or simulate the processing that creates them. What emerges in the ma-
chine one deterministic processing step at a time is thus an inherently unknown

future, and we can address the temporality of the von Neuman machine as an
emergent temporality

Spatialized time in the von-Neumann engine: Despite the difficulty with
controlling the temporal behavior of the von Neumann architecture, we often want
the computer to display a specified temporal behavior—for example when we want
to display time-based content for a user. One way to approach this is to encode
temporal sequences into the data structures contained in the computer’s memory, a
series of numbers that describe a continuous sound wave, or distinct time-encoded
events to be recreated in a specific temporal distance from one another. In the
domain of music, these can be for example a MIDI-file that describes a piano piece,
a digital audio recording, a movie file, and so on: unchanging data structures
waiting to be realized within the participant’s temporality by synchronizing the
described developments and events to the passing of cosmological time. We see
that the display of spatialized temporality requires a reconciliation between the
emergent temporality of the von Neumann engine with the spatialized temporality
of content:

the unpredictability of the internal temporality of the computer places it
at odds with the spatialized time of time-based content in which the future is pre-
written on a fixed time axis. Spatialized temporality and emergent temporality have
an inherently different relationship to the participant. While an author can target
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Figure 2.11: Quasi-spatial structure of the wave file format: temporal sequence
is translated into ’spatially’ sequential memory locations.

the perceptual potential of a participant by encoding developments into a stream
of spatialized time, emergent temporality has no inherent orientation toward a par-
ticipant, it addresses the participant in an accidental way. It is the participant who
needs to observe and care for emergent temporality, for example in an attempt to
understand the characteristics of emergent behavior. Both spatialized and emer-

gent temporality can only appear to us of we participate within them through our
own potentials for temporal experience: to hear the sound of a tree falling in the
forest, not only do our ears and all their psycho-acoustic sensitivities need to be
present [93], on top of that we also have to listen to the tree falling. This involved

temporality is the third component in our temporality triangle.

Involved temporality: random access of the participant

The temporality of human care for time-based content is distinct from both
spatialized and emergent temporality.
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Figure 2.12: Where emergent temporality is converted to spatialized: the fluctu-
ating use of an output buffer [92]

Figure 2.13: Telephone conversation and driving: the human factor in temporal-
ity. What can we do at the same time? What is the temporality of our extended
body [2]?

Not only do we control the selection and control of the media playback, we
also care for the assembly of the media channel by installing televisions and Hi-Fi
equipment in our homes or install software for media playback on our machines.
A user can interfere with the processing of the computer at any time—by using
a human-computer interface, by manipulating the hardware, the plugging and
unplugging of peripheral devices, exchanging memory contents explicitly or, if
nothing helps, restarting the computer.

In our way of doing things, acting, perceiving, thinking and reacting, there
is potential for mystery: what exactly the participant is doing, for example in the
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interaction with a computer, is unpredictable as it depends on exterior contexts, the
personal history of the user and possible resolves, decisions and changing opinions,
et cetera. It is constrained only by the temporal behavior of the human-computer
interface, and within the human-computer interface, we encounter the temporality
of interface metaphors that we will look at in more detail in chapter 6.1.

Observing human beings from an outside, non-subjective perspective, it
might be argued that the temporality of human involvement with time-based media
conforms to the concept of emergent temporality: deterministic processes within
the material our body consists of let our future emerge from the natural laws of
physics, chemistry, et cetera.

However, we can distinguish this outside perspective on the human being
from an inside perspective: the way things occur to us, our experience of perform-
ing actions, of reacting and making decisions, of being involved. This temporal
involvement of the participant neither conforms to an emergent temporality nor
to the pre-defined spatialized temporality of time-based content. We can address
our temporal experience of being existentially oriented towards, connected to and
active within the world that surrounds us as the temporality of involvement.

What is implied in this is the temporality of the extended body in motion—
the physical, the cognitive as well as the extended 1.1.

2.4.3 Excursion: generalizing remarks

While the three temporal outlooks we described in the preceding paragraphs
are evident in the triangle of time-based content, media technology and human
participation, we can in fact interpret them within a larger context as modes of

expectation that characterize our relationship to the environments we find ourselves
in.

Emergent temporality

When we investigate the natural laws of our physical environment, we seem
to discover that movements, developments, behaviors appear to follow a number of
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Figure 2.14: The Lorenz Attractor: an example for the unpredictability of emer-
gent temporality

regularities: we can hold concepts such as gravity, the speed of light, relationships
between matter and energy accountable for the way things proceed.

The universe emerges before our eyes, seemingly without any contribution
from our side. The immediate future seems predictable (at least in theory): one
moment is connected to the next in an iterative process in which the current state
is transformed into the next following a persistent set of rules.

In his article Deterministic Nonperiodic Flow, Eduard Lorenz describes be-
haviors of nonperiodic systems in which, albeit following deterministic rules, show
unpredictable behaviors that emerge from minute differences in the current state
or the way the rules are applied [52]. According to the much-cited Butterfly Effect,
we know that minute local changes can have enormous consequences—for example
a complete change in the development of the global climate.

In emergent temporality, the future freely unfolds in an iterative process
without any promise of a satisfying conclusion or the creation of a specific expe-
rience for us as its participants. It is a callous universe that proceeds from one
state toward the next without any inherent meaning or prescribed goal. We do not
know what is going to happen and have very little deterministic influence over the
emerging developments. What we can hope for however is the existence of deter-

ministic rules that underlie the observed processes, rules that we may gradually
disclose to ourselves using scientific methods.



44

Spatialized temporality:

The spatialized time we experience in time-based content however comes
with an entirely different mode of expectation. When we watch a movie or listen
to a music recording, we get in contact with a temporality that has been pre-
defined and recorded and is now in the process of being played back. An author
has placed something on a temporal axis for us to experience. We are being
targetted. Spatialized time is a tool through which an author can target the
perceptual involvement of a participant with organized temporal structure.

Spatialized time is written on a medium that is in itself exempt from the
progression of time—an unchanging super-temporal artifact. Spatialized tempo-
rality thus always requires an unchanging outside, a persistent medium and a
surrounding world. What do I mean by that?

As we saw earlier, spatialized temporality is characterized by a format and
a frame. A television set is defined by a frame that separates the real world from
the mediated content. Likewise, the content transmission has an image format, a
data rate, a compression algorithm, et cetera, that together define the format of
the broadcast. While this format canvas itself—the image frame changing 30 times
per second, and the sound system with its potentials to project pressure waves—
remain as a constraint to the physical power of the system, we have the potential
and tendency to forget about the frame and buy into the media presentation, a
process addressed as suspension of disbelief. Through this process media can gain
more power over us than the physical frame of its display might suggest: we can
become completely absorbed in cellphone screens that are only a few inches in
diameter.

Spatialized time supports discontinuity and non-sequitur. In emergent

temporality we do not know what direction the future will take, but we can dis-
close the potentials of the path into the future by the natural laws that the world
around us seems to adhere to. For spatialized temporality, there are no inherent
rules to follow in the transitions from one moment to the next: we may encounter
discontinuities on all levels—there is potential for utterly unpredictable surprise
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and the non-sequitur as well as for a perfectly satisfying resolutions, extreme bore-
dom or a dramatic change for the better against all odds created by a Deus Ex

Machina. For content in time-based media, this means that no level of the time-
based encoding is inherently spared from the potential of discontinuity put in place
by the author: a piece of music can suddenly stop, a movie character can suddenly
die—new ones be born or created in the most illogical ways.

In a universe proceeding according to spatialized time, the rules that it
currently appears to be governed by—such as gravity or electromagnetism—could
be subject to change at any moment without any foreshadowing. The regularities
we perceive, even our own experience of perceiving and analyzing them would
be illusions written into the determined stream of time, like super-natural special
effects in a movie.

Involved temporality

However, both the spatialized as well as the emergent perspective on tem-
porality are connected to our own way of being in the present we inhabit.

From the perspective of empirical science, our temporal involvement in
the environment is contained within the concept of emergent temporality, the as-
sumption that natural laws can be held accountable for all processes within the
physiological body, and that therefore our own behavior is determined by them.
However, this perspective does not provide us with any help in finding the best
way to approach our experience of the world, our attitude towards it or toward our
fellow human beings. It will be beyond the scope of this presentation to answer
the question whether our activities have any influence on the emergent develop-
ment of the world we live in at all—suffice it to say however that this influence
and responsibility is the basis of the way we conduct our lives as well as the way
society holds us accountable for our actions, for example when we receive a ticket
for false parking.

As we remember, rely and become determined by our past experiences and
history, we make plans for the future and get ready for what we expect will occur—
and we are responsible for all of it.
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According to Heidegger’s analysis of Being, our access to time evolves
around the meanings past and future have for us— the past being what we are
thrown into, what defines us and also serves as a repository of experiences that
shape our expectation of the future: what we already know will happen, what we
foresee and what we can already get a hold of before it occurs, up to the point
that Heidegger calls the Decay: the way we improvise our way through the present,
relying on our ad-hoc skills to make things work out in detail [40].

In reference to the concept of the extended body I proposed in 1.1, we also
have to speak of the temporal characteristics of this body: the temporalities of
the physiological body with its inherent information latencies for example due to
the transmission times of nerve fibers as well as the temporalities of cognitive pro-
cessing and active cognition, the potential of directing attention and the freedom
to contextualize experience with aspects of our memory and imagination, to—last
but not least—the temporal properties of technology as they unfold in its embod-
ied use. With the connection of physiological bodies to a musical instrument or
a human-computer interaction device, the temporal response and behavior of the
entire extended body is changed. We will look at these relationships in a little
more detail in 2.5.

2.4.4 Summary

As our future is characterized by an inherent tension between aspects we
can foresee and those we are surprised by as they occur: the emergence of the
unexpected. Within this uncertainty, we can distinguish three attitudes of expec-
tation:

• spatialized (pre-determined) temporality,

• emergence,

• involvement.

All three of these pathways simultaneously lead us into the future. Depend-
ing which of these we prefer in our explanation of the world around us, we can
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embed each of them within each other, which will lead to a different perspective
on the topic of free will, whether our impression to be able to interfere with the
course of events is a delusional impression of an emergent outcome, a predestined
and already written fate or in fact originating in the personal involvement of a
caring Being. A resolution of this question is out of the scope of this presentation,
suffice it to say that the author holds on to the impression that involvement is not
an illusion.

2.5 The Temporal Body

As we saw in 1.1, the ontological status of the body—the relationship we
have to it—is characterized by a duality: On the one hand, we can regard it as
a physical object with the same material properties as dead matter, and on the
other hand each of us has a unique and special inside perspective on the body
that is theirs. The body is our interface toward the world both in action and
perception—it plays a role in constraining but also enabling what we can do, what
we can feel, how we access our world and how the world can appear to us. As
we saw, we can extend the dual status of the inside and outside perspective—the
embodied and detached state—to aspects of technological tools that we use every
day and become so familiar with that we do not even think about them anymore
and use them as if they were part of us, and also to cognitive models that we can
encounter as something to be learned or discovered, that might become so familiar
to us that we effectively think of them as a part of ourselves.

What does this imply for the involvement with time-based media?

2.5.1 Involvement of the extended body in time-based me-

dia

We can trace the involvement with time based media through each layer of
the extended body:

on the physiological level, by orienting our body toward the medium we
experience the effects of the displayed developments on the temporality of our
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physiological body. Our ears respond to vibrations of a specific frequency range
projected from loudspeakers, and our eyes in turn produce nerve stimuli in reaction
to a frequency range of electromagnetic particles. But in our act of perception,
we can argue that our physiological body and its internal temporalities are also
involved: we hear certain frequencies as harmonic, and specific temporal juxtapo-
sition of repetitive impulses appear as a groove to us. The transition between the
cognitive and the physiological body occurs where we can apply a different context
or perceptual strategy to our experience and thereby change our perception as
opposed to a situation in which we experience something without having influence
over it.

On the cognitive area, we are providing attention, a way of seeing and

listening to the media playback, which evidently influences our experience of the
media stream. For example, the experience of pain is largely outside of our own
influence, while we tend to be able to shift between different conversations at a
cocktail party.

But the temporal body can also involve the media channel itself, for example
when we forget the HiFi stereo that plays the music and instead become immersed
in the content that comes toward us. We care for this effect—the immersion in
time-based content—by assembling and reorganizing the technological equipment
until all distractions have been removed or we are at least able to ignore them and
forget about them.

2.5.2 The extended body as locus of horizontal and vertical

temporal integration

We saw in 2.3.1 that the present is characterized by temporal integration—
an integration accessible from a semantic, psychological, phenomenological or phys-
iological perspective: like an extended spatial area, events and developments be-
come mutual contexts that share a common present by occuring in simultaneity or
immediate sequence. This time frame of contextual reference is expanded by the
phenomena of persistence and memory.

When we watch a movie, we hear sound elements that seem to be gener-
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ated from the physical movement of the actors (foley sounds), non-diegetic music,
ambiences and sound effects of objects we may in fact not see in the film image,
yet our experience is that of an coherent motion picture soundtrack, of distinct
audio-visual elements that create a dramatic effect in their combination. This
experiential unity is evidently a form of vertical integration: the fusion of simulta-
neous elements into a coherent experience.

Integration also occurs on the horizontal scale, along the time axis: we
see characters interacting and talking to each other in dramatic developments of a
story. In the process, the viewing perspective, scaling, distance et cetera frequently
changes without us even taking conscious notice. Even disjunct and superficially
incoherent imagery may not cause us to feel shocked, but instead generate a unified
interpretation of the juxtaposed elements. A prominent theory of these contextual
interrelations of sequential events and images can for example be found in the
montage theories of Eisenstein [26]. Horizontal integration is also necessary for
our interpretation of the grammatical structure of language, our understanding of
sentences and the reconstruction of meaning during a speech or while reading a
text.

We might be interrupted: TV advertisements interrupt the sequence and
may take us out of the movie completely. Yet we seem to be able to continue after

the break.

Temporalities of the physiological body

The transport of information in physical media takes time. Electricity trav-
els at speeds close to the speed of light. Sound waves in air travel at approximately
340 meters per second. Rivers transport water at a rate of several miles per hour,
depending on the slope, etc. Our physical body is no exception to this rule, and the
infrastructures within it that are operational in perceptual tasks are characterized
by temporal behaviors. Evidently chemicals and cell bodies need time to travel the
systems of blood and lymph. The transfer of information within our physiological
bodies is characterized by a latency. Nerve stimuli are travelling along nerve fibres
and from one cell to another through axons and synapses. The latencies implied
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herein contribute to both the temporality of reflexes as well as the temporality of
unconscious and conscious reaction [89, 68].

A detailed investigation into the temporal architecture of the human bio-
physis, the precise relationships between the subjective impression of the temporal
properties of our body and the cosmological progress of time is beyond the scope
of this dissertation.

We have to assume that delays, travel times, latencies, temporalities of
inhibition and emphasis, feedback loops and resonances within the information
transport of the body play an important role in the way we connect to our envi-
ronment and in turn shape what becomes possible for us to see, hear and experience
as well as our potential for action.

Time-based content is processed by a perceptual infrastructure that has its

own temporal behavior.

These can be held accountable for aspects of our perception of time-based
media. For example, the response and behavior of our body to temporal pat-
terns in stimulus energy may be fundamental to perceptual phenomena such as
frequency and harmony, the delays within the information exchanges underlying
senso-motoric activity throughout the body may be accountable for phenomena
of rhythm and meter— the emergence of temporal feedback structures within our
body even may permit us a general sense of time passing.

Horizontal integration

Time-based content relies on our potentials to interpret continuous and
discontinuous changes organized on a time axis: the interrelations between subse-
quent states, the appearance of movement and mobility, continuity, discontinuity,
repetition, discontinuity, expectation, repetition and surprise, rhythm, and lastly
phenomena such as language syntax imply the evaluation of a bracket of time—a
difference that occurs over the passing of time, a duration. As we have already
touched upon in 2.3.1, we can approach this phenomenon from different perspec-
tives.
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2.5.3 The deceptive simplicity of binaural interrelations

As an approach to the temporality of perception from the perspective of the
temporal structure of stimulus energy, we can look at inter-aural time delay. If we
artificially introduce temporal latency into a signal arriving at both ears through
closed headphones, we can achieve an array of different perceptual phenomena: if
we play a complex signal—music, speech or a reasonably active field recording for
example—to both of our ears through headphones, we tend to localize the signal
inside of our head, from a place in the middle between the two ears. This effect is
called in-head-localization [9].

When we start to introduce a latency time to one of the channels in the
range between 0µs and about 800µs, the signal localisation gradually moves from
the middle toward the ear to which the non-delayed signal is played.

The range of latencies from from 0µs to 800µs, is often used as inter-aural

time delay that can be used to distribute an audio source within a stereo image
during music production. Evidently, this temporal value corresponds to the nat-
urally occurring travel time of acoustical sound waves determined by the physical
dimensions of the human head.

A further increase of the delay from 800µs to approximately 10ms results
in a signal that is generally perceived to be only heard at one ear, despite being
presented to both ears at the same level. While not affecting the localisation of
the signal, a change to the delay in this range may lead to modulations in the
perceived timbre and differences in spatial impression the signal generates.

Beyond an approximate threshold of 10ms, the signal begins to appear on
the delayed side again, we now begin to hear two copies of the same signal: an
apparent copy that plays along in perfect synchronization. Here, we are entering an
area in which the composition of the perceived sound becomes difficult to describe.
While the non-delayed side remains dominant, the signals at each ear may appear
noticeably different despite being the same signal. Often, different elements within
the mixture of sounds present in the signal react differently to changes in delay.

The next noticeable change in the composition of the perceived sound oc-
curs at around 30ms, when the original and the delayed signal appear to become
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fully separated: we hear an original on the non-delayed side, and its immediate
repetition, an echo, on the delayed side. Increase the delay further, the feeling of
echo, reflection and space begins to recede, and the delayed copy appears more and
more as a repetition rather than an echo, until—depending on the signal maybe
around 1000ms—it appears more and more as a delayed repetition of the same
content: a canon.

We are now able to hear the original and expect its delayed repetition, some-
thing that was not possible before as delayed and non-delayed signal were fused
together in a spatial impression.

Further increase of the delay lead to a progressing loss of a sense that
the original and the copy are the same signal. Beyond around 3000ms, the two
signals become temporally separated so far that we need to pay special attention
to recognize the delayed signal a precise displayed copy of the other. We begin to
rely on the appearance of certain landmarks within the sounds: signatures that we
can recognize in their return and scan for differences or similarities.

From 0 to 3000ms, we have traversed a space from a single signal, through
effects of displacement of localization hard to specify timbral effects, quasi-spatial
sound reflections and echoes toward a distinction into original and repetition and
finally a state of dissociation in which only a listener’s memorization of specific
landmark events can indicate that the second appearance of the signal is indeed a
precise delayed repetition of the first.

Some of these effects are clearly related to the spatial physiological structure

of our body (localization), others seem to reference perceptual training with the

external world (quasi-spatial echoes), while yet others hint at high-level effects of

auditory perception (timbre shifts, repetition and memory).

Perception as temporal scale reference

The example of inter-aural time delay demonstrates that a multiplicity of
phenomenologies are lined up along the seemingly simple parameter change such
as the variation of inter-aural time delay. A seemingly linear temporal dimension
can harbor and address a manifold of different perceptual potentials and strategies.
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In fact, we can interpret human perception as a scale reference for physical
properties of sound.

The linear dimension of inter-aural time delay is juxtaposed to the biophys-
ical layout of our body—in reference to air as transmission medium of sound, the
resulting temporality of its physiological layout, our experience and learning with
this layout, et cetera. We can interpret the scale reference inherent in our extended

perceptual apparatus, from a physical, genetic, evolutionary, learned or metaphori-
cal perspective: while an analysis of the origins of perception, is beyond the scope
of this exploration, we can localize the perceptual effects in different areas of the
extended body.

2.5.4 Excursion: musical major and minor as outward and

inward perceptual codes

We saw in the example of inter-aural latency that perceptual change can
be encoded in reference to learned properties of the environment or as a rela-

tion between stimulus patterns and the inherent properties of the perceptual system

itself—effects that are directly caused by the layout of the physiological body and
effects that emerge from experience, learning, adaptation, embodiment that occurs
during our lifetime.

We can see herein a dual orientation of perception: on the one hand, there
is an outward orientation: experience-based learning, the development of adaptive
models and strategies to make sense and approach what comes toward us from
outside of ourselves, an adaptation both to the signals present in our environment
as well as to our own potentially changing physiologies in order to derive meaningful

information in a process of optimization and filtering.
On the other hand, the very apparatus we approach the world with. Our

body hosts interior processes, resonances, latencies, relationships we are simply
subjected to and have no control over—the unfamiliar within ourselves that is
present to us as a source of experiences without having a significance that lies
outside of the body itself.

We can discover traces of this dual perceptual orientation in the dichotomy
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of major and minor. As we know, the major chord can successfully be discovered
in harmonic resonances that are ubiquitous in our physical environment. Pitched
sounds that we hear are generally composed of an overtone series that appears not
as a collection of tones to perception, but as a merged spectrum, a single sound
characterized by pitch. The first 6 pitches in such harmonic spectra correspond to
a multiplication of the fundamental frequency with 1,2,3,4,5 and 6—all of which
result in pitch classes that are part of the familiar major chord, with 7 bearing
resemblance to the dominant 7th chord that is so central in European art music of
the 16th-19th centuries.

We can say that the sense of harmony we get from the major triad is
arguably related to the frequent appearance of harmonic resonance in our natural
environment.

The same can not be said about the minor triad. It does not appear in the
harmonic overtone series, in fact there are no ubiquitous sounds in the external
natural environment with a corresponding frequency structure. However, compa-
rable to the way the harmonic series hosts the major triad in its first 6 frequencies,
the minor triad is featured in the first 6 frequencies of the subharmonic series in
which the frequencies are not integer multiples of the fundamental, but divided by
the same series of integers.

This frequency distribution occurs under quite different and much rarer
circumstances in our physical environment: a subharmonic series is for example
generated when a mechanism is excited by a constant frequency impulse train but
misses beats in regular instances. If every second beat is missed for example, the
resulting frequency is f0

2 , if it two beats are skipped before relapsing, the frequency
is f0

3 , and so forth. The creation of subharmonics is a very fragile dynamic process
that skilled string players can evoke it by applying the right amount of bowing
speed and pressure to the string—sometimes, the first 3 subharmonics can be
produced, seldom more. Due to the inherent instability of these strategies to
generate subharmonics it seems as if this explanation of the minor triad can bear
no fruit. However, a dynamic processes occurring in the inner ear may reward our
attention: the encoding of sound in neural impulses that occurs in the hair cells
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located on our inner ear’s basilar membrane.
As we know, receptor cells of the human nervous system are characterized

by a latency and a relapse time. The density in which neural impulses can be
generated is limited, rendering each individual hair cell of the inner ear unable to
produce a spike for every elongation maximum of the oscillations that travel along
the basilar membrane. Regarded as individuals, each receptor cell generates its
own subharmonic distribution in the nerve fiber attached to it.

While we seem to be unable to attribute the specialness of the minor chord
to an external reference, we can discern a unique feature in the temporal pattern
it evokes inside the ear nerve: a phenomenon of subharmonic merging within the

auditory cortex.
Connecting this back to the different perceptual characters of major and

minor, we might say that major calls upon the outside world with its persistence
and stability while the minor chord carries aspects of an internal experience, a sig-
nal produced inside our body, only for us: an experience that is naturally isolating

if you will.
While we can not discard the power of standards established by the cul-

tural processes and the concept of relativism in aesthetic perception in general,
the dichotomy between a external and internal cognitive resonance that might be
inherent in the major and minor chords respectively makes the cultural interpreta-
tion of the produced qualities as expression of melancholia and sadness a lot more
plausible 4

We can regard it as an example of the way perceptual effects of temporality
are both attached to patterns we learn from our environment as well as phenomena

that occur within the internal perceptual physiology of our body. Under the contexts
of cultural relativism of course we have to highlight that while the emergent qual-

ities of the major and the minor might be universally compelling, the way these
potentials for perception are contextualized and used, the way we pay attention

4I would also like to point out that the dominant-7 chord of tonal harmony might have an
unacknowledged sibling according to this theory, which is the half-diminshed chord—a minor
chord with added major 6. Indeed this chord sounds even more minor than the minor chord
itself. This harmonic nature of the half-diminished chord can also be seen as one of the reasons
why Wagner’s famous Tristan chord appears to lack a tendency to resolve.
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to them both through cultural learning as well as our own choice, can make them
again appear very differently, to a degree that some would characterize their en-
tire existence as an artifact of culture. As an example from within the confines of
Eurocentrism, we can cite the cheerful character of the minor tonality in Brahms’
Hungarian Dances.

2.5.5 Interior, exterior and the hierarchy of encoding

We have up to now focused on internal effects of our perception—on the
complexity of inter-aural time-delay and an excursion into the old world of major
and minor chords. In both examples the focus was on perceptual qualities, not the
representation of something external, but toward the sources for the qualitative
properties of perceptual appearance.

Channel Breakdown

Spatialized media can produce these qualities by encoding frequencies, de-
lays, et cetera that relate to the perceptual apparatus the participant accesses the
content with. We usually leave the discussion of them to specialists: an average
music listener might not have reason to become interested in inter-aural time de-
lay or the differentiation between various musical chords. Instead, the participant
listens to the sound and gazes through the medium toward a representation that
evokes a specific pattern of involvement. On its most basic level, it is a simulation
of life: for example, a musician playing an instrument—or His Master’s Voice.

For this to work, the sound of a performance is recorded as a sequence of
changes or data that is stored or transmitted as spatialized time and is now running
in sync with the cosmological real-time.

The recording plays back at the same speed as it was recorded, the original
time-structure is recreated in the most perfect way. Distortions in this synchro-
nization can deteriorate the illusion. The tape speed becomes uneven, the disk runs
too slow or skips, the radio station has drop-outs. If the playback runs slower, the
musical structure might still be traceable, but the illusion of life is gradually lost.
The channel breaks down.
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What comes to the foreground in this breakdown is the materiality of the
media channel itself: a new perception enabled by technology. The participant
no longer sees through the media channel toward the musical performance but
becomes involved in artifacts generated by the technological infrastructure.

We can regard this dismantled state for example as a departure point of
Pierre Schaeffer’s development of Musique Concréte and his theories of qualitative
sound removed from a representational source [73].

Channel Buildup

We can also trace the opposite direction: the gradual emergence of the
illusion of life from the media channel. Let’s consider a badly tuned radio emitting
sound for example. We hear noise, a perceptual quality that emerges from the
media technology itself: the sound of the empty radio. We might discover patterns
in the noise, modulations, changes. It is still not clear what they are referring
to, but we are already generating a hypothesis about what is accountable for the
structures we perceive: what are aspects that appear to return and persist, what
thing we know could be accountable for these patterns and changes and their
dynamic behaviors? A speaking voice? An environmental sound? Music? Once
we have found something we can believe in, we slowly start to move from listening
to sound coming out of the radio to buying into the new world that appears
through the sound: we hear the rhythm of a music or a voice talking. Distorted by
modulation maybe, but our focus is now with the process that we hold accountable
for the changes: our hypothesis makes us complete the patterns. Already, we are
looking through the noise toward what it encodes. If the radio tuning becomes
better, the music will become more and more detailed, instrumentation, stereo
image and other details in the sound gradually appear. We might recognize the
music and start to form an opinion about its performance. The radio has now
moved out of focus, we become fully absorbed in its content: the medium now has

us where it wants us to be. If it is a speaking voice or radio play we hear, the
process can go even deeper: we now have the voice and the impression of a person,
but another layer is showing up—intentionality, drama, narrative, interactions. We
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might become absorbed into a virtual time-line that is simulated in the radio play
or narrated by a speaking voice. We now may even forget about time passing, we
become absorbed and lost in time-based content, we are returning to the experience
of unmediated reality only when the presentation stops.

Listening and embodiment We have traversed layers of encoding—from a
sound quality and its modulation through objects that appeared to be accountable
for the perceived changes, to drama, intentionality and interaction encoded in the
change. This hierarchy of encoding is not vertically opaque. We can, especially
with training, listen for the qualitative aspects of the sound transmission in the
radio, even if we are able to clearly hear the human drama evolving. But it appears
that we tend to move up on the encoding hierarchy as far as we can, and that lower
levels become obscured and embedded in higher levels: the tone of a voice informs
us about emotional states and appears as an aspect of the character of the person
speaking—sometimes to a degree that we can not take what someone says seriously
because their voice sounds childish without being aware that what discredits the
speech is not what is being said.

As a sound engineer, it happened occasionally that I become so riveted
by the musical performance that I for a moment forget to pay attention to the
technicalities of the sound that I am supposed to watch out for. I became stuck
at a high level of the encoding hierarchy and had to make a conscious effort to go
against this tendency, descend back down to the qualities that I needed to care
about. In the same way, the work of sound engineers can be invisible to the music
listener who gets completely focused on the musical performance itself, edited and
modified as it may be by the engineer. In this shift of perceptual focus and the
appearance of perceptual detail underneath higher aspects a listener cares for we
can see a parallel to the process of embodiment described in the section on the
extended body (1.1). We will talk more about the relationship between perceptual
encoding, informational encapsulation and embodiment in chapter 4.
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2.5.6 Temporal codes: The embodied and detached perspec-

tive

Again, we can see an intimate connection unfold between the temporality
of the environment and the temporal characteristics of a participant’s action and
perception. We can highlight on the one hand the potentials for shifting the
orientation of our extended bodies toward the temporality of the environment and
one the other hand the potential of communicative strategies to orient themselves
toward temporal potentials of the extended body of the human participant.

As we know, the participant is of course not passive: by orienting atten-
tion, moving the physical body or using technology involved in transmitting the
pattern in order to hear and see better or something specific within the pattern,
the participant can actively influence how exactly the incoming temporality occurs
perceptually.

The perceptual appearance of sound evidently depends on cognitive and be-

havioral models that are learned or handed down by evolutionary developments, the

physiological and physical layout of our bodies and the technology it is connected

to. The dynamic behavior of our physiological body evidently changes when it is

connected to technological means. Depending on how virtuosic and familiar we are

with the tools—to what degree the technology has become embodied within the care

we apply to our environment—our perceptual experience will change.

2.6 Sources and destinations of media temporality

We can approach the perception-oriented patterns that are encoded and or-
ganized on the spatialized timeline from two directions: First, the encoded patterns
are evidently coming from somewhere—they have an origin. They can be recorded,
manually created, algorithmically rendered, et cetera. Second, these patterns also
have a destination: the perceptual potential of the participant.

In between these sources and destinations is where media technology lives:
The media channel that stretches between the terminals of recording and playback
that permits editing, storage, processing, but also transport and transmission. We
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will now look at the dichotomy of origins and destinations of temporal structure
in time-based content.

2.6.1 Origins of temporality and change in

time-based media

We can say that media primarily serve as a stand-in for the observation of
an environmental process, or a performance that occurs in the real environment—
the sound of ocean waves, someone talking or dancing: we observe events that
seem to have their origin outside of the media technology and have entered the
channel in an act of capturing and encoding: the passing of time is recorded and
thereby transformed into a quasi-spatial sequence of states and transitions.

Within the media technology, these recordings are organized and processes
with tools made accessible by the media format—it’s technical encoding as well as
the strategies available for editing and modification.

We can edit the sequence, superimpose different recordings, create inaudi-
ble and clearly noticeable transitions. A historical reference for this vertical and
horizontal juxta-positioning and compositing of time-based content is of course the
theory of film montage [26].

Next to the editing of pre-recorded material however, temporality can also
be generated within the media channel through direct manipulation of the encoding
material itself from another direction than recording. We can paint on the film
strip, rhythmically inter-cut over- and underexposed footage. Recordings can be
processed and modified far past the point at which they can no longer be recognized
as environmental events—animation, electronic and algorithmic sounds can be
used, et cetera. Many aspects of content do not have an origin outside of the
media channel, but are realized directly within its technological framework. The
author of a media presentation can generate any temporal structure within the
frame and format of the medium (see 2.4.3).

It becomes apparent that neither the temporalities of the real world—
for example a performance of music or drama, the temporalities of the natural
environment—nor the technicalities of the medium provide us with sufficient ac-
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cess to criteria for the creation and structuring of time-based content. Rather, we
need to bring the other end of the media channel into perspective as reference: the
perceiving participant.

2.6.2 Destinations of temporality in time-based media

Inquiring into the source of temporality in spatialized media brings the
destination of the temporal display into view—a temporal structure created by
recording, editing, synthesis et cetera can only become meaningful to the degree
by which it generates the desired potential for the participant to perceive, interpret
and become immersed in the temporal development.

We can immediately separate three destination areas of temporal develop-
ment: the primary area of references for the temporality of time-based content
appears to reside in the experiences we have outside of the medium itself—in the
familiar external world with the processes, objects, dynamisms and forms of com-
munication that we are accustomed to. For example when we become involved in a
telephone conversation, we reconstruct the presence of a remote person through the
sound that we hear, even if the transmission is imperfect: We call upon a familiar
model of communication and let this activity enter our temporality. Representa-
tions that call upon familiar perceptions from our social and physical environment
are also present in the voices of radio, soundscape recordings or cinematic scenes:
the medium can target our perception with developments and movements that we
accept as representations of an exterior world, as connections to remote times and
places—or ones that are clearly recognizable as illusions.

But there also exists another area of reference which might be even more
fundamental. It becomes apparent when we inquire into the immediate time-
oriented aspects of our perception—the direct, abstract experience of change de-
tached from the representation of an external object.

Music listening for example involves internal processes that appear to exist
separate from the representation of an outside world: experiences that appear to
be realized within the dynamism of internal perceptual potentials, evoked almost
like a dream that is hard to shake off:



62

frisson, chills, emotionality, groove, rhythm et cetera can be aspects of
musical experience we would have to regarded as internal to our body as they
apparently are not representational of an exterior object. Due to the seeming lack
of relevance for evolutionary survival, these phenomena have been framed into
metaphors such as cheesecake of the mind in the context of Pinker’s positivism
[67], but in reference to the ontology of the extended body we described in 1.1, we
can see these phenomena as resonances within the extended body—changes to our
cognitive, physical or environmental state that become noticeable as themselves,
without being encapsulated in the impression of a detached object. The appear-
ance of a perceptual quality that we might be inclined to describe as abstract— a
massage in the sense of McLuhan. According to the process of encoding, we might
later connect these phenomena to an external source and attribute the perceptual
phenomenon to something outside of ourselves that is accountable: the external
physical environment. Especially if we can cause the phenomenon through self-
motion. The experience of internal resonances can also be a vehicle to change in
our perspective on embodied processes.

However, a third potential of temporal perception arises. Next to the refer-
entiality towards external objects and the appearance of internal perceptual qual-
ities in their own right, a potential of temporal perception is available to address
the participant: the phenomenon of sequential grammar and syntax, in which the
temporal behavior itself becomes a carrier for an independent layer of meaning.
The most prominent example of this is of course language itself, but we can also
attribute Morse code and certain musical phenomena into this category: the con-
tent here has an aspect that is outside of the direct representation of a temporal
event or the simulation of a familiar environmental behavior, but emerges from
a symbolic placement of events that are integrated over a longer period of time.
The temporal structure neither refers to it’s own qualitative appearance, nor to an
external object that causes it, but in turn encodes information that is independent
of its specific temporal structure. For example: language.

We can see that temporal development has a complex area of potential
effects—from the evocation of perceptual qualities and the mediated connection
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with the external world to symbolic representation of something completely differ-
ent. Each of these layers is independent from the respective other, yet they remain
generally accessible to the human participants, depending on what specifically they
are listening for.

A. Body resonance: We can enjoy resonances within the extended body with-
out having a clear idea of their symbolic meaning or their reference to an object
in the external world—for example when we listen to electronic music recorded on
a CD. In this case, we might not be able to tell what real object the sound on
the CD was emitted by, but are limited to an enjoyment of the vibrations caused
by the sound waves within the body: Similar to being subjected to a massage,
the body that usually involved in accessing the environment is now an instrument
addressed by a temporally structured stimulus. We can experience this massage
in the physiological, cognitive and extended areas of the body. This address to the
extended body is the most inherently temporal aspect of media content.

It also implies the participant in a certain way of holding their body toward
the arriving temporality: in most cases we have to sit still to hear music and stop
doing other things for a while. Even the passive enjoyment of massage implies
commitment and self-attribution.

B. Environmental representation: If we are able to interpret the incoming
temporality as a representation of external events we start to perceive mediated
motion and change as evidence of something real that exists outside of us and that
activates related strategies of action and perception.

We have the impression of becoming connected—of receiving access—to an
aspect of our external environment through the media technology, for example
when we watch a newscast. This brings up questions of accountability, reliability
and persistence. Can we really trust what we see or are we being lead into a virtual
world of movie characters and storytelling? Can we trust that what we see and
hear is really there, or is it just a fleeting internal impression?



64

C. Symbolic-semantic signification: Last but not least, we can be confronted
with a talking computer—for example automated announcements at train stations.
Here, the intended temporality is entirely symbolic. The transmitted information
is independent of the way it reaches us: both the way the message causes our body
to feel and the representational aspect, for example of the speaking voice, are mere
side effects to be ignored. What is important is the sequence of phonemes, words,
sentences. A symbolic layer appears that is beyond the timbre and qualitative
feeling of the speaking voice as well as its function as environmental stand-in for
a speaking person.

These aspects of temporal destination represent potential for temporal per-
ception, but they rarely appear in isolation. When we hear the announcer at the
train station, not only do we gather the train arrival information from the speech
(C), we also hear a person speaking (B), and we react to the performance of their
voice with emotional intuition (A). Even a computer voice has both abstract mu-
sical and eerie representational effects on the listener, as we can experience in the
music of Kraftwerk, in which the symbolic references of the spoken word are of-
ten simplified and repeated which causes the participating listener to change their
strategy toward an experience of the voice as a qualitative massage. On the other
hand, electronic sound, is still subject to contextual semantic infusion, for example
the symbolic content of a movie or a musical program, even if representation of an
imagined physical sound-source is successfully subverted.

Origin and destination of change in time-based media

Up to here, we can summarize: change in spatialized time originates in
three areas:

• the original timing of real objects and observable real-world behaviors that
are recorded and represented in the medium

• the temporal constraints and affordances of the technological format includ-
ing possibilities for editing, processing and modification that is used to author
and display the temporal developments
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• the temporality and temporal behavior of the participating observer.

Secondly, the change encoded in media of temporal spatialization has three
destinations or target areas in the participant’s potential to perceive time-based
media:

• the participant’s potential to interpret the medium as a representation of
something outside the medium, as the simulation or emulation of processes
observed in reality. The medium represents and displays a temporal process
that is displaced by space or time, or the simulation of a real process.

• the potential of the participants body to generate perceptual effects that are
based on its own inherent temporality. This is especially the case for music
but also other forms of non-representational time-based art.

• the potential of the participant to generate meaning from simultaneous and
sequential symbolic representation. This is the case for language but also
film montage and time-based narratives in general.

So far we have looked at single streams and events. In the next section,
we will attempt to look at the perceptual environment and the phenomena of
perceptual simultaneity.

2.7 Time-based content: simultaneous-differentiable

manifolds

The phenomenon of multiple parallel channels of information encounters
on many structural levels in time-based media artifacts: the distinct intertwined
voices of contrapuntal music, the parallel polymorphism of dialog, music and sound
effects projected onto the audience from a multichannel loudspeaker array in movie
soundtracks, radio drama and news reports that combine location-sound with
added voice-over, and the two ears that we both hear with at the same time.
We find ourselves addressed by representations and expressions of a multiplicity of
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simultaneously present streams, objects and events. Auditory media, which unfold
exclusively in temporal developments, seem to imply the potential to display a
manifold of simultaneous signals and processes to the participant. But before we
can approach a structural description of the phenomena of perceptual simultaneity,
I will first use the multichannel nature of audio as an example to shed light in an
area of frequent misunderstandings.

2.7.1 Audio channels, sensory channels and environmental

streams

When we look at the phenomenon of multichannel audio and the way it is
projected and perceived—for example the complex sound scenes of cinema audio,
contemporary video games, et cetera—we can distinguish three structural levels
on which we encounter arrays of parallel streams:

1. the array of audio channels that are stored and transmitted by the medium
and projected by the loudspeakers or headphone,

2. the sensory array of the participant,

3. the manifold of environmental streams that make up the auditory scene the
observers and participants find themselves immersed in.

Evidently, we find the polyphonies we experience in the audio content itself (layer
3 in this model) encoded and transmitted through layers 1 and 2. However, each of
these connected layers is characterized by a potential for structural independence.
Especially the relationship between a loudspeaker signal and an environmental
stream is a source of potential confusion. We usually do not encounter the voices
that make up a musical polyphony projected from distinct physical sources, chan-
nels or spatial locations—a string quartet represented by four discrete loudspeakers
for example. Instead, the count of transmitted and projected media channels tends
to conform to the properties of the sensory array of the participant—stereo loud-
speakers, headphones, (video screens in the audio-visual case, sometimes with two
simultaneous images, one for each eye). But we are increasingly confronted with
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cases in which the count of discrete audio channels that are projected from loud-
speakers is greater than the number of ears in a listener’s head. We can shed light
on this by describing the environmental role of a loudspeaker as an interpolation
within a structural triangle with the following corners:

• the audio channel projected from a single loudspeaker is a stand-in for an
environmental stream,

• the audio channel is directly connected to one of the ears of the participant
as a sensory channel, e.g. by headphone,

• the channel is part of a multi-channel array to be projected from loudspeakers
that are each heard by both ears. Spatial impressions are encoded in inter-
channel signals.

We find the first case realized for example by the projection of film dialog
from the center channel in order to constrain the localization of the actor’s voices
to the center of the screen. The second case conforms to the binaural application
of sound to the listener’s ears via headphones, and the third case is found in all
loudspeaker arrays that surpass the two stereo channels in number, such as the
cinema and home-theater audio formats promoted by the movie industry (5.1, 7.1,
9.1, et cetera). It finds its most extreme realization in wavefield synthesis systems
in which a single loudspeaker is never heard as a discrete sound-source on its own
and instead always appears as a contributing element in the synthetic creation
of an environmental sound field. But not only do we encounter multiple parallel
channels in the display of complex sound scenes, we find it also in its production.

2.7.2 Authoring time-based content: the polymorphism of

multi-tracking

The authoring and production of time-based media such as music record-
ings, radio dramas, film and video proceeds in a process of editing and modifying
a collection of synchronized but independent channels or tracks. Each channel
represents an independent timeline on which content can be organized—a series
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Figure 2.15: Track based editing in AVID Pro Tools

of images that are to be played back at a specified frame rate or a series of audio
samples that describe the behavior of an audio signal over time. Parameters can
be adjusted and their change automated over time. These parallel channels are
monitored and finally presented to the participant in a specific way to achieve an
intended effect.

Many contemporary authoring infrastructures use a spatial metaphor in
which these parallel time lines are presented organized on top of one another, with
time running from left to right—the current position within this spatial metaphor
for time indicated as a vertical line.

Similar to our earlier considerations of the different environmental roles of
loudspeakers (2.7.1), the relationship between the parallel content tracks of time-
based media is characterized by an intriguing polymorphism. Evidently, channels
can address a different modality—they can contain audio, video clips or streams of
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Figure 2.16: Track based editing in Apple’s Final Cut

time-encoded control data— and they are organized into groups of various interde-
pendencies: we encounter parallel tracks that are almost identical in which minute
changes to the temporal structure in relationship to each other creates a very large
perceptual difference and effect—and then we find other tracks we seem to be able
to displace or process with complete independence from the surrounding tracks.
Channels can also complement each other in the representation of a single event
or element, they can create a mutual context like a mutual accompaniment, and
thereby achieve something in combination that appears more transparent or richer
in information than each channel individually. But the combination of parallel
channels can also result in masking, block or inhibiting of individual tracks and
thus form a subtractive relationship.

We can see that an activation or deactivation of channels, for example by
“muting” and “unmuting”, can produce a wide range of unexpected perceptual
phenomena even in editing sessions of only a single modality. So what exactly is
the purpose of these parallel tracks?
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2.7.3 The sources and destinations of individual tracks

We can unravel some of the mystery when we take the sources and destina-
tions of the channel signals into account. If we subtract signals generated within
the system—be electronic or algorithmic means—we can generalize that the con-
tent of a channel is captured from a source outside of the media system itself:
the external environment. The destination of the multichannel infrastructure are
of course the observers and their potentials to perceive and participate in time-
based content. Taking the streams that come into and go out of the media system
into account, we can distinguish two areas from which motivations for the use of
simultaneous parallel channels in time-based media arise:

• in the natural environment, we can discover independent channels in the
perceptual streams we may want to capture and treat independently within
the system,

• our own perceptual physiology appears as a multi-modal array: It encom-
passes two eyes and ears, the senses of smell, touch and taste et cetera, each
best addressed with a specifically designed output channels.

2.7.4 Outward terminal: the environment as source of a

stream manifold

It is the endeavor of Gestalt Psychology to establish a set of rules that
describe the structural properties of our apparent environment: the emergence of
foreground and background, the distinction and separation between manifolds of
seemingly independent objects we find ourselves surrounded by [48]. Our exterior
world appears to us as a manifold of distinct objects in motion and at rest— per-
ceptual streams that are equally characterized by independence and simultaneity
in their existence.

This analysis of the environment based on a description of interactions be-
tween independent elements and objects is also fundamental to our strategy of
attributing attention to the world around us: the attentive process has been de-
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scribed as a moving perceptual highlight that selects between an array of simulta-
neously disclosed perceptual objects which emerge from unconscious pre-processing
according to the gestalt principles.

In the area of psycho-acoustics, Albert Bregman has approached the dif-
ferentiations we make within our acoustical environment as a process of auditory

scene analysis: according to his theory, the complex wavefields that occur in envi-
ronmental acoustics coagulate into arrays of perceptual streams according to a set
of organizational principles comparable to the principles promoted by the gestalt
theorists [29, 11].

Bregman’s auditory streams correspond conceptually to the visual object of
gestalt theory: listening participants can consciously focus on individual streams
by paying attention to it while suppressing others from consciousness: we listen to
music and forget about the noise from the HVAC system. [77].

Taking the auditory environment as an example, we can see how talking

about the external world brings the participating listener into perspective: on the

one hand, the environment comes toward the listener as an array of independent

objects and auditory streams, on the other hand the listeners come toward the

environment by providing attention and care to the streams and objects that they

find themselves approached by.

Attention: perceptual streams and visual objects as interface toward

the environment

We can interpret this emergence of persistent perceptual objects through
auditory streams as the creation of an interface that allows a participating listener
to access acoustical information in their environment: the emergence of a persistent
structure in relation to which we can perform self-motion and become active.

We can consider the cocktail party effect for example [15]: by focusing
on one of the streams of conversations within an environment in which multiple
conversations are present, we can attend to what is being said in one of the con-
versations, while we block out other conversations occurring simultaneously in the
same spatial environment—we are unable to listen to more than one person talk-
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ing at a time. We will return to this intricate relationship between the active
participant and the environment in chapter (8).

As we can see, we can see in perceptual streaming one of the structural
motivations to formalize time-based media as a manifold of simultaneous parallel
channels and tracks: multiple channels appear as a reflection on the array of per-
ceptual objects we find ourselves surrounded by. We can see this implemented for
example in multi-track recording sessions in which every instrument is recorded on
a distinct individual track.

2.7.5 Inward terminal: channels of the sensory array

If we now look the other way—at the way media are projected toward a
participant—we become aware of the multi-modality of our perceptual physiology:
sensory organs that are simultaneously gathering information in different domains.

Vision is provided by two eyes that each have their own perspective on the
environment—both of which are combined into a three-dimensional impression of
our current surroundings. Our hearing operates with two ears that each generate
auditory sensations from sound waves of a certain wavelength. While our olfactory
sense responds to the chemical consistency of the air, and so on.

Despite this variety in the different types of connections we have with our
environment, our experience of the environment is generally that of a unified whole,
not of distinct sensory inputs, our reality is multi-modal in nature. The distinct
objects we perceive within it can simultaneously have properties in all sensory
modalities—sound, touch, temperature, smell, visual appearance, et cetera. Our
senses operate in parallel to generate for us the impression of a transparent window
into the world that surrounds us, and we are often oblivious to the precise origin
of our impression. Referring back to the idea of embodiment, it seems that the
senses themselves become an embodied aspect of our care for the environment,
and we gradually forget that we see or hear when we become involved with our
environment.

Sometimes we care for our ears and eyes by cleaning them, or we are alerted
to a problem in our body that needs attention that causes us to turn our care
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toward the sensory array itself—but usually our senses are just involved in whatever
it is we are doing right now.

2.7.6 Summary of origins and destinations of multi-tracking

We are presented with two manifolds: on the one hand, the streams, ob-
jects, patterns and properties that make up our impression of the environment, on
the other hand, our body’s array of sensory potentials. Between the multi-stream
environment and the multi-channel sensory system is where media technology in-
serts itself: a media channel targets the senses through loudspeakers, video screen,
vibrating floors et cetera, and within the transmitted signal it encodes environmen-
tal streams, polyphonies and multi-layered representations that are characterized
by a degree of independence from the specific strategy by which the technology
targets the participant. Within the medium, we find perceptual streams that have
been captured, encoded, transcoded, stored, transported, edited within the tech-
nological system—by an author.

2.7.7 Capturing the multi-stream environment

Whether we discover the environmental phenomena to capture in our envi-
ronment as found objects like the sound of rain, or whether we specifically script
and perform them like music, dance or dialogue, in both cases we turn toward our
environment with the intention to capture temporal streams we experience within
it.

The process of capturing implies a highlighting of a set of distinct streams
against others that are suppressed: we build and place microphones so that we
can capture environmental sound from a certain perspective, we build walls and
architectures to exclude auditory and visual elements or provide the ones we wish
to capture with a specific background ambience such as the reverb of a concert hall.
We point the camera in a certain direction or use the microphone’s directionality
to favor certain sounds over others.

This intentional placement and use of capturing technology can be inter-
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preted as a technological externalisation of attentional highlighting: certain groups
of processes are attended, comparable to the conversations at a cocktail party, while
other objects, processes and streams appear suppressed: the capturing equipment
is turned away, they are blocked out by walls, or, if all fails in the capturing process,
they are edited or filtered out in post-production.

The capturing process requires a human contribution: an author or artist
who "creates what they want", or at least someone who can be described as having
a specific interest in aspects of the environment. An analysis and decision about
what the useful and what are detracting elements are needs to occur.

Example 1: video capture A camera is necessarily pointed and focused at
a specific excerpt of the spatial environment and excludes everything that does
not cause a noticeable effect within its frame—either directly by appearing in the
frame, or indirectly, for example by a diffuse reflection of light. While we see only
one moving image, multiple independent objects, processes and events might be
captured simultaneously. The moving image is oriented toward the human activity
of seeing and designed to provide visual cues to target the perceptual potential of
a participating viewer to differentiate the encoded streams—a foreground, back-
ground and the depicted objects. The camera perspective is a selection from a
spatial environment, and yet harbors the potential of a complex internal manifold
of independent objects and relationships.

Example 2: microphone capture The placement of microphones can follow
two diverging strategies and directions: first, the microphone can be placed close
to a specific source of the sound or be equipped with a characteristic that is biased
toward sound coming from a specific sound source. A close-miked saxophone for
example.

Since the saxophone naturally appears as a segregated perceptual stream
within a complex sound scene, we can interpret the “close miking” or “spot miking”
of a sound source as a technological imitation or externalisation of perceptual
stream segregation: the microphone is placed in order to capture only sound from
one of the perceived sound sources while suppressing the other emitters of sound
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Figure 2.17: Dummy Head Microphone: Modelled after the human sensory array
[5]

that might be simultaneously active. This technological externalisation of stream
segregation is also at work when music is recorded in rooms that isolate the sound
of the instruments from the open soundscape, weather conditions, wind, et cetera.

On the other hand however, we can set up the microphone—or an array of
multiple microphones—in a fashion that is not biased toward a specific auditory
stream, but instead is designed to capture cues from the environmental sound field
that allow a participating listener to perform the segregation of individual streams
during the act of listening. This is for example the case in the use of stereo mi-
crophone assemblies such as the ORTF configuration [4]—microphone placements
that reference the human physiology as it pertains to the potential of spatial stream
segregation, imitating the signal transformations that occur naturally around a lis-
tener’s head with the intent to provide the listener with an experience as close to
being there themselves as possible. This type of microphone can be addressed as
the "main microphone" in classical music recording. An extreme example oriented
toward headphone playback is the dummy head microphone.

We need to add that both strategies mentioned are characterized by a spe-
cific selection from the environment as well as the potential to harbor multiple

differentiable streams: whether they are the distinct spatial placement of an in-
strumental voice in a stereo microphone or distinct hockett lines within a single
instrument channel recorded in a spot mike.
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2.7.8 Bidirectional Considerations

We saw that in the capturing of the multi-stream environment, two different
approaches are at work simultaneously:

• the parallel capturing of individual processes occurring in the environment
in order to generate the best combination and flexible recreation later on,

• the capturing of multi-channel signals that target the sensory array of the
participating observer permitting a most detailed natural representation of
the captured auditory scene.

Each of them is suggestive of an appropriate placement and use of recording equip-
ment.

Typical beginner mistakes in sound recording can be traced to an erroneous
identification of the microphone with the listener and the process of recording with
the process of listening.

Background noise might be unheard during the recording process but ap-
pears as a strong distraction during playback: while the background noise was
removed or rendered irrelevant through stream segregation and attentional sup-
pression in the real-world listening scenario, the segregation becomes impossible
as the relevant cues that enabled the attentional removal have been lost in the
process of capturing and playback.

Removal of an undesired audio stream can be achieved by a simulation of
attentional selection through microphone placement and directionality, or of course
the introduction of sound blocks such as closing windows.

A different situation would also be achieved if a recording and playback
setup was used that will record both the intended signal and the background noise
in a way that enables the listener’s potential for stream segregation during the
playback of the medium. It is interesting to consider in this case how the shared
temporal behavior and contextual appearance of background noise and intended
content ties them together through causality and prevents them from being per-
ceived as separate entities: an HVAC or traffic noise that might go unnoticed or
be acceptable during a concert performance becomes a blemish on the recording
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product as it starts and stops with the playback itself, while real traffic noise that
occurs during the playback is usually ignored.

In the visual domain, this can occur when something is discovered on the
video image that was not see during the shot because the camera operated might
have allocated their attention on other aspects of the image during the shot and
overlooked it.

2.7.9 Recreation of the multi-stream environment

In the preceding paragraphs we have looked at the capturing of a multi-
stream environment—either the multiple channels that are generated from the
streams present in the environment, or the multiple channels by which the par-
ticipant’s perception is addressed. We can now look at the opposite end of the
channel: the recreation of a multi-stream environment from a recording.

While an analysis of the environment—the elements, objects and properties
within it we are interested in that need to be faithfully represented—are a primary
concern during capturing of time-based content, when we look at the display and
reception of time-based content, we find the sensory potentials of the participant
at the center of our interest.

If we would like to display multiple distinct but coherent streams to the
listener, we need to address the potential of auditory experience to be differentiable

and transparent:
as we know, our perception is characterized by multi-modality: we retrieve

information from the environment with multiple senses simultaneously. This in-
formation is then combined into a coherent but differentiated experience of our
surroundings. Our senses are connected through our physical body and are never
completely separate and independent from one another. For example, while we
might distinctly address our ears with a binaural signal using headphones, our
heads are geometrically connected to our eyes, and it is to be suspected that we
are everyday experts at the use of coherent motions of our individual eyes and heads
in the exploration of our spatial environment, in other words, the inter-channel sig-

nals we evaluate are probably more involved and exist between all aspects of our
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sensory array. The intrusion of mobile body geometry and intuitive movement are
also a first intrusion of the active participant and an involved temporality of the
way the participant approaches time-based content. We will explore this relation-
ship to the observer and distinguish two extremes in the way multiple synchronized
channels of spatialized time can address the potential of a participating observer
to become immersed in the next section.

Synthetic environments by sense-oriented multichanneling

If we take the consider the way the output channels of a media system
can connect to the sensory array of the participant, we can describe an extreme
case in which individual, synchronized signals address each sense separately. For
example, a computer screen and a stereo headphone. This strategy is oriented
toward the sensory inputs of the human participant—something we already saw
reflected in the recording process through the distinction of camera and microphone
and implemented in the concept of main microphone. The ideal media system for
this approach would cover the entire range of human perception, and allow the
emergence of a complete virtual reality from a direct coupling of the media system
to the participants senses. A system like that would necessarily be oriented toward
a single participant who would become completely immersed in an experience
mediated by a direct coupling of sensory potential and media playback.

Scripted environmental control

As a second extreme, we can consider a scripted manipulation of the physical
environment, the control of environmental conditions through time-based script-
ing: the movement of automatons with built-in loudspeakers, control of lighting,
wind and temperature, also the recreation of a quasi-natural sound field. Instead
of the recreation of an impression through a direct coupling of the system with
the participants sensory potentials, what we are talking about is the recreation
of environmental conditions. Examples of this can be experienced in many mod-
ern theater productions, but the maybe most powerful implementations of this
tendency are found in world fair pavilions, and as a reflection upon this, the expe-
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riential worlds at Disney Land Anaheim, and the themeing of Las Vegas Casinos.
Environmental synthesis and sense-oriented multi-channeling has the po-

tential to separate participants from their immediate environment—a replacement
of the natural environment. However, it frequently occurs staged in a specific
context of environmental scripting. The demonstration of power and financial ca-
pability implied in costly CAVE infrastructures, awe-inducing home theaters, et
cetera. Likewise, environmental synthesis often features elements of sense-oriented
multi-channeling such as embedded audio-visual displays, stereo recordings that
encode spatial sound scenes, et cetera. The popular 5.1 format includes a sense-
oriented quasi-stereo speaker setup in its L/R channels, but also features a sim-
plistic scripted environment by surrounding the viewers with quasi-environmental
sources such as the center channel which is used for dialogue, and the surround
channels which are generating "behind the audience" effects, which both emerge
as environmental streams and address the listener primarily by "scripting the the-
ater space". In recent years, the address formats of sound and image have become
a lot more flexible with the advent of surround sound, DVDs, Blue Rays, on-
line videos and HDTVs, and a detailed discussion of these formats is beyond the
scope of these explorations, suffice it to say that they to a varying degree become
involved in environmental synthesis for example through the inclusion of diffuse
surround channels, but also focus on a maximization of sense-oriented differentia-
bility through the creation of a stereo field, 3D video, et cetera.

2.7.10 Differentiability

The output format determines how the perceptual streams encoded in the
medium are displayed to the participant, how the perceptual potential of the par-
ticipant is addressed. If we compare the experience of a movie in an IMAX theater
to the experience of the same movie as online video, we have the impression of hav-
ing seen the same movie under different qualitative circumstances, although many
elements and details of sound and image might have become distorted, undifferen-
tiated, unclear—perceptually inaccessible (or conversely, have become transparent
and differentiable).
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While there is differentiability already in signals for a single sensory channel—
for example, an image seen with only one eye—differentiability is also a potential
of inter-channel signals, information that is encoded in the relationship between
simultaneous developments in parallel sensory channels.

An area in which inter-channel signals are used with great care is the design
of the stereo image of a recording. An orchestra recording for example has a clear
spatial distribution of the different instrumental groups on the panorama between
the left and right loudspeaker. Spatial placement is generated as a function of
differences in delay, amplitude and timbre of an audio signal. If the recording is
played back from a single speaker with both channels mixed together into mono,
the segregation of certain streams is no longer possible. The potential to spatially
distinguish the perceptual streams of the various instrumental groups is lost.

2.7.11 Coherence

A criterion in the domain of sound reproduction quality is differentiability—
the potential to distinguish different simultaneous events and streams, the trans-
parency of a recording. Juxtaposed to that, we find the need for multi-sensory
integration—to merge and connect simultaneous streams, for example of the audi-
tory and visual sense. Here, the concept of inter-channel signal takes on a different
meaning as the auditory and the visual sense cover a different range of temporal
scales, they have an inherently different morphology. The effects of coherence and
correlation have to draw from a complex set of experiences with the world: how
does the sound emitted from a loudspeaker become the sound a car makes that we
see on the screen, how does a speaking voice become attached to a talking face?
Michel Chion’s book Audio Vision attempts the development of a vocabulary in
this area [16].

Correlated developments in the channel manifold are becoming combined
into the unified experience of a music recording, a movie, a radio drama, et cetera.
We can understand inter-channel signals from the perspective of psychoacoustics,
multi-modal gestalt psychology and other fields of cognitive and psychological in-
vestigation.
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2.7.12 Spatialized time: a differentiable-simultaneous

manifold

We encounter the phenomenon of multiple simultaneous perceptual streams
within time media artifacts on many structural levels: as distinct voices in contra-
puntal music, the distinction between dialog, music and sound effects that occurs
in radio drama and film soundtracks for example, or the presence of two indepen-
dently moving visual objects on the screen. We experience independent entities
that form relationships to other elements present, or inversely we perceive a whole
that consists of simultaneous parts: we can speak of the media artifact as a differ-

entiable simultaneous manifold.
On the one hand, the display of time-based content unfolds through a mani-

fold of synchronized output channels that target the perception of the observers and
their potentials to derive environmental information: loudspeakers, video screens,
low frequency subwoofers, vibrating seats, et cetera.

On the other hand we encounter a simultaneity of streams and objects dur-
ing the presentation itself: a manifold that emerges on another level than the
simultaneous presence of multiple channels. As we saw, these streams are charac-
terized by independence, but often congeal to shape a whole greater than its parts.
Four-voice counterpoint consists of four individual voices, and each voice could be
removed without disturbing the other three. The created whole however would
deteriorate with each missing voice—four voices within the same modality.

But perceptual streams and objects can also span and cohere across multiple
modalities such as the audiovisual objects that we see in a film: a car driving by,
people talking in the background, diegetic music, et cetera. Time-based media
can provide the experience of polyphony and of multiple seemingly independent
entities operating in a concerted fashion to generate the intended result in juxta-
and superposition.

We have to consider the authoring of time-based media as the careful cre-
ation of a stream manifold.
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2.8 Authoring spatialized time

We realize the potential of media artifacts of spatialized temporality by syn-
chronizing the traversal of the spatial timeline with the progress of the cosmological
clock. What has been authored and organized, usually within a computer-based
authoring tool, is now subjected to the processes of perception and participation
within the present of the human being (2.3.2).

In the following paragraphs, we will look at two popular authoring platforms
for spatialized time, Digidesign Pro Tools and Apple’s Final Cut Pro, in order
to describe the way the temporal axis is formalized and made available to the
author through the user interface. The progression of time in the computer is
necessarily subjected to quantization as the computer system itself progresses in
discrete steps—the ticks of the CPU clock.

2.8.1 Quantized time

Referencing grid from the quantization of a quasi-continuous signal

The size of the discrete steps in which time progresses in editing systems
of time-based media is usually determined by the output format, which in turn
is oriented toward the sensory array of the participant. The values are chosen in
order to obscure the fact that the system proceeds in discrete steps in order for
the medium itself to appear continuous. These temporal units form the basic grid
on which time can be addressed and structured from within the system.

This is usually achieved by changing the output state so often that they
blend into a continuous motion in the observer’s perception (video) or is able
to encode and reproduce the full range of audible frequencies. For video, this
occurs at an image frame rate of typically 24-30 frames per second, and this frame
quantization can also be addressed through time code. For audio, the time quantum
used is usually the length of an audio sample, which comes down to 1/44100 to
1/96000 of a second. Since audio samples are very small temporal units, audio
timing is usually handled along larger units such as minutes and seconds, bars and
beats or video time-code.
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Figure 2.18: Time axis in Pro Tools: frames, samples, bars and beats, calendaric
time

Cosmological quantization

Next to the quantization that is oriented toward perceptual benchmarks,
another strategy to address time within the media system is along the cosmological
and calendaric time units of seconds, minutes or hours that are specified in reference
to a start point—the idealized scheduling of an event that the media system will do
its best to fulfill accurately. This is especially useful for data that are not encoded
into a continuous stream such as video and audio. Examples can be found in
automation and control data events.

Quantization from temporal code

Finally, we encounter time grids that are neither derived from the output
format nor do they directly inherit from the cosmological clock time, but instead
reference methods of temporal address that are content inherent. Most prominently
this is the case for the metric structures of music, with its tempo, bars, beats and
pulses 5.

We see that axis of content encoding spatialized time has three temporalities
to reference:

• the technological rate of the media channel (frames/samples),
5The timing of music performance, as all musicians know too well, does not conform to

the regularity of the cosmological clock, it is an involved sense of time negotiated between the
musician and the listeners. The conflict between this involved temporality and the spatialized
temporality the machine attempts to recreate is one of the central aspects of computer music
that involves a meter. It is either embraced as an asset in beat-oriented music, circumvented
by disconnecting the temporality of the computer from that of the real musician, appears as an
echo/reflection, or the temporality of the computer is made to conform to that of the musician,
by score following or manual synchronization cues.
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• the passing of cosmological real-time (minutes/seconds),

• structures inherent in the temporality of time-based content itself (bars/beats).

2.8.2 Multiple channels

Another element that we encounter in all authoring systems for spatialized
time is the appearance of multiple synchronized channels that run in parallel,
forming multiplicities of combinations and groups. We have already talked about
the possible motivations for parallel channels in (2.7).

Environmental streams

As we saw in section (2.7.4), the first motivation for multiple parallel chan-
nels in media authoring infrastructures is the representation of perceptual streams
such as those generated by gestalt perception in the process of auditory scene

analysis [11]. This implies that designated tracks or groups of tracks represent a
specific sound source within an auditory scene, such as the distinct instrumental
tracks in an overdubbing music production.

Sensory array

The second is the creation of output channels that target the participant’s
sensory array (see 2.7.5). Often, multiple audio channels run in synchronization
with a video signal. Two audio tracks are grouped into a stereo signal that is
designed to address the left and right ear of a listener. The tracks cohere through
inter-channel signals that address the elements of the sensory array of the observer
in combination.

Control object

Last but not least, we also find parallel synchronized tracks as a vehicle to
provide a control interface for individual control streams that are neither environ-
mental nor sense-oriented, but created with the intention to shape the behavior of
parameters in synchronisation with the clock. A track like this is used to shape
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the appearance of environment-oriented tracks within the auditory scene, the inter-
channel signals of tracks oriented toward the sensory array, or any other control
information that needs changing over time. A general exploration of the idea of
changing parameter is beyond the scope of this exploration.

2.8.3 Clips and the transitions between them

A third common feature of these media authoring systems is that the we find
temporal regions organized on the channels we have mentioned before: modules of
spatialized time that are placed and organized on the global timeline of the editing
window. These temporal modules are referred to as clip, section, region, phrase,
cue, et cetera.

While the regions can be moved around independently, they are connected
by perceptual dependencies: when they run in parallel, they can mutually contex-
tualize each other as distinct perceptual streams or generate inter-channel signals
to target the sensory channels directly. But even when they follow one after the
other in temporal juxtaposition, earlier regions influence the way later regions
appear to the participant.

What we often find are strategies to generate a transition from one block or
region of time to the next. The most basic transition in this regard is the crossfade.
While the process of the crossfade is primarily the smoothing of a transition between
two blocks of spatialized time, the many different ways a crossfade can appear to a
participating observer is of interest to our inquiry: Crossfades are generally used to
remove edges and perceptual artifacts produced by discontinuities at the boundary
from one temporal region to the next, however, a crossfade can also be designed
to generate the impression of a specific dynamic behavior—fading in the sound of
the concert hall for example prepares the listener for the beginning of a recorded
music performance, and the length and curve of the fade will change the expected
music onset. In electronic music, a sound can have a very different feeling if it
occurs impulsively or gradually. While audio crossfades can mimick behaviors of
environmental sound and thus be hidden in an audio recording without any way for
a listener to notice the discontinuity of the recording, this is much harder to achieve
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Figure 2.19: Basic crossfade: the ending signal declines, the entering signal rises
in value

in the visual domain. Video crossfades often do not even attempt imperceptability
but are applied consciously as a dynamic element within the flow of the film.

What comes into view with the crossfade are complex phenomena decep-
tively simple technological processes can evoke in a participating observer.

2.9 Expression from inside the media channel

In the previous chapter, we have taken a look at the outside perspective of
spatialized time—the contemporary interfaces that are used in its creation. We
saw that the technological concepts—channel, region, transition, et cetera—can
in fact be used in reference to a variety of structures of different onthological and
phenomenological constituency: a channel or track can appear as a reference to a
perceptual stream, a sensory channel—or a control stream with only an indirect
relationship to the environment and the observer. Regions and clips in an audio
editing system are defined as a length of time and can contain any form of audio
content—be it a single punctual event or an entire acoustical environment.

When two regions of recorded sound are spliced together, the perceptual
effect can range between two extremes:

1. the discontinuity can be imperceptible and undetectable. The experience of
the listener is the illusion of a transparency toward the recorded material.
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This is the goal of all editing of classical music which exists under a non-
mediated condition.

2. the discontinuity can be a means of expression to the degree that the source
becomes unrecognizeable. The effect of the edit severs the illusory connection
between the observer and the original source of the signal. A new experi-
ence is generated within the system. This approach is exemplified in Pierre
Schaeffer’s Musique Concréte [73].

2.9.1 Editing classical music recordings

The production of classical music usually implies the intention to generate
the experience of a near-perfect musical performance. What the listener of classical
music wants to hear is a distraction-free musical interpretation of a composed score,
almost as if they were right there in the concert hall: transparency, envelopment,
engagement, et cetera. The creation of this illusion places a specific demand on
the musicians, the properties of the concert hall, but also the technology that
has to convince the listener of its non-existence. First, the performance must
have a sufficient degree of perfection. Mistakes and inaccuracies that might not
have caught the listener’s attention in a live performance might become striking
in their perfectly identical repetition in every renewed play back of the media
artifact. The same is true for noises and environmental sounds that occur during
the performance: disturbances and distractions that might have been acceptable
during a live performance can become unacceptable for the production of a music
recording.

Usually, this leads to the introduction of discontinuities into the continu-
ously recorded performance: a movement or piece can be assembled from multiple
takes from which only the best moments are combined. Wrong notes or mishaps
can be replaced by spot insertions that leave the musical performance intact other-
wise. It is of course essential that the edits never become noticeable as such, that
the technical modifications never subvert the potential of the recording to be heard

as a musical performance. Problems that can occur at an editing discontinuity
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that are endangering this potential include but are not limited to the following
aspects:

• the discontinuity becomes audible as a percussive event of electronic/digital
nature,

• onsets or decays of notes and sounds become truncated, duplicated or behave
in other unfamiliar, unnatural ways,

• texture and spectral composition of a continuous sound or sustained note
changes at the discontinuity,

• the intonation or tuning of the instrument changes at the discontinuity,

• the musical tempo before and after the discontinuity are different,

• the dynamic phrasing or musical expression before and after the discontinuity
are not compatible.

Sometimes, crossfades are used to reduce the artifacts that occur at the
transition, but crossfades have their own way of announcing their use as they can
cause effects such as

• double attacks,

• sound elements duplicated during the crossfade may beat and phase with one
another,

• fades appear as an perceivable envelope curve of sound elements that “fade
in” and “fade out” across the discontinuity.

What the classical music listener experiences when technical imperfections
such as bad edits are found on the CD is the breakdown of an illusion: a reason
to return the CD to the manufacturer and ask for a refund. Evidently, classical
music listening is a listening for the illusory impression of a musical performance,
and the intrusion of noticeable artifacts from within the media channel disrupts
this strategy of listening to sound.
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It becomes clear that certain moments lend themselves for the introduction
of an artificial discontinuity more than others. It is for example generally more
difficult to hide an editing discontinuity in a sustained sound than at a moment
in which a new note starts. We might be able to attribute this to a number of
reasons:

• the onset of a new note is already a moment of discontinuity and perceptual
uncertainty in which the ability of the listener to detect the intrusion of a
technological discontinuity is decreased.

• onsets are often characterized by broad frequency spectrum that can cover
up technological artifacts by frequency masking.

What is interesting about this aspect of classical music production is that
it exposes the granularity of the time-based code of classical music. In what is

avoided in classical music editing, in analysing the breakdowns of music editing
and the potentials to hide media artifacts within a sustained illusion, we are able
to discover the silhouette of the temporal code a music performance unfolds.

2.9.2 Musique Concréte

In a diametrically opposed position to classical music production we find the
production of Musique Concréte. In simple terms, Musique Concréte makes the
editing desk the locus of musical creation. Its goal is in fact not the transparent
representation of a musical performance, but in fact the removal of the sound

from its source, the purposeful subversion of the musical time-based codes that
enter the media system through recording in order to be able to compose with the
abstracted perceptual qualities. If we see the media technology of CD production
and playback as an embodied aspect of listening to a music performance, then
Musique Concréte is a process of dis-embodying the technological extension of our
hearing and providing an access to a listening care for sounds inherent in the
technology itself— as far as this is at all possible.

Musique Concréte originated in the cultural environment of modernism, in
which advancements in science and engineering were used as a vehicle to reconsider
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and reshape cultural practices in the hope to lift consciousness to a new level
and open the gate to new experiences and expressions. While the contemporary
development of Elektronische Musik worked toward a free construction of new
kinds of music from electronic primitives and quanta in the sense of Gabor, the
basic approach of Musique Concréte used recorded sound and clever editing to
establish an abstract vocabulary of sound qualities: in a similar move in which
timbre, pitch, dynamics had become desintegrated into independent parameters in
the serial music of the same era, Musique Concréte attempted to dissociate and
freely compose abstract qualities of sound, independent from an acoustical source
that might have emitted them.

Electronic Music of the Cologne studio approached the encoding hierarchy
from the bottom-up, the free creation of complex sound events from the most
simple of vibrations, while Musique Concréte approaches the same question top-
down, deconstructing recorded sound sources by subverting the temporal code that
the listeners were listening for, and thereby achieving hitherto unheard timbres and
dynamic morphologies. While Electronic Music might recreate a complex piece of
music from acoustical quanta, Musique Concréte would decompose complex music
into independent qualities and then recombine them into a new composition.

Both strategies are characterized by the idea that technology is more than
the extension of a status-quo of music composition and listening, but that in fact
within the new parameters and strategies inherent in the electronic creation and
processing of sound, in the new forms of its access, novel types of aesthetic expe-
rience are possible.



Chapter 3

Openness vs. time-based content: a

historical perspective

Toward the middle of the 20ieth century an atmosphere developed within
the experimental art practices in Europe and North America that regarded art-
works as inherently incomplete and as requiring an observer for their completion:
the partnership between the artists and the recipients became an object of increas-
ing reflection. Perhaps most eloquently we find this question of The Open Work

addressed in Umberto Eco’s book of the same name [24]. While these tendencies
span the visual arts as well as music composition and intermediate forms—such as
sound installation and happening—music composition is an especially worthwhile
object of investigation for our purposes due to its already time-based nature.

3.1 A pathway into the open forms of mid-20ieth

century art

Following a desire towards newness, composition in the 20ieth century broke
away from the limitations of what was seen as historically conditioned musical in-
tuitions in order to open up new worlds of sound and meaning. Strategies were
invented to overcome the established perception proliferated through the music
of earlier decades and centuries that appeared to limit the field of vision on the

91
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perceptual richness music could actually have: that it was not fitting in with the
evolved view of the universe and our position in it anymore, that an enormous
potential for the perception of sound waited to be discovered in its microcosm and
macrocosm once the dominating hierarchies, intuitions and strategies of attach-
ing meaning to a sound had been dis-empowered and sound and music had been
separated into independent equivalent elements and then reassembled, like matter
that could be made into the ever-same baroque ornaments, but also engineered
into the Eiffel tower. Groups of composers sought for new structural criteria in
music that would reveal the potentials for differentiability and manifoldness and
perceptual detail in order to discover new languages for sound and music, to ad-
vance the role music and organized sound as a vehicle for human communication
and experience similar to the way science had changed the ways we looked at the
world and enabled so much progress in all areas. Indeterminacy, decomposition of
artifacts into atomic parameters and particles to be organized independently and
the devaluation of human intuition as an inherently flawed strategy of looking at
the universe can be related to scientific discoveries such as the following:

• the development of psychanalysis (Freud) [31],

• the principle of uncertainty (Heisenberg) [41],

• information theory (Shannon) [76],

• the theory of relativity (Einstein) [25].

The promises of science with its strategically advantageous numerical meth-
ods and powerful mathematical formalizations as well as their ubiquitous imple-
mentations in engineering and industrialization can be regarded as eminent motors
of change in western societies of the 19th and early 20th century—and also as a
driving force behind new perceptual perspectives that emerged in everyday life
(mass production, transportation, telecommunication, et cetera). It seems reason-
able that the descriptive strategies composers applied to the perceptual material
of music in the beginning of modernity became influenced by the precise structural
vocabulary of engineering plans, that a quantitative description of every aspect
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of musical execution appeared as a powerful position to work from. This can be
traced through the different stages of Serialism to the development of Elektronische

Musik. As an example we can cite the work of Joseph Schillinger, who proposed
a precise and quasi-scientific description of instrumental techniques for new music
which in turn became a strong influence on the development of composer Earle
Brown [75, 12].

With numerical formalisms such as the tone row and the series composers
could ensure that the listeners found themselves addressed by structures that were
like nothing that had come before. A new territory appeared to be unfolding that
allowed for the definition of aesthetic identities of emerging composers who were
able to communicate their visions in this new descriptive language—a language
that focused on the technical parameters of musical performance derived from a
deconstruction of musical practices. Dynamics, articulation, timbre—everything
could be organized independently from one another: A decomposition and re-
assembly of the extended body of both the musicians and the audience along the
lines of quasi-scientific formalisms1.

3.2 Brown, Stockhausen, Feldman, Cage: involv-

ing the performer

The traditional continuum of accountability in western art music reaches
from the composer, who is in possession and control of all compositional codes
and means of expression and the idea of the composition, through the score that
is a graphical representation of that image, to the performers who do their best
at making the composer’s intention audible, through a precise execution of the
instructions given in the score as well as a retracing of their individual approach
and understanding of the music. The chain ends with the audience members, who
do their best at understanding the intentions of the composer and reconstruct the

1In most cases these strategies were not used to determine a piece of music entirely, but served
as a vehicle that allowed composers to avoid the arrival at musical clicheés—like a ruler on a
drawing table. The body of pieces that have been composed strictly according to quasi-scientific
serial or generative structures is in fact rather small.
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idea as it is proliferated to them.
The composer into the position of a medium with access to intuitions and

perspectives beyond the scope of the audience—endowed with the ability to encode
their experiences, perceptions and impressions into the preservable text of a score
that allows a performer to make them perceptible, repeatable and traceable for an
interested audience. The listener is brought in contact with an aspect of their own
humanity that is not accessible otherwise2.

In the interactions between composer-agents competing for attention in
the middle of the 20ieth century, several interesting phenomena appeared that
shed a new light on this continuum of accountability and influenced the trajectory
of musical newness that was started by twelve-tone music and the emergence of
serialism and challenged its inherent concept of determinism. On the one hand
these emerged from the uncertainties in the transmission of the music pieces from
the composer to the performer, from problematic areas within the relationship
between the notation and performance of this new music. On the other hand, they
emerged from a reconsideration of the contributions that composers, performers
and audience-members make to the work itself: questions about subjectivity that
were raised early on by American composers in the 1950ies—especially Earle Brown
and John Cage.

A first seismic shift in the perception of structuralistic music was the im-
pression that structures composed along the rules of deterministic serialism bore a
striking similarity to random processes—they produced the same poetics, as Earle
Brown writes [12]. This leads to a second strategy of notating and structuring
the parameter values: that of constrained randomness, applied in what was called
aleatoric composition. While this strategy seems to be diametrically juxtaposed
to serialism at first glance, both share their foundation in the bypassing of human
intuition in favor of a technical process that was attributed a super-human right-

ness. However, aleatoric music subverts the monopoly the composers held over the
compositional code: if the composers are throwing dice in order to avoid falling

2Arguably, this chain never really existed and is in fact an invention of both music theorists at-
tempting to find accountability within musical practice—and of course the composers themselves,
for economic reasons that shall be discussed elsewhere.
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prey to their own musical intuitions, who is giving the piece its form and content,
and what exactly is the audience de-coding?

The second area of uncertainty appeared in the communication between
the composer and the performer by the score. As the composed structures became
more and more complex and the independent control of instrumental parameters
in counter-intuitive manners grew more and more demanding, the determinism of
traditional notation was in danger of becoming a self-defeating information over-
load. While the performer reached out for the creation of a musical experience,
the complicated scores increasinly placed the perfomer into the role of a highly
trained virtuosic executor of detailed instructions—and instead of making music,
performers focused on executing the score correctly. Additionally, due to the in-
creasing complexity of the performance instructions, performances were often only
approximations of the score.

This leads to strategies that concede more room to the performer for ap-

proximate action—pieces in which the performers made detailed choices about the
content of a piece and the score itself appeared more and more as the description
of a composition strategy rather than a a finished piece [12].

When Earle Brown introduces extended and graphic notation, he does so
with the intention to allow the performers to be more present in the moment.
Brown reacts to the dominating mechanistic performance descriptions of closed
notation propagated by proponents of strict serialism such as Joseph Schillinger,
instead regarding the performance as a collaboration between the composer and the
performer: by opening his scores up for more and more decisions of the performers,
he writes, he was looking for a way to increase the immediacy of the music, creating
a situation for the performers comparable to the contact with the artwork that
Jackson Pollock describes as essential to his process of painting [12].

But not all modular pieces from this era share this collaborative attitude
toward the performer. Karlheinz Stockhausen for example writes in the perfor-
mance instructions of his Klavierstück XI: “Der Spieler schaut absichtslos auf den
Papierbogen (...)” and later “(...) absichtslos von Gruppe zu Gruppe schauen
(...)”. The word absichtslos has been translated into at random in the English ver-
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sion of the instructions contained with the score, but the literal translation would
be without intention. This can hardly be seen as an invitation to make the work

together with the author as Umberto Eco sees the condition of the open work—it is
rather a suggestion to remove themselves from the work and leave the composing
to the composer, or to chance. Demanding non-intentionality from his performers
is no isolated occurrence for Stockhausen. His belief in an intact chain of inten-
tion from himself as the composer to the audience members that has the right to
bypass the performer’s own musical intuition tends to remain unchallenged—we
may guess that this is founded in experiences in which the intuitions of the per-
formers stood in opposition to the structures he wanted to realize in the piece, a
fear that giving the performers leeway to make something up by intuition would
be counter-productive to the overall result.

The graph notation of Morton Feldman on the other hand allows performers
to choose their own pitches from a specified register—almost as if to take the fear
of playing the wrong note from his performers, involving them in a comparably
relaxed game-like situation. In some sense, this can be seen as a movement in
the opposite direction from the mode of tense and strung-out performance that
many over-determined scores of Brian Ferneyhough evoke. Feldmann determines
the formal structure and sequence of the pieces, but seems to provide us with
a glimpse into his own compositional process by deferring the choice of content
within the form to the performer.

John Cage presented yet another strategy toward openness—maybe the
most provocative one—which received a very skeptical reception from his contem-
poraries. He implements chance procedures to generate form and content for his
works in a way that subverts not only the intentionality of his performers—they
are often faced with unpredictable instruments such as record players or radios
that allow little specific control over what is heard), but also his own, for exam-
ple by providing empty timetables determined from chance procedures to be filled
in by performers with activities of their own choosing. Nobody is in control, and
this evolving non-intentional time structure delegates the responsibility to generate
meaning from the proceedings firmly into the hands of the audience. As the ma-
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terial is presented in a primal, un-composed state, the beholder is confronted with
their own strategy of constructing meaning and interpreting their environment—to
reflect their own situation as concert goer or radio listener. Instead of being ma-
nipulated into an experience in which we feel at home, we are provoked to reflect
our own contributions to the construction of music.

3.3 Involving the audience

As different as the degrees of openness that the individual composers grant
to the performer in their open forms, we can also determine a different intention
toward the audience.

While Earle Brown opened the form of his pieces up for example by pro-
viding pages that can be played in any order, he saw this mobility of elements
as a reflection on the self-reconfigurations that occur in the mobile sculptures of
Alexander Calder: to create works that exist as an endlessly transforming and
generating “organism”, conceptually unified in its delivery.

Karlheinz Stockhausen outlines in “Momentform—Neue Werkdauer zwis-
chen Aufführungsdauer, Werkdauer und Moment” [79] the formal ideas he pursues
by modularizing the score into moments that can be played in any order: his plan
is to generate a time structure that does not have a vector reaching through the
present by pointing from past events to their future resolution, but to generate a
permanent sense of now. The continuous recombination of short modules of music
results in their appearance in a self-renewing ever different context. As the mod-
ules of varying density necessarily influence the perception of the density of the
following module, a different perspective on distribution and appearance of events
within a module is continuously generated.

The subjective listening angle of the audience member—the movement of

the participant—becomes the vehicle for Stockhausen’s intention to create an ever
regenerating eternal form that may continue until the material is used up. The au-
dience, Stockhausen suggests, should be able to join and leave possible extremely
long performances of pieces written in this Momentform at any time—multiple
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pieces might be played in different adjacent concert halls for the audience to choose
their own path to walk through—alternatively, the pieces could be broadcast si-
multaneously on different radio frequencies.

Stockhausen uses the listener position as a vehicle to expand the scope of his
music by broadcasting it on all channels and concert halls simultaneously—ideally,
every aspect is an execution of Stockhausen’s instructions, all outside intrusions
are removed. This is the greatest contrast toward John Cage’s self-subversion, his
chance structuring of non-composed, primal sound that effectively blurs the lines
between the piece and the surrounding external reality and the social situation the
piece is placed in—making the listener aware of his own contribution. In an imag-
ined eternal form of Cages strategy, the piece would diffuse into the surrounding
environment and blend into an all-encompassing perception of the environment as
music.

3.4 The observer as instrument

Cage’s focus on the situation of the listener within their social environment,
most pronounced in his famous 4:33, can be traced to strategies found in the
conceptual works from the Fluxus context and art highlighting the process of
observation.

Some of the instruction pieces that were produced around Fluxus consist
of nothing more than a short printed sentence. While the physical form in which
these pieces present themselves in often seems to carry little value (typewriter or
handwriting on a small piece of paper), the instructions themselves often have
reader involved within a complex set of relationships. What is triggered is a po-
tential for thoughts and situations that evolve in an immediate manner, directly in
the consciousness of a participating beholder, often addressing very intimate and
personal experiences and questions.

The strategy of using a minimal amount of structure created by a com-
poser/artist to generate astonishing varieties of different perceptual figurations
reminds of the later works of minimalist music—for example, the simple shifting of
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two identical patterns past each other over a long time span in Steve Reich’s early
pieces. While Steve Reich’s early Minimal Music unfolds surprisingly complex
structures inside the listener, the resulting effect is akin to a perceptual illusion
and an impersonal feature of the human perceptual apparatus—an effect of our
physiological body and its way of providing us with perceptual structure—the
development that Fluxus instruction pieces produce often depends on highly per-
sonal pre-dispositions and contributions from the history of the individual, on the
biography and experience a person accesses the piece from.

The evocation of an open ended individual process of observation that is
not synchronized to an external score, storyteller or spiritus rector—or a rigid
spatialization along which the experience is organized—an environment in which
the perceiver can choose their own path and become aware of their own position
and perceptual strategy can also be found in works of visual art.

In his painting Nude Descending a Staircase of 1912, Marcel Duchamp im-
plemented the futurist idea of casting dynamic motion into a painting. The result
is a fragmentation of the canvas into splintered shapes of different shades of beige
that are separated into panels by contrasting dark lines. The observers find them-
selves re-constructing the motion of the human figure suggested by the title by
interpreting the abstract shapes as fragments of superimposed phases of motion—
at first, this process might occur to an unaware observer, but it becomes gradually
a more and more conscious activity of reconstruction—a process that itself also
has to occur over time, producing a sequence of different phases of motion that
move into the perceptual foreground:

The perception of a large painting is always a gradual process of reading,
a journey of discovery, and evolving process—shifting focus between different ar-
eas and details, looking at the image from different distances, etc. This universal
process in the perception of painting, art, and images in general—the involved tem-

porality of observing a painting—is rendered conscious by Duchamp. Depending
on which of the various motion-phases of the descending figure one interprets as
the current one, or whether one attempts to follow a specific body part through
time, the observers necessarily localize themselves in the painting—the perceptual
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interpretation becomes visible on the unchanging screen canvas as a separation of
foreground and background that occurs to the viewer.

Especially with Duchamps painting, it becomes immediately apparent that
the focus of the attention of the observer is not a Euclidian point: it becomes a
posture, a perspective, even a projection into the space—the shape that stands
out in a given moment is determined by what gestalt the observer brings to the
space of the painting, and the strategy the observers apply to their exploration.
Duchamp described it this way: the spectator makes the painting.

3.5 Openness in Time-Based Media

Digital time-based content in the context of computer-based media envi-
ronments is characterized by disparity: on the one hand, time-based content is
specified, stored, transmitted and displayed as spatialized time. In fact, digital
technology allows the creation and reproduction of time-based content with un-
precedented precision, accuracy and faithfulness to an author’s specifications, as
well as theoretically3 a perfectly pristine preservation for an indefinite amount of
time.

As contemporary media environments are centered around a user, we find
juxtaposed to this apparent infallibility and permanency of digital content the
promise of free navigation and open access: the processing resources of the personal
computer can be freely applied to whatever task is required and used in whatever
context the users may find themselves in. The resulting approaches and demands
of the user toward the content that is stored in the computer’s various forms of
memory are therefore characterized by an unexpectability that seems to stand in
opposition to the crystalline permanence of the spatial time axes.

How can we approach the difference between the spatial B-series and the
potentials for experience provided by the A-series?

3While the simplicity of the digital code promises a media-independent storage of content,
the preservation of digital art is in fact an all but trivial task in practice due to the constant
development of new hardware platforms and encoding formats and the quick aging processes of
computer infrastructures [55]
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In 2.7 we have traced the temporal progress of time-based content back
to three origins: the spatialized temporality of content, the involved temporality
of the participant, and the emergent behavior of the technology involved in the
media system and the surrounding environment. The openness we are currently
investigating evolves around the involvement of the participant.

3.5.1 Levels of passivity

It is apparent that activities of the participant can change the progress of
content. We can start, stop and modify the playback—cause the media artifact to
play back in any order. Of course participants have the opportunity to grant or
withdraw attention to the media stream, to orient their body toward the display
devices or turn away. Even with a physically passive participant, there is still
the freedom to concentrate on different sections of the orchestra, on an auditory
analysis of the chords and melodies being played, on the technological perfection
of the recording itself—or to do math calculations instead of listening to the music.

But even if we assume a participant who is not only physically but also
mentally passive—who comes with no intentional pre-conceptions or specific pre-
formulated questions to the content— the precise nature of the experience is still
not predictable. Everyone will hear and see things differently, depending on as-
pects such as the predisposition and preference emerging from personal history
and experience. Not even two precisely identical presentations given to the same
person will be identical as the strategies of expectation will be changed in the
repetition, et cetera.

We can see that even before the participant’s action enters the picture, we
are already facing the dichotomy of the sign and the signified in the way spatialized
time appears to the participant.

3.5.2 Openness toward the temporality of the extended body

First, there is openness inherent int the personal nature of the experience:
within the perceptual potentials addressed by the content, an individual’s percep-
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tual strategies, predispositions, memories, histories, become resonant spaces and
mediators of sensory experience that are unspecified by the author. As we saw
in (3.4), the individual situation and pre-disposition can become an aspect of the
aesthetic experience of an artwork.

Referring to our exploration of temporal codes and their relationship to
the extended body (2.5) we can describe this type of openness as an inherent
condition of the individuality of the participant’s extended bodies and the resulting
individual potentials and responsiveness to temporal structure: time based content
is met with personal predispositions and perceptual potentials on every level—the
physiological body, the technological extension, and last but not least the cognitive
predispositions, potentials, histories and contexts.

As participants we sometimes do not even acknowledge these contributions
as our own—we are so familiar with our own ways to perceive things that we usually
place the complete accountability for our experience into the external environment
unless we are aware that there is something abnormal about our extended body—
for example, color blindness, short-sightedness, et cetera.

3.5.3 Openness versus interactivity

Second, the term openness can also imply a partnership between the artist
and the audience that permits intentional interference, random temporal access—
an invitation for activity that can range from an enabling of active exploration
to intentional active interference. The related concept of interactivity in the con-
text of media emerged in the 1990ies—mostly in the context of customisation and
personalisation of experiences that are arguably already personalized through the
individual differences of the participating extended bodies. A very good interpre-
tation of this term is found in [51].

The expansion of the role of the observer into one of an active participator
has been a promise throughout the development of new media, but this interactivity

proved to be difficult to realize in a satisfactory way. For example the limited sets
of options, branching pathways or alternative scenes in interactive cinema did
not reflect the kinds of customizations and choices participants really wanted to
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make. Often, it took participants too long to understand how exactly the system

is working as they were unfamiliar with the ideas the creators had realized, often
combined with a lack of sufficient feedback. The limited scripting of the interface
and ambiguous symbols as well as the incongruence between planned behavior and
actual technological realization.

The accountability for this failure of interactivity was sometimes blamed on
the non-humanness of the machine.

Self-representation

But there is a deeper consideration in human-machine interactivity that
shines up in David Rokeby’s article transforming mirrors: the main problematic
area of interactive system arises from the believe systems by which the user ap-
proaches the system: the disclosure of reliable mechanisms and processes that
happens as the user makes experiences with the interactive environment [72]. It is
suspected that we discover an interactive system in the same way we learn about
our natural environment: by intuition, trial and error, repetition, gradual opti-
mization: the very process of embodiment we have discussed in the overview of the
extended body (1.1).

The outcome of this is a personal strategy and behaviors that are very
difficult to predict and characterize: they seem to grow and emerge within the
active involved experience of the participant, and also quickly surpass the action
models an author sees an audience as being capable of producing.

The interface may not be as important as what it promises to connect

to

But it is not only the interface itself, it is also what is being accessed through
the interface that matters: Since the advent of web 2.0, our apparent willingness
to interact within rigid formalized interactive systems has increased, as the lines of
human communication and social interaction have been embedded in them. While
an in-depth investigation of social media from the perspective of temporality is
beyond the scope of this dissertation, we can assume that the strength of our
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desire and need for relationships with others is what drives us through the reduced
interfaces of facebook and twitter and allows them to become embedded—and
embodied—into our social care.

This highlights the idea that the interface itself can become a secondary
consideration behind the things it allows us to provide care for: A potential to
become oblivious to potentially manipulative constraints of the interface.

3.5.4 Inhabiting the spatial interior of temporality: persis-

tence and self-motion

It is the nature of space to provide us with choices: to present us with
multiple parallel alternatives, with multiple locations that exist simultaneously of
which we can choose which to occupy. The passing of time on the other hand
seems closed to our desire for choice.

While time appears to pass by without any inherent care for our being, or
intention or choosing, there is a space within temporality that is given to our care
as active participants.

This temporal space we inhabit provides us with a perspective of being
outside of ourselves: we can look at our past, we have an overview over what
seems to be occurring right now, and we have strategies to extrapolate toward
future events. This expansion of temporality into a space provides us with choices,
options and criteria. We are faced with seemingly persistent external aspects and
objects—things about time that are not immediate—that we can find a position
and attitude towards.

This spatial interior of the temporality of the present connects to the per-
sistence of the external physical space we seem to find ourselves in. An active
involvement of the participant requires an aspect of persistence against which self-
motion is possible, and onto which the participant can act. Approached from this
direction, open access becomes connected to the idea of space: The potential for
self-motion within a structure that appears to exists outside of oneself.

An element of unchanging affordance and accountability is required in re-
lation to which the media participant can become active, a reliable interface the
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participants can familiarize themselves with and return to at any time—a per-
sistence against which the observer can change their position to observe it from
a different perspective. In this sense, open access is attached to the concept of
persistence, and this will be the topic of chapter (7).

3.5.5 Types of self-motion

According to the extended body ontology 1.1, we can distinguish three kinds
of self motion that have an effect on time-based content:

• the cognitive refocusing on a different aspect of the environment

• the physical motion of the body within the physical environment

• action upon objects and affordances within the environment in order to
change or navigate et cetera.

The first type of self-motion is present for example if we focus on a different
instrumental voice within a recording, or we listen for a specific aspect to the
sound of a voice: it is a modification of our strategy of listening with a specific
contextual expectation and focus. The second type implies all movements we can
perform with out physical bodies—walking through a museum, looking around,
making sound or putting our hands to our ears, et cetera. Finally, the latter is
present every time we interact with media systems—the progress bar or the buttons
of a DVD player, the keyboard and mouse of a computer, but also our interactions
with the external physical environment at large.

3.5.6 Self-awareness as a vehicle for openness of content

As we saw in our exploration of the concept of embodiment, self-motions
can occur as an unconscious embodied aspect of care, or they can themselves be
conscious and subject to our care. In other words, the participant may not be aware
of their own self-motions or even the potential for such movement in the process
of participating in time-based media as such motions—involuntary movements of
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the eyes and the head that occur during the process of listening—occur as normal
aspects of our involvement within an experience: the participant and the medium
form a tight relationship in which the participant becomes unaware of the options
of self-movement.

If we want to enable the notion of conscious participation, it is necessary
that a differentiation between the self and the world occurs within the experience
of the medium. While this split is present in our daily experiences of our temporal
and spatial environment, time-based media appear to have the tendency to subvert
the subject-object differentiation.

Within purely spatialized time-based content, self-awareness can be caused
by experiences such as:

• Boredom: a lack of new information that stimulates the participant to change
their perceptual perspective

• Abstraction and incomplete information that the participant is called upon
to complete in their imagination, reduced pointers to ideas and areas to be
realized and filled in by the observer

• Confusion by continued disappointment of expectation

The framed self-awareness of the computer game

Virtual environments are often categorized by an implicit self-representation.
Sometimes this is realized in specific affordances that are provided to the user of
such a system. We find ourselves represented by an on-screen character. In games,
we frequently find this character equipped with the potential to move around and
a gun to shoot opponents. This virtual self becomes the frame work through
which we experience the virtual world. The various degrees of self-awareness and
the potential to manipulate the awareness of a participant through limited self-
representations within a media framework require special attention.
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Closed worlds, manipulated self-awareness and Verfremdung

A system that prepares content byte-size, that adapts to the rhythm and
preference of the observer will subvert the creation of a self-metaphor for the
participant. By smoothing out all edges and never requiring the participant to
find their own position, observers can be lulled into trust and conformity. This
is one of the objections against Disneyland: Disney uses perceptual smoothing
and bite-sized preparation to get people to buy into the world of Mickey-Mouse.
Time-based media have the potential to absorb a participants attention, an effect
described as forgetting about time, or getting lost in something. The temporality
the observer finds themselves in is a virtual construction that is projected into
the observer by the media channel and programs him to go through a sequence of
emotions and involvements of varying openness: we forget that we are watching a
movie, that we are sitting in a concert hall, et cetera.

Bertold Brecht worked against these moments in which a theater can be-
come untruthful by using a strategy that came to be known as Verfremdungseffekt:
The theater audience is presented with an incomplete illusion that is intentionally
kept dysfunctional. We are granted access to the way the theatrical presentation
is manufactured, thereby provided with a space to move into and out of the sus-
pension of disbelief and a perspective on the processes at work when we become
immersed into the temporality of the dramatic content itself.
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Figure 3.1: Marcel Duchamp: Nude Descending a Staircase, 1912



Chapter 4

Mobilities in time-based content:

encoding, embodiment,

encapsulation

When we detach ourselves from a time-based media channel—when, in-
stead of buying into the immersive world and invitation to self-forgetting they
are targetting us with, we approach it as a chain of technological processes by
which we are extending our bodies—we can discover anatomies, architectures and
structural relationships that characterize the content, its storage, transmission,
decoding and display as well as its relationship to the participating observer, and
finally—possibly—our own active participation within it.

Each perspective we can observe this technological extension from yiels a
different set of criteria to formalize structural properties and features of the time-
based media channel.

As we will see, some of them share deceptive structural similarities, while
others are surprisingly distinct and incongruent.

109
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4.1 Encoding: technology transforms information

4.1.1 Anatomy of a decoding chain of digital audio playback

When we press play on a media player window in our graphical computer
interface, a digital audio transcoding chain is activated that reaches from a data
repository all the way into human listening and proceeds through a series of linked
steps of re-encoding and conversion, a sequence of different technological formats
of information representation connected by components performing translations
between them. Each of these steps along the path from a soundfile to an ex-
perience caused by audio can be approached in the two ontological states of the
extended body: On the one hand as a process embodied within the act of listening

to sound, and on the other hand as detached technological component. Each step
is inherently agnostic to the specific content it decodes—ideally, content passes
through the entire chain unchanged to reach the participant in the most pristine
state as specified by the creator of the transported message. But let’s start at the
beginning:

The first transformation is of the data file into a buffered stream of

audio data. Technological components involved are the mass storage in which
the sound file resides, the processing architecture of the computer and the operating
system and application layers of software. Each of these components can fail and
be in need of service independently. A conflict can for example arise if mutliple
sound files are playing simultaneously. Contemporary operating systems have an
audio layer that can mix audio streams. Applications can organize soundfiles in
playlists to be played sequentially so that the audio transmission chain toward the
D/A converter remains intact.

Next in the chain is a D/A converter, which generates a changing electrical

voltage from the digitally encoded signal behavior. The converter is characterized
by a sample rate, a bit depth. In case multiple media streams are competing to
be converted, they can be mixed together before entering the D/A converter. The
D/A converter is the place in which the encoded medium enters the analog world
in which components are characterized by a noise floor, non-linearities of signal
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transmission.
Next, the signal enters a series of amplification stages until it is projected by

a loudspeaker and thereby enters the physical form in which it addresses our body.
The amplitude of change of the electrical voltage is controlled by the amplifier and
then transformed into sound waves traveling through air. Evidently, the choice
and placement of loudspeakers makes a big difference in the way the sound reaches
the listener. After the sound waves have travelled through the listening room,
the transmission enters the human body through the ear, and arguable also the
skin. This stage is characterized by a movement of physiological components

of the inner ear. Within the ear, these movements are then transcoded into a
pattern of nerve stimulation. If the participant has a cold or the flu, hearing
loss or other permanent impediment, the transcoding from pressure waves into
patterns of nerve stimulation might be influenced.

Once we are inside the participant’s physiological body, the processes in-
volved in converting nerve stimuli into perceptable features and qualia come into
play. Perceptual objects or perceptual features attentional selection can

operate on are formed.
We are now confronting the listeners with their freedom to listen for any-

thing they wish—whatever they have come to expect or feel compelled to find
through listening. The listening itself can be influenced by contextual information
such as liner notes, educational explanations or less specific ambient events such
as the weather or a car driving by outside the window. In the last step, the sound
emerges as perceptual quality.

All of these processes are connected within a simple activity: The listener
only needs to press play and listen. Everything else occurs within the extended
embodiment of the audio transmission chain, in which each element itself can
become an independent recipient of care.
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4.2 Encapsulation: perceptual hierarchies

There are two diverging approaches to a description of environmental per-
ception. The first is a juxtaposition of a bottom-up process in which qualities and
attributes of higher and higher level are gradually inferred and assembled into
patterns and perceptual objects, a tendency to remove unnecessary information in
order to provide attentional selection with the most relevant encapsulated descrip-

tion of the environment: The world appears to the processes of attentional focus
and the processes of thinking with a tendency toward the high-level features while
lower level features—properties such as color, or abstract perceptual qualities, are
integrated and subsumed into a wholistic conscious representation of the environ-
ment. This bottom-up architecture from signal to perceptual appearance is found
in the theories of Gestalt perception [48]. This integration of low-level properties
such as pixel color, edge detection and blob tracking into higher-level structures
such as the recognition of facial gestures is also the strategy implemented in com-
puter vision algorithms performing object recognition, motion analysis or scene
reconstruction.

However, instead of attempting to construct perceptual patterns, objects
and worlds up from low-level toward high-level features, we can also have access
to our own perception directly, from an as-is perspective: all we have to do to
access it this way is to grant primacy to approach the average-everyday way the
environment is integrated into our everyday live—the individual inside perspective

that currently remains out of reach for empirical science. From this access into
the environment from what is closest, from its primal appearance we can then set
out to isolate features and details or start to consider how the objects, patterns,
structures we encounter become segregated or how the meaning we attribute to
the environment is generated—we can start to discover the qualities and structures
embedded within our experience. But next to this descent into what is embedded
and encoded within our experience, we can also attempt to figure out what the
purpose if our experience is—what higher levels of meaning and purpose might be
emerging from it.

We can see this second approach reflected in Gibson’s concept of environ-
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mental perception in which he draws a close relationship between the being (in
his language, the animal) and the environment that this being inhabits. In his
view, the appearance of the environment is in itself already laden with meaning
and disclosure of potential activities and opportunities for action and use. Gibson
coined a term for this immediate disclosure for potential action inherent in the
perception of the environment: Affordance [34]. Next to Gibson, we can trace
an access to the environment from the as-is perspective to Heidegger’s use of the
word proximity: That which requires the least work and effort to become present
to our thinking and understanding is the closest [40]. Both Heidegger and Gibson
regard three-dimensional euclidian space as secondary and instead argue in favor
of ontological interpretations of space, in which distance is not defined in metric
units, but instead in the degree of immediacy for cognitive access: The reading
glasses on one’s nose can in fact be quite far away.

The main difference between this as is perspective and the bottom-up ap-
proach is which is granted primacy: the immediacy of perceptual experience or the
temporal structure of stimulus energy our body is exposed to.

4.2.1 Encapsulation and modes of signification

If we follow Bergson we can regard mobility—the fact that things change
when we provide them with duration—as the primary origin of the patterns, ob-
jects, interactions and natural laws we observe around us [8]. In the case of time-
based content, we are confronted with a mobility that targets the participant’s
potential to experience temporal structure. Regarded from this perspective—as a
bottom-up architecture that is grounded in mobility—we can attempt to describe
the various integrations of temporality and the emergence of temporal phenomena
within it.

Devoid of any encoded content that signifies anything beyond itself, change
ideally announces its presence as a perceptual quality, an abstract indexical sen-
sation with no inherent meaning other than its own presence: The identity of a

medium with its content.

For example, the radio can announce itself by the static of its components.
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In this primal state, we only perceive change without knowing if it is governed by
rules or if anything other than the media apparatus itself is accountable for making
the noise—an identity of the sign and the signified.

Patterns: If the noise changes and modulates over time, a new layer emerges
that has the potential to index the device emitting the sound: The independence of
the radio device and the content it projects begins. An aspect of super-temporal
persistence is discovered within the ongoing modulations. In the consistency of
temporal behavior, organizational rules become apparent within the fluctuating
sensations that generate a sense of accountability: regularities, sequences, re-
lationships, trajectories, repetitions in the change that become apparent in the
comparison between the current mobility and past developments and shape our
expectation: An accumulating ability to predict the most likely futures. Accord-
ing to the theory of Musique Concréte that removes the sound from its source, all
of this can occur within the semiotic frame of the index.

Objects and world: As an imagined causality behind temporal patterns, ob-
jects can emerge from purely indexical signification. What is introduced is an
encapsulation of change within persistent expectations and accountabilities that
are located beyond the physical source of the stimulus: experiential patterns we
infer as metaphorical hypotheses of what it is we are witnessing. It is the emer-
gence of persistent structures from within the one-dimensional change, of dynamic
behaviors, force, resistance, acceleration.

As music demonstrates, structures that appear as independent of the source
stimulus, that persist and refer beyond the immediate moment can emerge from
autocorrelation and self-similarity. Sound and moving image however often reach
out toward familiar real-world experiences through semblance. In Beethoven’s Pas-

torale we can hear birds singing before the storm hits with its thunderous timpani
rolls. Film is much more overt in its referentiality toward familiar experiences and
the desire to be realistic in its representation.

This inferred morphology can also become distinguished into different en-
tities and objects that appear in juxtaposition: a simultaneity of foreground and



115

background, a polyphony of similar or dissimilar objects: entities that recede,
disappear and return at a different time and under a different perspective. Mate-
rials, interactions, causalities and rules of behavior: regularities become disclosed,
accountability emerges that appears to persist over time, beyond the scope of in-
dividual sounds, gestures, patterns.

The emergence and inference of patterns and objects, of apparent causalities
and potential interactions leads to the representation of a persistent world with
the potential for narrative development: the medium addresses our ability to infer
structures of increasing complexity into its temporal behavior, as well as our ability
to apply semiotic strategies for construct meaning, sense or purpose [14].

Symbolic agency: The qualitative expressions are attached to the willfull action
of an intentional agency. Not only are shape and properties of the object inferred,
but in fact dramatic, psychological, behavioral or personal properties are attributed
to the emergent patterns/objects. The understanding is informed by descriptions of
agency—drama, empathy, conflict, etc. We project our inner world into the signal,
we have the medium talk to us through our own potentials to experience emotions
and emphatic stories. This third layer finally goes beyond the self-representation
of the index and also the semblance—narrative and drama are based on symbolic

signification.
The hierarchy of semiotic encoding thus stretches from a perceptual quality

via pattern and presence toward perceived agency. The focus of the listener is
usually on the highest possible layer within this hierarchy. From patterns, we
are trying to disclose objects. When objects are disclosed, the shift in perceptual
quality is no longer primary—it needs to be accessed by paying special attention.
Likewise the symbolic layer: once a perceptual stream can be understood as a
symbolic layer, the inherent indices and semblances are again no longer primary.
We focus not on the sound of the voice, but on what is being said.

Unlike the technological encoding hierarchy, this perceptual hierarchy of
semiotic encoding has no strict opacity between its layers. For example, a speaking
voice and motivation might be apparent even though the perceptual quality of
the voice might be deteriorated, or the objects represented might be decidedly
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inanimate, yet the psychological agency of an author may become present through
them.

4.3 Encoding and encapsulation in Modal Streams

The process by which acoustic energy that arrives at the ear is transformed
into auditory experience is the concern of psycho-acoustics research: The frequency
range to which we are sensitive, the dynamic range of pressure amplitudes our ear
can transform into sensory stimuli and other low-level properties of hearing have
been explored in works such as Zwicker-Feldkeller’s “The Ear as Communication
Receiver” [93]. The perceptual appearance of sound-sources and auditory environ-
ments on the other hand is not as easily traced back to the stimulus energy alone.
A very influential school of thought in the area of perceptual object formation are
the Gestalt Principles of Perception, a set of rules and tendencies that seem to un-
derlie our structural interpretation of the environment—the emergence of forms,
boundaries, shapes, foregrounds and backgrounds and so forth [48]. While Gestalt
Psychology has its origin and focus in the analysis and description of visual percep-
tion, we can interpret A.Bregman’s well known work on Auditory Scene Analysis

as a correlate for the auditory domain [11]:
Similar to the grouping principles of gestalt psychology, Bregman sees audi-

tory perception as a process of fusion and segregation that results from properties
and features of the acoustic signal: on the one hand the fusion of perceptual el-
ements depending on their spectro-temporal structure (harmonicity, common on-
set/offset, common fate in the frequency or amplitude domain, et cetera), and on
the other hand the linking of distinct events into perceptual streams depending on
their similarity in auditory feature-spaces: for example, the distinct timbre- and
pitch-spaces of a flutes, violins, birds and cars cause them to segregate into dis-
tinct perceptual objects and continuous perceptual streams. Here, spatial location
is one factor among others.

It has been argued that the role of the perceptual object is not sufficiently
described as a bottom-up coagulation juxtaposed to the process of attentional se-
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lection, but that there exists an important infusion of low-level stream segregation
by cognitive processing, and that the objects of perception can in fact simultane-
ously be regarded as a basic unit of both cognition and attention [29]. In the
psycho-acoustic domain these relationships are being investigated in the work of
B.Shinn-Cunningham [77].

We have already mentioned the structural interpretation of perception oc-
curs in the wake of the theory of environmental perception established by J.J.Gibson
[34] which avoids the bottom-up and top-down structures of gestalt theory and in-
stead sees perception as a direct process that dispenses with the differentiation
between the stimulus, the environment and its perception. Alva Noë in turn inter-
prets this direct perception as action—the involvement of the participant’s body
in a direct performance of perceptual enactment [62].

4.3.1 Streams: sensory, perceptual, modal

From these superficially diverse structural descriptions of the perceptual
process, we can consider the segregation of perceptual objects, streams and behav-
iors that are available to selection by our attentional focus not only as the outcome
of a feature-based coagulation and encapsulation, but also as the active application
pattern expectation and filtering by the observer and finally, following Noë, the
activation and involvement of specific perceptual strategies: In the context of this
presentation, we would like to address this conceptual fusion between the formation
of perceptual streams and objects and the involved strategies of active perception

as an outward perceptual activity of modal streaming that can be described as a
participatory performance.

Perceptual involvement with media displays can be regarded as an appli-
cation of modal strategies by which participants discover, approach and become
involved with the environment. Modal streams are distinct from sensory streams

as they can alternatively span multiple sensory modalities or become segregated
within a single sensory stream—but also in distinct from perceptual streams that
emerge from a bottom-up fusion of sensory stimuli. What we mean by modal

streams is the performance of a perceptual strategy by the perceiving participant
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in a continuous process of active perception in the sense of Noë—a perceptual in-
volvement the participant might be unaware of [62]: both the conscious effort of
looking up a youtube video and involuntary eye movements in the observation of
an image can be regarded as aspects of a modal strategy of active perception in this
sense.

4.3.2 Correlation in Modal Streams

One of the rules governing the segregation and fusion of perceptual streams
in the context of Auditory Scene Analysis is the degree to which their motion can
be attributed to the same cause—the degree of correlation. Parallel developments
or the common fate of two simultaneous time-variant signals tends to result in their
perceptual fusion on the level of gestalt: their subsumption under a single shape
or form or their attribution to a single process or cause.

We can discover the effects of correlation in acoustical phenomena such as
the correlation between direct sound and reflections in spatial acoustics, the emer-
gence of timbre from the perceptual fusion of pure frequencies with a common fate
in regards to their pitch and amplitude modulations, and in musical phenomenolo-
gies such as the special status attributed to parallel fifth and octaves [37] and the
distinction between homophony and polyphony as well as the voice-leading rules
of counterpoint such as those established by Zarlino [91].

However, we can also see the effects of correlation on a much larger scale
in the transitions within the natural soundscape that occur when the light of the
sun gives way to the darkness of the night— the increasing silence of certain bird
species and the increasing activity of crickets for example, giving rise to expanded
contexts of day and night.

As we can see from these examples, the common fate or correlation can
occur on different levels of the encoding hierarchy and semiotic layer. A sound
can be attributed to the same indexical pattern if it always appears in a specific
sequence, to an object, as it correlates with the behavior and motion of the object
in the world— and a sound can also be associated with specific kinds of drama
and agency, for example when a sound or movement attains a certain symbolic
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meaning in the context of a dramatic narrative.

4.4 Message and Massage: addressing the extended

body

The purpose of time-based media can be organized between two extremes:
the first case is the connection of the participant to an event in the external world
that is removed by space or time. In this case, the media channel attempts to be
a faithful recreation of the remote event and ideally becomes transparent to per-
ception: the connection to the remote person, performance, environmental event
or e.g. news cast should be transparent. In the second extreme, the content is
created within the media system and is targeted to create a perceptual effect that
arises from within the extended body. The author of the media artifact uses the
medium to target the perception of the observer in a specific way. This dichotomy
can be related to McLuhan’s two ways to spell his famous dictum alternatively
as “the medium is the message” and “the medium is the massage”: media operate
as technological extensions of our body - both as a channel to transport messages

toward us from the outside world, as well as to reach into us and massage specific
aspects of our cognitive body.

4.4.1 The move toward abstraction as a move toward mas-

sage

The move toward abstraction in the 20ieth century can be understood as a
subversion of the representational surface, a focus instead on the materialities of the
medium itself—a tendency to re-discover the index, the world in its primal state,
possibly as a reaction to the strong semblance—the ever growing self-similarity that
had proceeded in western art music up to that point. A notable example of this is
Musique Concréte and acusmatic music, which has declared a purpose to subvert
the tendency to encapsulate sound qualities within the perception of a familiar
sound source such as an acustical instrumental performance, and to focus instead
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on the abstract sound quality of the medium itself - edited tapes, loudspeakers
and loudspeakers in the space. In fact, the same can be said about the advent
of 12-tone music. It brings to the foreground indexical qualities of the tempered
tuning system. An openness toward the participant’s own contribution in regards
to the relationship between sign and signified appears as the necessary outcome
(3).

4.4.2 Enjoying the massage

The concept of massage has interesting implications on the ontological
structure of media and extended body. It is not always that we watch the news
or have a conversation with a real person, often, we simply enjoy media for rea-
sons of entertainment and enjoyment, or for other reasons that are not successfully
described as care for the external world. Rather, it seems to be an inward care to-
wards dreams, ideas, internal questions, et cetera. The medium here functions as a
stimulus sets structures internal to the extended body into resonance—a massage
that intends to cause perceptual effects emerging from within the body itself.

The ombudsperson of the observer is the author, who pre-digests reality
and creates the perceptual events the participants subject their body to. The
participant may not be able to formulate the respective desire: what we seem to
deal with are film narratives or music performances. The creator and designer of
the medium, as well as it’s frame make sure that the pressures, movements and
challenges inflicted upon us by the medium always remain enjoyable.

We see that the dual ontological status of the extended body as something
to care for and something involved and embodied in our access to the world takes a
differentiated turn in the case of media and the way they become inserted between

Being and World.

4.5 Consciousness as interface

I find myself having different relations to the things that I do. First of all,
there are actions I seem to be taking voluntarily—for example writing this text. I
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am putting myself through the effort of writing my dissertation. Then, there are
things I find myself doing for reasons unbeknownst to me. For example, breathing,
dreaming, looking, having the experience of being hungry. Some of these things
are immediately present to me, others I would have to pay close attention to in
order to see and understand them. Thirdly, there are things I am doing that I am
not aware of. For example digesting, moving a specific muscle or limb when doing
something, also, most of what is involved in thinking.

If we consider perception as the creation, attribution and maintenance of
an array of modal streams over time—and the hierarchy within the relationship
between the sign and the signified—we can ask ourselves about the purpose of
these encapsulatory strategies. Why is there a tendency to reduce the apparent
complexiy of the environment and handle it by simplified structures that hide
details from our view?

In his book The User Illusion, Tor Nørretranders interprets perceptual en-
capsulation and the reduction of information in the generation of perceptual im-
pressions from environmental information as the creation of an interface: in his
view, conscioussness is a fabricated impression of reality that serves as a user-

interface for the specific tasks our conscious reflection has to solve. The purpose
of the information reduction is to tailor the amount of information towards the
potentials of consciousness—its inherently limited bandwidth.

One of the lines along which the information reduction of consciousness
operates is the cartoonificaton of known processes into simplified representations.
The process of recognizing a familiar pattern or shape evokes a set of memorized
expectations, behaviors and affordances. The object itself is handled along these
strategies: the persistence of objects and structures in our environment allows us
to re-apply learned model of perceptual and action-oriented behaviors [63]. While
we can correlate this process with the mechanisms of referential and symbolic
signification, it is also fruitful to compare this view of information encapsulation
as a process of tailoring environmental information toward the use in conscious

operations such as the processes of thinking described in Robert Hecht-Nielsen’s
Confabulation Theory [39].
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4.6 How the participant completes the incomplete

As we know from abstract art not only since the contexts of Dada and
Fluxus, no matter how discontinuous the media channel is, how primary and un-

encoded the content, we will always create meaning and make sense of what we
see, will always attribute a meaning of intention if we can: the rhizome of rela-
tionships from which we generate meaning can connect the most intense contrasts
into a meaningful whole. A prime example of a conscious experience of unencoded

temporality are arguably the work of John Cage.

4.6.1 Branching out through semblance and symbol

As media channels are constrained by a format and frame they can only fill
a constrained set of aspects about the environment, and rely on the participant to
buy into the content and fill in the missing information:

when we talk on the phone, the transmission of the audio of a speaking
person is regarded as a sufficient representation of the presence of a human being—
the playback of two channels of intricately manufactured and mixed measurements
of air pressure in a concert hall are seen as sufficient representation of a music
performance—after a while we may forget that we are listening to a recording and
focus entirely on the music. We ignore—or fill in—the missing representational
aspects.

The effort required in this completion, the amount of work a participant has
to put into receiving the message and reconstructing the content of the medium
is organized by Marshal McLuhan on a continuum between hot and cold [58]: the
more conscious work is required on the part of the recipient, the colder a medium
is according to McLuhan’s idea. Referring to the semiotic principles of semblance

and symbol, we can also say that cold media use more symbolic signage and less
semblance—and that the more semblance a medium employs, the hotter on the
sense of McLuhan it becomes.

But no matter if we are reading a book, talking to someone on the telephone,
whether we are watching an IMAX movie, or have the impression of a playing
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orchestra is reconstructed from the sounds emanating from two loudspeakers, the
medium arrives at the participant in an incomplete state and is nevertheless taken
for a whole, as representing a complete reality that participant can become absorbed
in.

4.7 Embodiment: toward transparency

We can compare the structures of the encoding chain (4.1.1) the perceptual
encapsulation hierarchy (4.2.1) and the concept of technological embodiment.

A media channel reaches out toward an event displaced by time and space.
We may in fact interpret it as a technological extension of our body toward a
displaced object or event that is motivated by care.

In Heidegger’s description of embodiment, a craftsman drives a nail into a
shoe using the technological extension of the hammer in order to fix it. Embodi-
ment of technology occurs when the hammer is discarded from attention and care,
when it has become so familiar that the focus of the craftsman is fully oriented
towards the task: the care for the shoe to be fixed.

We can compare this to a telephone line. When we talk to a person in the
distance, we are expanding the range of our voice and our listening through the
technologically encoded, transported and decoded sound waves. We exchange of
information, news, feelings, advice, we even get a sense of how the other person is
doing.

While hearing a loved one through the telephone might be a strange expe-
rience at first, we tend to forget that we are on the phone and soon become fully
immersed in our conversation: the technological extension to voice and hearing
provided by the telephone line have become embodied in our care for the person
at the other end of the line—embedded in the process of having a conversation.
Through symbolic signification that occurs in the use of language during the con-
versation, which can reach out for all aspects of our environment or experience
that can be addressed symbolically, and we can thus become completely immersed
in the world unfolding within the conversation.
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Only if the telephone line breaks down on the technological level we redis-
cover the telephone line as a detached object in need of care: what is heard is no
longer the other person, but the artifact sounds of a digital telephone line. The
technology is now moving into the foreground and calls us into take action to fix
it. Embodied in the care for another person through a telephone is a technological
apparatus of unknown complexity: building blocks and causal relationships down
to the level of atoms and quantum mechanics, all of which become gradually re-
moved from consciousness when the channel transparently connects our ears and
voices.

While we can thus draw a comparison between embodiment and the encod-
ing of time-based media, an important distinction persists between a technological
encoding encapsulation within technological media formats and the perceptual en-
capsulation of content.

Media in embodied care Unlike the technological encoding layers that are
mutually opaque (4.1.1, the various layers of signification and perceptual encapsu-
lation can remain accessible to the participant (4.2.1): while our focus is usually
aimed at the highest level of encoding—the highest level of signification ranging
from index and semblance to symbol the properties and significant aspects encapsu-
alted therein remain at the periphery of perception as a context: the written word
is derived from a collection of representational imagery. While the encoded content
has primacy, the image of the word itself retains importance too. In the case of
speaking voice, not only the semantic temporality of sequential grammar, but also
the tone of the voice, its timbre, prosody, the details of the vocal performance do
not become inaccessible when the listener hears what is being said but are taken
into account in the interpretation of what is said.

Yet, like a marionette theater where we forget about the strings that are
being pulled after watching for a while, we instead focus on the motion of the
characters and their story. The details become encapsulated, the seemingly irrele-
vant vanishes from view. Our attention moves upward on the encoding hierarchy:
toward the empathy of the quasi-human characters, the symbolic significations
within their stories, their motivations and actions. Toward narrative.
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4.8 Cybernetic information exchange

It seems evident that the information exchange involved in the movements
of our body needs to be described as a feedback system. On the one hand, the
impulses for the contraction of muscles need to be transmitted to the respective
place in the body. On the other hand, the movement needs to be controlled—an
intricate feedback system needs to be in place that takes the dynamic physical
properties of the moving limb into account. The information transport in nerve
fibres however is of limited speed. A control stream is fed into the motoric sys-
tem, the sensory system in turn receives resulting responses that correlate to the
movement, delayed of course by the physical transition time of the information.

Newer theories of embodied cognition have even argued towards a decentral-
ized information topology of the body, with the processes of action and perception
emerging from the collaboration of an array of independent centers distributed
across our bodies: conceptualizations of behavior and perception an outcome of a
self-organizing information exchange populates Alva Noë’s concept of active per-

ception as well as Andy Clarke’s idea of congitive extension1[62, 18].
The aspect of these theories that I would like to reference is the view of

the body as an extensible structure. If we can extend the two-way information
exchanges that occur within the body toward external technological apparatuses,
we can extend our care toward the world. Implicit in these dual channels is a dual
chain of transcoding. Representations of the external world are encoded into a
manifold of streams that target the extended body, and the actions we perform
with our body are translated to having an effect on the environment. This brings
up the theory of cybernetics.

1While a detailed structural comparison between these formalizations of cognition and body is
beyond the scope of this chapter, we need to be aware that the theory in regard to our relationship
with the environment as laid out in 4.3 relies an ontology of being and care which underlies the
analysis of the involved situation of the participant which is inherently unavailable from the
perspective of distributed models. I am argueing against the ousting of the being from the body
as is attempted in these newer formalizations
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4.8.1 Relationships in communication

Both the transmission as well as the reception of information is an active
process - the former is the creation, encoding and transmission of information,
the later the reception, decoding and interpretation. Each of the communication
partners is at the end of an information channel, usually undergoing different
relationships of agreement and control: in a setup in which the transmitter has no
feedback whether the transmitted information actually arrived at the recipient, we
can speak of an information transmission but not necessarily of communication.

Hand-shaking and turn-taking in a shared extended body

When two participants connect through a medium, both the range of ac-
tion as well as their range of perception is extended through the media system that
acts as a shared extended body: an aspect of the world that is neither you nor me.
Whether it is the air or the telephone line. Communication implies an intersection
of the extended bodies. The simplest form of communication involves an acknowl-
edging handshake indicating that a packet of information has been received and
successfully decoded. This is the simplest information transmission required to
assure successful transmission of a message.

Conversation and fathomisation

In a conversation the exchange of information is usually balanced: an equi-
librium between the attempt to understand and to make oneself understood. One
party assembles and transmits a statement, the other party does their best to
receive and decode it. It requires a communication protocol and a data format
that is established between both parties: the use of grammar and syntax within
the statements themselves, the taking of turns. An embodied use of language in a
dual connection through intersecting bodies.

On the other hand, we can imagine a situation in which one part is not
actively participating in being understood. Here, the active communication partner
has a different role: the active participant has to contribute and apply all potentials
to conceptualize, probe, ask questions and interact with an unknown structure.
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While this is specifically the case for science, where nature does sometimes not
actively participate in telling us how things work, it can also be seen as a general
description of the positioning of our life and being within a callous external world.

4.9 Active involvement: persistence and self-motion

For the task of enabling active perception, the correlation between self-
motion and perceivable change becomes fundamental. For a persistent world to
emerge in which we can orient ourselves and in respect to which we can become
active, reliable relationships between action and reaction need to be established:
accountable relationships between the outgoing and the incoming information
streams.

The correlation between self-motion and perceivable changes to the envi-
ronment is fundamental to the idea of active perception, to our way of orienting
ourselves in the world and controlling our action. When we chew food for example,
we notice the consistency of the food through sound that is propagated through
teeth and skull bone to the inner ear. In this way, we can not only probe the
consistency of the food, but by correlating the motions of our jaw to the perceived
sound, we can avoid damage to our teeth by making sure we are chewing on the
food with the right amount of force.

When sound behaves consistently with self-motion, the impression of a per-
sistent relationship between self-motion and sound can emerge. The self-motion of
the participating observer becomes accountable for specific change.

The activity of playing an instrument is another example for the super-
temporal effect of persistent feedback to self-motion. Physical actions of the in-
strumentalist are reliably connected to the creation of a specific sound event. We
will come back to this example later on in 7.4.4.

A persistent relationship between our action, a spatial structure and the re-
sulting perceptual feedback discloses the potential for interaction. A loop of active
sensing between the participant and the environment can unfold and intentional
exploration and activity—the making of plans—becomes possible.
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Self-motion to which the preceptual phenomena can become attached through
correlation can occur with all three layers of the body: the cognitive, the physical
and the extended body.

4.9.1 The temporality of conscious thought and the tempo-

rality of embodied cognition

Our body’s tendency to represent us with an extremely simplified represen-
tation of itself and the environment— the removal of information that occurs in
the processes of embodiment that allows us to focus on what we need to take care

of while details about the process of our own motions are removed from view—
points to the fact that much of what we do occurs without our conscious partici-
pation. These embodied thought are like an unconscious dance of the body. While
our cognitive ability allows us to think clearly, apply empirical methods, concen-
trate and evaluate facts—consciously perform step-by-step processes—our task of
thinking is taken out of time, it deals with super-temporal, persistent structures
and considers the rules it establishes to be valid independent of its passing. We
can say that while thinking itself is a process of great mobility, it works toward a
super-temporal crystallization of the world. Embodied thought on the other hand
is characterized by a lack of conscious control. It is an improvisation to do the next
best thing, a tendency to follow a know program without reflection. Embodied de-
cisions are made in-the-moment and may occur to the participant as irrational and
intuitive.

In Heidegger’s temporality of being, this temporality of embodied cognition

occurs unplanned in what he calls the decay: the moment in which the world really
occurs and in which we find ourselves in the act of improvisation.

4.9.2 Massage and involvement: playing with your impro-

visatory talent

As we explored in 1.1, the participant’s approach to the media environment
can be seen as an improvisation, a constant falling back into the next strategy that
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seems most appropriate or applicable. The experience of time-based media can
be described as a permanent process of adjustment to the most appropriate per-
ceptual strategy—the most appropriate application of perceptual resources to the
environmental codes that comes toward the participant. Considering perception
as an active process and McLuhan’s famous pun “the medium is the massage”, we
can interpret time-based media as a strategy to massage the areas of the extended
body in motion—extended, physiological, cognitive.

4.10 The shared body

So far we have been juxtaposing the media technology and the participant
as the two components constituting a media channel. Next to the aspects a par-
ticipant might care for, we find a different perspective when we look at the media
channel from the perspective of a content creator. We have looked at some aspects
of the technological interface toward an author in 2.8, but the perspective that
is missing is that the extended body of creator and participant intersect in the
relationship between the experience an author intended to create and the partici-
pant’s actual experience: When we communicate—through whatever technological
mediation this occurs—our extended bodies overlap. We are providing each other
with message and massage.

4.10.1 Authoring and reception: diverging involvements

On the one hand content is composed, assembled, montaged et cetera. And
on the other content becomes what the participating observers make of the quali-
ties, signs and symbols that come toward them during their involvement with the
media display. The latter can only be observed and described from a perspective
of individual perception—as an introspective report of the experience. Successful
communication is achieved if the decoded content corresponds to the impression
the participant has corresponds to the expression the author intended to make.
Without an author caring for the creation of an experience, the medium will not
be able to target the potentials of a participant meaningfully, unwithstanding
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whether this author is a writer, composer, performer, architect or engineer, or just
a human being that cares to say something.

It is in the middleground between the author and observer that the tem-
porality of media unfolds. Both the author as well as the participant create and
observe temporality in relation to the observed, recorded, referenced, remembered
temporality of the external environment as well as the potentials for temporal ex-
perience provided from within the technological, physiological and congitive areas
of the extended body. This dual tendency to bring the world to our senses and
to project our interior outward can be traced in music, film montage and drama.
Within these potentials, the semiotics of index, semblance, symbol allow us to fold

the entire known world into Morse-Code, and to say absolutely nothing with an

IMAX film.



Chapter 5

Fragile Transparencies: indexicality

in auditory data display

Data display is the activity of making data readable to an observer. The
purpose of data display can vary—displays often attempt to provide information
relevant to plans and actions of an observer, but data displays can also be of an
exploratory nature: the connection of an observer to structure and composition
of the phenomenon the data represent without the inherent specification of a use

context.
Data display represents an intermediate layer inserted between the phe-

nomenon the data are taken from and the participant. Unlike a work of art in
which, next to the notions of openness we have previously discussed (see 3), a
creator is held accountable for form and content, the creator of a data display
is ideally invisible: the communicated data are assumed to speak for themselves

through the display.
Of course this ideal can never be fully achieved as data display operates

within metaphorical, symbolic frameworks: the implied choice of perceptual ob-
jects representing and expressing the data. But even though the author and creator
remain visible in both cases, distinct tendencies of art and data display become
apparent.

131
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5.1 Quantitative and indexical information display

In Eduard Tufte’s book The Visual Display of Quantitative Information

[82], we find a collection of imaginative strategies that encode specific, known
information into a symbolic display language with the intention to make it readable
to an observer. The observer interprets the signs and symbols, and if the strategy
is successful, receives exactly the information the creator of the display wanted to
communicate with as little effort as possible. We are dealing with a type of display
that has a circumscribed function that is to be followed by its form. Real-world
examples are flight departure/arrival screens at airports, weather maps, gauges of
the car dashboard or the graphical displays used in human-computer interfaces.

5.1.1 Time-based content and quantitative data: an prob-

lematic combination

Quantitative information can appear in the content of a time-based medium.
Primarily we find speech and language used for this purpose, but more recently,
interest has been generated for the concept of auditory data display, or data soni-

fication [1]—the display of data through non-speech sounds.
At first glance, reading quantitative values from non-speech sounds seems

to require extraordinary skills of analytic listening such as perfect pitch. However,
over the last 20 years, strategies have been developed and explored that allow a
general audience to read quantitative data from sonifications, among them William
Gaver’s Auditory Icons [33] and Bruce Walker’s Auditory Graphs [85]. Both of these
examples encode a known data value into parameters of sound making that allows
the listener to reconstruct the value from what can be heard.

Quantitative data and the primacy of change and mobility

The contradiction inherent in the auditory display of quantitative values is
their related to their super-temporal nature: once quantitative data are acquired,
their state that does not change over time unless they encode temporal processes
in themselves. Quantitative data can be communicated through symbolic repre-
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sentations such as numerical values. This stands in contrast to the fleeting char-
acteristics of time-based content such as sound, which targets perception through
change and mobility, with an inherently problematic connection to the concept of
persistence as we will see in (7).

Employed as a pure time-based display strategy—a playback of spatialized

time, sonification subverts the spatio-temporal freedom of persistent visual dis-
plays: instead of focusing on a specific entry in a table, a specific section within a
curve, a piece within a pie chart, or area within a navigable space, the participant
is forced to gather his attention to a specific fleeting temporal instant, waiting
through information that is of no interest, while always in danger to miss the
relevant moment.

Circumventing this problem, auditory displays are often equipped with a
navigable progress bar that allow the listener to jump to a specific moment in time,
or other forms of interactive involvement that rely on a super-temporal, navigable
structure of spatialized time, bringing the temporalities of the participant’s activity
and the machine behavior to the surface. This places the temporal progression of
the time-based display into the temporality triangle I described in (2.4).

5.1.2 Excursion 1: at home within the unexpected

Our natural environment does not appear to be driven by an author bent
on communicating something specific to us. Underneath the average-everyday
environment of familiar objects and known strategies lies an infinity of qualities,
shapes and properties that tends to become removed from our perception by the
processes of encapsulation we have touched upon in the previous chapter (4.5). Our
environment harbors an arbitrary depth of detail open to our perceptual discovery,
or ready to be ignored.

Upon closer inspection, every aspect of our surroundings unfolds into count-
less additional details, nothing ever ends up looking, sounding or feeling exactly
like we expected it to. Even in the most familiar situations, things continue to be
different—framed by innumerable ways of interpretation and creation of meaning
from what we are exposed to.
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We know our way through the world, we plan everything ahead with metic-
ulous attention to detail, but even then the world is characterized by an experience
of unexpectedness: our environment appears to be arbitrary, chaotic—we seem to
be confronted and exposed to random developments, and things we did not see
coming.

We usually do not mind this unpredictability—we have the impression that
we know what we are doing. When we realize and analyze our situation, our ac-
cess to it is already encapsulated into a conscious representation we think we know
how to handle, a situation we can describe in words, that has the potential to be-
come enshrined into a persistent image. If our consciousness becomes successfully
formed, we become protected from being flooded with too many simultaneous in-
dependent details. As the moment arrives, we have already found our place within
it— we already know what to do and are ready to become active improvisers within
this self-created temporal home.

While the precise color values and shades of a surface affected by changing
lighting conditions may be accessible to our attentive inquiry, before becoming
conscious of the color itself, we may already become aware what is in front of us
and what we might be able to do: eat the apple.

5.1.3 Science, mobility and the need for indexical data dis-

plays

A strategy to discover rules and structures we can rely on within the in-
herent unexpectedness and variability that seems to govern the progress of the
environment over time, science approaches the environment through the method
of empiricism that moves from the appearance of the environment to a theory
about its impending future state in a three step process:

1. observation of phenomenon,

2. formulation of hypothesis,

3. experimental verification of hypothesis to establish it as theory.
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As we can see here, the origin and first step of the investigation is the
observation of a phenomenon: We have to let the world occur in order to generate
a hypothesis about it.

As most phenomena under investigation by scientific methods today are out-
side of the range of direct observation, we have to rely on technological extensions
in order to generate a perceptual impression— to generate intuitions, hypotheses—
to discover structures that can be framed into concepts that retain validity through
the passing of time.

If we are not to formulate a hypothesis that is uninfluenced by what we al-

ready know we have to equip our display with the potential to target uncategorized

intuitions. We have to create a way for the true underlying unexpectedness of our

environment to reveal itself. In other words, we have to subvert the perceptual
phenomenon that awareness is always the awareness of something, as it is postu-
lated by Husserl and Merlau-Ponty by finding a display strategy with the greatest
neutrality and lack of bias toward a potential awareness it may create [60]. Ide-
ally, we would be able to give the phenomenon we are investigating a chance to
appear to us in a primal state, not encapsulated in an element within consciousness

as interface, but as itself: In the status of a yet to be labelled, categorized and
interpreted index. The potentially unreachable ideal of a blank canvas on which
anything could appear1.

From the semiotic definition of the indexical sign, we can call this strategy
to generate uncategorzied perceptual objects that are intended to represent only
themselves indexical data display. We can recognize the inherently different role for
this data representation strategy in comparison to quantitative data display (5.1),
in which the displayed values and their correct interpretation are already known
before the display is used to represent and communicate them.

1In Audiofraktal, this blank canvas is conceptually represented by Additive Synthesis, which,
by the theory of the Fourier Integral is able to generate all possible sounds
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5.2 Sonification in data exploration: qualitative

data indices

Indexical data display attempts to establish a perceptual connection be-
tween the participant and an imperceptible phenomenon expressed in data that
evokes uncategorized intuition, supporting a de-biassing of explanation and inter-
pretation from inferred assumptions—a blank canvas on which the data can express
its inherent morphologies.

This ideal of openness becomes of course illusory as soon as the designer and
user of sonification enters the picture who has to establish frame and format— a
metaphorical vessel that maps changing data values reliably to changing perceptual
quality, introducing a specific interpretation to the perceptual significance of the
data and their internal structure.

In this primary task, we can highlight two possible strategies:

1. the direct transformation of data-inherent temporal and spatial variability
into the human perceptual range,

2. the mapping of the data values into a process of signal synthesis that targets
perception.

The first category consists of phenomena that appear analogous to processes
and structures familiar from our immediate environment: The data only need to be
scaled to target the perceptual potentials corresponding to the analogous process.
An example of this can for example be found in the audification of seismograms.

Within the second category, we can distinguish two cases: On the one
hand, we can map the data values directly into perception-oriented parameters of
display elements, for example the pitch of a sound. Alternatively, we can use the
data to parametrize a physical or spatial model and observe the effects of the data
indirectly by interacting with the model itself. A good overview of the current
state of these techniques can be found in [1].

The intention behind the use of both strategies is the creation of a window
towards uninterpreted data in order to facilitate their analysis: framed by the im-
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plied mapping strategy between data values and perception-oriented rendering, the
viewer is confronted with emergent patterns: uncategorized perceptual formations
ready to be described and explained in their causal origins.

5.2.1 Auditory indexicality—a music excursus

In the field of music composition, strategies to generate auditory phenomena
without semblance to known sound sources—emerged in the 1940ies. Technologies
of recording and playback had begun to make the sound independent of its physical

source at the threshold between the 19th and 20ieth centuries. Electronic sound
generation methods permitted sound to come from other origins than acoustical
vibration. It was not until the middle of the 20ieth century however until composers
became interested in exploring the qualities of sound as a medium detached from
physical sources.

Pierre Schaeffer, one of the pioneers in the uses of these new technologies
for composition, started to work in 1943 on a music composition strategy based
on sounds recorded via microphone to tape, created to be experienced through
loudspeakers. In Musique Concréte, according to Schaeffer, the sounds should
unfold their own inherent language and not refer to the sources they were taken
from. This sounds projected from loudspeakers was termed acousmatic sound,
from which the term acousmatic music was created [73]. Around the same time
Musique Concréte emerged in France, Elektronische Musik became a topic of public
research in in Germany: instead of the recording and modification of sounds,
sounds were generated by electronic means. Early experiments in Cologne WDR
studio consisted of the superposition of sine tones into complex tones and timbral
developments, as we can hear in Stockhausen’s work Studie 2 [10]. The idea of
assembling sounds from primitive, quasi-atomic quanta is routed to one part in
the mathematics of the the Fourier Integral, the contemporary development of
Information Theory and the concept of acoustical quanta developed by Gabor [32].

What we can discover in both Musique Concréte and Elektronische Musik

is the tendency to subvert the resembling significance of the sound—its perceptual
referentiality to familiar sound sources—in an attempt to bring new indexical qual-
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ities to the surface: A new primal appearance of sound that is of course motivated
by the non-referentiality of absolute music.

While the language developed by these composers appeared first as a chal-
lenge to an audience’s familiar relationship and reception strategy for music, elec-
tronically generated sound with unknown sound sources has in the last 30 years
established a permanent presence in our auditory surroundings. In fact, we rarely
encounter sound recordings that clearly evoke the impression of a live performance
today2.

It remains unclear if the multitudinousness by which musical sound appears
is successfully contained within the descriptors and attributes Schaeffer describes
sounds in his treatize Traité des objets musicaux [73]. In his essay on The Primacy

of Perception, Merleau-Ponty’s postulates that consciousness is always the con-

sciousness of something [60]. Does this mean that even absolute sound is perceived
as consciousness of something, and that we are limited in our own qualitative
perception by the things we know how to perceive?

Can something new and unexpected happen to us through sound at all
then? Is the freedom suggested by a source-independent description of sound
in fact illusory, since perception will find a way to generate familiar categories
anyway?

The installation Audio Fraktal provides an experimental answer to this ques-
tion.

Evaluative criteria in indexical display

Before we talk about an example of indexical data display, we can summarize
some criteria that can allow us to evaluate the effectiveness of qualitative data

indices:

• quantitative transparency: the potential to reliably discern specific data val-
2Next to the developments of genre-inherent symbols and semblances in the cultural process,

we can also attribute the success of these strategies to the increasing effectivity of the created
sound structures to address the temporal body, thereby operating on a body-inherent array of
references as opposed to the live concert performance referenced by traditional music recordings—
we can interpret this as a shift from message to massage 2.5 that can be observed for example
within the development of electronic dance music.
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ues from the perceptual data traces,

• parametric transparency: the reliable connection between the modulation of
a specific perceptual quality and a specific data parameter,

• indexical differentiability: the reliable creation of a noticeably different per-
ceptual quality for every possible different data value,

• degree of complexity: the impression of structural complexity a display gen-
erates.

Quantitative transparency: is the degree by which the data values underlying
the display are being made transparent to be read directly: are numerical values
or symbolic references directly readable?

Parametric transparency: is the degree by which the parametrisation of the
display is transparent to the viewer. If a data field is mapped directly to a percep-
tual property that can be traced by the participant, the display is parametrically
transparent, even if the specific underlying value might not be readable. As an
example, we can see this for example in the frequency mapping of a numerical
value. We know that a higher frequency denotes a higher value, even though we
might not be able to read the specific value as we might not be equipped with
perfect pitch.

Indexical transparency: A data display can be described as indexically trans-

parent if every data-set that is represented by a qualitative index is perceptually
differentiable: every data set in a data base has a perceptual appearance distinct
from every other data set within the data base. This does not mean that the data
values, properties or features described in the data are quantitatively transparent,
it only means that every data-set, data point or index within the data structure is
associated with a distinct perceptual value—a different percept.

Perceptual complexity: is the degree by which a display strategy creates struc-
tural formation that can not be subsumed in a simple description. Structural
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complexity is highest between two extremes: when a structure is very regular, its
structural description is simple, and we can say its degree of complexity is low.
On the other hand, when a structure is very chaotic or has the appearance of
random values or noise, the approach of our perception does not produce any han-
dles to describe its structure in a way other than chaotic, and thus if a structure
is completely random, it becomes very simple again. In the middle ground how-
ever, between chaos and structure, we find complexity: structural formations that
are accessible to our perception—to analysis and description. If we can describe
and analyze unknown structures, we might be able to generate hypothesis about
them which in turn can be tested and turned into theories and finally accountable
relationships.

Excursion 2: complexity

Complexity is a term vaguely based on the anthropomorphic concept of
information density [21]. Its meaning differs among its various use contexts. Com-
plexity is a property that emerges within the perceived structural properties of the
environment. We can define complexity as the ability of an environmental process
to generate emergent structure.

An approach to defining emergence in the context of auditory data display is
the degree by which a structure harbors emergent properties that are not deductible

from the structural description of its components: the appearance of the unexpected.
Famous examples for emergence are the appearance of color from the resonant
electromagnetic properties of atoms, or the development of intelligent behaviours
in ant colonies [43]. Often, emergence is attached to processes of feedback and
recursion: the repeated application of a transformation upon its own result.

Discernable emergent properties are what arises in complexity as we have
defined it above (5.2.1): A human on-looker is required to discover and describe
these properties and their structure. Without the human on-looker, an ant colony
is just another process within the unified context of material interaction within
the physical universe and its status no different from that of rain falling. It is the
human perceiver that distinguishes individual animals, the self-organizing patterns



141

they form and the mind-boggling strategies they develop to overcome obstacles.
The interpretation of formations emerging from complex processes and its

relationship to anthropomorphic information has been the topic of Hans Diebner’s
Basic Research [21].

We can assert that there is an intimate relationship between complex pro-
cesses in nature and the process by which we generate an impression of our en-
vironment. With the appearance of the unexpected within the familiar, emergent
properties tend to form indexical structures: perceptual formations that refer pri-
marily to themselves, whos signification in the area of semblance and symbol ap-
pears secondary.

Most importantly however, the possibility of a mathematical access to com-
plexity and emergence allows us to generate controlled instances of unexpectability
(see 5.1.2)—the appearance of the surprising without any contribution of random:
The creation of an infinite amount of unforeseeable structures from simple numer-

ical calculations.

Access to complexity from numerical processes

A practical example from which the perception-oriented concept of com-

plexity becomes easily accessible is the visual display of Escape-Time Fractals—
for example, the famous Mandelbrot set. While Escape-Time Fractals such as
the Mandelbrot- and Julia-sets received much public attention after Mandelbrot’s
publication of The Fractal Geometry of Nature [53] and a subsequent emergence of
picture books such as Peitgen’s The Beauty of Fractals [66], their discovery reaches
back into the first quarter of the 20ieht century to the works of Gaston Julia [47].
As we know, the border regions of the Mandelbrot set harbour the outline of the set
itself in a structure of infinite self-similarity. But none of the repeating structures
are really the same. In fact, the context within which these structures appear varies
indefinitely. If we disregard the obvious mirror symetry of the set along the in the
x-Axis, we can argue that every single one of the infinite number of appearances of
this outline is in fact unique: An infinite multitude of unexpected perceptual detail,
that is unfolded by the behavior a family of iteration formulas defined by a simple
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Pc : C ! C

given by

Pc : zn+1 ! z2
n

� z0

Figure 5.1: The family of complex quadratic polynomials for the Mandelbrot Set.

complex quadratic polynomial (see figure 5.1).

5.3 Audio Fraktal

The installation Audio Fraktal [3] is an interactive audio-visual museum
installation project. The visitor sees the visual representation of an Escape Time
Fractal projected onto a pedestal in the center of the enclosed exhibition space,
in which a graphics tablet is embedded. Using an interaction device (wireless 5-
button mouse), the visitor is able to freely explore the graphical representation of
the fractal by zooming in and out.

When a button on the mouse is pressed, the sonification is activated: the
numerical properties of the fractal at the precise position of the current mouse
pointer are transformed into a sound spectrum that is spatially distributed in
the exhibition space. If the mouse is moved while the button is pressed, the
sonification transitions seamlessly between the spectra that are passed along the
way by morphing the spectral composition accordingly. This allows the visitor to
scan the visual representation with their hand and explore not only the auditory
representation of individual positions, but also develop a sense of the continuity of
the surface and the properties of boundaries and transitions.

5.3.1 Representing the Mandelbrot set

The iteration formula that unfolds the Mandelbrot set from the plane of
complex numbers is given in 5.1.
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Points z0 in the complex plane for which the orbit |z(n)| does not trend
towards infinity are inside the set. Every pixel of the generated computer image is
treated with the iteration formula according to the complex number it represents.
If the orbit z

n

has not transcended the escape horizon after a specified number of
iterations n

max

, z0 is declared to be inside the set.
An iteration path P = {z0, z1, z2 . . . znescape} is thus generated from each

point z0. The number if steps collected is either given by the first z
n

lying beyond
the escape horizon, or by n

max

at which the iteration is stopped.
In the well known visual representations of the Mandelbrot set, the color

for each graphics pixel it is determined from the properties of the resulting path
[66]. In the majority of cases, the color is chosen from a color gradient according
to the number of iterations in the path—the number of iterations the calculated
path contains before the escape criteria are met.

Unexpected patterns emerge from perception-oriented quanta

The visual quanta or atoms from which the Mandelbrot images emerge
are screen pixels mapped to the plane of complex numbers. The image emerges
from the combined perceptual impression of aggregated screen pixels. A simi-
lar process—the emergence of unexpected perceptual results from simple display
quanta—can be rediscovered in Fourier’s Integral which shows that any vibration
that can be perceived as sound can in fact be deconstructed into and in turn re-
assembled from simple harmonic oscillations: sinusoidal components. It suggests
that the entire world of auditory perception might be accessible by the controlled
addition of sine waves of specific amplitude and phase.

5.3.2 Making iteration paths readable to the ear using ad-

ditive synthesis

A number of ways to generate sound from the iteration paths are thinkable.
The coordinate values of the iteration path could be converted directly into an
audio waveform, to interpret it as a sequence of sound pressure measurements and
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address the hearing of a human listener directly. This method is arguably the
strategy to address the hearing of the listener involving the least technology as the
intermediate steps of encoding are removed.

Another potential strategy could be to transform the steps in the iteration
path into a sequence of parameterized grains [70], which would involve a process
of creating and optimizing the mapping between data and sound.

The strategy chosen for the installation is one that attempts to maximize the
potential for perceptual differentiation while reducing the number of sound-design

choices to a minimum. As a closest approximation of a blank canvas, Audio Fraktal
uses Fourier’s theory that any time-variant signal can be assembled from sinusoidal
components. Since our auditory experience is addressed by the time-variance in
acoustic sound pressure, the strategy of additive synthesis which generates complex
sounds by adding sinusoidal components together has the—theoretical—capability
to activate all potentials of auditory experience.

Expressing the iteration path through additive synthesis for Audio Frak-

tal

An iteration path unfolding from (Figure 5.1) for the current position of the
mouse pointer within the displayed section of the complex number plane will be
represented by an addition of trigonometric components. The geometric distance
between two subsequent points in the iteration path on the complex number plane
determines the frequency according to the quasi-physical equation of 1/f .

The frequency f0 that corresponds to a distance of 1 was chosen to be
f0 = 40 Hz is chosen from the dimension of the escape horizon. Since the lowest
audible frequency is between 16 and 20 Hz, a distance of 2 is mapped to a frequency
of 20 Hz.

Thus, iterations steps beyond the escape horizon result in an inaudible, sub-
sonic frequency component, and according to the stop criteria of the interation (see
5.3.1), are not calculated. All valid iteration steps that unfold from the current
mouse position are summed together into an additive spectrum.
The resulting time function is:
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is the number of steps in the path, a
f

is a design choice to conform
the linear amplitude mapping toward the morphology of environmental sound and
the psychacoustic properties of listening to pure frequencies. According to Zwicker
[93], the hearing physiology of frequencies below 500 Hz approximates a linear
mapping of frequencies to the location distribution on the basilar membrane, while
frequencies above this threshold are distributed roughly according to a logarith-
mic mapping. This motivated my choice to apply an amplitude bias given by 1

f

to frequencies above 500 Hz, while keeping the amplitude below that threshold
constant.

Spatialisation

The localization of sound in multichannel loudspeaker environment works
best with sounds and transients that feature broad spectra. Pure sine tones are
especially hard to localize and tend to recombine into a single perceived spectrum
when projected onto the listener from different directions3[9]. The distribution of
individual sine components therefore does not result in distinct localizations. Each
sine tone is projected from the spatial direction of the represented iteration step,
taking the origin of the complex plane as a reference point.

More distinct localizations appear however if the path is unequally dispersed
around the origin of the complex plane, or if certain frequency components only ap-
pear on one side. Since we are using iteration paths of 500 steps or more, resulting
in broad spectra composed of 500 sinusoidal components, the emergent concentra-
tions of spectral sound energy to result in the formation of spatial impressions and
segregate into primitive auditory scenes.

3We will return to this phenomenon later when we argue for the non-spatiality of tonality 8.
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Audio-guide to z2

In general, it can be stated that the sounds generated from the z2 Man-

delbrot Set fall into three main categories: Noise-like, chaotic and chord-like. In
the central kidney-shaped area of the fractal, the components form dense clusters
with the perceptual appearance of band-filtered noise. The clusters get lower and
denser toward the borders of the area. Entering the circular pockets, the noise
spectra split up into into distinct noise bands that become more and more pure
the closer one comes to the center of the respective lobe, finally approaching a
distinct set of discrete pitches.

The largest pocket (to the left of the kidney) contains a diad: an octave.
The two smaller pockets on top and bottom of the structure contain an—albeit
non-harmonic —triad. Going around the brim of the kidney, each pocket splits
the sound into more discrete pitches, clearest in the center of the pocket, becoming
more and more unstable toward the border. The sub-pockets within the pockets
contain more and more complex chords.

Exiting the Mandelbrot results in the addition of low frequency components
contributed by the larger steps approaching the trespassing of the escape radius:
The sound that seemed to be organized into noise or discrete frequency bands now
desintegrates into seemingly amorphous chaotic spectra.

When we approach the set from the outside, more and more components
are added to the sound while the ones already present become higher and higher,
but the spectrum stays chaotic and disharmonic until the set is entered, at which
point the spectrum suddenly simplifies into a chord of discrete pitches.

What is especially astonishing is the fact that the self-similar sub-sets con-
tained in the border region of the Mandelbrot set feature an individual chord sound
each—a similar bell-like sound quality, yet all of them noticeably different: We dis-
cover that they sound similar and different to a similar degree as they look similar
and differnet.

Yet there is a lot more to discover for the ear in the border areas of the frac-
tal: a manifold of ’indexable’ and differentiable, perceptual qualities that stretches
toward mathematical infinity in scope: consciousness as a nameless quality—
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consciousness of sound as an value in itself, outside of the referential frameworks

of absolute music.



Chapter 6

Involved with symbolic

representations

6.1 HCI - Connecting Human and Machine

Human Computer Interfaces involve their users in a variety of seemlessly
connected symbolic activities.

We are being provided with information through graphical representations
on a screen, and we perform symbolic actions upon these graphical representation
through input devices—keyboard, mouse, touch-sensitive surfaces, et cetera.

The information exchange between ourselves and the computer is bi-directional:
On the one hand, it reaches from our physiological body through the input hard-
ware toward the computer, and on the other hand from the computer through
screen and loudspeaker back to our physiological body.

The screen is an information canvas that simultaneously lets us know what
we can act upon and do, and also displays to us the result of these actions— a
virtual world, with a materiality—a temporality of behavior— that emerges as an
indirect effect or the processing occurring within the machine the operation of its
scripts and programs.

148
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Figure 6.1: The Application Real Desktop from 2007 turns the Windows Desktop
into a “real desktop”.

6.1.1 Framing interactions into metaphors

The purpose of the Human-Computer Interface is to mediate and reconcile
between the actions of the user and the operations of the machine, to present
the users with a representation of the affordances provided by the machine that
will allow them to operate and use the machine efficiently and effectively. The
use of the computer for getting something done becomes easier when the activity
is framed in already-familiar patterns of action and feedback: Trash cans can be
filled with items to be purged and then emptied, folders can be opened and looked
into, files placed into them, and all of it is organized on a virtual desktop.

Interface metaphors provide a reduction of complexity in order to allow
a user to perform tasks with a manageable set of symbolic actions derived from
familiar real-world activities.

This connection is established through interface metaphors that connect the
perceptual representation and simulated behavior of a familiar or iconic object to
the abstract functionality of the machine itself. Depending on our previous expe-
rience, how far we have disclosed, trained, conditioned ourselves to the strategies
of interaction and display provided by the machine, we will have achieved a degree
of virtuosity in the use of keyboard and the mouse, develop intuitive ways to deal
with the symbols and GUI-elements we find on the screen. And the more we use
it, the more experience accumulates that influences how we expect the machine to
react to our actions: More and more, we do not think so much about our action
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Figure 6.2: Persistence of qwerty keyboard and display

and the machine’s reaction, but instead focus on what we are trying to get done.
The human-machine interface and the symbols that mediate our actions

and provide us with feedback about them become gradually embodied within our
actions—A process that continues to evolve as we read from the screen yet again,
plan another action and act upon the affordances the computer provides us to
achieve a certain task—finding information, communicate with work colleagues or
pointlessly click through a social media website for extended amounts of time.

When the interface has become embodied, we forget about its limitations.
We have accepted a specific way of doing things as a given, even if there might
be a better way to connect our physiological and cognitive body to the technol-
ogy if we took a step back. Interface metaphors become embodied in our motor
memory and the things we do without thinking about them. Embodied metaphors
are characterized by a resistance to change. Very powerfully, we can see this in
the example of the computer keyboard and the typewriter that has retained its
layout and functionality through an array of different contexts. Word-processing
programs and text editors to this day are turning the screen into a white surface
of virtual “WYSWYG" writing paper.

6.1.2 Bi-directional information flow in

interface metaphors

With the use of interface metaphors, a user interface can frame the actions
a user can perform into symbolic analogins to objects from the everyday familiar
environment. We encounter representations of objects from the surrounding of-
fice for example that can be approached and used in a similar way as their real
counterparts.
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Interface metaphors represent accessible cognitive models that allow the
participant effective action to get done what needs to be done while simultaneously
providing a transparent window to the machine states. On the one end of this
exchange stands a user’s potential for perception and action, and on the other
end, we find the machine itself with its internal processes and behaviors that are
abstract and unfamiliar.

What is created through interface metaphors is comparable to an active

sensing loop: a connection between the participating user and the computer through
the output of a display and the input of sensors/interaction devices. On the one
hand, the interface metaphor communicates machine states and possibilities to
become active to the user, on the other hand the user acts upon the metaphorical
representations and thereby influences the internal state and controls the process-
ing.

By establishing this two-way information stream, metaphors connect par-
ticipating user to virtual worlds with a sense of accountability that is borrowed
from the real object the metaphor refers to. To achieve this bi-directional informa-
tion flow in the human-computer interface, interface metaphors have two essential
characteristics:

1. an element of representation that has the potential to change the appear-
ance while retaining its identity, allowing for a variety of states that are
corresponding to states in the machine or representations of user action,

2. creation of affordances: possibilities to act upon them, to use the repre-
sented object according to a schema that corresponds to the familiar object
it references.

As an example, we can look at the familiar desktop trash can. It can
display different states such as being empty and full, and allows us to interact
with it according to the concept of a “trash can” by placing files and folders into
it, and finally emptying it.



152

Figure 6.3: Apple Macintosh desktop trash can 1984, empty and full.

6.2 Metaphoricality—Persistence, Mobility, Embod-

iment

The main characteristic of interface metaphors is the transfer of patterns
between different contexts of action and perception. For example, the transfer of
the way to use a waste-paper basket into the symbolic display and affordance the
connectes the computer and its user. As we can learn from Lakoff and Johnson’s
Metaphors we live by [50], the establishment of persistent strategies of action and
perception that can be applied and re-applied for different purposes and intentions
is not only an important strategy in the creation of human-machine interfaces,
but can be seen as fundamental to the improvisation that characterizes our way of
behaving in the present.

When the chair appears as-is Attached to the understanding that an object
is a chair there already is a plan for possible activities that the object allows us
to do. Gibson calls this appearance of an object as immediately inclusive of its
potential use affordance [34]. The perceptual appearance of a chair implies the
act of sitting on it. We transfer this attitude from one chair to another. From
this perspective, chair denotes not only a physical object, but the transfer of a
generalized cognitive pattern that tells us we can sit down: Seeing a chair is an
environmental interface metaphor by which our environment appears to us in a
way in which what we can do is already disclosed: The ways in which we can
apply our care are already implicit in our perception.

The strategy of seeing-things-as and treating-things-as is embedded into
the care we provide to our world in every moment, both in perception and action.
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When we interpret the formation of consciousness as an interface through which we
provide care to the world—as the product of a gradual reduction and encapsulation
of information as Nørretranders proposes [63]—we can re-discover the characteristic
properties of interface metaphors in the way the environment appears to us as well
as our approach toward dealing with what we find ourselves surrounded by. The
morphology of the interface metaphor appears as a fundamental strategy by which
we make the world operable and reduce the available information to fit into the
bandwidth that our consciousness can handle. Interface metaphors enable us to
become active, but they also constrain our approach into a specific set of possible
actions and perspectives: They enable us and constrain our world view at the same
time.

6.2.1 Persistence

Interface metaphors represent persistent strategies of action and perception
that can be transferred from one context to another. They represent an object or
feature that has a continued presence over time. For example, we know the desktop
trash can is always there, we can always throw away files. We know how opening
a door works. Once learned, we can transfer the related action plan from one door
to most doors we encounter. Persistent affordances we can re-use, that re-appear

again and again. Strategies that allow us to view and approach the environment
as a certain thing. If the objects and the use-as patterns that we find ourselves
surrounded by would not be attributed with a persistent, super-temporal existence,
we would have no way of planning our action in respect to them or have a way of
becoming active.

We can attribute accountability to an object because it appears as a per-
sistent entity in our environment.

6.2.2 Two aspects of mobility

But next to their persistence, interface metaphors are also characterized by
two kinds of mobility: The first kind of mobility is their evident potential to move



154

from one context to another, for their patterns of action and perception to inform
a hear-as, see-as or use-as of other aspects of our environment.

But metaphors, especially interface metaphors, also have the potential to
exist in a range of different states: to change their appearance in order to reflect
something—a different status, a different set of potential actions. A door can
be open or closed, a bag or box full or empty, et cetera. Interface metaphors
have an aspect of mobility that can change their appearance while the object, it’s
delineation and its possibilities for action remain the same.

This property is especially evident for interface metaphors that are part of
designed human-computer interfaces: The computer monitor as a persistent affor-
dance remains the same in its structural properties, it’s various buttons and connec-
tors. However, the image it displays can change and provide us with information—
in fact, we become so immersed in the change occuring within the state of the
computer monitor metaphor that we forget we are looking at a monitor, like we
can listen so intently to a story that we forget we are accessing the story through
someone’s speaking voice. The metaphor becomes embodied, it attaches to our
extended body.

6.2.3 Embodiment

Once we become familiar with the interaction method, once the perception
and action become so natural and intuitive to us that we don’t think about it any-

more, we lose sight of the object and the way it engages us. We become immersed

within the change projected to us through the metaphor and simultaneously, the
metaphor becomes embodied in our approach toward the world. We do not see or
interact the metaphor itself anymore—the computer screen, the radio, the video
player module, the chat window, et cetera—instead, we perceive and act upon
what we see ourselves connected to through the bi-directional information stream
the metaphor provides us with.

The metaphor has become a transparent extension of our body.
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6.2.4 Immersion

As we saw, interface metaphors tend to appear as objects distinct from a
background. On the other hand metaphors have the potential to generate immer-

sion. When we buy into them—for example, we start to see an object as chair,
we begin to forget the limits of the information that is available to us under this
perspective. We accept the behavior that we have inferred from the metaphor we
are applying as an accountable expression of reality and begin to forget the limits
of the information they in fact display. We lose awareness on the the way the
information is encoded, and instead are addressed by the information we receive
through this metaphorical framework:

In this way, interface metaphors become vehicles of information: Their
symbolic representation opens a door towards the display and transmission of
changes that in turn can contain signification, opening up the potential to branch
out into the entire world by means of indexical, resembling and symbolic references.

Once the format of this information stream has been accepted, the limits
and perceptual and specific material characteristics of the metaphor tend to become
forgotten, and we focus on the information that comes toward us through this
strategy of encoding and signification.

We can experience this in the moments that we forget we are sitting in a
movie theatre, when we become immersed in what we can see on the screen, or the
perceptual disappearance of the strings that control the marionettes. We can also
see this in the phenomenon that we can become immersed in a story that comes
toward us through the sound of the spoken word.

When we have lost track of the format we are receiving the information
through, and metaphor has this become an embodied information channel that we
trust with the accountability to connect us to the environment. Simultaneously
lose the potential for a critical distance toward the way the world appears to us:
We accept what comes toward us through the metaphor as the way things are.

By accessing and modifying embodied metaphors, the connected strategies
of perceptual encapsulation and in turn the encapsulated appearance of our envi-
ronment that we are basing our actions on, relying on information that is mediated
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by metaphors as the way things are. Our existential reliance on information that
is accessible only in its encoding in embodied metaphors makes us vulnerable to
manipulation.

6.3 Freedom and metaphor

One of the reasons why the interface metaphor is so useful in the context of
human-computer interaction is that it conforms to strategies and structures that
are also present in the general approach toward the environment in perception,
action and also communication—the structure of the relationships we have to the
world we inhabit.

As we described in 1.1, both our physiological body as well as the technology
we use to extend and support our care are being employed in patterns, models,
available actions and strategies that make up the cognitive body. Even though the
cognitive body, like the other areas, is characterized by areas to which our access is
limited—things we think and do involuntarily and action patterns that are stored
for example in muscle memory, one of the mobilities of the cognitive body is to
transfer patterns of thought, perception and action from one area to another one,
to transform patterns of looking, listening, as a filter for the structures that come
toward our care.

In other words, metaphorical strategies are central to our approach to the
environment, and the strength of our cognitive body lies in the available mo-
bilities of an anarchistic flexibility in the application of strategies of looking-for

and approaching-as that characterize the cognitive body (see 1.1). We can see
this underlined both in Lakoff and Johnson’s Metaphors we live by [50], Robert
Hecht-Nielsen’s Confabulation Theory [39] as well, on the level of lower-level neu-
rogical processing, in the work of Ramachandran and Hubbard on the phenomena
of Synaestesia [69].
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6.3.1 Consciousness—of something

Our experience of reality starts out from an as-is: While we are dealing
with an apparently complete world that appears in a state of completeness: When
we look around us, we already know what to do. What we see the world as is to a
great degree already a set reality apparently without any potential for our active
contribution: In Merleau-Ponty’s “consciousness is. . . ”, what we are conscious of
already involves both an appearance as well as a potential way of becoming active
toward it [60]. Alva Noë goes one step further and unifies these strategies and
patterns of action and perception from the outset. We can attribute this to our
physiologies or perceptual apparatus, to the aspects of our cognitive body we have
no access to.

We can attribute these aspects of our cognitive body that seem to occur
without potential for influence from our own part to evolutionary development of
the body in both physiology and informational infrastructure, we can attribute
it to the collective unconscious in the sense of C.G.Jung, we can cite cultural
mechanisms and processes, education, social pressures that we conform to without
thinking. Summing it up, as Heidegger puts it, we are thrown into a world that
already came into being without us.

However, our cognitive body is characterized by mobilities. Through our
potential for cognitive mobility, we can transfer patterns from one area to another
and approach the world in any number of ways. We can learn to look-for and
behave-as, listen-for by observing others, or by consciously making plans, dilligent
rehearsals, and we can become so familiar with out self-developed strategies that
we do not have to think about them anymore: We are embodying a self-designed
metaphor.

6.3.2 An invisible fence: the closed metaphors of the human-

computer interface

The interface metaphors we find in the context of HCI are characterized
by a specific set of locked features and affordances: The desktop trash-can for
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Figure 6.4: The universal bi-directional interface that has become embodied in
almost any human activity over the last 35 years.

example can only be used to erase files—a free re-application of the trash-can, for
example its re-use as a water bucket or ladder of some kind is not supported. The
potential for improvisational re-use the characterizes objects of the real world is
not supported for the transferred metaphorical patterns that appear in the context
of the human-computer interface. While we can apply our physiological body to
them in different ways and use them within the care for any number of things, the
format of the information channel opened up by the interface metaphor is fixed.

6.3.3 Embodying the fixed metaphor

As a use becomes more and more familiar with the interface and its possi-
bilities, the limits of what is possible will become invisible in the embodiment of the

metaphor. The interface metaphor dictates not only how the extended body will
connect to the technology, but also constrains the range of motion the participant
can have: The types of actions a participant can perform, the type of information
that is available is constrained into the frame of the locked metaphor.

When we use mouse, keyboard, monitor, our physiological body is con-
strained to a specific set of movements that is unchanging. It emerges as a nec-
essary outcome of Douglas Engelbart’s report on the potentials for technology to
augment the human intellect [28]. The human-machine interface emerges as a li-
brary of fixed interaction protocols and bi-directional information streams framed
into a simplified metaphorical interface architecture. This process of information
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removal toward the minimal information footprint required to understand what is
important and become active is what Nørretranders supposes when he describes
the formation of consciousness as the creation of just such an interface through
which we can access the environment [63].

6.3.4 A difference between human consciousness and the

metaphorical computer interface

While the metaphors of the interface have a fixed relationship to the opera-
tion of the machine, the metaphors of human cognition seem to be best compared
to magnets or attractors: We are compelled to see our environment under a frame-
work, and perception will naturally settle on something, but in the formation of
our own consciousness we do have room to move, to change perspective, to apply
different models, to frame what we experience into different stories, to become
immersed in specific detail or look through what we experience toward a bigger
picture we are imagining.

While our gaze is characterized by metaphors and frames that have the
tendency to become invisible to ourselves, it is still extremely mobile and anarchic
at its core.

A frequently cited example for the potentials of applying see-as patterns to
the environment is our ability to see a glass filled with liquid to half its capacity
alternatively as half-empty or half-full. While the physical glass does not change
its status, by seeing it as a half-full glass we are shifting our own attitude and
approach toward the glass as well as our emotional involvement. While we are not
changing the physical reality, we have indeed some influence over how it appears
to us and how we evaluate our own position within it. We will come back to these
phenomena later when we talk about the concept of involvement in chapter (9).

6.3.5 Mobility of the cognitive body

A continuum opens up between things that appear within a specific un-
changeable see-as—experiences in which information channel and content form an
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inescapeable unity that leaves no room for a re-interpretation, and those aspects
of our experience in which content and channel are not unified, and where the
application of a different metaphorical approach can indeed change our experience
drastically. We can re-frame what we experience and thereby access a different set
of potential activities and attitudes.

At the former extreme, there is the experience of pain and basic body
signals such as hunger or the desire to breathe, while the latter extreme there is
the open interpretation of a piece of absolute music without a specified meaning:
The experience of something that does not attempt to influence your way of seeing

it.

Up to now we have talked about the constraining aspects of interface
metaphors, but there is also the opposite phenomenon: The aspect of slipperi-
ness and vagueness of metaphorical frames of action and perception:

Slip in a metaphor means that the participant is left with a wrong impres-
sion about the effects of certain actions. The reading of states and the action upon
the represented object are characterized by play: a vagueness that is random or
subjected to an intentional bias.

6.3.6 Mimikry and emergence

Wittgenstein says about the slipperiness of language when it is used for
pure logic [86]:

We have got on to slippery ice where there is no friction and so in a
certain sense the conditions are ideal, but also, just because of that, we
are unable to walk. We want to walk: so we need friction. Back to the
rough ground!

Wittgenstein warns about the potential of words to become detached from things
we can touch and perceive, to enter and ideal space of pure logic that has no
correspondence in shared experience. Comparable to skating on ice, pure reason,
so he argues, is an inherently slippery field.

It is one of the reasons why computers are so hard to understand: soft-
ware and hardware are inherently abstract and largely non-experiential—closest
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associated with the pure logic of mathematics.

We want to walk: so we need friction. Back to the rough ground.

This rough ground—an accountable reference for interaction metaphors—
can be generated in two ways: On the one hand, interaction metaphors can be
used to connection of this world of pure logic to the rough ground of real-world
references and familiar action patterns: A quasi-tangible, quasi-physical borrowed

sense of accountability.
On the other hand, we can let a sense of accountability emerge by bring-

ing the participant into direct contact with the abstract structure itself: Interface
metaphors can emerge within an immediate loop of active perception: Where ac-
tions are reliably tied to results, interaction itself can allow a user to understand
what about an interaction has what effect, a framework of things to do and say:
the emergence of strategies of action and perception that is based on the discovery
of relationships between self-motion and accountable result.

David Rokeby’s work Very Nervous System that he describes in his article
Transforming Mirrors [72] evolves entirely as an experience of uncertain interaction

metaphors that change and challenge the participant to re-discover the relation-
ships between their physical self-motion and the progress of the artificial environ-
ment: The participant is placed into a situation in which the system seems to
establish certain rules about how the reaction takes place—but the rules change,
keeping the participant on the edge to find out how to connect to the system,
what symbolic model to apply. The emergence of belief systems from the relation-
ship between a participant’s approach and the reaction of the system that could
potentially lead to the free creation of models of action and perception.

We can therefore see that the reliability—the rough ground of interface
metaphors can emerge from two directions: On the one hand, the sense of ac-
countability can be borrowed by the creation of an aura of reliability through a
mimikry of familiar tangible reality, and on the other hand, accountability can
emerge from active experience, through a loop of active-sensing that is open to the
exploratory activity of the participant.



Chapter 7

Persistence and mobility

When we target a participant’s potential to decode temporal structure as
information and have experiences mediated by time-based displays, we encounter
questions of accountability and reliability: Mobility implies that every moment
escapes us immediately, that we can never hold on to time itself in order to observe
the anatomy of its change from all sides. Repetitions, slow motion, still images
can give us a sense of the spatial developments that occur over time, but, as we
have seen (figure 2.1) they only allow us an access to specific space-based aspects,
not to the dynamic motion itself. And how can we even consider time to give rise
to something persistent when McTaggard in his article On the unreality of time

[59] goes as far as to argue that time itself is in fact not real?
The persistent spatial environment we find ourselves surrounded by—our

own mental map of where we are—arguably emerges in a gradual accumulation of
experience, information gathered through the observation of occuring change and
through the phenomenon of self-motion: saccadic eye movements, reaching out
with our hands, spatial movements of our entire body. We may say that structures
that appear to be endowed with super-temporal existence emerge from temporality,
and that involved temporality, the possibility for self-motion and the processes of
active sensing and involved perception play an especially important role.

In this chapter, I will attempt to organize persistent phenomena depending
on their relationship to our own involvement and activity. This will allow us to
produce a clearer perspective on the different ways in which the involved action of
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a participant can relate to the reception of time-based content and the emergence
of persistent phenomena. Is it possible to base design criteria on these persistent
aspects of temporality instead of space? How can we discover the potentials for
persistence in temporal mobility that we can trust with informational accountabil-
ity? And finally, what are the connections between space and time-based content?

7.1 Persistence

Persistence is a term that describes an ongoing presence or existence that
continues after the originating impulse has faded away. It describes a segregation
in the speed and direction of movement: Structures emerge that appear to be
characterized by a different tempo of change and achieve an independence from a
background, surrounding or context.

If we attribute primacy to the change—following Bergson’s position on
Mobility—persistence appears as an emergent phenomenon: Persistence emerges
as patterns that appear as an underlying, shape and causality of the structure of the

movement itself. Structures, strategy and gestalt appear from the change, ready to
be memorized and made accessible as hypotheses about what occurs, even when
the specific movement, the precise developments and motions that gave rise to
them have passed. Causal features and strutures are experienced as independent
and mobile among changes of context, perspective, background or environment.

In its inherent tendency to generate an integrated representation of the
experience, the impression of identities, objects and unity—a belief system about
the causes if you will—this dichotomy of mobility and emergent persistence appears
to be a central phenomenon of our conscious experience.

But next to the emergence of patterns and objects that can become per-
sistent aspects of our environment—of nouns of you will—persistence can also be
ascribed to action strategies, agencies, intentions and tendencies: Temporal pat-
terns of behavior that can be recalled, re-enacted, re-used, et cetera. We can see
this as a persistence of verbs, and we can relate the emergence of persistent action
patterns—for example, of piano pieces stored in muscle memory: the embodied
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persistence of a temporal structure and choreography of the body.
The memories of patterns and activities—of action and perception—appear

to be related: a tiny moment in a song can be enough to recall the song in its
entirety—a musical theme can be recognized by only a fraction of its material. Like-
wise, complex patterns of embodied movement strategies can be accessible through
a very simple idea—for example, opening a door.

As we can see the phenomenon of persistence is connected to both encap-

sulation and embodiment. When we ride a bicycle, our body knows exactly how
to move in order to keep the bicycle rolling and our body on top of it with very
little conscious effort. While the acquired and learned skill of bicycle riding that
has become persistently embodied, the activity itself appears to our experience as
encapsulated into something that comes very easy, all we have to do is think about
where we want to go (see chapter 4).

From the perspective of encapsulation and embodiment, we can interpret
emergent persistence as a strategy to distill abstract representations, groupings
and relationships from complex changes and action-response patterns through the
discovery, application, re-discovery and re-application of perceived consistencies,
repetitions within mobility, and similarly to the importance of correlation in the
formation of auditory streams, we may see emergent persistence as having a math-
ematical correlate in the property of auto-correlation.

7.1.1 Internal and external emergence

In our relationship to the environment, we can distinguish two types of
persistence that are distinguished by our own potential for involvement with them
as well as the appearance and role they play in our care. The clear distinction
between these two areas is difficult: There is a grey area that belongs to both—
that can be alternatively regarded as something external as well as internal. We
have already become familiar with it: the extended body (see 1.1).
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External

Intuitively, objects that make up our environment seem to be endowed with
persistence. Tables, chairs, the clutter in our apartments: it seems unlikely to
disappear into thin air at the next moment—we can go back and find it yet again.
Persistence is an attribute of the world that surrounds us. While we attribute the
world with a persistent existence of itself, its perceptual persistence on the other
hand requires a specific kind of movement and change to address our perceptual
process: Stimulus patterns that appear constant for extended amounts of time
tend to disappear from our view. For example, we forget about the sound of the
air conditioner, we forget our surroundings when we concentrate on something
else, sometimes, we can re-discover what has become invisible and inaudible, and
sometimes this becomes difficult. For example, we are unable to perceive the
constant pattern of the blood vessels that cross our eye’s retina, until we can make
them visible by changing the effect that have on our visual field. If something does
not change its relationship toward our extended body, it will be removed from our
perception and disappear form consciousness1.

We therefore have to assume that the creation of the impression of per-

sistence implies specific kinds of change: The appearance of something that is
not-us but an aspect of the external environment implies our ability to change
our cognitive, physical or technological position, perspective or relationship toward
it. We can interpret external persistence as a cognitive strategy that helps us to
discover, replicate and recreate accountable relationships between our activity and
our environment2.

1On the other hand, certain types of change within the process of active perception are in
fact also removed from the appearance of the environment, as the phenomenon described as
chronostasis indicates. In the visual domain this has been popularized as the stopped clock

illusion [90], but similar effects, for example in the subjective duration of pauses between tone
stimuli, have also been described for the auditory domain [42].

2We can take the constant stream of coca-cola fountains all around the world as an example.
Even though every drop has a slightly different chemical consistency, we perceive Coca-Cola
as a persistent phenomenon: a persistent aspect of our world. We hold it accountable for a
specific kind of experience, we know how to act toward it, what we can expect. Coca-Cola
works by conforming to the efforts of our consciousness to generate a simplified description of
our environment in order to develop a way of acting toward it. This ecology of persistent iconic
signs that can lead to the emergence of specific expectations, behavioral patterns and trusting

relationships has been explored in Lev Manovich’s concept of brand-scaping [54].
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Internal

Next to the persistence that underlies the impression we have of our phys-
ical environment, there is also a second type of persistence: Persistent thoughts
that come back. Words, sentences or melodies stuck in our head. A line of pro-
gramming code we can not take out of our minds. A psychological pre-disposition
we carry within us and always seem to map out with the people that surround
us (rediscovering the same psychological situation on the other side of the globe).
This second type of persistence lives inside of us. It resides in our conscious and
unconscious activities of rumination, with a detached or unspecified connection
to what we experience as our living environment. It is a mobility and a change
that does not appear to be part of an outside world disconnected from us, but
something that occurs in our inner world, that comes out of ourselves or at least
happens inside of us as underlying currents and tendencies in the interpretation of
what is happening around us.

The internal space of the mind naturally excludes the affordances of the
physical and technological body for self-motion. Following what we said before,
this lack of potentials for a change in the relationship between us and our internal
persistencies tends to make them invisible to us: Our persistent ways of seeing

things are not accessible to sensimotor interaction or changing perspective. We
constantly accept the perspective they provide us while having no strategy to
verify them reliably.

We seem to have a degree of freedom of accepting and acting upon what
we perceive as our internal persistence, and the western existential Philosophy as
well as Zen Buddhism have described the idea and ideal of Nothing in the area of
internal persistence: to relieve it from any absolute value beyond a reflection of a
reflection of an external environment.
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7.2 The passing of time as persistent phenomenon

7.2.1 Measurement and observation of temporal units

As a first persistent aspect of the passing of time, we may think of the
persistent ticking of the clock. Our clocks and calendars render time as a spatial
axis of equidistant units on which a theoretically infinite amount of equal moments
is lined up to become the present time and be filled with reality.

De-worlded temporal units of clock and calendar

While physical reality proceeds according to its own rules that are char-
acterized by it’s own inherent regularities3, a clock’s de-worlded temporal units
provide us in the one hand with a quantitative perspective on time: We can mea-
sure how long something takes and coordinate our activities to specific amounts of
cosmological time. We can optimize our performance for accuracy or efficiency or
sync processes and activities with a metronome or time-code. Most importantly
however, clocks and calendars equip moments of the future with a quasi-spatial
address: We can agree to meet at a specific point in time, schedule and plan what
we are going to do tomorrow or know if a piece of music will still fit into the radio
show before the news have to be broadcast on the hour.

Problems with the inner clock

When we attempt to conform and synchronize our behaviors and activities
to the time shown by the clock, we are facing difficulties. Keeping a tempo,
estimating a certain duration or being at a certain place at an agreed time without
the help of an external metronome, clock or calendar becomes very difficult. Our
experience of time evidently stretches and compresses the cosmological units of
time, and our impression of their duration and feeling for the passing of time is

3The temporality of nature, albeit harboring the regularities of harmonic oscillations and
repetitive patterns, appears to subvert the emergence of precise temporal subdivisions: Every
natural process appears to harbor elements of chaos and noise. For example, while the rotation
of the earth which forms the basis of our day, is comparably constant and reliable, the presence
of daylight also depends on the cloud patterns and mountains in the surrounding area.
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unstable.
One the one hand we can see this as a phenomenon that relates to a lack of

simultaneity that is a necessary consequence of the latencies inherent in the body’s
physiology. We can also connect this to time-warping effects in our conscious
experience such as the phenomena described by the term chronostasis [42], for
example the stopped clock illusion.. The experience of temporal units such as
seconds and minutes is evidently not characterized by a persistent impression of
duration. Instead, the impression we have of time passing appears to depend on
what happens within the the temporal unit we are currently experiencing—which
strategies of active perception are activated. Unlike the clock-time which counts de-

worlded seconds, the time we experience is always full of world to become involved

with.

7.2.2 Persistence in the introspective experience of passing

time

The passing of time—fleeting and unstable as it may seem on the quanti-
tative level—nevertheless harbors persistent phenomena. While time is streaming
through our experience from being future through the present into the past, it
passes through a sequence of different states and attributes—aspects that seem to
always be there: a persistent architecture time seems to flow through. A popular
example in which this phenomenon is addressed can be found in the 3-second rule,
which states that events that appear with a temporal distance of more than 3
seconds will appear as belonging to independent moments of time [23]. The three
second rule makes a qualitative differentiation in the temporal proximity of events
apparent: our present is not just determined by the physical objects and spatial en-
vironments we find ourselves in. It is a quasi-spatial interior that is also accessible
to us through introspection. According to William James’ concept of the specious
present, the differentiation between what we address as now and that which ap-
pears to us as the past is characterized by a set of in-between states through
which time constantly flows [46]. Our concept of simultaneity—the sense of what
is present right now at the same time—is based on an integral of time, a time
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span or temporal vicinity that appears unified into the experience of a moment–a
temporal canvas on which events can form super-temporal relationships while they
move into the past. The current temporal development and the temporality of the
present itself are characterized by an intrinsic perceptual materiality—an emer-
gence of perceptual qualities that is, if we follow Merleau-Ponty and Bergson, in
fact the primary one that precedes the impression of persistent space that emerges
from an accumulation of temporal experience.

While the three-second-rule, the specious present and Bergson’s duration are
all centered on the description of a passive observation of its passing, a different set
of persistent concepts shows up when we consider what relationship our Being has
to the different aspects of time that are available to it. The ontological relationship
of temporality to the way we are in the world.

7.2.3 Outside perspectives on the passing of time

Time appears to us in two basic perspectives: as the moment that we are
currently immersed in—in what is occurring right now—and as points in time we

are not currently experiencing: events and moments that happened in the past, that
we expect to occur in the future as well as completely fictional events. Temporality
that we observe from an outside perspective.

The outside perspective of time—that also corresponds to Mc Taggart’s A-

Series is often associated with a spatial distribution of events and developments in
order to achieve and overview.

As we can see in the persistent components of an outside perspective on
time, each aspect has specific meaning for the temporality of the way we are in
the world. The future is characterized by possibilities of being, by projections,
expectations, precaution, planning, preparation. As the time arrives however, the
present becomes characterized by a transformation of possibility into something
that evolves as a process of permanent improvisation, a falling back into patterns
we already know. The factual history that is created represents the third area of
temporality, the past, in which Heidegger locates his idea of Facticity: the aspects
of our own having-been, but also the history leading up to the current state: Our
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thrownness into a world we have not created ourselves, that is outside of our
control.

This ontological analysis of the persistent aspects of temporality is at the
core of Heidegger’s Being and Time.

7.2.4 The persistent phenomenological temporality of Being.

Human temporality in its ontological analysis—the aspects of past, present,
future, expectation, planning et cetera as laid out before us by Heidegger consti-
tutes a space that allows us to see ourselves and the way we relate to time from an
outside perspective: What we were, what we are, who we think we are going to be.

The description of persistent temporal phenomena in their meaning, rele-
vance and affordance for the human Being is addressed in Heideggers work Being

and Time. The past in Heideggers Temporality of Being appears as a fore-having
that informs the fore-sight and fore-grip of the individual. In other words, our
past experiences inform not only how we view, expect, analyze but also how we
pre-conceive and approach future developments—what we see ahead of us as well
as how we are getting ready for it. For Heidegger, this temporality is preoccu-
pied with getting ready for a future, applying past experiences in the preparation
of what’s to come, while the present instant itself is characterized as an impro-
visatory moment of Verfallen (frequently—but somewhat incorrectly—translated
as Decay in English): We just grab the next best thing in order to continue on and
get things done.

What is notable about Heideggers formalization of the temporality of Be-
ing is that the human being, usually seen under the third-person perspective of the
research subject is here addressed in its active role. It is not regarded as a pas-
sive resonator for temporal stimuli and unconscious processes as the psychological
and neuro-scientific perspective often prescribes, also how we might interpret the
perspective of Psychology exemplified in William James’ approach to temporal
experience. What makes the persistencies that Heidegger distills from our tempo-
rality so relevant is that they do not only explain the way things work, but provide
us with concepts that allow us to handle our environment and become active in
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our care for the world, as the Purpose of our Being is Care.

7.3 Persistence in the temporal body

As we saw in the previous section, the passing of cosmological time alone
is not a reliable indicator of our experience of duration. While the playback of
time-based media is usually synchronized to cosmological time as we consider it
the most stable and absolute temporal reference available—the temporal patterns
that are addressed and referenced within the time-based content itself draw from
an enormous variety of references and can be traced back to a range of different
perceptual phenomena: The semantic timing of language, the multi-layered tempo-
rality of musical expression, the physiological constraints of temporal perception,
et cetera. We have already visited some of these aspects in the codes in which
the extended body is responsive to temporal development created by time-based
content (2.5). We are now going to make some examples from the area of music.

7.3.1 Persistent features of music

The perceptual phenomena inherent in the experience of music can be de-
scribed as referring to certain potentials for perceptual persistence: Certain tem-
poral developments appear as pitch and melody, others as rhythm, meter, accent.
While the specific interpretation of these perceptual phenomena belongs into the
context of cultural studies, we are able to relate temporal aspects and structures
within the physiology of our sensory organs, our nervous system—the persistent
aspects of the temporal body 2.5—to their appearance as perceptual quality.

We can speculate where exactly the temporal reference of the perceptual
phenomena is located—what part of the body is responsive to the massage the
received signal implies—whether it is the brain itself, the temporal latencies within
our nervous system at large or learned patterns from the external world.
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The persistence of musical meter as interpretative framework

The phenomenon of musical meter is characterized by a periodic change of
perceptual qualities. While meter is often not explicitly present in the music, it
represents a pattern of expected events and their dynamic accentuation. On a more
detailed level, it is a qualitative framework within which events can occur, a sense

of normalcy in loop form, from which special cases can be perceived as distinct.
Irregularities within metric structures can appear as a qualitative change

of the event, as a technical error, a negligible inaccuracy within the natural range
of uncertainty. Meter appears as a resistance against which rhythm and accent

are being interpreted [49]. The persistence of metric orientation provided by the
meter can mend and complete imperfectly performed patterns: the perception of
meter can go on despite the fact that some events might not be in the place they
were expected to be. This highlights the persistence of the emergent phenomenon
of meter, and also, once it has become established, its resistance to change.

We can describe meter as a persistent strategy that emerges within our way
of listening to music: An interpretative framework that is applied to the occurring
events.

Musical continuity

The temporality of a music piece can be directed from a past to a future—
from a question to its resolution, or from a disharmonious intermediate state to
the final reinforced tonic. Driven by the targeted fulfillment and disappointment of
expectation and a careful balance of continuity and discontinuity, a piece can hold
the tension, provide intermediate pseudo-resolutions and rivet the listener until
finally the coda occurs.

Another shape in which time can occur is non-linearity: a continuous dis-
continuity that subverts the creation of reliable expectations. This experience of a
pure now that dispenses with an arrow of expectation that reaches from the past
into the future, by avoiding the repetition of temporal signatures, is what Karl-
heinz Stockhausen attempts to achieve with his concept of Momentform4[78]. In

4We have considered Stockhausen’s Momentform before in 3.2 under the aspect of its poten-
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Stockhausen’s theory, expectation, continuity, stasis and discontinuity can occur
on any of the independent musical parameters: Meter, Ryhthm, Accent (Rhythmic,

metric, stress), duration, proportion.
Since the creation of discontinuity within a phenomenon implies that it

has the potential for continuity—for the emergence of reliable expectations—each
of the musical parameters mentioned could inversely seen as potential vehicles of
persistence.

7.3.2 Persistent strategies in perceptual object formation

and stream segregation: Potentials for simultaneity

As underlying causality and pattern to the formation of perceptual ob-
jects and streams we can describe the strategies of gestalt and the persistence of
segregated perceptual streams as persistent aspects of temporality: Next to the po-
tentials inherent in sequential patterns and linear developments, we can also find
persistent aspects in the perceptual potentials for simultaneity and the processes
of segregation and merging of simultaneous processes.

An example for this is, as we saw, the phenomenon Michel Chion calls syn-

cretism [16]: The impression that two events in different modalities (for example,
a visual and an auditory stimulus) result from the same source when they are
presented in temporal synchronization.

We will look at the structure of perceptual streams and strategies and the
limited resource manifold they draw from in chapter 8.

tials for openness to the viewer.
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7.4 Persistence and involvement: embodied expecta-

tions

7.4.1 Referentiality in temporal experiences: expecting fa-

miliar signatures

Then, temporal behavior is naturally equipped with a reference to familiar
temporal behaviors of real-world objects. Spatialized time is usually characterized
by a correct playback speed, at which the time axis is supposed to be traversed—a
deviation from that speed will result in unfamiliar sounds and electronic distortions.

Predispositions: culture, learning, evolution

We might be able to attest the conscious and unconscious preparation for
specific temporal patterns to evolutionary and hereditary effects or as results of
education and culture. For example the sound of thunder that follows the lightning
is intuitively and reliably associated with a sense of fear, which does not appear
to be a learned phenomenon or one that is derived from a past contextualisation,
rather a persistent intuitive reaction that might be successfully framed as an a
potential for experience that was created during an evolutionary process.

Autocorrelation: the effects of repetition

Repeated temporal structures can induce the impression of familiarity with
certain processes and lead to a persistent recognizability of a temporal signatures.

In music, phenomena such as recurring motives and themes have been preva-
lent in the music of the past 350 years. Music can be characterized by recurring
themes and motives that return again and again, in varied form, throughout the
course of a piece. Gestures that are characterized by persistence can be gener-
ated through their recurrent presentation, thereby shaping the expectation of the
perceiver. The establishment of a ritual that returns in almost the same way and
thereby makes subtle changes to its appearance perceivable harboring the potential
to pass through different contexts and internal states.
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This concept, which connects to the structural description of the interface
metaphor (6.1), is realized both in the development of themes in the tradition
of the first movement form of the classical sonata and for example in Richard
Wagner’s use of the Leitmotiv: The super-temporal accountability of recognizable
melodic and harmonic sequences recounts the stories the characters in his opera
are going through—a narrative in which each motive acquires the programmatic
representation of a character or story element, a similar technique found in the
genre of film music: perceptual patterns can encompass all the psychological and
psycho-physical effects that are in the reach of organized sound.

And even if music does not feature such structures in its interior, the idea
of the piece of music itself is that of a repeatable temporal structure that can be
performed and listened to again and again. We can attribute both of these phe-
nomena to perceptual patterns that achieve a super-temporal state: they become
persistent entities that provide the listener, the composer and the performer with
an accountability that can be used to design the future. A DJ puts on a certain
song because he or she has an expectation about how it is going to sound and the
effect it will have on the people who listen to his music.

7.4.2 Learning material temporality

The extended body allows us to reach out for disclosed objects in our en-
vironment. Is there a strategy to regard time and temporality as such an object?
How can the objectification of time operate? Characteristic for objects in the
world is that they are persistent, that they sustain their identity through possi-
ble changes in non-essential properties such as position, location, color. Another
key property is that external objects create connections between an action and a
perceived effect: they become end points and extensions of our action-perception
system. The physical formula connecting a cause to an effect is for example given
by

f = m ⇤ a

with with f: force, m: mass, a: acceleration. Objects equipped with this property
have a mass, a materiality that provides resistance and links the effect of force to
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a measurable change in its state.
As temporal materiality, we can describe the aspects of temporal behavior

that we could attribute properties such as resistance, force, mass, stability, granu-

larity, a super-temporal spatial extension on the time-line. Temporal phenomena
that become apparent as detached objects and patterns that occur and reoccur.

7.4.3 Repetition as pathway into self-motion and change of

perspective

If something is repeated exactly, it can become established as a signature,
a temporal symbol, regardless of what exactly is repeated. Repetitions make what
is repeated appear differently: a repeated pattern changes its quality. It becomes
persistent and in the process moves out of view and changes its nature. Examples
of this effect of repetition can be seen in Diana Deutsch’s experiments in which
repeated language turns into song. After a pattern has been acknowledged as
persistent, consciousness attempts to remove it from perception. A trajectory is
established that proceeds from new and unexpected, to persistent and expected,
to a shift in consciousness away from or towards new detail within the perceptual
phenomenon.

Another example of the mobility inherent in technically exact replication is
the minimal music by Steve Reich. Even when total stasis is achieved with a process
mechanically repeated over and over in a perfectly identical way, perception shifts
between different interpretations of what is being heard, disintegrates the stasis of
the moment into multiple layers that are brought to attention sequentially.

It is as if our perceptual approach changes all by itself when exterior mo-
tion is absent, as if the spatial self-motion around and object or through physical
exploration are replaced by an interior re-organization of the perceptual apparatus.

7.4.4 Embodied expectations

Temporal persistence can also be experienced in conjunction with partic-
ipant action. Activities, simple and complex, can be associated with a detailed
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expectation of temporal response, that in turn becomes embodied in the temporal
performance of the whole.

We can see this for example in the operation of an electrical switch. Switches
sometimes trigger processes, start and stop activity or change aspects of an ongoing
process.

The embodied performance of buttons

After pressing the switch, we are used to the experience of an instant effect.
A change that happens at the speed of electricity, which is close to the speed of
light. Often, the effect occurs with a noticeable delay, or is characterized by a
signature onset. A neon light might need a while to start up, an incandescent
lightbulb need a moment to reach its full glow. A motor might take a while to
reach its target speed.

Especially if mechanical assemblies are attached, for example in a car,
switches often do not take immediate effect, and the performance of switching
on or off initiates a temporal sequence that reaches far beyond the instantaneous
moment.

Performative complexity: embodied choreographies in the pressing of

keys

Alternatively, switches might have to be pressed in sequence that becomes
combined into a unified gestures, for example when navigating a radio-controlled
vehicle through a familiar obstacle course or playing a computer game for the 100th
time. As I write this text, my fingers are pressing down on keys of the keyboards to
enter words and sentences. They are performing specific sequences of movements
that as a writer I am not conscious of. In fact, if I would pay attention to them it
might take me a lot longer to write. They are embodied in my activity of producing
written language.
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Learning what to expect: embodying responses

As we saw, the response to a button-press might not be instantaneous. The
letter I am typing might take a while to appear on the screen. When the light
turns on in a room, not only may the light bulb itself take a while to turn on, once
the light is turned on, we still need a while to orient ourselves in the room, to look
around and discover the relevant features and dimensions within it. At the same
time, the sound the switch has emitted takes a while to reverberate.

Every mechanism that is switched is characterized by a temporal signature
that is learned and expected as the switch is used. Sometimes the temporal frame of
this response is very short and easily overlooked, in other cases it is very noticeable,
especially when remote processes are switched and the return effect has a long
turnaround time.

In the church organ of St.Peter, my home village, features a remote pipe
stand that reacts with a noticeable delay to key presses from the other end of
the church. This is due to both the transportation of the key information to the
pipe stand as well as the transmission of the sound from the front to the back of
the church. The pipe stand can still be played, but requires special training from
the organ player due to its unfamiliar temporal signature that subverts the quick
appearance of sound embodied in usual church organ performance.

A more complex case emerges when the button starts a process of temporal
programming, like a dish washer or laundry machine, or in turn a program that
addresses the perception of the human participant: the play button on a tape
machine, or the on-button of a radio. In these cases, the embodied expectation
is evidently not only an immediate echo-like response or a change of state, but in
fact a sequence of events with a varying degree of unpredictability: We get ready
to be addressed by time-encoded information.

In scenarios with a graphical user interface such as a youtube video, both the
button as well as the content screen are metaphorical aspects of the interface, and
the access involves the embodied computer mouse with its buttons, the computer
screen and loudspeakers.
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Spatial expectation

The persistence of spatial structure and temporal expectation are related.
Our movements in space are intricately influenced by expectations and anticipa-
tions both about our own trajectory as well as the objects we observe in the space
and what we may encounter in the various places within the space: When we imag-
ine a spatial structure we plan our movements within it with temporal expectation.
These expectations can be either of ourselves, or of objects in our environment—an
anticipation of coming events, a pre-estimation of trajectories.

Instrumental performance

The relationship of embodied movements, expected responses and immedi-
ate adaptation to changing circumstances has few more intricate examples than
the instrumental performance of music: The physical build, shape, materiality,
weight and architecture of the instrument provides for a set of spatial positions
and movements, focused applications of force and dynamic balance with the musi-
cians body in order to generate notes of different pitch, timbre, register, dynamic
contour, playing technique, et cetera: the creation of musical sound intricately im-
plies a detailed choreography of the musicians body around and with the musical
instrument.

Within this activity we find a complex set of actions and expectations about
the dynamic behavior of the instrument in connection to the musicians body. A
learned and rehearsed relationship: during the activity of playing, the musician
expands the range of expression and musical versatility in all directions: the space
and dynamic behavior of the instrument, the temporality of movement. The ex-
periences of the dynamic behavior of the instrument over time become embodied
spatio-temporal expectations of the relationship between bodily action and sound-
ing result.

In etudes and exercises, the movements can be taken apart and rehearsed
independently, but similar to the encoding hierarchy of time based media (see
chapter 4), the various levels of encoding coexist and are accessible simultaneously -
a musician can focus on the musical interpretation and perform the embodied body
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motions quasi-unconsciously, or focus on the the technical details of a performance.
Sometimes the two occur intertwined, for example when the technical impossibility
of Ferneyhough’s complexity is intended to place the performer into a situation of
palpable tension.

7.4.5 Embodied temporal code: languages

As we know from the introspective appearance of time passing that we
can form relationships between what is currently the case and what happened a
moment ago. The horizontal integration of time in the specious present and the
possibility to see the present as juxtaposed to memorized moments of time underlies
our potential to produce and receive codes that rely on temporal integration. As
we have described earlier, the most prominent example of this is arguably the
phenomenon of spoken language that constructs symbolic meaning from temporally
distributed phonetic information structure that conforms to a syntax [17].

We can clearly say that what we have our minds on—what we care for—
when we listen to and produce language, are not the syntactic structures them-
selves. We can notice this quite clearly for example in the helplessness that ensues
when we try to explain our native language to another person. This inaccessibil-
ity of embodied grammar and syntax is also evident from our apparent problems
to create a computer display that produces convincing patterns of human speech.
The syntactic and semantic properties of the language that we use are embodied:
We act through them and employ their patterns, but their specifics are inaccessible
to us.

Encoding levels and their resistance to change

Each modal layer within the encapsulation hierarchy provides temporal re-
sistance to change: Sentences want to be heard to the end in order to make sense.
Stories want to be heard to the end in order to come to a satisfactory conclu-
sion. The symphony wants to be heard to the final return of the tonic. A project
wants to be worked on until it comes to a satisfactory conclusion—or is consciously
abandoned. Expectation and story create a temporal resistance and granularity
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that resists specific kinds of change, resists breaking the continuity that has been
attributed to it.

On the other hand, temporality needs to be opened instantly to active
perception—to scanning movements of eyes, hands, the body, and also the move-
ments of thinking and conceptual approach. So while certain kinds of change are
faced with resistance, others need to be enabled in real-time in a quasi haptic
mode.

Like the action patterns of virtuosic instrumental performance, and the
saccadic eye motions that occur when we look at an image, language tends to be-
come a persistent, embodied structure, accessible to us through learning, rehearsal
and training, and yet occurring seemingly without our conscious contribution in
our speaking and listening: They occur in the way we use our body in care for
the world, but their specific description is accessible to us only through the indi-
rect investigation with neuro-scientific methods that approach the being from a
dis-embodied perspective.



Chapter 8

The Resource Manifold of Active

Perception

As we go about our everyday lives we are evidently shifting and transition-
ing between different ways of being involved with our environment: writing emails,
walking to the bus stop, calling a friend, thinking—each activity we approach is
connected to the expectation of a specific time-based process and performance: we
get prepared for it, improvise our way through it, and from the way things actually
went down we shape our expectations for a possible similar event in the future.
While we are involved with something, the surrounding environment proceeds si-
multaneously: our involvement is often not a single track of events lined up on the
timeline, but an array of simultaneous processes: we are usually aware of a range
of objects and processes in our environment that occur at the same time in which
we are directly involved with our specific cares. The world as well as our own
involvement in it evidently harbor a parallel manifold of simultaneous connections
for active participation, some of which we are consciously present to while oth-
ers appear secondary or peripheral or may in fact not be consciously attended at
all. What are possible structural handles we can find to describe this relationship
between the time-based environment and our involvement within it?

Let us first look at perception: our strategies of seeing and hearing what
goes on around us.

182
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8.1 Physiological sensing

Often we address our connection to the external environment as an array
of senses: sight, hearing, smell, taste and so on: independent sensory channels and
strategies through which we receive information about the surrounding world. On
the level of physiology, this view appears to be accurate: each sense is associated
with an organ, a part of the physical body that lives in direct contact with our
surroundings, and each one is accountable for a distinct perceptual phenomenology:
the ear is responsible for hearing, the skin for touch, pressure, temperature, and
the eyes provide us with spatial imagery—et cetera.

8.2 The intersensorium: overlap, cross-over, syn-

cresis

Our senses do not operate strictly independent of one another. We trust
that each sense delivers to us a different layer of information about the same
environment: what is hot is the oven plate we see, especially when it glows red.
All senses contribute and complement each other in the creation of a unified multi-
sensory impression of our surroundings. In Tarkovsky’s Stalker, we very often hear
sound-making aspects of the spatial scene on the soundtrack that remain unseen:
water dripping, trains passing by in the distance. For the viewer, these additional
layers of environmental information become fused into a common audio-visual
impression.

This interconnectedness between the different streams of sensory informa-
tion can be quite intimate: when we see a person speaking for example, we hear the
sound of the voice, but we also read their face and body for expressions and move-
ments that contextualize what is being said. As we can experience in Tarkovsky’s
soundtracks, it can be difficult to pin down exactly what sense contributes which
aspect of the overall impression in multi-sensory environments. The McGurk effect
is a demonstration of the way intersensory conflicts are resolved when the audi-
tory and visual stream of a person pronouncing a simple set of syllables contain
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contradictory information [56]. Already the existence of this conflict highlights the
potential for a fusion and overlap between our visual and auditory senses.

On the other hand, auditory and visual information can also appear deeply
detached: when we listen to sound recordings through in-ear headphones while
walking through a space with our eyes open, the two senses are clearly and dis-
tinctly running in parallel.

Audio-Vision and Schizophonia

Coming from the audiovisual scenario of movies, Michel Chion describes
the phenomenon of syncresis, a set of tendencies that merge auditory and visual
streams into a coherent whole in his book Audio-Vision [16]. The term syncresis
is derived from the phenomenon of merging spiritual belief systems and religions
that operates through a superpositioning of festivities and saints, thereby creating
a hybrid faith that retains structural, semantic and contextual aspects of both
contributing belief systems. An example is the christian adoption of December
24th as Christmas, which was occupied by a festivity celebrating the return of the
light after the winter solstice. Chion uses this structural merging of beliefs as a
metaphor for a perceptual phenomenon in which two distinct events—for example,
the visual animation of a slamming car door and a percussive sound—merge into
the unified audio-visual experience of a slamming car door, even if the actual
sound heard might be from an entirely different domain. For Chion, syncresis is an
important aspect of the audio-visual contract that allows the audience to experience
artificially dubbed soundtracks as a seamless element of the movie experience.

While this merging overlap of vision and audition seems to be an everyday

phenomenon, familiar from the audiovisual coherence of natural multi-sensory envi-
ronments, R.Murray Schafer conversely points out that we are becoming more and
more accustomed to situations in which our senses are in fact addressed with sig-
nals of completely detached origin—a phenomenon he calls Schizophonia. [74]. The
intrusion of mediated content from distance places, disconnected contexts and en-
vironments and the implied splitting of our perceptual orientation toward distinct
simultaneous realities belongs to our daily contemporary experience—whether we
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are connected to a friend over video chat, have the TV running or simply listen
to recorded audio over headphones. Evidently we do not have an innate sense of
confusion about this potential of our senses to be addressed independently of each
other, and for us to be present in an array of different environmental realities at
the same time.

8.3 Modal streams

8.3.1 Auditory scene analysis as strategy to decompose the

environment into distinct parallel developments

The potential of our sensory potentials of audition, vision, et cetera to
dynamically congeal into compound experiences or dissociate into independent
parallel realities calls for other ways to approach the phenomenon of perceptual

coherence than the unity of our sensory array of hearing, seeing, touch, taste,
smell et cetera. Theories we can draw upon to inform such an approach are for
example the theories of gestalt perception and environmental streaming.

Right now, the clock on my wall produces a noticeable tick sound every
second. Simultaneously, the fridge is humming in the corner, and additionally cars
passing by outside from time to time. I can focus on each of these processes and call
them into consciousness by orienting my perception toward them. Alternatively,
if I think and do something else for a while, for example, become involved and
absorbed in writing this text, I might in fact forget about the fridge, the car,
and the ticking of the clock as well. They become omitted from my conscious
perception and I would have to find them again if I want to hear them.

This manifold of distinct yet simultaneous experiences is framed within
the concept of environmental streaming we find expressed for example in Albert
Bregman’s Auditory Scene Analysis [11]:

Bregman’s streaming theory describes a process in which complex acousti-
cal wavefields are perceptually deconstructed into distinct streams of sound that
can be selectively attended. His approach—the segregation of perceptual streams
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caused by the proximity of perceptual events in psycho-acoustic feature spaces—is
comparable to the perceptual rules of gestalt perception that were established 70
years earlier [48]. While gestalt psychology focused on the emergence of shapes
and forms, objects, figures, silhouettes, foregrounds and backgrounds from com-
plex visual stimuli Auditory Scene Analysis is concerned with the emergence of
modal streams within our listening to acoustic signals.

Both processes disclose environmental structures that can later be selec-
tively highlighted or suppressed in the process of attention: a disclosure of events
and streams that is juxtaposed to a process of attentional selection [65]: conscious
attention selects from an array of pre-disclosed modal streams. Evidently, not all
streams are admitted into perception at the same time: it appears that our con-
sciousness has a limited bandwidth—limited resources for perception that have to
re-attributed to different environmental events over time.

8.4 Mobile stream manifolds

Arguably, the whole physical universe happens at the same time with no
inherent distinction of individual processes, a unified entity that proceeds and
develops as a coherent whole.

The perceptual environment on the other hand arrives at our doorstep in
the form of pre-disclosed perceptual streams—processes, objects, movements, af-
fordances et cetera, only a certain selection of which we can attend to at a time.
Our potential to attend to these independent modal streams in simultaneity is
limited. By shifting our attention between the various perceptual offerings we tap

into the processes, events and development within each stream.
This is for example the case at a cocktail party. We can only fully attend to

one speaking voice at a time—if two persons are speaking simultaneously within
our range of hearing, we only have the potential to fully understand what one of
them is saying. On the other hand, we can shift our attention between multiple
streams under certain circumstances, tune into different conversations are going
on around us one at a time[15].
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This shift of attention between two simultaneously available streams is only
possible under certain conditions however. If we record the same person saying two
different things and project both recordings through a single loudspeaker, not only
are the potential for us to attend what is being said slim, we can not distinguish
between the different voices and therefore can not provide selective attention to
them. In order to become navigable the voices need to be separated by spatial
location or by another distinction in the space of perceptually relevant features.

As we know, it possible to layer music over a speaking voice without a major
decrease in intelligibility of the voice, unless the two signals are masking each other,
or the music makes the listener involuntarily draws attention away from the voice.

Yet, if we layer two musics together, the phenomena of meter, rhythm and
harmony, tonality or pitch set et cetera will become intransparently superimposed:
shifting attention within a navigable array of streams, like the conversations at
the cocktail-party, becomes impossible. Two musics generally do not combine into
a navigable manifold. Another layer of sounds that in turn can be arbitrarily
superimposed on both speech and music are general environmental sound effects
(again, if masking is avoided)

This special precondition of the perception of dialog, music and sound-
effects can be rediscovered in the production of movie soundtracks, where each layer
(along with foley, a specific category of sound-effects associated with the activity
of human characters in a scene) are often created by distributed and independently
operating production teams, only to be combined in the final mixing stage or movie
soundtrack production.

This phenomenological structure of the movie soundtrack has interesting
implications on how we have to think about our way of listening to it.

8.4.1 Morphologies of disclosed environmental stream man-

ifolds

Depending on their mutual interaction, we can outline certain morphologi-
cal relationships between simultaneously disclosed environmental streams.
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Polyphony

In certain cases, the streams might be perceivable as parallel simultaneous
streams, an effect comparable to musical polyphony: the streams can stay distinct
to an analytical approach but cooperate to form a consistent new whole together
that is more than its parts. While they retain their individuality, it becomes dif-
ficult to track the identity of each stream. Attentive selection may shift between
the perception of a single stream and a effect achieved by all in combination—in
the case for polyphonic music, this would be the aspect of harmony and tonality.
Another example is the combination of speech and music, in which the music may
receive a semantic context by the speech while the speech’s emotional and dramatic
interpretation becomes contextualized by the music. As we saw, the interaction
between the layers of movie sound—dialog, foley, sound effects and music—can be
placed in this category as well. Ideally all the polymorphous elements are transpar-
ently perceivable while contributing to a coherent experience in their combination.

Correlative merge

Modal streams can be characterized by correlated behaviors, which can
result in their fused perception as a single more complex stream or group of con-
nected developments. This is the case for example in the case of complex sound
objects or audio-visual coherence in the context of cinema sound—for example, a
car drive-by.

It is important to note that while correlative effects occur within our per-
ceptual environment—for example the microcorrelation between a sound source
and its reflection that leads to the encapsulation of the reflection into the spa-
tial timbre of the sound source—correlation can also appear in reference to the
self-motion of a participant:

we may hypothesize that the impression of spatial persistence, for example
of architecture, can be interpreted as an effect of correlation between the self-
motion of a participant and the perceptual change in the appearance of the ar-
chitectural environment. Gibson calls the basis of this phenomenon reversible

occlusion. It can also be seen as related to the phenomena of spatio-temporal per-
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sistence described in 7.4.4. We will get back to the topic of self motion in chapter
9.

Masking: destructive merging

Under certain conditions, perceptual streams mingle together. They over-
lap, making each other mutually indistinguishable, comparable to two layers of
handwriting written in top of each other. For example the projection of two speak-
ing voices from the same loudspeaker, or the simultaneous playback of two violin
sonatas usually leads to a destructive merge of the simultaneous streams that dete-
riorates the perception of both. Instead of a navigable manifold or the polyphonic
merging of the streams into a coherent whole bigger than its parts, what is gener-
ated is a new percept that is not transparent to its ingredients—a garbled mess, a
collage ripe with tension and disharmony, a cacophony, or noise.

All of the effects mentioned above can result from the presence of two
perceptual streams in the environment of the participant. It is evident that they
can not be attributed to the signal content only—they evidently emerge from an
attribution of perceptual resources to the environment, along with the inherent
relationships between these perceptual potentials in the attentional process of the
participant: an inherent structuralism of the perceptual resources that are applied
to the environment.

8.4.2 Excursion: correlation and the segregation and merg-

ing of streams

We would now like to focus our attention on a set of perceptual phenomena
that seem to highlight the important role of temporal correlation between modal
streams for the perception of our environment. Gestalt psychology [48] approaches
the perception of our environment as a process of grouping of incoming stimuli into
objects and shapes. This theory has become a popular conceptual framework and
reference for the analysis of perception both in the spatial as well as the temporal
domain.
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An evident factor within this process is the degree of correlation between
independent sensory and modal streams: the degree by which events behave sim-
ilarly or seem to be governed by the same underlying tendencies. What seems to
be of interest to the perceptual system is the discovery of underlying processes
that can be used to establish a more simple and less cluttered description of the
environment. We can walk through this perceptual hypothesis with a selection of
examples:

Example 1: Multichannel noise

Let’s consider multichannel noise. Keeping the frequency content the same
on all channels, we can generate two extreme cases: in the first case, the phases of
all frequencies will be identical on all channels. This results in the same waveform
being present on all channels in parallel: effectively, a monophonic noise signal
copied into all channels: the channels are perfectly correlated. In the second
case, the phases between the channels will be perfectly randomized. While the
frequency content itself is identical to the previous case, now every channel has a
different waveform that moves independently of every other channel: we can say
the channels are now de-correlated. To generate such a signal we can in the first
case copy the signal of a single noise generator to all channels, and in the second
case use an independent noise generator in each channel.

If we now place a spaced array of speakers before us and play each audio
channel on a separate loudspeaker, a stunning perceptual difference occurs between
the two multichannel signals, even though their frequency content is the same.

In the first case, we hear a noise sound with a colored timbre. If we move
between the speakers, we can discover phasing effects that result from the same
signal arriving at the listener’s ears with different latency resulting in the suppres-
sion and amplification of frequencies. Astonishingly, even though we are dealing
with a continuous noise signal, the localisation of the sound also tends to move
to the closest loudspeaker, in accordance with the law of the first wavefront, or
Haas-Effect [9].

When we switch to the decorrelated noise, the localisation disappears and
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the apparent size of the sound source spreads across all loudspeakers. The phasing
and filtering effect of caused by the loudspeaker latencies disappears as well. If we
add more speakers to this experiment, the timbral and spatial impression of the
correlated noise and the de-correlated becomes more and more distinct.

The perceptual difference between the two multichannel noise signals high-
lights the importance of inter-channel correlation for multichannel audio systems.

The strikingly different experience of these two multichannel signals indi-
cates that correlation is an important factor for the perception of environmental
sound: the correlated signals from independent directions have a tendency to be
perceptually simplified into the perception of a single localized source, while this
is evidently not possible in the case of decorrelated noise.

Example 2: Correlation between action and reaction

If the action of a participant is correlated to a response of the environment,
for example, if hitting a surface with your hand always produces a sound consistent
in timbre and volume, a persistence is created that informs our expectations and
allows us to cause the sound to occur intentionally—we can use this discovered
correlation between our action and the sound to generate rhythmic signals, for
example in the context of music, or to demonstrate polyrhythms. Again, we appear
to encapsulate a complex set of events into a single coherent expected signature
through their correlation.

Example 3: Audiovisual correlation

As we mentioned earlier, the syncresis between a visual objects and a spe-
cific auditory stream described by Chion 8.2 can lead to the formation of a com-
bined impression—the emergence of a combined audio-visual object that is informed
by both streams at the same time.

In all of the above cases, the segregation and merging of events—the widen-
ing of the perceived localisation in example 1, the emerging belief in the coherence
of independent events in 2 and inter-modal fusion in 3—do not occur within the
physical signal themselves but appear to occur in an environmental pre-analysis
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that precedes and enables attentional selection.
The non-trivial relationship between quantifyable environmental develop-

ment such as signal composition and object motion and perceptual quality brings
interest to the in-between cases: behind the broad concept of correlation a rich and
delicate set of perceptual approaches toward the environment seem to show up. A
detailed investigation into the occurrences of phenomena of correlation would ex-
tend the scope of this dissertation beyond its limits, suffice it to say that it appears
to the author as a fundamental phenomenon in time-based content in general.

Correlation—a fundamental tendency in time-based content?

The discovery of a correlation in processes can occur within micro-temporal
frames such as the mentioned inter-channel signals required for spatial hearing, to
scopes of long-term memory that extend into rituals that return every year or
on specific occasions for example—seasons and annual festivities, funerals. We
can therefore extend the concept of correlation from parallel developments in si-
multaneous streams to the observation of a tension—a tendency to merge in the
repetition of a signature at a distinctly delayed point in time, the phenomenon of
recognition and re-performance a familiar process. We can call this effect deferred

correlation: the repetition or referencing of a remembered activity or event at a
later time. We saw the tendency to merge extend through various magnitudes of
time in the paragraph on interaural time-delay (see 2.5.3).

This also corresponds to the emergence of the experiential simultaneity from
a temporal integration of stimuli that are each characterized by different processing
latencies.

Deferred correlation and narrative: Next to being fundamental for the ex-
pectations with which we approach the kinetic behavior of objects in our environ-
ment, we can also trace deferred correlation as a fundamental aspect of the symbols
used in language communication.

This repetition of a ritual or movement in almost exactly the same way can
be associated with the attribution of a symbolic meaning to the signature itself—a
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use of the remembering property of the ritual to bring up the past as a context
within the present, to either connect the present with the past, or to generate a
tension by presenting the signature in a slightly different, imperfect or transformed
way. Language consists of a series of very distinct sounds, yet we perceive spoken
language very clearly as a unified stream due to the familiarity and rehearsal we
have with its embodied use in communication. Either way, deferred correlation

appears as an embodied activity that points beyond itself: an action that relates

to an expectation informed by experience.
Again, conversely, we can also use this tendency to merge temporally dis-

tributed events by their similarity to achieve differentiation: by introducing a fil-
tering effect into the playback of a classical piece of music, we can encode a second
distinct stream into the music playback. We can also dis-embody the music record-
ing by decomposing it into the partials that make up its sounds, or by disturbing
the perceptual encapsulation through manipulation of the playback, exposing the
embodied elements of the media channel Karlheinz Stockhausen was an expert at
distinguishing elements of his music from another—a strategy that demands a cor-
responding effort from the listener. His Momentform could in fact be interpreted
as a strategy of perpetual decorrelation of temporal developments: the continuous
disappointment of expectations and the establishment of a permanent Now, a per-
sistent sense of surprise that opens the listener’s perception for the unexpected.
[79].

Metaphorical correlation: Next to the correlation between measurable values
such as frequency and location et cetera, modal streams can also merge in a more
indirect way that is better described as a metaphorical correlation. A property
of one stream behaves like a property of another stream. As an example we can
imagine an animated smiley that changes its emotional status with the emotional
content of a piece of music.

The result of metaphorical correlation is the emergence of the belief in an
underlying process that causes or finds its temporal expression in both streams.
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Correlation in the establishment of the persistent environment: Finally,
I also need to mention that the connections and disconnections established by the
perceptual phenomenon of correlation can be related to the dichotomy of mobility
and persistence we have described in 7.

Encapsulation, segregation and merging of perceptual streams

On the one hand, perceptual streams can contain multiple independent
streams within them—for example when a kitchen radio plays the broadcast of a
soundscape recording. While the radio appears as an auditory stream distinguished
by spatial location, the visual appearance and timbre of the radio, the sound it
projects is vehicle for another potential manifold of streams segregated by timbre,
common fate in pitch or amplitude or other morphological distinctions.

On the other hand, auditory streams can also combine together into a larger
coherent whole—independent voices can merge together into the sound of a choir,
orchestral instruments are perceived as a coherent music performance in clear dis-
tinction to a car drives past the concert hall. The cellphone melody that plays
might be so upsetting precisely because it might want to become one with the mu-
sic performance, it fits into the same shape of attentional expectation by which the
listener approaches the musical presentation and therefore disturbs the attentive
listener.

The sound of a voice from a loudspeaker in the corner has the tendency to
merge with the corresponding video image of a speaking face despite their spatial
dislocation which will be forgotten after a short amount of time.

Then, again, perceptual involvements can become utterly disconnected even
if they involve the same physiological sense: we listen to music over headphones
while a train station attendant announces the arrival of the next train through the
platform’s loudspeaker system. We chew gum, music plays in the background and
we hear birds chirping through the window—while we are looking at old family
photographs.
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8.5 The juxtaposed manifolds: modal streams and

perceptual resources

When we consider the morphologically layered structure of movie sound-
tracks and radio drama, we can see that in auditory perception two manifolds
operate in juxtaposition of one another: the first one is the coagulation of en-
vironmental perception into modal streams that are approachable by attentional
selection. The second one is the limited potential of the participant for simultane-
ous perception: only one voice, one music, but a larger number of environmental
sounds can be attended at the same time. Dialog can form a number of parallel
modal streams of which only one can be attended by the participant. Specific
aspects of the musical experience (namely meter and harmony) do not have the
potential to form streams that can be navigated by attention, yet we can only at-
tend one music at a time. Neither can there be a navigable parallel of distributed
grooves, nor can a C-major chord and an F#-major chord exist in parallel in the
same space, without the emergence of a new bi-tonal harmony. As a side note,
this unlocalizeability of specific musical attributes also speaks to the potential of
music to connect a group of people together in a shared experience. Sound effects
on the other hand are characterized both by the potential for independent parallel
streams as well as the potential for attentional navigation between different layers.

8.5.1 Limited Action

As we consider perception as a process of active involvement it is tempting
to relate the limitation of perceptual resources also to the physiological limitation
of our body for intentional mobility: evidently, we are only equipped with two arms
and hands, two legs, et cetera. But also within the complex embodied involvements,
constraints of combination persist: for example, playing ping-pong and the listen-
ing to a music track. While the ping-pong game evidently has rhythm, we can still
play ping-pong while we are listening to the music. In time based content, multiple
streams of perception and activity can be simultaneously present. The connection
between action and perception has been highlighted from different angles and with
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varying intensities. In Action in Perception, Alva Noe describes the act of per-
ception altogether as an act of performative movement—a further context to the
combination of action and perception in the perceptual resource hypothesis [62].

8.6 Summary

Sometimes we are spoken to loud and clear, but the speech does not appear
in our conscious perception. Signal that would be perfectly audible and targeted
toward a participant can become obstructed in a number of different ways.

8.6.1 Masking

The signal can be masked by another signal that superimposes it. This is
for example the case if two audio signals are directly superimposed leading to the
known effect of masking in the frequency domain [93].

A comparable effect occurs when two layers of handwriting are layered on
top of each other, and when two different recordings of the same person speaking
are mixed together on a single loudspeaker: we can only get one of the hand-
writings or one of the voices into focus in order to understand it if it is separated
and distinguished from the competing instance in an added feature space. For
example, if the two hand-writings are of different color or the two voices are filtered
in a different way. We can say that two events that overlap in one feature-space is
complemented by a distinction in another: the emergence of different locations in
the resulting connected feature spaces.

In our juxtaposition of pre-disclosed perceptual streams and attentional
resources, we can characterize masking as an effect occuring in the segregation of

incoming streams before attentional selection takes place.

8.6.2 Lack of attention

Alternatively, a signal or event can also remain unheard or unseen if the
participant is not paying attention or is unaware of the presence of the signal.
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In how far unattended streams are unconsciously perceived is still a question of
debate[65]. But even if the streams are successfully segregated and prepared for
their conscious selection, they will not be consciously perceived if the participant
is focused on other things and is not alerted to the stream.

Lack of attention is the non-selection of the incoming perceptual stream by

the participant. As attention is often considered an aspect of conscious effort of

the participant, we will talk more about effects of the participant’s actions on their

perception in 9.

8.6.3 Perceptual resource conflict

Even when the participant is trying to pay attention, a signal might not be
heard because the participant has no perceptual resources unoccupied that would
be required to attend the stream. Even if a stream of language or dialog is ready for
attentional selection, it might not be consciously perceived because the participant
is listening to another segregated dialog stream at the same time. In the case of the
musical phenomena of meter, pitch set/musical mode or harmony, a segregation of
attentionally navigable streams comparable to the cocktail-party does not occur.
A perceptual resource conflict occurs in the attentional process of the participant.
It is not caused by a deficiency in the signal but by a limitation in the perceptual
resources available to the participant.

8.7 How to seem absent: introspective resource at-

tribution

The limited bandwidth and constraints to the repository of simultaneous
modal streams can also be observed in the relationship between the possibility to
direct the focus toward external events, but also to introspective processes. When
we dwell in a daydream or recall a scene from memory, we become absent for a
moment from being in the present: the focusing of an interior image requires a
distraction from paying attention to something in the present environment: for
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example, as we recall sound of someone’s speaking voice, we can not listen to
speaking voice talking to us at the same time. We might hypothesize that if our
mind would be completely filled with the external present, there would be no room
for memories—but the potentiall to discover correlation between the present and
our own previous experiences appears essential to our improvisatoric involvement:
attribution of perceptual resources to memory forms a simultaneous context that
occupies perceptual potential and thereby shape the way the present occurs to us.

8.7.1 Internal dialoge

When we are talking to ourselves we are using language, and this use of
language can run into a conflict with the understanding of language that is present
in the environment, and vice versa. If external language is present, pre-conscious
analysis automatically becomes involved in an application of perceptual resources
for realization and understanding what is being said. It needs to be kept in mind
that a persistent exposure to language that addresses the participant could in this
way be considered a restraint to the cognitive freedom of the listener: reflection,
introspection and self are connected to the language discourse in our mind, to a
way of talking to ourselves when resources of action and perception become idle.

8.8 Epistemology of environmental perception: what

are we looking and listening for?

Resources of action and perception can be applied to incoming environmen-
tal streams in a variety of ways—some of which are intuitive and do not require
conscious interference of the listener. Others powerfully demonstrate a partici-
pant’s potential to listen for or look for a specific property or aspect within the
disclosed environment. This brings up the question: where do the things we are
looking for, the things we tend to see and hear, come from?

Obviously, aspects of our way of listening are already implied in the streams
that are available for our attentional selection. For example, when we listen to
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someone who is talking, the information that there is someone talking must evi-
dently be pre-disclosed as we otherwise would have no idea that there is something
we should pay attention to. It is a question of a-priori filtering of information, and
related to the question how early attentional filtering influences and shapes the
environmental input—the locus where the shapes, structures, forms, expectations,
plans for action, familiar motion patterns begin to influence the way the world
appears, and the freedom we have to influence these patterns and modify the ways
in which we pay attention and become involved.

8.8.1 Early and late selection

In psychological literature, two basic tendencies in attentional highlighting
are described: early selection and late selection. In an idealized scenario of late se-
lection, unconscious and pre-conscious processes possess quasi-unlimited resources
to scan the environment for modal streams and prepare all of them for attentional
selection. As a consequence, unattended streams and stimuli that are present in
the environment would still be heard, seen, et cetera, on a pre-conscious level: their
information would still be present and could form unconscious contexts to what
is being perceived consciously. The competing scenario is early selection, which
supposes that the active shaping of modal streams via attentional control would
inhibit modal streams from even being prepared for attentional selection: atten-
tional control would imprint an assumption about the environmental stimuli and
steer the subconscious processes to produce the expected filtering.

A detailed discussion of the relationship between early and late selection
and the various intermediate possibilities is beyond the disciplinary scope of this
dissertation.

8.8.2 What are the modalities of modal streaming?

In the structural area between the emergence of environmental streams and
the limited potentials of attentional selection, an area of interaction and relations
unfolds that gives us an interesting perspective on our own situation as actively
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perceiving beings within in our environment.
On the one hand, pre-conscious processes of information reduction appear

to filter sensory information and lead to the emergence, segregation and fusion of
modal streams. This can be interpreted as a strategy of that works toward present-
ing our conscious care for the world with a manageable, simplified representation

of reality: a perceptual interface, as Tor Nørretranders argues in [63].
While we might argue that this simplified representation of reality is pro-

vided to us by pre-conscious processing, we in fact have to acknowledge our freedom
within the way the world occurs to us, as we can not only choose to focus on a
specific process in our surroundings, we can also consciously choose how to listen

to our environment. So, not only do we select what we are listening to, but we are
also involved in shaping what it is we are listening to. We will talk more about
the active aspect of this process in 9.

8.8.3 Perceptual resources as repository of models for envi-

ronmental interpretation

Our environment is not sufficiently described as a single stream of progres-
sion, but in fact occurs to us with the potential for parallel streams of multiple
different kinds of movement.

If we want to look at the concept of modality as a strategies of decomposing

the environment into a set of distinct parallel presences and developments, we have
to ask the question how we become accustomed or trained to the models we apply:
some ways of listening appear to come completely natural to us, others seem to
require extraordinary attentional focus and effort, training, a specific priming, pre-
conditioning or surrounding context, et cetera. Listening to music and speech for
example seem to be aspects of listening that come with very low cost: we can
see this also in the potential to perceive tape hiss as paranormal tape-voice, or the
activity of listening to music to relax. Our listening of music has also been stretched
to the absolute brink by experimental music of the 20ieth century, exemplified most
enigmatically by John Cage’s famous winter music 4:33. So, what place could
we trace these strategies of conscious and unconscious efforts of pre-attentional
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distinction and segregation back to? We have to assume that the establishment of
see-as and listen-for patterns is subject to a permanent improvisatory adaptation,
optimization and intuitive exploration: with Paul Feyerabend [30], we would like
to assume that the way we frame the world into modal streams is characterized
by the epistemological anarchy we have been describing as a characteristic of the
cognitive area of the extended body. Our cognitive and perceptual improvisation
relies on all hypothesis in its range, and the strongest one wins. Where do these
strategies originate however? We could for example list three potential origins the
characteristic frames and formats of modal streams could emerge from: learning,

evolution and emergence.
Evolutionary modalities are those that are made available to us through

structures that are available to us by the structural expression of our genes in our
bodies. Evidently, our basic sense of hearing, of the potential to perceive sound
in general can be attributed to the fact that we have ears which evidently evolved
through natural selection. But there also is an evolutionary history of the body in
which different parts of the brain developed in stages, and the various physiological
systems have developed in constant exposure to and environment to which reactive
temporal behaviors were developed, selected and optimized.

Emergent modality come from a stream of perceptual events that enters
our perception from our environment: something catches our attention without a
clear pre-formed interpretation or expectation: there is an a-priori sense and ex-
perience of potential meaning in the experience of the signal, motivating a process
of attentional observation which leads to the accumulation of hypotheses, inferred
persistencies like patterns, objects and agencies: the self-organizing emergent col-
lection of assumed and expected underlying behaviors. This can immediately be
observed in the process of listening to music.

Finally, learned modalities emerge from social and cultural interactions:
attending and producing speech might be considered as example. While we might
be endowed with an innate, potentially physiologically pre-disposed[64] tendency
to attribute meaning to repeated sound patterns, the specific language we speak
comes toward us from the environment we grow up in—the interactions we have
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as children with our environment. We might say the speech channel emerges in a
self-driving process of improvisatory rehearsal by a continued contribution of trial,
error, conscious effort in production and attention.

8.8.4 Modal strategies and the body

Modal strategies are clearly an aspect of the body. Some are unconscious
and involuntary and we clearly have very little power to change them. Others are
flexible and variable and at our disposal. They form an interface between what we
recognize as ourselves and the external environment, both as ways of connecting
to the external environment as well as in the specific way they connect us to the
environment: they are an embodied connection to the external both in content

as well as in their format and frame. In the ontology of the extended body, they
would fall into the cognitive body, as we saw that modal strategies can combine
multiple physiological senses or conversely share a single sense.

8.8.5 Contextualization

As we described earlier, we can see the modal strategies underlying atten-
tional streaming as open manifold : a structure in which multiple elements exist
that connect together so tightly that the seam becomes indiscernible, but can also
become disconnected in a way that allows our attention to choose between two
independent realities as in Schafer’s Schizophonie.

Next to the tendency to merge streams together and to assume a com-

mon cause for similar or parallel developments, there is also another tendency in
which independent processes can influence each others perception, and that is their
connection into a mutual context.

In Audio-Vision, Chion describes the phenomenon of hearing the sound
through the image. When we see an image of open sky and hear someone talk
about paragliding, of course we will start to visualize paragliders or the act of
paragliding among the clouds. Conforming with our daily activity of interpreting
our perceptions as a coherent reality, we tend to combine modal streams into a
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single coherent reality that we derive from them and let the mutually contextualize
each other.

An aesthetic theory that deals with this effect of mutual contextualization
and creation of meaning from inherently disconnected perceptual impulses can be
found in Montage that was developed by Sergei Eisenstein [26, 27]. The emer-
gence of meaning through the emergence of a context around events that occur in
simultaneity and temporal proximity—in correlation or decorrelation.

The art of Dada and Fluxus occasionally played to the belief that viewers
will make sense even from the most disconnected and diverse processes—and that
this was one of the pathways into the development of a shared consciousness.

8.8.6 Movement between modal strategies

Naturally, we shift our resources of attention and action between different
involvements within our environment. These shifts have to occur if the modal
streams around us require a specific resource or reside in a shared modal stream.
Alternatively, the transition itself can serve as a merging point between individual
modal streams (syncresis).

The application of perceptual resources is partially under the control of
the participant. We can shift between different ways of seeing visual illusions, for
example the old/young woman illusion.

As we saw in the example of polyrhythms that can be heard from the
perspective of different primary beats, modal streams can contain multiple sub-
streams that can form a navigable mutliple: a space of ambiguities in which a
participant can only occupy one position within the possible range of perceptions
at a time. Likewise, the sound of a car, while appearing as a unified sound to the
inexperienced listener, contains different components that can be attributed to dif-
ferent engine and body components. After some time, each component can become
distinguishable to the listener of increasing experience. The disambiguation can
take place in one of the perceptual dimensions of the signal—pitch, timbre, com-
mon fate, et cetera. We will talk more about the active relationship a participant
can develop in the attribution of action-perceptual resources to modal streams in
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chapter 9.

8.9 Overview: the perceptual resource repository

hypothesis

Our connectedness to the world appears to be characterized by a manifold
of resources, a repository of potentials for perception and action that is limited
but reconfigurable in its involvement and attribution to the environment. It is
characterized by a dichotomy between the direct perception of appearing as-is and
the epistemological freedom of seeing-as, hearing-as, et cetera.

In order for certain perceptual events to occur, the corresponding resources
must be freed and applied to the respective exterior event: the process of atten-
tional steering of perception. That this is true for action as well is evident: we can
only be involved in a certain range of activities at the same time.

In this formalization of perception, we observe two manifolds operating
in juxtaposition: First, a representation of the environment as a collection of
affordances, invitations and incitations to act and perceive, and ourselves, as a
collection of resources for action and perception. Both the environmental structure
as well as the structure of the perceptual potentials share a common albeit complex
morphology, and between them, a process of allocation and attribution occurs.

We are completely involved in this process, however, only some of the at-
tributions of potential are under our own influence—comparable to the activities
of our body, there are voluntary and involuntary aspects of action and percep-
tion. We control aspects of our perceptual resource allocation, and we continue
to expand and optimize our ways of listening, seeing and acting through our daily
improvisations. By infusing the way we see and hear our environment with those
learned and adapted strategies of action and perception, we in turn change how
the environment occurs to us.

Similar to the status of our physical body that forms an interface between
what we consider to be ourselves and the external world, the perceptual resource
manifold is only partially under our own conscious control—there are the processes
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of embodiment and encapsulation that permeate the threshold between our own
conscious efforts and involuntary automatism that can be described as an aspect
of our care for the environment.

Perception occurs in a juxtaposition of the pre-disclosed environment to a

manifold of dynamically allocate-able and morphologically flexible resources that

become dynamically attributed to environmental streams over time.

The potential involvement of the human being can be discovered as a shape
and area through which we connect to the environment. It appears as a cross-
section of the simultaneous streams of action and perception that are maintained
by the human participant.

A metaphor for the human connectedness to the world: what and how
we perceive, what strategies we use to act upon the environment, the sum and
interrelation of our simultaneously occurring involved actions.

8.10 Example: streaming and perceptual resources

in music

When we superimpose two musics, they usually do not form a navigable

multiple. Some aspects remain segregated in separate streams while others appear
to compete, interfere or simply merge together and can only be experienced as a
sum which is not transparent to its ingredients. One way to approach this phe-
nomenon is to highlight it under the framework of parameter sets music tends to
be characterized by: rhythm, pitch, melody harmony, timbre, et cetera. Instru-
mental timbre for example can be regarded as a process of merging: a set of partial
frequencies that are characterized by a common fate in amplitude and pitch devel-
opment, strengthened furthermore if the frequency ratios are harmonic. We might
say to hear a sound as a musical note, as a moment within a melody, is to subsume
it within a modal strategy in which the individual partials become encapsulated
into a perception of a pitch and a timbre.

This hearing of sounds as musical notes can be subverted if we disturb the
harmonicity of the spectrum or the common fate of the partials. In the former
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case, the sound may lose its property of pitch and turn into a bell-like perception
of a mixture of simultaneous pitches, while in the latter case, the experience can
segregate into a collection of independent, parallel objects or entities. We can
experience this process at work in an exemplary way in Karlheinz Stockhausen’s
piece Cosmic Pulses in which sound layers, clearly delineated by a common fate
in the area of frequency, amplitude, spatialization, develop interior worlds due
to the inharmonic split spectra and the micro-modulations within the spectral
composition of each layer.

Another interesting aspect of the modal strategy of pitch perception is elu-
cidated by Diana Deutsch’s well known speech-to-song illusion [20], in which the
speech fragment ’ . . . sometimes behaves so strangely. . . ’ is subjected to repeated
playback. The initial perception under the modal strategy of speech perception

shifts upon multiple repetitions and what emerges for the listener is more and
more the impression of a sung melody—the participant’s perceptual strategy has
’moved’ from speech to song. What seems to be the case is that melodic listening

is a strategy the listener applies to sound, and that what the listener brings to the
sound strongly influences the meaning it acquires. While this change occurs in-
voluntarily, there is also an active aspect to perceptual self-motions such as these,
and we will talk more about them in chapter 9.

Pitch sequences—melodies—can in turn become ingredients of a musical
polyphony. There are variable accounts as to how many simultaneous voices a
listener can trace (my own experience is that it becomes significantly more chal-
lenging after beyond 3 voices), but it is noteworthy that rules of voice leading
and counterpoint have been described and established at a comparably early time.
Jean de Grecy’s Ars musicalis or example comments on the unusual aspects of par-
allel fifth and octaves in voice leading—we might be able to attribute the problem
of parallel fifths and octaves to a resulting disturbance in the disclosure of atten-
tionally navigable polyphony in which two voices merge due to the harmonicity of
their spectrum and the simultaneity of parallel motion.

Giuseppo Zarlino finally is credited with establishing the primacy of the
triad for musical theory, shifting the attention from the polyphony and simulta-
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neous mobility of melodic lines toward key signatures that are characterized by
harmonic functions. Unlike melody, which has the ability to create polyphonies if
it occurs in multiple instances, the perception of harmony and tonality appears to
be an exclusive strategy of which there can only be one: if multiple chords, modes
or tonalities coincide, they usually do not appear as separate entities comparable
to the experience of the polyphony of two melodic lines. What emerges is a sin-
gle new bi-tonal harmony. There is usually just one key signature, and it is not
characterized by a spatial location, while melodic lines can and do occur in spatial
distribution.

Musical meter is similarly characterized by our seeming disability to un-
tangle the coincidence of two simultaneous instances. What emerges from two
coinciding metric structures is a confusing experience in which we lose track of
each ingredient—this can for example be experienced in Charles Ives Symphony
No.2. On the other hand, perceptual events that share a common metric struc-
ture can invoke a sense of coherence, even though they might never occur in true
simultaneity at all.

In Phillipe Manoury’s piece “Partita” for solo viola and live electronics, we
find a striking and interesting example for modal streaming and a segregation of
sounds through their attribution of different perceptual strategies. In its electroni-
cally generated layer we encounter elements that are clearly distinguishable in their
interior development and their dynamic morphologies of amplitude and frequency
content: A layer of pulsating notes of varying length, a layer of sounds that are
characterized by crescendo, a high-pitch organ point and a layer characterized by a
morphology of polyphonic voice leading: what emerges is a qualitative polyphony
of perceptual modalities.



Chapter 9

Involvement

9.1 Attention and self-allocation

In chapter 8, we described perception as an application of perceptual re-
sources to environmental processes. Attending speech for example implies the
application of our resource to attend speech to time-based information present in
the environment, listening to music requires a different set of perceptual resources
—perception of rhythm, melody et cetera—to be allocated, and so forth.

Evidently, we can not do everything at the same time. Changing involve-
ments imply the self-reallocation and self-transformation of the participant. When
we are listening to music, portions of our extended body become the body of a

music listener. When we use a hammer, we are holding our body a certain way
and to a degree become hammerers.

The involvement in our action (hammering) and perception (listening to
music) may be occurring voluntarily or involuntarily, controlled by a conscious
decision or in an aspect of an embodied strategy of action or perception. We can
say that our shifting cares for the environment transform us as we re-organize our
extended body toward a new task.

Consciousness occurs encapsulated within and according to our self-application
to the environment—it corresponds to the shape and organization of the active
streams we are maintaining. We appear to be simultaneously persistent and a ves-
sels for mobility, and this mobility manifests itself in shifts from one involvement

208
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to another one as well as in the active strategy employed within each involved
connection to the environment.

9.1.1 Biased Competition: the partially voluntary status of

self-attribution

The process in which our involvement unfolds is structurally similar to a
description of the biased competition of perceptual objects and streams we find de-
scribed in psychological literature on object-based attention such as Barbara Shinn-
Cunningham [77] and Jacob Feldman [29].

On the one hand we frequently find ourselves in a situation in which we
appear to have a degree of control over what we pay attention to, what we are
doing—we are able to prioritize and choose one involvement over another. On the
other hand, the environment can also address us in ways that shift our priorities
and involvements involuntarily, we can become alarmed, alerted and coerced to
perceive, to deal with and to become involved with something specific.

Voluntary and involuntary

When we talk about the participant’s involvement in a media channel, there
are evidently effects that seem to occur by themselves, without the contribution
of the participant. Comparable to bodily functions operating without us taking
much note of them, such as digestion, blood circulation and breathing they occur
as involuntary functions of the extended body: We rely on them, we may want to
have a positive relationship to them in order to be healthy. We accept them as a
given and required aspect of the way our life unfolds.

Then there are other aspects that a participant can call upon to perform a
certain task, to make a conscious choice to find and choose how we want to become
involved—in fact, some things simply never happen unless a participant makes a
decided and conscious effort potentially overcoming internal resistance.

We can distinguish within perception tendencies that appear to us in a
certain way involuntarily and patterns of approaching the environment consciously
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that we have at our disposal and that we can inform our looking and listening with:
A separation between a conscious/voluntary and an it unconscious/involuntary
involvement of the participant.

Involuntary involvement

There are events that command our instant attention: a single event that
causes our focus to shift because it appears to be of immediate importance and
relevance to us. In this case, we often have no conscious control over what we pay
attention to. A door slams, an object falls to the ground. We experience back
pain that suggests that we should better not move. Alarm sounds are designed to
target this precise effect of an experience the participant can not escape.

But involuntary involvement does not necessarily have to be painful or
imply a call to action. For example, we do not seem to invest a lot of effort
into understanding a voice speaking our native language when it speaks clearly.
In fact, it becomes quite hard not to understand it. But beyond that stretches
an open field of aspects we might consciously focus on within the sound of the

voice—for example, where exactly the accent is from, or how the consonants are
formed, how it was recorded, whether the person speaking is healthy, how old she
is, what room is being spoken in, et cetera. Some of these aspects, such as the
health of the speaker might already be—in Gibson’s words—naturally specified in
the perceptual stream. Others, such as the kind of room the speech was recorded
in, might take specific technological ear training to pin down precisely: Even before
we consider the conscious application of a specific listening strategy, we have to
consider that the palette of strategies available to our listening change over time
as the experience of life accumulates in us every moment. This places yet another
obstacle in the way of an objective quantification of what a listener is actually
hearing in the recording of a voice.

As we can see, even the simple example of a recorded speaking voice is a
platform for involvements of a participant that are involuntary and unconscious
as well as those that are characterized by intentionality and conscious effort: The
spatialized temporality of the medium has the power to determine our experiences
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to a certain degree, but the participants have the opportunity to move their internal
perspective and apply their own framing to the proceedings and thereby change
the appearance of what comes toward them drastically.

Our potential to become involved involuntarily, to have experiences that we
have no choice over little chance to interpret in any other way than they appear
is evidently a very useful platform for advertisement that attempts to make the

world appear a certain way. This relates to the idea of propaganda: to address
the sensory potential of a participant in order to make the world appear in a way
that leaves no variability in regards to its interpretation. Framing the concept
of propaganda as the experience of involuntary involvement encompasses both the
pain caused by a bicycle accident as well as the emotional engagement caused by
a romantic symphony.

Voluntary involvement: open surfaces for self-attribution

As an example, we can look at cars driving on a freeway for example—
a seemingly endless and persistent stream of ever new and ever different cars of
varying shapes and sizes, moving in two opposing directions. The freeway seems a
persistent affordance—we can always go there and observe the cars, look at them
as a stream. Observe the cars that cross an imaginary line—follow a single car
from one horizon to the other—follow a car a certain way and then jump to another
that is still further back—watch the people in the cars looking at the road ahead
or the things they are transporting.

As a persistent perceptual affordance emphasizes our own freedom to en-
gage within it in different ways—or to freely abandon it and just occasionally be
reminded of it through the specific sound it projects into the landscape.

9.1.2 How to listen to music

Listening to Mozart is rarely characterized as an activity requiring a great
effort on the part of the listener—in fact, it has been described as a pleasure, some-
thing a participant would undertake in their free time, or as a way of distracting
from other, not so effortless involvements. Yet we can in Mozart’s music hear many
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structural details and aspects of what the instrumentalists are doing—his specific
compositional style and the other works we know that remind us of this. A sound
engineer might pay close attention that all the right notes are being played and
none of his edits are audible, keeping track of the bar and beat, the harmonic struc-
ture, musical form, voice leading. Much freedom and depth is available in listening

to music that allows the active participant to unfold their experience and apply
their cognitive mobility, becoming intensely and even painfully aware of previously
under-appreciated detail or flaws, as well as secondary and tertiary aspects of the
piece of music itself.

Referring to the ontology of the extended body outlined at the beginning,
unconscious involvement speaks to the aspects of the body that we seem to be
unable to separate ourselves from, that we only know from their status as being
a part of ourselves—conscious involvement on the other hand refers to mobile
patterns that we can intentionally apply as a frame to regard the developments
from. Ear training and music theory can be seen as a quasi-technological extension
of the cognitive body—the establishment of a mode of conscious involvement that
places the world into a different frame and informs our interaction with it. It may
provide us with increased abilities to gain oversight and appreciate musical forms,
discover ways of construction and thinking that allow us to create a connection
to what we hear. In the case of professional sound engineering in which utmost
attention has to be paid to the discovery if details that may distract from the
music itself, the trained strategies may change our experience of music completely.
Behind a trained professional attitude, we may in fact completely lose contact with
the fact that we do not like what we hear at all.

Shifting between voluntary and involuntary resource allocation

Voluntary and involuntary involvement can be transient: a movement in
which involvement becomes involuntary for a certain amount of time, but then
the grip loosens and there is room for a free self-application. We can see this for
example in the temoral pattern of turn-taking that occurs in verbal communication.
Language is structured in sentences that are spoken on breaths, which allowing for
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rests in which another person can take over or contemplation about what is being
said can take place. Attentional involvement can shift from what is being said to
the formulation of an answer, an inner discourse, and we can use our own voice to
answer and comment on what is being said.

9.2 The area of involvement: the connected par-

ticipant

Our potential to connect to the world and to attend time-based content
appears to be characterized by a limited bandwidth—a limited set of resources for
perception, cognition and action subjected to a permanent progress of dynamic
reallocation over time.

These potentials for perception and action are on the one hand characterized
by the sensory potentials of our physiological bodies, but also the effectiveness
of its technological extension and the cognitive models that are applied in the
interpretation.

Limited but reconfigurable in its involvement and attribution to the envi-
ronment, the extended body carries within it all the involuntary and voluntary
determination of participant’s structural freedom to see-as, hear-as, et cetera.

In these limitations to the potential involvement of the human being we
can discover the shape of the interface through which we connect to the environ-

ment: A cross-section of the simultaneous streams of action and perception that
are currently sustained by the human participant. The simultaneously activated
modal strategies and their polymorphous interrelation to shape the whole of our
relationship to the environment.

9.2.1 Simultaneous modal strategies: involved perception

and action

As we saw in 2.6 and 8, the perceptual strategies and modal streams—
the outward orientation of active perception—is characterized by a simultaneous
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parallelism. On the one hand, we observe and participate in simultaneous involve-
ments, and on the other hand we can only attend to a small number of them
simultaneously. Our potential to perceive a limited set of environmental processes
in simultaneity, to apply and perform perceptual resources to a limited set if si-
multaneous involvements with our environments could be described as a shape
outlining an area of involvement. Since the area of involvement is characterized by
a limitation in size—in the amount and type of simultaneous involvements. Some
of these involvements are conscious, some are accessible within the focus of our
immediate attention, while others are not conscious and occur seemingly without
our participation. We can describe attention as patterns of involvement that orga-
nize and encapsulate the sensory array of environmental information in an array
of embodied processes of information reduction. Involvement can be described as
an array of strategies of expectation to the environment that are simultaneously
strategies for action.

9.2.2 Conflicts of self-attribution and involvement

If the resources required by two coinciding stimuli or modal streams, they
can be attended simultaneously. Naturally, their simultaneous presence might
result in a mutual contextualization. Attention and involvement becomes split
into two simultaneous mutually contextualizing involvements. Music and voice—
the forest and a plane flying overhead—driving a car while listening to the radio.

However, if a required resource is not available or attributed otherwise, for
example to a television, the Internet, a daydream or another involvement, the
possible representation of the environment will not occur. A conflict or overlap in
the encoding hierarchy between different streams that are simultaneously present
in the environment can also lead to a breakdown of resource allocation.

Resource conflicts can occur in two distinct ways:
In the first case, the stimuli or simultaneous modal streams require the

same attentional resources, but the participant can navigate between them spatially

and choose whether they want to be involved in one or the other. An example for
this is the cocktail party effect for example, in which a room can be full of people
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talking, but only one person can be fully attended at a time. The listener is able
to walk among the conversations tuning into which ever he chooses to. In this
case, the attention is necessarily sequential. The required perceptual resource is
applied to various involvements over time, determined by the spatial navigation of
the participant.

In the second case, two simultaneous involvements require the same re-
sources but are not navigable physically or attentionally. In this case, an involve-
ment in both becomes impossible. The presence of these two overlapping modal
streams will prevent the participant from becoming involved in either of them.
As an example, we can look at the combination of directional microphone with
delayed sound projection that was recently mentioned in the news as silencer: an
apparatus that projects a delayed copy of sound back toward it’s source. The
modal resources required for the act of speaking are in conflict with the resources
attributed to the decoding of the person’s own speaking voice projected back at
them with a short delay. Likewise, it is difficult for us to imagine a speaking voice
while we hear someone speaking, or to write a text while we hear someone else
talk to us—or to listen to what someone is saying while we are writing something.

As we can see from these examples, certain kinds of physical and mental
activity appear to share modal resources and can conflict with one another.

Activity and passivity

While in most modes of aesthetic receptions imply the body as passive—
as a concert goer who sits quietly without motion in their seats—the theory of
modal involvement does not draw a line between passive perception and an active
inquiry into the environment for ways to interact. Returning to the relationship
of the involved participant and the environment under the conceptual framework
of cybernetics (see 4.8), the information exchange is always bi-directional but can
be driven by any of the constituents (the participants or the media environment).

The potentials of involvement overcome the barriers between the cognitive,
the physiological and the extended body as well as the distinction between active
and passive participation.
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Keeping the potentials open: don’t text and drive

Occasionally, we find ourselves in situations in which we have to expect

something unexpected, to attribute ourselves to a readiness to react. When we
drive a car and share the road with our fellow drivers, we are exposed to road
conditions, traffic flow control and human behaviors that represent unpredictable
risks. In most moments, we might easily be able write a text message at the
same time, but we are called not to do so in order to be prepared for unexpected
developments that need our immediate attention (see figure 2.13).

9.3 Morphology of external participation

9.3.1 Changes to involvement under the condition of spa-

tialized time

In a synchronization of the content clock, the cosmological clock and the
participant’s extended now, time-based content connects to and operates on the
perceptual potentials of the participant: the real-time performance of involved
perception. The participant as an actively connected observer, brings to time-based
content a potentially more intimate relationship much more than to space-based
content that can always be deferred and re-visited later.

However, this requirement for immediate presence has experienced some rel-
ativization with the advent of content in the spatialized temporality. Similarly to
how technical reproduction decreased the aura of the artwork, the added value of
an encounter localized in a specific time and place—images, projections and LCD
screens—occlude the perceptual attentional real-time anatomy of the participant
by creating the opportunity return and observe the content again from different in-
terior and exterior perspectives and involvemental configurations. In other words,
the spatialisation of time-based content provides the participants with the poten-
tial for the experience self-motion in respect to an identically reproduced media
artifact. Using media of spatialized temporality, we can now look at JPGs of Van
Gogh’s Starry Night at any time and as often as we like just as well as we can now



217

hear Gunter Wand conducting the first movement of Beethoven’s 3rd symphony—
on different times of day, under different moods and with different intentions and
attentional frame.

A remaining difference between time-based and space-based content

While spatialized time has this equalized the reception of space-based and
time-based content, the temporal characteristics of the allocated resource mani-
fold of active perception are characterized by an inherent potential for real-time
mobility—withdrawal, interference, re-attribution: Acts of self-motion voluntar-
ily and involuntarily performed by the participant in real-time that influence the
way time-based content appears. Unlike space, which appears and is articulated
through the participant’s self-motions, the appearance of time-based content is
changed in a change of attitude or perceptual approach applied by a participant.

9.3.2 Participating in spatialized time

Film and music recordings are organizing their content along a quasi-spatial
time axis. At first sight, the involvement of the participant within these media
seems to be inherently different than for example interactive media such as com-
puter games or networked applications. The accountability for the experience of
the participant is usually placed into the encoded structure of the content: We
make the playback responsible by saying things like ’the movie was really bad’,
or ’what a great composition’. However, as we have laid out in the preceding
chapters, there are aspects of openness and active contribution in the reception of
time-based media, that could in turn provide us with approaches on how to create
media environments that involve the active potentials of participants.

In his book Sweet Anticipation, David Huron traces sublime emotions in
the musical experience back to a suppressed innate response of fight or flight that
has developed in the evolutionary history of the human body [44]. He sees music
as oriented towards sensitivities in our biology with its progressive optimization
toward being fit for natural selection. In the shifting morphology of the sound
and the act of its performance, Huron sees the encoding of processes that matter



218

individuals on the level of survival—or at least mattered to our evolutionary prede-
cessors. This perspective highlights the aspect that time-based content addresses
us through change that is interpreted as something occurring in our immediate
environment both spatially and temporally—it operates on the extended now.

Far less elaborate than Huron’s sleuthing in evolutionary history are the
phenomena of metric subdivision and harmonic spectra we talked about briefly in
2.5.4: If the body, as our interface to the world, is subjected to temporal devel-
opments, it can become a resonator, a repository for inherent temporal responses
and behavior that are accompanied by a specific kind of perceptual quality we can
observe—the frequencies at which our skin vibrates when it is exposed to sub-audio
frequencies, the relation between metric beats and the latencies of nerve stimuli
in our arms and legs. We already mentioned Luhan’s dichtomy of message and
massage and attempted to expand it into the cognitive and technological areas
of the extended body respectively, as both the conscious and unconscious aspects
of our cognitive process as well as the technological tools we are using are able
to respond and resonate to temporal codes that enter the participant’s extended
present.

Addressing the standard body in its passive state

Comparable to the seats in cars and theaters, the spatialized temporal de-
velopments in a movie are designed in reference to a standard body—or an average
range and variety of bodies. Not only the physical, but the extended body, includ-
ing hearing and seeing aids, iPads as well as the contexts of a cultural mainstream
or specified niche. When we go to the cinema to watch a movie, we drop our bodies
into the prepared seat and expect to be massaged by the temporality unfolding
before us—a little like a car in an automatic car wash. We appear to become
passive observers of the massage. When the movie finishes, our bodies are handed
back to us and we get up and move it toward the parking lot.
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9.3.3 The self-moved body

In juxtaposition to the mode of observation we experience in the cinema, the
choreography that our bodies perform when we move it ourselves—the activities
we do in our everyday involvements of action and perception—are usually not
observed. They are an embodied activity that occurs while we concentrate on
what we are trying to get done. Movements and detailed uses of the extended
body are encapsulated in what we do and remain unobserved unless they become
problematic and something to be concerned about, because they start to hurt, are
in mutual conflict, or simply don’t do what we want to do, at which point we are
called to apply our consciousness to them.

9.3.4 Shifts of involvement

From the previous considerations, we can say that the area of involvement,
our re-interpretation of the attentional process ([65]), is the locus of intricate tran-
sitions and re-organisations of the potentials for action-perceptual involvement
over time: We can hear and see things and approach them actively in an openly
configurable shape and frame of perceptual involvement.

The concept of body as interface between the me and the not me harbors
within it the potential for self-movement: not only in physical location, posture and
activity, but in the way we are involved with our environment on the technological
and cogntitive level as well. There is an array of potentials for mobility in self-
application, and in the following I will attempt to describe some of them. Not
all of them are encouraged in the context of traditional concert environment for
example, they may interact and disturb other participating audience members.

Spatial movement: changes of location or physical attitude

First, and most obviously, a participant can move intentionally within a
persistent structure—for example with the physical body through an architectural
space, or a metaphorical self-representation, such as the computer-mouse, across
the screen. Changing perspective and spatial context may result in an increased
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familiarity with the environment and offer access to a changed array of potential
involvements. The spatial environment is characterized by distributed affordances
of perception and action.

Move in a metaphorical spatiality

The second possibility to move is within a metaphorical spatiality: The
shifting of attention between different objects and perceptual streams in the envi-
ronment. Focusing on different instruments or sound from different loudspeakers
and screens that are present, looking out of the window, or focusing on other events
that are part of the simultaneous manifold that currently occurs. This shift can be
between completely incoherent events, for example the music playing in your iPod
and a loudspeaker announcement on the train platform. It needs to be emphasized

here that what the participant is focusing on is of epistemological openness—it can

be literally or metaphorically informed by any noun or verb or available non-verbal

concept that might be on the participant’s mind for whatever reason.

Free application of perceptual patterns to disclosed events and streams

The third mode is navigation within a selected stream itself: between pat-
terns, metaphors and affordances contained. Here, the participant engages with
the symbolic content itself with its persistence in the perceptual present and in
memory: it is the engagement with grammar and syntax, with composed and/or
performed relationships that are accessible once the listeners allow themselves to
become immersed in the music or streams of encoded time-based content.

The second and third mode are separated by a process of immersion (see
9.6. We disclose streams in our environment and become immersed in them, and
then we can disclose modal streams within modal streams and move among them
by shifting our perceptual strategy.

With all this possibility for movement, re-focusing and re-framing the ques-
tion is of course what is moving. We can regard the mobilities we have at our
disposal as a basis for the construction of a self-metaphor: the discovery and dis-
closure of conscious potentials for self-motion in respect to non-self structures such
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as architecture, perceptual objects and time-based symbols is the foundation of the
navigability of time-based environments and an essential and unalienable freedom
of our body even in the face of crystalline and unchanging repetitions of spatialized

time.

9.3.5 Movement: declaration of a conscious care or embod-

ied involuntary activity?

Disregarding bodily movements that are an aspect of life-sustaining func-
tionality, we can roughly categorize physical motions into two categories: Move-
ments with an implicit expression of intention and care, and unconscious orienta-
tional movements that occur in the disclosure of the environment.

Movements as declared expression of intention and care

First, there is movement that is an expression of an intention to achieve a
specific declared effect: movement to get something done. For example, to move
out of the way of danger, or move the hand to open a door, to press the button or to
use a tool to accomplish a task: vacuuming the living room can be interpreted as an
activity of moving the vacuum across dust particles in order to remove them from
the floor. Another task-oriented movement for example is to express something
to someone else—for example by playing an instrument, speaking or writing an
email—or the use of our arms to point at something in order to bring it to attention
for someone else. In all of these cases, there is an openly declared care and intention
behind the movement, and the movement is a conscious and intentional expression
of that care. An observation of these kinds of gestures by a computer system to
trigger contextual side effects evidently needs to pay close attention to what the
participant really needs. A good example of what can go wrong is the ’talking
paper clip’ that haunted Microsoft Word 98—an attempt to look over the shoulder
of the users, find out what they were trying to achieve and offer them tutorials and
help information to get it done, and (literally) add a friendly face with entertaining
animations to the otherwise cold and functional office program. The problem with
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this strategy was that the user already had their minds on what they wanted to do
and were generally not in need of distraction or entertainment in their activity of
writing. Moreover, the paper clip often interrupted the workflow of the user and
instead of providing them with access to the metaphorical blank sheet if paper they
desired, this animated character came between the user and what they were doing
with sentences like “It looks as though you are trying to write a letter. . . ”. Many
users never found a way to deactivate the obnoxious interruptions.

Unconscious movements of exploration in the establishment and disclo-

sure of the world

There are other types of movement however. When we look at an image
for example, our eyes do not only turn toward the image and rest there. Our
eyeballs perform saccadic eye movements: We scan across the visual environment
involuntarily in order to disclose invariants and confirm assumptions about its
structure, and also to keep the image from vanishing from view if it stands still for
too long. These are movements embodied in the act of seeing, and their motions are
unconscious-exploratory and outside of our control. Other involvements of active

sensing are characterized by the same kind of motion—for example when we search
for something in a pocket or bag using the tactile sense of our hands without the
aid of eyesight. The act of walking through a city allows us to discover how the
different places we have only known coming from specific subway stations are in
fact connected by streets. Exploration can be systematic, too, but Benjamin’s
Flaneur for example seems to move through the city of Paris in this mode of
open exploration as well[6]: allow oneself to be embraced by the city, absorb it in
ones perception and be responsive to the received impulses. Gibson offers another
perspective on this type of movement: his optic array is not generated from a single
perspective, but from the sum of all perspectives that is accessible to the animal
within the environment it inhabits [34]. Gibson’s concept of environment and
Benjamin’s Paris diverge in some important aspect, namely the concept of social
responsibility, but also the purpose of the involvement, which is evolutionary in
the case of Gibson, but characterized by openness in the case of Benjamin.
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On the one hand, these movements appear to be random, disjointed and
irregular. But they are anything but meaningless. Machines often scan the en-
vironment using a grid. Living beings seem to juxtapose to this strategy one of
adaptive random. In the responses they cause, kinetic and dynamic percepts and
experiences are established that allow an increasing enrichment and stabilisation of
the mental representation of the environment. This is how in Benjamin’s Passagen-

werk the Paris of the 19th century gradually comes to life through the collected
pathways, gestures, perspectives and moments—in a way that is much more stable
and accessible than a systematic description along a specific methodological grid
would have achieved. Benjamin might have wanted to fulfill the task of assembling
all these exploratory gestures into a unified image, but even as it is, the work is
a monument to the process of an environment emerging singular and seemingly
random momentary experiences that can be accessed from any direction and in
any order.

9.3.6 Shifting from one involvement to the next

Involvement is a bidirectional exchange of information—form the partici-
pant toward the environment and from the environment to the participant. Changes
related to this connection can be of two juxtaposed tendencies: On the one hand,
it can be an aspect of the current involvement—a change caused by the participant
or the environment that is an aspect of the current involvement: for example, the
act of speaking requires complex changes to movement and use of the vocal tract,
but these changes are within the involvement of producing speech. The change is
encapsulated within an activity and might not even be noticed.

Change can also cause a reorientation of the participant’s extended body,
the interruption of the current involvement and a stimulus to focus on another one
instead. This is change that challenges the participant to find a new position of
how to find a place within the changed situation—a process of self-reinvention in
response to environmental change.
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Active shifts toward a new involvement

If we intend to achieve a new target involvement, we can focus on what we
do next—we expect, foresee and hold before us what our next activity is going
to be. In the moment before we transition from one activity to the next, we are
almost fore-being what we are going to do next. The current configuration of re-
source allocation softens, we reassemble and reconstruct ourselves toward the new
involvement. Transitioning toward a new involvement is characterized by a phe-
nomenon of forgetting, of unknowingly loosing touch with the previous involvement
with environmental features we used to care for, towards other things.

There are examples where it can be shown that these instabilities of in-
volvements during the re-allocation of perceptual resources become removed from
memory. The illusion of the stopped clock for example indicates that eye motions
are retrospectively replaced with the image seen at the end of the movement.

It is noteworthy that to let one involvement go and refocus one’s care is not
a process with a clearly delineated start and end: involvements can linger, events
can cause excitement and fear far before their actual occurrence. Our involvement
in our environment is also not entirely subjected to our conscious decision: our
environment and ambience can demand attention and subvert consciousness by
unnoticeably shifting attention towards other things.

Technological transition from one channel to the next

When technological resources involved in a media channel need to be reap-
plied and assigned to the creation of a new channel, the media channel necessarily
has to be stopped, disintegrated into its elements, after which the elements have to
be re-integrated into the new structure. The moment of channel disintegration and
reintegration deserves special attention: a irregularity in the information flow and
trans-coding within the media channel can cause a disturbance to the immersion
of the participant: Unexpected qualities outside of the implied expected range can
lead to a failure in the suspension of disbelief and a re-orientation and retraction
of the participant: the technology used in the channel comes to the foreground
as source of the perceptual patterns and qualities. Unnatural and unexpected
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behaviors of the encoded objects and properties may ensue and an awareness of
the technology used in the process—channel materiality enters the foreground of
attention. The breakdown can be prevented if the discontinuities in technologi-
cal involvement are hidden within the structure of the illusory virtual world—in
shadows, moments of confusion, moments of lacking attention—that conform to
our expectations and implicit interpretations of what we see and hear through the
media channel. In the audio world, the cross fade is such a way to smooth out
discontinuities that could destroy the illusion of a continuous recording.

Strategy breakdown: forgetting how to do something.

Interesting phenomena occur when the self-metaphor we build our involve-
ment on breaks down: When a certain belief system about our interaction with
then environment seems to fail and become invalid. We then retract to a safe
place where we still know how things operated. For example, when we discover
our skill to skate on ice have become insecure, we retract to a careful walk across
the ice. When we realize we can not express ourselves in a foreign language, we
involuntarily fall back into our mother tongue. Sometimes, there is no safe place
and we simply start to try something else. The same goes for media reception:
When a movie fails to absorb us or challenges our perception through boredom,
incoherence or an overdose of information, we might well find ourselves retracting
into the movie theatre, the place before the monitor, etc. If we fully become in-
volved in a media stream, it affords us complete self-representation: We accept the
media stream as reality and forget ourselves within it. In an ideal case, medium
and self-metaphor are matched.

Cocktail parties: cognitive navigation for beginners

The often-cited cocktail party effect reveals an array of interesting properties
of our perception. First, the fact that we can not attend all ongoing conversations
at the same time is an indication of our limited ability to attend speech, that we
can only fully attend to one stream of human speech at the same time. However,
if we are surrounded by talkers, we can focus our attention on one of them and
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attend to what they are saying, while blocking the others from our perception. If
you will, we have the ability to attributing one resource of speech perception to a
talker in our environment. Changing between the different talkers can of course
be accompanied by physical motion, for example a reorientation of our gaze to
observe mouth movements that might help to further increase the intelligibility of
the voice for us. But the re-orientation of speech-attention can also be performed
as a purely cognitive motion without noticeable physical activity.

It is the inner perspective we take that determines what we hear or not
hear, even though the super-temporal object as a whole, the cocktail party, does
not change its physical behavior, and the sound waves arriving at our two ear
canals are identical in their composition. This is an example of cognitive mobility:
our ability to change the way we hear by shifting our perceptual resource allocation
and thereby our way of listening.

Polyrhythm: advanced cognitive navigation

While the cocktail party effect is often cited as a prime example of per-
ceptual streaming and attentional selection, another phenomenon may show more
clearly what we mean by perceptual resource attribution. Polyrhythms are rhyth-
mic structures in which a metric unit such as a bar is subdivided into equidistant
beats. A 5 over 3 polyrhythm for example features simultaneous sequences of 5
beats and 3 beats equally distributed across the length of a bar. When we hear
a polyrhythm, the perception of the simultaneous beat sequences is usually orga-
nized in a hierarchy of primary and secondary beats—frequently, the beat sequence
with the sound lower in pitch will become the primary beat.

This process of hierarchisation however is inherently ambiguous. With some
training, we can navigate our listening between the various ways of interpreting
the secondary and primary beat of a polyrhythm in the same way as we can shift
between the old and the young woman in the famous visual illusion. As we seem
to be unable to see the old and the young woman at the same time, we can not
hear the polyrhythm with both beats as primary: the perspectives are mutually
exclusive: a navigable space opens up in which we can not be everywhere at the
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Figure 9.1: You can shift between hearing this time sequence as 4/3 or 3/4
polyrhythm—as two distinct rhythms occurring in 4/4 or 3/4 time respectively.

same time. The primary beat is evidently a single perceptual strategy like the
strategy to attend speech, the strategy to hear frequency mixtures as harmony
and the ability to follow up 3-4 melodic lines simultaneously. We can compare this
process to way ambiguous images appear, for example the famous picture that can
be seen as an old or a young woman, depending on the way we apply our strategy
of seeing a face. In both cases, we can not take both perspectives at the same
time.

Both the cocktail party effect and the polyrhythm both provide the partici-
pant with a cognitive space to move: We can change our perceptual perspective on
something that does not change itself and thereby actively modify how the respec-
tive time-based structure occurs in our perception. Both example imply a cognitive
self-motion of the participant without the inherent necessity for positional changes
of the physical body.

We may note that while we seem to be natural talents at following con-
versations at loud cocktail parties, the shift between the different perspectives
a polyrhythm offers to perception is significantly more difficult to perform. We
may hypothesize that the cocktail party is already a spatially distributed auditory
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scene in which the shifting attention is a reorientation in persistent space. The
polyrhythm on the other hand requires a movement of the temporal body to match
the different perspectives. Without the persistent spatial reference a cocktail party
offers, the purely temporal segregation of different ways of hearing a polyrhythms
might be characterized by a comparable lack of stability: a volatile process of
temporal expectation without inherent spatial persistence.

9.3.7 Instrumental performance, an intimate involvement at

the interface between awareness, intention and move-

ment

There are moments in which this embodied temporality of the body comes
to the surface, for example in the activity of instrumental rehearsal. Here, tempo-
ral processes are unearthed from their status of subconscious self-regulation and
embodiment. They are analyzed, optimized, adjusted, and then rehearsed the

right way until they become intuitive, spontaneous and unconscious again—the
completed cycle of embodiment we have been mentioning previously.

Musical performance is characterized by a delicate balance and intricate
relationship between the movement of the body, the physical layout of the instru-
ment, the expression and response a musician intends the instrument to cause and
the perceived sounding result. All these aspects occur on stage before the concert
audience and thereby not only affect the performer but appear to the audience as
an inseparable aspect of the performance. It therefore comes as no surprise that
approaches to a conscious consideration of the dynamic ecology between physical
movement and mental activity have many adherents among musicians, and we can
mention Feldenkrais and Alexander Technique in this context.
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9.4 Internal involvement: trance, dreaming,

suspension of disbelief

Spatialized temporality has the potential of immersing the participant into
an virtual world. We allow our worries about the unpredictability of real world to
be suspended for a while with something that we know is going to end a certain
way—a major chord, or at least with us leaving the concert hall or cinema: the
distance to the stage and the frame of the movie assure us we will be fine.

Spatialized media temporality evokes an application of perceptual resources
that are usually involved in processes of the external world, introspection or dream-
ing. Movies can make us forget we are sitting passively in a cinema, a music per-
formance can make us oblivious to the passing of time. We lose touch with the
non-intentional emergence of the world and our own involvement and responsibil-
ity within it, and instead immerse ourselves into an encoded world with a clearly
delineated mobility: there is not even a designated need for a logic in temporal
progression or sense of responsibility.

Of course, the immersion can only take place when the spatialized tempo-
rality encoded in the music or film targets our potentials to become involved in the
right way. We will be kicked out of the immersion and back into self-awareness if
things become too boring, obnoxious or unpredictable.

A special type of temporality is generated - we become so involved with the
temporality provided to us, its pacing and development, its message and massage,
that our attention is drawn into the world established and encoded within the me-
dia stream. Narratives, such as the ones we might be exposed to in cinema, may
substitute the world we live in with the virtual world that underlies the unfolding
narrative. It is a hypothesis that the main correspondence in cinemas is a cor-
respondence between the cognitive movement and temporality of the participants
and the spatially encoded temporal development in the film: the experience of
Flow.
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9.4.1 Introspection, rumination, dreams

Perceptual resources can be involved with the exterior world: they can be
applied to the perception of exterior objects, they can be involved in decoding
messages coming toward us from the environment or external sources. There are
however also moments in which we have the sense of being immersed in worlds that
occur within ourselves. The two main ones are introspection—internal dialogue,
daydreaming or internal visualisation, and dreaming—the occurrence of lucid ex-
periences while the body appears to be sleeping. In both cases, perception takes
place without the potential for exterior stabilization: it is an interior involvement
of the participant with her- or himself.

Our attentional resources are quickly shifting between different aspects in
our environments. But this shift is not only a shift between different passive-
receptive-absorptive involvements, but is also in-and-out of self-generated move-
ments, involvements.

From anecdotal self-experience, I know that becoming involved in a day-
dream while being in conversation can be detected from the outside as a shift in
the timing of responses. It also occurred that I missed something that was said to
me while I was occupied thinking through a problem internally. Like texting and
driving, it appears that we have receive no natural warnings when we are loosing
contact with the environment and become immersed in a daydream. It might be
a good suggestion to regard this problem under the precondition of the perceptual
resource hypothesis: The ability to listen to a speaking voice can evidently be
absorbed by listening to voices in our head and silently talking to ourselves.

9.5 Self-representation: emergent or metaphorical

According to Heidegger, we discover and experience the self in the world as
that which is not ’not-us’. While our experience of the world is one of objects and
structures that are external and disconnected from us, with a mode of existence
apparently independent of our own, (das Vorhandene), we find ourselves as a range
of things that are apparently not detached from us. Our hands, our body, the
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things that we hold dear.
The emergence of self-awareness can be undermined if the participant is

deprived of a persistent world against which self-motion can be observed. When
there is no clear not me, we are unable to discover ourselves as the not-not me.

The emergence of this delineation of the self emerges from experiences we
make while we are within, act upon and are acted upon by the world around us: a
self-representation that informs our interface toward action and perception through
an establishment of persistent expectations about the way the world works.

9.5.1 Emergence of self-metaphor as a distorted mirror im-

age in the interface

If we imagine for a moment that there was no computer mouse. We are
thrown into an unfamiliar surrounding and do not know how it works. As we try
various things according to our experiences, expectations and fears of breaking
everything, we build up beliefs about how our potential to become involved in
this environment: We are disclosing to ourselves the affordances provided to us,
discover reliable relationships between action and reaction, we note things that
stay the same while others change. Persistencies we seem to be able to rely upon
as well as their location in space, time, causal relationships, et cetera.

If we imagine a case in which self motion is completely restrained: the
world appears in always exactly the same way, and the only movement visible is
the one consciously performed by ourselves, what leads is to self-awareness is the
relationship between our own movements within the static environment. On the
other hand, if our potential for motion is complete and unrestrained, we will not
be able to differentiate between the environment and ourselves. This is how self-
motion, persistence and self-awareness are related: Persistence and mobility need
to exist side-by-side for the dichotomy of self and environment to emerge. We
discover ourselves in relative movements that we perceive as our own, in relation
to something which is not us.

With David Rokeby’s concept of transforming mirrors [72], we can see what
is being constructed is a distorted self-image, a mirror within the environment, that
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is in Rokeby’s case an interactive system: a set of beliefs about how we affect the
system - about how it works and what mechanisms underlie the reactions our
actions seem to have.

Boredom

In visual as well as auditory perception, persistent stimuli are removed
from perception. A persistent sound texture that runs in the background is often
forgotten about—the sound of the fridge or the HVAC system for example. But
what if there is no change at all in the environment, if the environment is static,
constant and persistent? In these situations, a form of change might come to
the foreground that is not caused by the external environment, but by an interior
change of perspective. Among these effects we can for example cite the speech to

song illusion of Diana Deutsch [20], or the shifts within the perception of repetitive
patterns that are a feature of the music of Steve Reich. While some of the effects
of boredom evidently among predictable and constrained lines, other applications
of boredom lead into an open field of perceptual potentials that surround the
boredom. For example, the nothing that happens in John Cage’s famous 4"33’
leads to an internal movement of the audience that emerges from the expectations
of a musical performance into a new perspective on the concert situation as a whole.
Thus boredom is evidently a tool to unleashes the human potential of self-motion.
We might hypothesize that we move ourselves when we are bored so that reality
does not vanish—as when the external persistent reality vanishes, we are no longer
so certain about ourselves. This can for example be related to the phenomena of
deprivation tank experiments or the reports of solitary confinement. We need a
persistent counterpart that allows us to express ourselves through self-motion if
we want to find ourselves.

Flow

The phenomenon of flow is described as a state of bliss, in which physical
activity, mental reflection and the temporality of a multi-layered set if simultaneous
involvements form a balance [19]. Self-awareness of the perceiver results if the
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participant gains consciousness of something to care about in his own situation.
The information that comes toward the participant and the involvement of the
participant for a harmonious relationship: the layers of the extended body are
involved in equal parts in the activity of the participant. It has been written that
such a state is characterized by self-forgetting, which we conversely can be seen as
an indication that self-awareness is a symptom of a unbalanced state in which we
have to provide care to our own involvement within the environment.

We can prevent self-consciousness of the participant by striking an optimum
balance in the amount of information made available, between what is expected
and what is in fact occurring, especially by implying a passive role in the presented
media stream.

Persistence enables the participants to find themselves in the world and to
act upon the world.

9.6 Immersion

9.6.1 Immersed in a virtual world through self-metaphors

From this basic perspective of existential philosophy, we can turn our focus
back into the computer-based environment of time-based content. We often find
representations in the virtual domain that have the character of a stand-in for
the participant, objects and structures with the purpose to mediate actions of the
participant into the virtual environment, and to represent the participant’s role
and potential for action.

An ubiquitous example (albeit receding with the recent wave of touch-based
computer tablets) is the screen arrow of the computer mouse. Like all metaphors
at the interface, it is characterized by aspects of persistence (visual appearance,
the property of having a position on the screen, the accountability of sending the
various ways of clicking the mouse to one of the elements distributed on the screen).
Clicks with the computer mouse have become a representation if participants that
is attributed with such a great amount of accountability that the on-line publisher
Amazon for example offers 1-click-purchase to the user.
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The mouse pointer is a stand-in for ourselves within the virtual world of
the screen—a metaphor that reduces the possible transfers of information to a
minimum and thereby generates a maximum of accountability—a format and a
frame applicable to a very diverse range of applications, yet with very obvious
limitations.

Our approach, our self-definition—the concept we have of ourselves through
which we commit our actions and plan our future involvements—is subject to
changes and shifts that characterize the extended body 1.1. The mouse pointer
becomes part of our body, through which we become immersed in the mouse-
pointer’s world in the graphical computer interface.

9.6.2 The self-metaphor: immersed in incomplete represen-

tations

Once we have successfully attributed a modal strategy to an incoming per-
ceptual stream and it has been acknowledged as representation of something fa-
miliar, we tend to become unaware of its incompleteness: A scrambled voice on
the telephone becomes a representation of the person it belongs too, a youtube
video with a width of 480 pixels becomes a representation of a cinematic movie ex-
perience. Once the perceptual potentials—for example of speech intelligence—are
successfully attributed and absorbed into the perception of the stream, we seem
to become oblivious to the fact that we are missing a lot of information in the
tone of the voice or detailed timing information that gets lost in the latency of the
phone line. The qualities and abstract properties and substrates that make up the
representation become invisible within in the process of encapsulation that occurs
within the encoding hierarchy.

In every moment, we find ourselves within a complete reality. We seem to
miss nothing even though there is a great amount of detail about our environment
we are not currently aware of. Things that can be seen and heard that we are not
seeing or hearing, some of them right before our eyes and quite loud. It seems that
we only see before us what currently matters most to us, while we forget things
that are static or not relevant to what we are doing right now.
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An investigating what it is we in fact can experience in any one moment

necessarily leads us to a theory of resources of action-perception that have the
potential of being assigned to varying processes in our environment over time as
we are involved in perception. This is what we have described in the perceptual

resource hypothesis in the previous chapter. The human connectedness to the
world is characterized by a limited area that contains a manifold of different types
of perceptual potentials—language, music (harmony/rhythm), auditory streams,
gestalt perception and the ambient optic array, et cetera: an open manifold with
no inherent limit to its polymorphism and structural complexity.

Our connection to the world could be described as an area of attention. We
can not do, see, perceive or become involved with everything at the same time. The
environment is a space of potential involvements that we can navigate between.
We become involved by attributing our potentials for action and perception to
affordances in the world around us. —or to our daydreams.



Chapter 10

Summary and Overview

Time-based media connect to the human potential for temporal experience,
an experience that is of perception as well as action. Traditional forms of techno-
logically mediated time-based content—film, music recordings, radio—required the
participant to suspend their own activities. Drama, news casts, documentaries—
the participant is addressed as an observer, ideally to keep still while the content
plays.

Technological infrastructures for feedback or active participation could not
be realized for a variety of reasons. Audience members were not supposed to
disturb each other’s experience, television and radio lacked appropriate backchan-
nels, cassettes, records and CDs are not capable of supporting a large variety of
participatory involvements apart from the composition of a playlist, and so forth.

The introduction of the computer as primary media platform has removed
the technological constraints, but interactive time-based content, despite frequent
attempts in the context of media art in the late 1990ies, is only now beginning to
demonstrate the potential many have expected.

What I have attempted in the preceding chapters is to provide basic build-
ing blocks and conceptual frameworks that will permit the construction of more
engaging and participatory time-based media artifacts.

We began our inquiry with an analysis of time-based content under the con-
dition of computer mediation: the triangle of temporal behaviors and expectations
that are contributed by participant, content and the computer itself.

236
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The potentials of the participant are of special interest to us as involved
temporal perception and action is the target and destination of a time-based media
environment: time-based content is performed and realized in movements of the

participant.

10.1 Overview

The arch of the dissertation stretches from the introduction of basic con-
cepts in chapter 1-3, through a structural analysis of the human-computer inter-
face with a special focus on the intersection of information encoding, the process
of embodiment and cognitive encapsulation is inherent in the idea of the interface-

metaphor 4-6, to a conceptual fusion of perceptual streaming, attention and active

perception into a conceptual framework of involvement with a display of interactive
time-based media: the resource manifold of active perception (chapters 7-9).

10.1.1 Basic approach

Chapter (1) starts with a maybe unexpected example. In structural dia-
grams of biological ecology (chapter 1, Prelude, Fig. 1.1, 1.3, 1.2), we can discover
an open continuum between artistic impression and quantitative accuracy. The
technological, the aesthetic and the expressive form an open area on which the
creators of the representation determines their locate themselves depending on
what it is they want to see.

We then move on to an ontological layout that serves as a floor plan to the
following investigations: the structural analysis of the extended body. On the one
hand, this concept is derived from M.Heidegger’s ontological analysis of Being and
World, especially his description of the relationship between the craftsman and
his tools. On the other hand, the extended body is derived from M.McLuhan’s
perspective on media as extension of man (chapter 1.1).

Most importantly, the term embodiment is introduced along with the layout
of the physical, cognitive and technological areas of the extended body—a set of
conceptual distinctions that are revisited again and again throughout the disser-
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tation.

Temporality as content

In chapter 2 we introduce basic aspects of time-based content and its sit-
uation in the context of digital mediation. The temporality triangle in which
temporal progress of the computer based medium is negotiated is presented:

• the time-based content, represented by a stored quasi-spatial timeline to be
played back,

• the technology of the media channel with its emergent machine behavior,
influenced by both the participant and the playback of stored timelines,

• the participant who is choosing, operating and providing attention to the
content.

As we have seen, these three temporalities can be generalized into

• spatialized temporality,

• emergent temporality,

• involved temporality.

After this introduction to basic questions of temporality, we are shifting our
focus back to the content encoded and stored as spatialized time. We are looking at
the sources and destinations of the temporal structures—the process of recording
and playback and the phenomena of simultaneous streams, channels and objects
that emerge during the playback. These investigations will become important later
when we talk about modal streaming and perceptual resources in chapter (8).

Openness

In chapter 3 we introduce for the first time examples of the participant
as an active component to time-based content. After a historic overview tracing
the phenomenon of open form in visual art and the European experimental music
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scene of the 20th century, we investigate the concepts presented in chapter 1 and
2—the extended body and the various perspectives on temporality. In this inquiry,
our guiding lights are Duchamp’s dictum “the spectator makes the painting” and
Umberto Eco‘s open work.

Formalizing time-based content

After introducting the idea of participation, we return to a technical analysis
of the informational structures of time-based content, its encoding, transmission
and reception, a description of structural blocks that allow us to get a perspective
on the way temporality is negotiated between content, technology and participant.
We are specifically inquiring into the relationship between the concepts of

• encoding—the formats and frames of information representation and their
implied hierarchies,

• encapsulation—the integration of perceptual detail into simplified represen-
tations,

• embodiment—the phenomenon of transparent technology.

In the second half of the chapter, the media system is interpreted as an
extension of the participant’s body that addresses perceptual potentials of the
participant: McLuhan’s dichotomy of message and massage. Finally, we connect
concepts of attention and active perception into the concept of modal streaming:
the establishment of active perceptual connections between the participant and
the environment.

Auditory data display and its fragile transparency

Data displays provide us with descriptive access to phenomena we can not
perceive directly. Ideally, they become a transparent extension of the participant’s
care to the phenomenon expressed in the data. Sonification encodes data into non-
speech sound with the intention to address the listening potential of the participant.
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The transient nature of sound makes the communication of specific data
values (quantitative display) problematic, a benefit lies in the creation of structural
overviews over data collections, especially when the size of the data structure under
investigation is very large and multi-variate.

In order to provide an experiential transparency toward the data it is nec-
essary to create unique qualitative indices for every data set, and to avoid per-
ceptual encapsulation of sounding detail that comes with familiar sound sources
such as musical instruments. This approach places it in the vicinity of Musique

Concréte with its intention to subvert the association of the sound with a known
sound source. Indexical data displays suggest themselves as alternative strategy
in exploratory data analysis for large datasets of unknown structure—as we can
demonstrate with the project ATLAS in silico.

The installation Audio Fraktal is an example for transparent data repre-
sentation. A combination of interaction and real-time sound rendering allows the
participant a comparative exploration of the chaotic and self-similar local struc-
tures of the Mandelbrot set.

Interface metaphors

After this survey of different potentials for time-based content to address an
observer, we can now approach our topic from the perspective of human-computer
interaction.

The success of the human-computer interface is connected to the interface

metaphor: the user is provided with affordances for action and symbolic display
unified in specifically designed representational objects: we can interpret this as a
highly simplified implementation of active sensing.

Essential features of an interface metaphor are on the one hand its persistence—
the creation of an affordance and potential for display—and on the other other
hand the mobility that permits changes in appearance and state upon actions of
the user or changes in the machine state.

While interface metaphors are traditionally visual, we argue that the es-
tablishment of time-based metaphors can open up new potentials to adapt the
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interface to the temporalities of the participant—this requires us to discover po-
tentials for persistence and mobility in time-based content.

We can trace the interface metaphor back to structural aspects of conscious-
ness, and can connect the information channel an interface metaphor provides to
the formats and frames of a media channel.

What this implies is not without concern: since interaction metaphors imply
a constraint to actions and display behaviors, the user will lose track of these
limitations in their embodiment. This results in an invisible fence beyond which
neither perception or action are possible.

Persistence and mobility

Our goal is the integration of the temporality of the participant into the
human-computer interface through the use of time-based metaphors. This implies
the creation of the dichotomy of persistence and mobility from temporal structure
alone.

If we attribute primacy to mobility (Bergson), we can interpret persistence
in the patterns that appear as underlying shape and causality of movement.

Persistence in temporality can be discovered from different perspectives: in
our introspective perspective on the passing of time itself, in Heidegger’s ontological
analysis of the Temporality of Being and also the temporal characteristics of the
extended body. Temporal signatures and behavioral patterns can become embodied

in expectation and learned patterns of movement and control available to our
improvisational approach to the moment—for example, the riding of a bicycle or
the development of things to try during a piano solo.

From these areas we can derive persistent structures in temporality that
can become entrusted with informational accountability.

Active perception: a resource manifold

Chapter 8 presents a theoretical framework for interactive time-based envi-
ronments, that can enable a media system to dynamically organize the layering of
temporal streams to tailor the content to a participant’s potentials for perceptual
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involvement.
The bidirectional information flows of active perception between the par-

ticipant and the medium can be described as a stream manifold, and the resources
that shape and sustain these perceptual streams is the resource manifold of active

perception: perceptual ecology is characterized by a limited potential for simultane-
ity, a dynamically evolving set of perceptual resources that can become attributed
to processes within the participant’s environment through a specific type of modal
stream.

For example, our ability to listen to only one speaking voice at a time can
be imagined as a perceptual resource that is re-attributed to different speakers over
time.

On the basis of this structural model we can begin investigate the morphol-
ogy of the perceptual potentials of the participant. How many connections to the
environment can be sustained concurrently? Where do the modalities of modal
streaming come from, and what are the perceptual resources required to maintain
a stream of a specific modality? What are modal strategies within our cognitive
body? What requires conscious effort, and what is involuntary? What are the
potentials for modal streams to merge and segregate, and what is the relationship
of the stream manifold to concepts of encapsulation and embodiment.

Involving the participant

If we consider action and perception as intimately connected, we can inter-
pret the perceptual resource manifold—the potentials for the participant to create
and maintain modal streams—as a model for the potential involvement of the par-
ticipant with the media environment.

Attention and self-allocation—voluntary or involuntary—are the driving
force behind the concept of involvement, behind the attribution of resources of
action and perception to the environment.

The participant has potential for self-motion both within the established
modal stream as well as from one involvement to another one. Shifts within the
involvement emerge as declared expressions of intention and care, as embodied,
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involuntary activity, or as unconscious changes and movements in the exploration,
establishment and disclosure of the environment.

We observe two examples: cocktail party as easily understandable everyday
occurrence and perception polyrhythm in music as an advanced cognitive naviga-
tion effort.

A computational model of the environmental involvement of the partici-
pant can inform the design of immersive and augmented environments with an
increased effectivity and determinism in content design both for the authors and
the participants within such environments:

the environment becomes a space for designed perceptual involvements we
can navigate between, adaptive to the evolving perceptual ecology: a shifting area

of involvement.

Outlook

Computer technology has become embedded into every aspect of our lives.
The days in which computer demanded to be regarded with awe and was able to
dictate the way specialists would use its information processing capabilities are
long gone: they are in everyone’s hands, fast, small, capable and ready to do
whatever we are able to tell them to do: the frontier is no longer the hardware, it
is our own imagination.

This is the area that I hope this dissertation can be a contribution to: What
we can hope to achieve with this structural analysis of involvement and time-based
content is an enrichment of the computer interface beyond its current use of visual
metaphors and toward a native embrace of temporality and time-based content
that is adaptive to the perceptual ecology of the participant; the opening of new
areas for creativity and expression in the field of computer-based media—but last
but not least the re-activation of the body that has been made to passively endure
time-based content long enough.
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