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The audio system for this solo consists of a noise with a variable
'ugliness' coefficient. The basic sound is several frequency
modulated sine waves that collectively form an A Major triad
comprising mostly the note A across many octaves. This sonority
is a subtle reference to the opening of Mahler's first symphony, in
which the octaves perhaps represent perfect harmoniousness in the
universe. As the ugliness coefficient increases, the carrier waves
become clipped and go out of tune, the index of modulation
moves to non-integer values, the overall loudness increases, and
the cutoff of a low-pass filter (applied to the entire sound)
increases subtly to make the grating higher partials more audible.
The result is quite discordant for high levels of ugliness. The
dancer's level of introversion is mapped directly onto the ugliness
coefficient, so that as she becomes introverted, the 'ugly' sound
expresses greater mental intensity. The spasmodicity in her
movement causes the pitches in the A Major chord to detune,
some increasing in pitch and others decreasing. The amount of
detuning is proportional to the spasmodicity of movement, so that
a more spasmodic movement results in a more spasmodic sound,
and the sound serves as a reward for the dancer that encourages
highly spasmodic movement.

2.2.2  One Ildea Solo

Ilustration 3: dancer signaling the number one

Another solo section represents a model of behaviour in which
overbearing or uncomfortable social situations routinely force an
introvert to revert to a single comforting solitary activity, which is
typically an addiction [11]. The dancer represents this in a highly
abstract way. She chooses one simple gesture, and improvises a
dance based entirely on variations on this gesture. The gesture,
which involves her signaling the number one with her hand,
represents the single, comforting behaviour, and she makes
departures from and calm returns to this gesture. The sensing is
performed by tracking the dancer's overall speed in cartesian
space, as seen from an overhead camera. There may exist more
appropriate methods of sensing this dance. For instance, if the
basic gesture were known in advance, skeletal-tracking could
have been employed to determine her instantaneous degree of
similarity between the observed movement and a template of the
basic gesture. However, this was, for a variety of reasons, out of
scope for the project. Nonetheless, because the basic gesture is
always performed while essentially stationary, and the dancer's
departures from the basic gesture are always accompanied by
bursts of velocity (or changes in blob shape, as discussed above),
this functions as a passable metric of the idea being expressed.

The audio system for this section comprises the sound of a crowd
with a variable 'screamingness' coefficient. The screaming crowd
represents an uncomfortable social situation. As the
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screamingness coefficient decreases, the crowd goes continuously
from screaming to talking to whispering. This is achieved using
granular synthesis, where grains are chosen randomly from
several audio files that are categorized as containing whispering,
talking and occasional laughter, or screaming. Raising the
screamingness coefficient makes it more likely that a new grain
will be taken from a recording in the the screaming category,
whereas lowering it increases the probability that it will be chosen
from the whispering category. Increasing the screamingness
coefficient also causes the grain density to increase, the shape of
the window function to become more square, and the grain
duration to become shorter, resulting in a denser, choppier, more
'stressful' texture. Additionally, an a capella Armenian song is
played over the crowd noises. As the screamingness coefficient
increases, the song's playback becomes more fragmented (it is
windowed by a pulse train whose duty-cycle decreases with
increasing screamingness coefficient) and quieter, as though it is
being drowned out by the crowd's screaming. The dancer's
velocity is mapped directly to the screamingness coefficient. This
allows the social discomfort expressed by the sound to remain
synchronized with the same as expressed by the dance.

2.2.3  Hair Dance

Illustration 4: dancer maximizing movement in her head

Yet another solo section represents an unhealthy separation of
mind and body, as occurs, for instance, in depersonalization
disorder [10], and the resulting loss of connection with society
and the rest of the world. The dancer represents this separation by
deliberately violating the patterns of total body connectivity
described by the Bartenieff movement fundamentals [5].
Specifically, she violates the homologous pattern which mandates
that the upper and lower body function as an integrated unit.
Initially, she was going to perform a dance in which she moved
only her body, while attempting to keep her head perfectly still in
space, thereby representing the disconnect between mind (head)
and body. Ultimately she did the opposite: she performed a dance
entirely with her head. The dancer's movement was sensed by
placing a three-axis accelerometer on the back of her head, and
measuring the sum of the absolute values of the partial derivatives
of the readings of each axis, which served as an indication of the
general level of motion of her head. It would have perhaps been
more appropriate to use two three-axis gyroscopes, one on her
head and a second on her torso, and measure the difference
between each axis of the two, since the aim of the dance is in fact
to maximize this difference. With appropriate audio / visual
feedback, this arrangement could have encouraged a highly
refined and nuanced representation of the concept. Contrastingly,
the sensor and feedback, as used, only encourages her to
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maximize acceleration in her head, which to some degree, in
practice, requires the coincident use of her entire torso and legs.

The audio system comprises crashing and banging noises which
are fun to produce but somewhat jolting to hear. This was
intended to encourage the dancer to move her head (separately
from her body), while still representing the disjointed nature of
the underlying expressive concept. These noises are recordings of
percussive sounds played back at varying speeds, such as to
constrain the pitches to a scale. Two categories of recording are
used: moderately jarring sounds taken from a ceramic drum, and
highly jarring sounds taken from a hammer striking a metal sheet
on an anvil. Whenever the amount of movement of the dancer's
head exceeds a certain threshold, a moderately jarring noise is
selected at random and played back at a random speed (within the
pitch constraint). When the level of movement exceeds a higher
threshold, a noise is selected from the highly jarring category. Her
sensor is polled at irregular intervals centering around 50 ms.
Every new sensor reading above the appropriate threshold triggers
a new recording, so that an abrupt movement of the head is
accompanied by a battery of crashing and banging. Even if better
sensing had been used, this sound was probably not nuanced
enough in timbre to provide the dancer with highly detailed
feedback of an appropriate nature, because its only expressive
control was discrete rather than continuous. Perhaps a sound with
two components, with a continuously varying level of
dissimilarity would have been more appropriate. Nonetheless,
ignoring these conceptual considerations, the audio was successful
in that the dancers felt it to be the most responsive part of the
piece, and as a viewer it felt like the sound represented the
movement (if not the underlying concept) well.

3. EVALUATION

The group-flocking system was informally tested with users
during the development phase. At that time, the audio / visual
system was configured to jump dramatically and discontinuously
from very calm to very alarming when the flock size exceeded a
certain threshold. Upon entering the space, the participants, who
knew flocking was somehow involved, began walking around in a
group. Individuals quickly realized that they could trigger the
change by moving a few feet away from the group, and began
doing so deliberately and playfully. In a sense, this was the
opposite of the intended behaviour, because the system's change
from calm to alarming was intended to discourage people from
leaving the group and to punish them when they did. In another
sense, however, their behaviour was more complex. Had the group
disbanded entirely, with every individual choosing to leave, the
feedback system would have remained in its alarming state
because the flock's radius would never have become small enough
to trigger the calm state. Therefore, the satisfaction derived from
the devious behaviour of individuals depended on the conformity
of the rest of the group. So, what appeared to happen was that the
group tacitly agreed to maintain a baseline level of conformity,
while allowing individuals to take turns making expressive
deviations. This is consistent with the original goal of making a
system that comments upon the fine distinction between positive
and negative interpretations of deviant social behaviour.

4. CONCLUSION AND FUTURE WORK

In general, the claim that a system maintains aesthetic synchrony
with a dancer's intention in real time requires more rigorous
evaluation than presented here. Such claims should be cross-
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validated against the dancer's actual experience. At the time of
writing of this paper, the authors are conducting a
phenomenological study that attempts to address this. Several
dancers are observed interacting with different parts of the system
in isolation, and subsequently queried about their subjective
experience. The results of this study are forthcoming.
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