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Abstract

The paper describes the development of a
novel handheld musical controller called
Beatbug, which was designed to address
three main goals — providing rich gestural
experience for musicians in different skill
levels, exploring novel group interactions in
local musical networks and facilitating con-
structionist-learning activities through hands-
on musical interaction. The paper portrays
the different approaches that were taken to
address these goals over a period of seven
years, as well as the educational activities,
compositions and performances that were
conducted with the controller. The description
follows three chronological development
phases titled ‘Fireflies’, ‘Nerve’ and ‘iltur’ and
addresses the improvements in hardware
and software that were made in each phase
based on observations and user feedback.
The paper concludes with a comparative
summary of the three development phases
and a final note regarding the controller’s
future prospects.
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learning
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1 Motivation

It is widely perceived that the computer has
enriched and advanced the art form of music.
Digital technology brought new palettes of
sounds, composition techniques and
production methods. Innovations in digital
compression and distribution fundamentally
changed music consumption and listening
practices. For performers, novel musical
instruments and controllers have been devel-
oped based on a variety of sensing, interaction
and mapping approaches. But after more than
two decades of research in computer music, a
fundamental question is still left open — has
digital technology truly innovated and enriched
the expressive, emotional and creative core of
the musical experience? Inspired by this ques-
tion I decided to explore a number of research
directions where digital technology bears the
promise of revolutionising the musical
experience. To that end I identified three main
research directions — gestural expression,
collaborative networks and constructionist
learning — which may lead to musical experi-
ences that cannot be facilitated by traditional
means. The first research direction builds on the
prospect that through novel sensing and
mapping techniques, new expressive musical
gestures can be discovered that are not
supported by current acoustic instruments.
Such gestures, unconstrained by the physical
limitation of acoustic sound production, can
provide unknown expressive and creative
musical experiences for novice as well as
trained musicians. The second research direc-
tion utilises the digital network in an effort to
create new collaborative experiences, allowing
players to take an active role in determining and
influencing not only their own musical output
but also their peers’. By using the network to

Routledge

Taylor & Francis Group



Digital Creativity, Vol. 19, No. 1

Weinberg

interdependently share and control musical
materials in a group, players can combine their
musical ideas into a constantly evolving
collaborative musical experience that is novel
and inspiring. The third research direction
focuses on constructionist learning and bears
the promise of revolutionising music education
by providing hands-on access to programmable
music making. Through interaction with
physical computational objects learners can
construct personally meaningful musical
artifacts that enhance and deepen their musical
learning experience. These areas of research
have guided the design of the Beatbug
controller throughout the development process;
although the research focus has shifted over
time between constructionist learning, network
interaction and gestural expression.

2 Related work, goals and
challenges

The field of New Interfaces for Musical
Expression (NIME 2006) has received signifi-
cant interest in recent years as researchers and
musicians explore new sensing techniques,
design approaches, mapping schemes and
sound generation methods to enhance and
enrich musical expression. Research in this area
can be categorised into three main areas -
Augmented Instruments, Instrument-Inspired
Controllers and Alternate Controllers. Building
on the vast repertoire of familiar musical
gestures, researchers have created augmented
and instrument-inspired controllers based on
percussion (Buchla 2005), string (Machover
1992) and woodwind instruments (Steiner
2004), among others. Alternative ways to play
music have also been explored by using various
sensing and mapping techniques such as in
non-contact instruments (Mathews 1991;
Theremin 1996) wearable music making
(Waisvisz 1985; Paradiso 2004) and alternate
tangible controller (Weinberg 2001; Tanaka
2004; Jorda et al. 2005). Most of these
instruments, however, have been created for

particular compositions (usually by the
inventor) and have been effective only within
specific aesthetics boundaries. Only few
controllers have shown durability and adapta-
bility to multiple compositions in a variety of
musical styles, although this phenomenon can
be partly associated with the fact that these
controllers have not been mass-produced and
distributed. Inspired by the tradition of suc-
cessful versatile acoustic and electronic instru-
ments such as the piano or the Theremin, one of
the main challenges for the Beatbug project
was to create a new alternate controller that is
durable, versatile and adaptable to multiple
compositions, styles and playing techniques.
Qualities that may lead to mass production and
distribution.

The second area of related work is in the
field of Interconnected Musical Networks
(IMNs)—live performance systems that allow
players to influence, share and shape each
others’ music in real-time (Weinberg 2005).
Such systems, whether they operate in one
physical space or over a wide-area network,
provide an interdependent framework that can
lead to rich social and musical experiences that
are not supported by traditional group play. The
development of IMNs since the 1950s has been
connected to the development of technological
innovations - from John Cage’s early exper-
imentations with interconnected transistor
radios through the use of networked PCs by
groups like the League of Automatic Music
Composers and the Hub (Bischoff, Gold et al.
1978; Gresham-Lancaster 1998), to the current
proliferation in collaborative Internet music
(see a survey in Barbosa 2003). These exper-
iments, however, usually require advanced
musical skills and theoretical understanding
by players and audiences and often lead to
inaccessible ‘high art’ musical products. More
recent collaborative musical installations for
novices (Iwai 1998; Levin 2001; Feldmeier,
Malinowski ez al. 2002) on the other hand, tend
to simplify the musical experience for novices
and are not geared to interdependently connect
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between novices and professionals. The goal
and challenge for the Beatbug project in that
regard was to explore novel interdependent
musical interactions that would provide both
novices and experts with rich and inspiring, yet
intuitive and easy to follow, collaborative
musical experiences.

The educational goal of the Beatbug project
is informed by related work in the field of
constructionist learning. The constructionist
approach emphasises the unique ability of
digital technology to provide personal and
configurable learning experiences to a wide
variety of learners. The approach was con-
ceived by Seymour Papert, who demonstrated
how learning is most effective when students
construct personally meaningful technological
artifacts (Papert 1980). Other researchers have
elaborated on Papert’s ideas, showing how
interaction with digital physical objects
enhances children’s and adults’ learning
(Resnick, Martin et al. 1996). In music,
however, little has been done to develop con-
structionist systems that attempt to connect
between figural expressive musical experiences
and formal aspects of theory and technique. In
conventional music education systems, when
music students are introduced to formal theory,
certain important expressive aspects that came
naturally in the early figural mode are tempor-
arily hidden when learners try to superimpose
analytical knowledge upon felt intuitions
(Gardner 1983; Bamberger 2000). The Beatbug
project attempts to utilise constructionist-
learning methods to bridge the gap between
figural and formal learning through hands-on
interaction with programmable musical
controllers.

3 Implementation

The three foci of the project — gestural
expression, networked collaboration and
constructionist education — guided the design
of the Beatbug throughout the development
process. However, the emphasis in each

development phase shifted based on
observations and user feedback. The construc-
tionist learning emphasis of the first phase
shifted towards a focus on network collabor-
ation in the second one, which evolved into
more elaborate exploration of expressive
gestural interaction in the third.

3.1 Phase | — Musical Fireflies

The first phase of the project (1999-2001)
focused on designing constructionist musical
activities that are enhanced by group inter-
action. The controller in this phase, still named
Musical Firefly, was designed to provide
players with expressive hands-on experiences
that can be easily transformed into an analytical
and formal exploration of music and math-
ematics. Through simple tapping gestures,
players could input rhythmic patterns and
embellish them in real-time by adding multiple
rhythmic layers. This functionality provided
players with figural and formal familiarisation
with musical concepts such as accents, beats,
patterns and timbre which defines the ‘colour’
of the sound. During the multi-player inter-
action, a wireless network was formed between
Fireflies, which allowed players to synchronise
patterns and trade instrument sounds. This
interactive group experience was designed to
lead to deeper internalization of advanced
musical concepts such as the correlation
between mono-rhythmic and polyrhythmic
structures, where different patterns in different
meters and lengths play synchronically. Access
to and manipulation of LOGO code for custo-
mising the controllers provided an introduction
to MIDI programming and electronic sound.
Advanced players could, therefore, deepen
their learning experience by reprogramming the
controllers and adjusting their functionality to
match personal musical interests and abilities
3.1.1 Hardware and software

The Musical Firefly was designed to be held
with two hands while thumb tapping two
top-mounted buttons (see Figure 1). An
infrared communication port allowed for
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Figure 1. Interaction between two Musical Fireflies.

communication with other Fireflies as well as
for downloading application programs from a
desktop computer. The rhythmic tapping
patterns were recorded and played back
through a MidiBoat (Smith 1998) — a small
General MIDI board connected to a top-
mounted speaker (see Figure 2).

3.1.2 Modes of interaction

Interaction with the Musical Fireflies occurred in
two distinct and sequential modes — in single
player mode, players converted numerical pat-
terns into rhythmical structures, while in multi
player mode collaboration with other players
enhanced the basic rhythmic structures to create
polyrhythmic compositions. In single player
mode, players could record and play back pat-
terns of accented and non-accented notes. This
activity provided a tangible manner of playing
and listening to the rhythmical output of any
numerical pattern, leading to an immediate
conceptualisation of the mathematical-rhythmi-
cal correlation. For example, Figure 3 depicts
the playing of the pattern 4 3 5 2 2.

In multi player mode, when two playing
Fireflies ‘saw’ each other (i.e., when their
infrared signals were exchanged), they auto-
matically synchronized their rhythmic patterns.
(A similar interaction occurs when the firefly
insects synchronise their light pulses to com-
municate in the dark). This activity provided
participants with a richer, more complex
rhythmical composition and allowed for an
interactive introduction to polyrhythm.

Figure 4 depicts how a 7 beat pattern played by
one Firefly and a 4 beat pattern played by
another diverge and converge as the patterns go
in and out of phase every 28 beats, the smallest
common denominator:

While the two Fireflies were synchronisd,
players could also initiate a ‘“Timbre Trade’ in
which instrument sounds were exchanged
between the devices. Pressing either the left or
right button traded both layers of the accented
or non-accented timbres respectively. This
interaction provided a higher-level of musical
abstraction, allowing users to separate the
rhythmical aspect of the patterns from the
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Figure 2. The Musical Fireflies’ external and internal design.

sound in which they were played. Because
the Fireflies network became richer after the
interaction the system encouraged collabora-
tive play where players were motivated by
trading and collecting different sounds from
their peers (for more details about the inter-
action see — Weinberg, Lackner et al. 2000).

3.1.3 Discussion

Observations of play sessions with the Musical
Fireflies have been conducted followed by
discussions with the players. Participants were
asked about the expressive and the educational
aspects of the session as well as for their
suggestions for improvements. Most players
stated that playing with the controller was an
educational as well as enjoyable experience.
Novices, in particular, liked the intuitive

manner in which they could construct and share
their personal rhythmic patterns. A software
version of the application was prepared and
tested using Cycling 74 Max /MSP application.
Subjects were asked to compare the software
version with the tangible interaction with the
Fireflies. Both novices and experienced users
found the concrete aspects of playing with a
physical object compelling in comparison with
the graphical user interface in the software
version, mentioning the unmediated connection
that was formed with the instrument as contri-
buting to the creation of personal connection
with their music they created. Listening to the
music from distinct physical sources also
helped players to follow the interaction in a
more coherent manner in comparison to lis-
tening to computer speakers. The observations

L_elelel ele )jele/[e)
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Figure 3. A pattern of accented and non-accented notes as played by the Musical Fireflies. ¢ = Accented note
played by the left button O = non-accented note played by the right button.
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Figure 4. Two patterns (7/4 and 4/4) played by two Fireflies respectively, diverge and converge as they go in

and out.

and interviews also led to the identification of
points for improvement and future work. For
example, it was clear that the Fireflies, being
optimized for a specific constructionist learning
activity, did not provide versatile gestural
interaction for players. Moreover, the simple
input using only two discrete buttons and the
low quality MIDI sounds led to a disappointing
musical outcome, consisting mostly of
monotonous interlocking clicks with no pitch,
time-based rhythmic values, rests, or continu-
ous transformation. The network interaction in
multi-user mode, while effective for learning,
did not provide a satisfactory collaborative
experience. The restricted interconnectivity of
the system, where discrete timbre-trading was
the only interpersonal act, did not provide long-
lasting rich play value and led players to lose
interest in the interaction after a few trades.
Moreover, due to the limitations imposed by
the line-of-sight infrared communication, the
application only allowed for synchronisation
and timbre trading between two players at a
time. Many interviewees expressed their
wishes to interact and collaborate in larger
groups comprised of several simultaneous
players.

3.2 Phase Il — ‘Nerve’ Beatbugs

In the second phase of the project (2001-2003),
new hardware and software applications were
developed for the controller, which received the
name ‘Beatbug’, in an effort to address the
weaknesses identified in the first phase. The
simple buttons were replaced with a piezo
electric sensor that could sense hit strength,

allowing for more expressive full-arm drum-
ming gestures. The single user application was
enhanced to record rhythmic values, rests and
amplitudes, allowing for more versatile and
expressive musical input. Two new bend
sensors were added to each controller (see
Figure 5), letting players continuously modify
and transform the recorded musical phrases. In
addition, the embedded MIDIBoat was
replaced with a high-quality software synthe-
siser, which significantly enhanced sound
quality and versatility. Several important
enhancements were also made to improve the
multi-user collaborative interaction. The
network was enhanced to support up to eight
simultaneous Beatbugs, while colored LEDs
were installed in each controller to help convey
complex multi-user interactions in a visual
manner. The interpersonal application was
improved to provide longer lasting collabora-
tive interactions, allowing players to continu-
ously develop each other’s music by bending
and manipulating the Beatbugs’ antennae. In
order to support these improvements, the new
Beatbugs communicated with each other
through wires via a central computer system,
titled the “Nerve Center’. To showcase the
improved system, a musical piece was composed,
entitled Nerve, which was presented in work-
shops and concerts as part of Tod Machover’s
Toy Symphony project (Machover 2004).

3.2.1 Hardware and software

In an effort to provide character qualities to the
controller and to support familiar interaction for
children and novices, the ‘Nerve’ Beatbug was
designed as a bug, having a speaker for a
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Figure 5. Nerve Beatbug external and internal design.

mouth, two bend-sensors for antennae and an
impact-sensitive piezoelectric sensor on

its back. An embedded Microchip PIC
microcontroller was responsible for operating
the sensors and LEDs, while a central computer
system controlled the actual musical interactions
and behaviors. The ‘brain’ of the system was
written in Cycling 74’s Max/MSP environment.
Controlling all of the behavior from the central
computer made it easy to quickly experiment
with a broad range of interaction schemes.
Similarly, sound synthesis occurred in the
central computer (using Propellerhead’s Reason
software synthesiser) and sent to be played
through the corresponding Beatbug’s speaker,
providing high quality sound with an embedded
self-contained feel. The central system consisted
mostly of standard off-the-shelf equipment
including an audio interface, a MIDI interface,
an 8-channel amplifier and a mixer. The only
non-standard device was a custom patch box
that routed all the signals to and from the Beat-
bugs (see Figure 6).

3.2.2 Modes of interaction

Similarly to the first phase, players interacted
with the Nerve Beatbug in two modes — single
player mode and multi player mode. In Single
Player Mode, each player could enter a short
rhythmic pattern, which was played back in a

loop through the Beatbug’s speaker. While the
entered pattern was playing, the user could
manipulate it by bending the two antennae. The
left antenna continuously transformed the pitch
and timbre and the right antenna added rhyth-
mic ornamentation to the pattern (for more
details see Weinberg G., Aimi ez al. 2002). The
goal of these transformations was to allow
players to modify the pattern but to keep the
feel of the original motif, supporting the ‘motif-
and-variation’ nature of the interaction.

In Multi Player Mode players could form
large-scale collaborative compositions by
interdependently sharing and continuously
developing each other’s motifs. Players’ motifs
were automatically sent through the ‘Nerve
Center’ to other players in the group. A receiv-
ing player could decide whether to further
develop the received motif (by continuously
manipulating pitch, timbre and rhythmic
elements) or to keep the motif (by creating a new
motif and sending it to a different random player
in the group). The tension between the system’s
stochastic routing scheme and the players’
improvised real-time decisions led to an inter-
dependent, dynamic and constantly evolving
musical outcome (see a video clip of the inter-
action as performed in concert at http://
www.cc.gatech.edu/~ gilwein/videos/
GlasgowNerve.mov).

I "ON ‘6l "IoA ‘Aunnessd [enbig
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Figure 6. The Nerve Beatbug system schematic.

3.2.3 Discussion

During 2002-2003 the Nerve Beatbugs were
featured in workshops and concerts in Berlin,
Dublin, Glasgow, Boston and New York in
collaboration with local symphonies and
educational programs (see Figure 7). During
each weeklong workshop, children and
orchestra members were introduced to the
Beatbugs, explored the system and rehearsed
towards a public concert. Observations of and
interviewers with workshops participants
showed great satisfaction with the new con-
troller features and the interaction. Interviewees
provided positive comments regarding the level
of musical versatility and expression in single
player mode as well as the immersive social

10

and collaborative nature in the multi player
mode (see video clips of interviews at http://
www.coa.gatech.edu/~ gil /BBCinterview.
mov). Multi-player interaction with the bend
sensor antennae and the visual representation
provided by the LEDs were mentioned as suc-
cessful features in supporting the networked
experience. The workshops also featured a new
constructionist pedagogy developed in collab-
oration with Kevin Jennings (Jennings 2003).
The pedagogy was designed to allow players to
physically create and phrase rhythmic patterns
and transform them by employing melodic,
timbral and rhythmic contours. The balance
between aural, kinesthetic and social modalities
provided the children with a rich and highly
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Figure 7. Nerve workshop in collaboration with the education program of Deutsches Symphonie-Orchester

Berlin.

immersive musical environment. A report by
Project Zero from Harvard’s Education School
stressed that “(the project) provided an
overwhelmingly positive experience either
from the musical, social and personal stand-
point... the experience provided a good foun-
dation on which to build one’s musicianship,
social skills, self-confidence, and general
learning dispositions focusing, listening, and
practicing” (Nikitina 2003). Several problems
and areas for improvement became apparent as
well. The musical mappings in single player
mode, although more versatile than in the first
phase, were still limited and unsatisfactory for
many proficient musicians, who expressed their
interest in creating and manipulating more
advanced melodic and harmonic musical
content. Novices too showed interest in con-
trolling more sophisticated musical material
even if they could not create it themselves. In
the multi-player interaction, the piezoelectric
sensor and the large scale of the system
encouraged players to use wide playing

gestures and expressively point to indicate their
actions to each other and to the audience (see
Figure 8). But while these large gestures
brought elements of visual expression and
excitement to the performance, they were not
sensed by the central system and therefore did
not have audible consequences. In terms of
hardware, it was clear that the central system
was too large and complex, and that the 18-unit
rack was not easily portable. An additional
hardware-oriented weakness was the durability
of the bend sensors, which proved to be fragile,
especially when large groups of energetic
children experimented with the system during
weeklong activities.

3.3  Phase lll — iltur

In the third phase of the project (2004—2006)
the Beatbugs were improved in hardware and
software in an effort to address the weaknesses
observed in the previous phase. Hardware
improvements included replacing the unreli-
able bend sensors with robust Hall effect

11
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Figure 8. Group interaction in Nerve.

sensors, installing 2D accelerometers to sense
larger and more expressive arm gestures and
reducing the size and complexity of the system.
The software was rewritten to address users’
requests to control and manipulate melodic and
harmonic content in a more expressive and
gestural manner. The new application, titled
iltur, supported interaction between Beatbug
players and proficient musicians, allowing
Beatbug players to record live input from MIDI
and acoustic instruments and to respond by
transforming the recorded material gesturally,
creating motif-and-variation call-and-response
routines on the fly. The central computer was
programmed to analyse MIDI and audio signals
and to allow Beatbug players to personalise the
analysed material using a variety of trans-
formation algorithms. Capturing and persona-
lising richer musical content through
expressive gestures gave iltur Beatbug players
the opportunity to create more sophisticated
musical outcome, while forming elaborate
musical dialogs with their instrumentalist
peers.

3.3.1 Hardware

The main hardware improvement in the il/fur
Beatbug was the addition of the 2D accelero-
meter. The accelerometer was used to sense
tilting and shaking of the controller, providing

12

the central system with information regarding
players’ wide arm movements. Hardware
improvements were also made in an effort to
make the antennae more robust, utilising Hall
effect sensors and magnets mounted under the
antennae (see Aimi and Young 2004). This
electromagnetic sensing method proved to be
robust and effective, although in our
implementation it provided lower bending res-
olution in comparison with the original bend
sensors. Other hardware improvements
addressed the system’s size and portability. As
opposed to the complex 18-unit rack Nerve
system, the new iltur system, utilised a laptop
instead of a desktop, a software mixer instead
of a physical one and no MIDI drum controller,
as audio from the piezoelectric sensor was
captured directly via an audio interface. The
system, therefore, was housed in a small and
portable 6-unit rack (see Figure 9).

3.3.2 Modes of interaction

The play gestures and interaction in i/fur were
modified to allow for recording, triggering and
manipulation of MIDI and audio in real-time.
Recording was conducted by simultaneously
bending both antennae while hitting the
Beatbug. The system then segmented the
recorded phrases, looking for sections of
silence in the MIDI and/or audio input.
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Figure 9. The iltur Beatbug system schematics.

The audio Beatbugs were programmed to
detect onset notes, pitches, and amplitudes in
real-time. The analysis algorithm was opti-
mised for brass instruments and was used
successfully with instruments such as trumpet,
trombone and saxophone. Onset identification
and segmentation of MIDI was simpler due to
the discrete nature of the MIDI protocol. After
recording and real-time segmentation, players
could immediately trigger the stored phrase by
hitting the Beatbug again. Hit velocities were
mapped to different segments in the phrase,
allowing players to rearrange the captured
motifs. Two synthesis methods — Wavetable
Synthesis and Granular Synthesis — were
used for retriggering audio. The Wavetable
technique provided close resemblance to the
sound of the original recording but suffered
from noise artifacts during continuous

transformations. Granular Synthesis, on the
other hand, allowed for smoother continuous
transformation. A number of different mapping
schemes have been experimented with for
antennae bending and accelerometer-based
gestures. Some of these algorithms utilised
direct mappings between continuous gestures
and musical parameters such as pitch, volume,
speed and vibrato. Other mapping approaches
allowed for the manipulation of higher-level
musical percepts such as melodic similarity or
rhythmic density (see details in Weinberg and
Driscoll 2005). During group interaction,
players could trade their motifs by simul-
taneously hitting the Beatbug while bending
one of the antennae. Receiving players could
then further transform the phrase and send it
back to their peers. In comparison to the
random involuntarily routing scheme in Nerve,

13
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Figure 10. iltur audio Beatbug players interact with a hip-hop vocalist (left) and a brass section (right).

iltur players traded their motifs only when
simultaneously agreeing to synchronise their
gestures.

3.3.3 Discussion

Three Jazz compositions were written for the
iltur system and performed in cities such as
Atlanta, San Diego, Miami, Vancouver and

Jerusalem. iltur I featured the MIDI inter-
action, i/tur 2 focused on audio transformation
and manipulation, and i/tur 3 introduced group
interaction and motif trading. The Beatbug was
also used to manipulate voice, allowing
Beatbug players to interact with a hip-hop
singer (see videos at http://
www.cc.gatech.edu/~ gilwein/iltur.htm).

Figure 11. Large gesture interaction between iltur MIDI Beatbug players.

14
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Observations of and discussion with iltur
players led to a number of findings regarding
the improved Beatbug functionalities. For
example, it was clear that the i/tur Beatbugs
were more effective than the Nerve Beatbugs
in providing richer musical experiences for
individuals, supporting a larger set of expres-
sive gestures and more complex melodic and
harmonic manipulations. The new application
also led to more meaningful and versatile
collaborations between novices and pro-
fessional musicians. Both players and audi-
ences perceived the new accelerometer-based
gestures as intuitive, expressive and visually
compelling. However, the introduction of
gesture combinations (such as hitting the
Beatbug while bending the antenna) was pro-
blematic for novices and children, who found it
physically and mentally challenging. Novices
and children also found the higher-level algor-
ithms (such as musical density and stability)
less intuitive to control and preferred the simple
and predictable one-to-one mappings between
gestures and low-level musical aspects. More
proficient musicians, on the other hand, pre-
ferred to interact with the high-level musical
operations, stating that these encouraged them
to concentrate on the correlation between their
actions and the musical output. The effective-
ness of the experience was closely related to the
musical and harmonic context of the compo-
sitions. Due to motif segmentation and the time
stretching control, it was difficult for players to
improvise while following the harmonic pro-
gression in harmonically structured compo-
sitions. Many players, therefore, preferred free
musical structures, stating that such open-
ended experience posed fewer boundaries and
allowed more creativity and expression.

4 Summary

As part of its evolution, the Beatbug controller
was constantly improved to address the chan-
ging needs and foci of the project — from
constructionist learning, through networked

collaboration, to gestural expression. The
educational focus of the first phase (Fireflies)
provided only limited network interaction and
simplistic gestural control. The focus on
constructionist learning shadowed the quality
of the musical outcome, which played a
secondary role to the creative and educational
process. The second phase (Nerve) signifi-
cantly improved the network interaction,
exploring novel approaches for sharing and
collaborative transformation and composition.
Gestural control in this phase was also
improved, supporting more expressive discrete
gestures as well as new continuous input ones.
The enhanced gestural control and network
interaction in this phase significantly improved
the musical outcome, although the educational
value was reduced, shifting from the math-
ematical foundations of music to the expressive
aspects of collaborative music making. In the
third phase (i/tur), the focus on the musical
outcome continued to evolve, allowing for
more sophisticated gestural control and
interaction schemes in an effort to create
high quality jam sessions in a tonal context.
The focus on the musical product, however,
overshadowed the creative and educational
process, which became secondary in this phase.
The conceptual modifications in the foci of
the project were accompanied by continuous
improvements in technical capabilities, both in
hardware and software. From two simple
discrete degrees of freedom (DOFs) in the first
phase, where finger tapping was the only means
for user input, the controller evolved into four
DOFs (including richer discrete drumming
gestures and continuous bending gestures) in
the second phase, and finally to six DOFs in the
third phase, which allowed for additional large
tilting and shaking gestures. This evolution was
supported by improved technology and
additional sensors in each phase — piezo
electric and bend sensors in the second phase
replaced the simple buttons of the first one,
while more robust hall effect sensors and
accelerometers significantly improved the
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Fireflies (first phase)

Nerve (second phase)

Iltur (third phase)

Main motivation Education

Networked interaction

Gestural richness

Educational
process vs.
Musical outcome

Educational process

Educational process/Musical
outcome

Musical outcome

Gestural control Finger tapping (2

discrete DOF)

Large full hand drumming, subtle
antennae bending (2 discrete
DOF, 2 continuous DOF)

Large full hand drumming, subtle
antennae bending, large arm
shaking and tilting, (2 discrete
DOF, 6 continuous DOF)

Network
architecture

Decentralised, scalable
up to 2 players

Centralised, scalable up to 8
players

Centralised, unlimited scalability

Generation of
sequences of note
onsets

Autonomous
musical control

Generation of rhythmic patterns.
Transformation of timbre, rhythmic
density and stability

Recording of audio and MIDI.
Transformation of pitch, rhythm
and timbre

Collaborative
musical control

Timbre trading

Rhythmic pattern sharing and
collaborative transformation

Melodic motif sharing and
collaborative transformation

Embedded Buttons, infrared port, Piezo electric sensor, bend Piezo electric sensor, Hall effect

technology microchip, embedded sensors, microchip, amplifier, sensors, microchip, amplifier,
MIDI board, amplifier, speaker, LEDs speaker, LEDs, 2D accelerometer
speaker

Central technology non Max/MSP for interaction control. Max/MSP for interaction control,

Software synthesizer for audio

MIDI, as well as audio

Table 1. The evolution of Beatbug controller during three development phases — Fireflies, Nerve and iltur.

interaction and DOFs in the third phase. The
network architecture and interaction evolved as
well, from simple decentralised timbre trading
between only two controllers in the first phase,
through more sophisticated rhythmic colla-
borative transformation in a larger eight-node
centralised network with visual LED support in
the second phase, to an advanced melodic
collaboration in an open architecture where
multiple Beatbug players can record and
interact with as many instrumentalists as
desired in the third phase. Table 1 summarises
the conceptual and technical evolution of the
Beatbug controller during the three develop-
ment phases.

5 Final note

During a period of seven years the Beatbug
controller was used in multiple performances,
workshops and compositions in a variety of
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musical styles. By shifting the emphasis
between the three foci of the project, the
controller was appropriated to a versatile set of
musical scenarios. In that sense, the Beatbug
has overcome the common short-life syndrome
of many NIME:s that are built for and used in
only a particular composition in a particular
style. The observations and feedback of users
who played with Beatbugs indicated that the
controller had a notable measure of success in
expanding and enhancing the musical experi-
ence. Through novel expressive gestures,
experimental interdependent collaborations and
hands-on learning activities advancements
have been made towards innovating the
expressive, emotional and creative core of the
musical experience. Commercialising and mass
production of the controller may be the next
step towards evaluating of the sustainability
and adaptability of these advancements in the

long term.
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