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ABSTRACT
The use of technology in artistic contexts presents interesting challenges regarding the processes in which engineers,
artists and performers work together. The artistic intent
and goals of the participants are relevant both when shaping the development practice, and in defining and refining
the role of technology in practice.
In this paper we present strategies for structuring the development process, based on iterative design and participatory design. The concepts are described in theory and
examples are given of how they have been successfully
applied. The cases make heavy use of different types of
prototyping and this practice is also discussed.
The development cases all relate to a single artifact, a gestural voice processing instrument called The Throat. This
artifact has been in use since it was developed, and from
that experience, three cases are presented. The focus of
these cases is on how artistic vision through practice can
recontextualize technology, and, without rebuilding it, redefine it and give it a new role to play.
1. INTRODUCTION
In this paper, a complete life cycle of an artistic artifact
is presented, from development to deployment. The artifact is a gesturally controlled voice manipulation device
constructed for the operatic voice. We describe the design
process where the artist and the developer worked together
to produce a proof of concept prototype of the artifact, and
outline a theoretical foundation.
Central to the study is how important artistic presence is
to the shaping of the artifact. This constant iterative reevaluation is something that we argue can be present also
after deployment, in the right circumstances.
2. RELATED WORK
A methodology for visualizing digital musical instruments
is suggested by Birnbaum et al in Towards a Dimension
Space for Musical Devices [1]. Here the concept of Design Space Analysis is forwarded into Dimension Space
analysis. Using a multi-axis graph, the authors exemplify
graphical metaphors for various digital instruments, such
c
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as the Theremin and The Hyper-Flute, and relate them to
certain preset parameters such as “Degrees of Freedom”
and “Required Expertise”. An investigation of The Throat,
constructed with the operatic performance in focus, would
probably call for additional parameters that relate to the
special requirements within the operatic drama.
A conceptual framework investigating the design space,
is forwarded by Malloch et al [2]. Here, based on Rasmussen’s model [3], interaction behavior is examined in
terms of being skill-, rule-, or knowledge-based. In an artistically directed design space, such as the one described
here, additional parameters are at play, particularly the ones
connected to the actual goal of a staged performance.
The work of Bau et al [4], using technological probes,
describes an open ended exploration of sound and interaction that successfully uses many methods of participatory
design. It is a good example of how the some the methods
used in this paper can be used to find artistic goals, goals
that were already present in the design process described
here.
The ambition of Ferguson et al [5], to create instruments
that find users other than their creators, is an important one,
and their method is to form interdisciplinary workgroups
with composers, performers and developers. Their paper
demonstrates an interesting way of using the traditional
chain of composer, notation, performer, and instrument to
facilitate development of new digital musical instruments.
3. DEVELOPMENT
Interdisciplinary work is common when developing new
musical instruments, new media art or other artistic practices that rely heavily on new technology. Engineers, technicians or instrument makers collaborate with artists, composers or musicians. We will here denote these groups as
developer and artist respectively, well aware that this is an
oversimplification.
The developer often knows the technology well but may
have less insight into the intended context and usage than
the initiating artist, while the artist may have less knowledge of the technology or other priorities. Many projects
are therefore close collaborations between these professionals (and commonly, the cross-fertilization is strong,
thus smearing the borders between the roles), as has been
reported in for instance the international conferences for
Sound and Music Computing [6] and New Interfaces for
Musical Expression [7].
The more of the artist’s relevant information that can be
available to the developer, the higher the probability is of

the project being successful. This knowledge is however
not always easy to communicate. It can be embedded in
practice, so-called tacit knowledge that can be hard to verbalize. The communication can also be hindered by questions that the developer fails to ask and by details the artist
fails to recognize as being important [8].
When dealing with technology intended to create or enhance experiences both from a performer and an audience
perspective, other practices than traditional hardware–software
development models can be used to open the necessary
channels of communication. During recent work with prototype development for a new musical instrument, ideas
from the fields of interaction design and participatory design were used to bridge the artistic and technological divide.
In this article these ideas will be briefly outlined as they
are theorized within their respective fields and their application described in three specific cases. Furthermore, the
divide between the artistic and the technological is bridged
by a hands-on approach using prototyping and involvement
of both artist and developer in a team. Instead of only using
the artist’s expertise as a starting point and to evaluate the
result of the process, the artist has been immersed in the
development process so that all available resources could
be exploited in the project.
3.1 The project
In this project, Elblaus was approached by Unander-Scharin
to develop a gesture controlled signal processing device for
stage use. The project, called “The Throat” is still ongoing at the time of writing. The Throat is to be used in an
opera called “The Elephant Man”, currently being composed by Unander-Scharin. Although the roles as artist
and developer were established from the start, the developer has documented artistic experiences, and the artist has
documented experiences in development. Therefore, interchange of experiences was well supported and the use of
participatory design patterns was a natural direction in the
development.
Frederick Treves notes 1 in his autobiography [9] regarding Joseph Merrick (also known as the Elephant Man), that
“the fact that his face was incapable of expression”, and
“his attitude that of one whose mind was void of all emotions”. When conceptualizing The Throat, these aspects
were thoroughly considered. A microphone was used to
capture the singers’ portrayal of the limited vocal sounds
that were possibly produceable by Joseph Merrick, due to
his severe physical disability. The weaker components of
speech and singing, which are normally inaudible in applied operatic (italianate) technique, could be utilized to
create soundscapes and accompaniment for arias.
A suggested term for this practice could be “deformed vocal technique”—as opposed to “extended vocal technique”.
Keywords suggested by the artist to the developer when
designing the sound processing modules were e.g. mucus,
inflammation, and coughing.
1

Treves’ notes were adapted to the David Lynch film The Elephant

Man from 1980.

The prototype uses a computer with an audio interface,
a microphone, an Arduino microcontroller [10], and pressure and flex sensors. The sensors are varistors, so some
simple voltage divider circuitry is needed to let the microcontroller read the varying resistance corresponding to the
measured pressure or bending of the sensors.
The software, written in the SuperCollider language [11],
is a modular environment that offers a wide assortment of
processing types that can be modified, combined and collected into scenes which in turn can be arranged into sequences. In this way, longer structures of scenes can be
prepared for a performance, so that a performer can focus
on stepping through the structure and can modify parameters expressively in each scene.
A system of morph groups is available, where one sensor can be mapped to any number of signal processing parameters on a per scene basis, allowing both one-to-one
and one-to-many mappings to be constructed [12]. Thus,
scenes can both sound very differently and also offer individual types of interaction.
4. THEORY
4.1 Wicked problems
Horst Rittel and Melvin Webber [13] describe what they
call wicked problems as problems that defy the standard
problem solving method. Rittel and Webber were concerned with complex large scale problems such as public
policy, but the reasoning behind wicked problems also motivates why some tasks in general benefit more from a design methodology than from problem solving.
Rittel and Webber formulated a set of distinguishing properties that showed how a wicked problem differs from what
they call tame or benign ones. The theory is quite extensive, but, in short, there are some properties explaining why design is not problem solving. In general wicked
problems
• have no definitive formulation,
• have no stopping rule,
• have good-or-bad (not true-or-false) solutions,
• have no ultimate tests for solutions,
• have no finite number of potential solutions, and no
defined set of permissible operations.
The last distinguishing property is very important for the
process of dealing with wicked problems. Firstly, it states
that the set of potential solutions is not known explicitly,
which means that we can never try all the possible solutions to find the best one. Secondly, it states that each solution might contain any operation or element, and that we
can never go through all the combinations of a defined set
of operations since that set is not known.

5. METHOD
5.1 Participatory Design

1. Design
refinements
2. Development
prototype
3. Testing
data
4. Analysis
information

Figure 1. The cyclical flow of the iterative design process.
4.2 The Design Space
The design space is the sum of all possible solutions to a
design problem [14]. The design space will never be fully
known or fully understood, but at the same time knowledge
about the design space is needed to evaluate the solutions
that are discovered during the design process. Therefore
the goal of the design process can never be to fully define
the design space, but rather to get as much knowledge of
it as possible so as to find the best possible solution given
the constraints of the process itself, e.g. budget and time.
Accepting the process implied by the many different solutions in the design space means that the design process will
be more of a gradually narrowing search than a journey to
a predefined goal. It is clear that several intermediary solutions must be explored before the process is finished, and
that these solutions must be evaluated in some way. Every
solution that the development process produces will chart a
small subset of the design space, so it is by suggesting solutions and testing them that information about the design
space is discovered.
Notice that the goal from the beginning is to find several
solutions to the problem and not first to try to figure out the
optimal solution. For such work, prototypes will be used to
explore and map the design space, and each prototype will
generate knowledge about the design space. By making
prototypes and mock-ups of the proposed solutions, they
can be evaluated and discussed from an interaction perspective and not just a theoretical one.

Knowledge of the product’s intended user and the context can be acquired in many different ways. Combining methods that include observational field studies, interviews with users or other stakeholders, statistics, and
surveys, lead to a better understanding of user needs and
practices [15]. These methods can be problematic as they
rely on intermediary observers or mediums like language
and statistics, necessitating interpretation. Personal background, preformed views, and prejudices color the observers
interpretation [16]. There can also be a discrepancy between what the respondents think they do, and what they
actually do [17]. For instance, subtle experiences of musical instruments are very hard to describe accurately.
Another approach is to invite the user to partake in the
development process so as to access directly user response
and feed that back into the development. Directly involving the user in the process can be challenging, but it will
provide an abundance of information that is relevant since
the information springs from the interaction between user
and process [18].
With user participation, the information one obtains is not
filtered by the questions one asks, i.e., answers to questions
that are never verbalized or thought to be relevant by the
developers can still be given. Similarly, answers that can
not be verbalized, so-called tacit knowledge, can still be
used in the development process, by letting the user participate and show practices, act out scenarios or by other
means communicate what is hard or impossible to reduce
to words [8].
Leman [19] uses the term embodied cognition to describe
how the body is intimately engaged both musical performance and perception. Getting participants involved in the
design process in a physical way is therefore very important for understanding all the mechanisms involved in a
musical context.
5.2 Iterative Design
Iterative design is a prototype-driven way of structuring the
development process that is well suited to the needs of participatory design, as well as exploration of the design space
(see for instance Gould and Lewis [20] who focus on the
designer’s perspective or Nielsen [21] who discusses usability from a practical economic perspective). Iterative
design uses a cyclical work flow that for each cycle further
refines the design. This model is a good match for participatory design, where maximizing the user involvement and
quick reactions to user input are crucial. As soon as a first
sketch or idea is formed the cyclical iteration can begin.
At its simplest, a design cycle contains four stages, as
shown in Figure 1. First, a design stage where refinements
to the design, based on available information, are proposed.
Second is a development stage where the design changes
are carried out, which is the only stage where user involvement can be unnecessary. If hi-fi prototypes are to be constructed or if the product is nearing completion, the user
may have very little to contribute.

Third is a testing stage where it is vital to involve the
users, to learn from the prototype. All cycles involve testing, a central requirement of participatory design.
Fourth is an analysis or evaluation stage where the data
collected during testing is processed and refined into usable information. This is an important step as the experiences from the testing stage can be ambiguous and difficult
to interpret. The information produced in this stage is used
as input to the next cycle, as basis for the decisions taken
in the next cycle’s design stage.
5.3 Prototyping
When working with technology that is used in an artistic
context, developers are often in need of information on diffuse, hard to measure qualities regarding user experience.
Whether something works or not in a technical sense is
easy to determine, but how the user experiences the interaction is a very different matter [22].
Language might be a bottleneck in communicating these
kinds of questions and their corresponding answers. Simply asking someone how they would act in a certain situation might yield very different answers compared to actually observing them experience that situation and act in
it [17]. This is why asking the question through a prototype
and receiving the answer through practice and exploration
can be so valuable to a design process.
A prototype from a user interaction perspective is anything that can provide information on an interaction scenario. As Westerlund has shown [8], the prototype does
not have to be an advanced piece of technology, but it must
be able to successfully put the user in the desired scenario.
A prototype does not have to be functioning on its own, it
does not even have to be built with the same material as
the intended product of the design process, as long as it
answers a question or provides information through real or
simulated interaction (for instance, a Wizard of Oz experiment).
Another aspect to consider when prototyping is to what
extent the prototype is to evolve into the following generation and to what extent it will be thrown away. This is
a dichotomy known as Evolutionary/Throwaway prototyping. When creating artworks, it is common practice to let
the artifact evolve from prototype to a finished work of art.
However, in iterative design, the use of a prototype that
will be abandoned is common.
6. USE IN DEVELOPMENT OF MUSICAL
INSTRUMENTS
Interaction design has emerged to fill a function where earlier methods have been less effective. The measurable and
quantifiable aspects of design and development such as
ergonomics and efficiency are all captured in more traditional development processes [23].
The field of new musical instruments and other artistic
uses of technology are completely saturated with these very
types of problems and sometimes even subliminal experiences [24]. How does the performer experience the instrument? How is the instrument perceived by the audience?

Using the well researched tools of interaction design and
other similar models can not only help to find these questions but also provide a method to learn from them and
work with them. The idea of the design space is a good
metaphor for projects that are not searching for an ideal
solution to a well defined problem, but rather exploring a
myriad of possible designs that can only be evaluated aesthetically.
6.1 Limits of user participation
With technology intended for an artistic context, one might
assume that getting the technology to work and to make
it a work of art are two separate tasks. This leads to the
assumption that the artist primarily has artistic concerns,
and the developer mainly technical. In reality, the roles are
rarely so explicit.
A definition of purely technical aspects is to view them
as black boxes. The input and output from the black box
might have aesthetic ramifications but the inside workings
are obscured from the user and indeed from the system as a
whole. Given that the same input leads to the same output,
the mechanics inside are bereft of artistic relevance for the
system.
Elements that fit that description can be handled with regular problem solving. User participation is not necessary
and aesthetics can be disregarded. These black boxes are
the only elements that the developer can design alone, leaving out the artist. It can be mutually beneficial to conserve
responsibility for the technical details to the most knowledgeable party, especially when for instance the artist could
direct efforts where it is more needed.
7. DEVELOPMENT CASES
For The Throat, participatory design was used extensively.
This was helped by the fact that the developer in this case
had an artistic background and the artist had already developed early versions of The Throat.
However, the developer had no previous experience of
working with opera or singing voice, while the artist was
unfamiliar with SuperCollider and could therefore not partake in the source code. Thus, the situation resembled that
of a traditional divide between project roles, and although
in practice the participants were experienced in both roles,
many details still needed to be shared and communicated.
The design methods used needed to supply the tools for
this communication to take place.
In the following, we give examples of applied design methodology corresponding to stages in the project that exemplifies the use of participatory design method, transmission
of tacit knowledge through workshops, lo-fi prototyping,
and partially working prototypes used with a Wizard of Oz
approach, as described by Westerlund [8]. A summary of
the methods and goals used in each case can be seen in
Table 1.
Throughout the process, several more common research
methods were used, complementing the participatory design methods described here. The process was documented
with video recordings and photographs of workshops and

Figure 2. The Throat Experimental Environment is a modular signal processor written in the SuperCollider programming language. It offers a wide array of effects that can be
used in real time.
Case 1: The Experimental Environment
Participation

Incorporation of artistic vision

Prototyping

Non-verbal communication in the
form of concrete sound exploration

Softwaremodularity

Reduction of developer bias

Case 2: Lo-fi sensor workshop
Participation

Activation of tacit knowledge of
practice

Low-fidelity
prototyping

Unhindered exploration

Workshop

Open form that supports experimentation

Wizard of Ozprototyping

Case 3: Concert test
Testing without fully functional
prototype

Context exploration

Simulation of the intended final
context

Participation

Use of the composer’s stage experience

taken without the artist’s involvement. For this purpose, an
experimental environment was constructed. It contained
modular building blocks of signal processing. The processing performed could be controlled by a set of parameters unique to each module. The signal chain could use
any selection of modules in any order. The graphical user
interface is show in Figure 2.
While it fell on the developer to code the actual software, the preliminary selection of processing types could
be agreed on through discussions with the artist. Here, language was no bottleneck since well-known unambiguous
terms exist for operations in signal processing (such as ring
modulation or low pass filter).
Even within a specific vocal tradition, terminology that
transcends the technical aspects of vocal pedagogy can be
ambiguous [25]. Precisely describing for instance the desired timbres of singing through complex, layered signal
processing would have led to unusable specifications. Instead, to give some guidance, a scenario was written by
the artist to deepen the developers’ understanding of the
intended use of the prototype.
In working with the environment all or a subset of the
available modules were connected in series. An audio signal (from a microphone or audio file) was sent through
this chain of modules and the result could be listened to in
real-time. The parameters of the signal processing of each
module were available for manipulation. The mapping of
the parameters and the choice of which parameters made
available were done to offer too much rather than too little.
This way, the developer imposed as little artistic influence
as possible.
The artist explored this environment and saved noteworthy configurations, whether they were aesthetically pleasing or simply undesirable. It was not required to test the
finer details of the signal processing together at that stage.
The saved configurations were also practical for non-verbally
expressing aesthetic preference.
The modular, open-ended concept worked so well that it
was carried over into the later prototypes. It was a request
from the artist to keep all parameters available from the
experimental environment—to be able to return to all possible combinations of processing that had been used during
the development.
7.2 Case 2: Lo-fi sensor workshop

Table 1. Methods and goals for each of the development
case studies.
other sessions. Regular planning meetings and design discussions were also used to structure the work and functioned as a platform for the evaluation described in the participatory design process.
7.1 Case 1: The Experimental Environment
When the foundations of the signal processing in the prototype were to be laid out, an approach was needed to ensure
that no design decisions with artistic ramifications were

One of the most important design decisions was how to
position, attach and interpret the gesture-reading sensors
placed on the hand of the performer. After discussions on
different placements, the need arose for testing the ideas
in practice. Using the actual sensors would have been restricting and potentially expensive, as care would have to
be taken not to damage or stress the sensors in any way. Paper replicas were constructed to have the same weight and
bending characteristics as the actual sensors. The replicas
attached to the hand can be seen in Figure 3.
Soon, a wealth of the artist’s tacit knowledge of stage
work was uncovered, catalyzed by the experience of the
different sensor placements. Different placements affected
the hand’s stiffness in different ways, having a significant

performance could not be assessed, and so a fully functional prototype was unattainable.
Next, a decision was made to only test a part of the system
and to simulate the rest of the functionality in a Wizard of
Oz approach. The software was used to process the artist’s
voice but the hardware control was substituted by an additional person on stage. The artist’s hand gestures were not
represented by sensor readings, but simulated by the person sitting directly by the computer running the software,
watching for predefined hand cues. For this purpose a simple interface for manual control was added to the software
and used for the performance.
8. IN PRACTICE
Figure 3. Paper replicas of sensors used in a workshop.
The positions of the replicas were found through experimentation, unhindered by risk of damage to the actual sensors.
effect on the artist’s ability to act on stage, that had not
been anticipated.
In the conceptual work with the sensor placements, focus
had been on function and having as much control as possible. Considering that the performer in the opera would
wear an elaborate mask to resemble the elephant man, including an abnormally large arm that also could hide the
sensors, the strain of the sensors seemed small in comparison.
Here prototyping worked as a safeguard directing focus
to an aspect that might otherwise have been overlooked. It
turned out to be relevant to the development process and it
surfaced naturally through a hands-on workshop with lo-fi
prototypes. Simple discussions would not have been able
to come to the same important conclusions, and neither
would a test with the developer using paper replicas.
When preparing for the workshop, the developer had devised a set of hand gestures that could be used with the
sensors. It became clear, however, that some hand positions that were trivial to the developer were uncomfortable
for the artist, and vice versa. This is naturally especially
important if the design is intended for more than one performer.
7.3 Case 3: Concert test
At one point in the development process, an opportunity
to perform an informal concert was presented. While the
prototype was not fully functional, there were still many
things that could be learned by testing it live, so the work
focused briefly on preparing a performance-ready version.
An attempt was made to integrate all the parts of the system, but the result did not seem stable enough to meet the
demands of a performance. The concern was the connection between hardware and software, which failed at one
point, and the time that was left before the concert did not
allow for debugging. Not knowing the cause of the failure,
if it would happen again and if so, how often and under
what circumstances, the risk of the prototype failing mid-

The initial development process was concluded with a test
where the singer Håkan Starkenberg, external to the process, tested the prototype in a studio environment. After
the initial development during 2010 and the spring of 2011,
the artifact was introduced to two other singers in different
projects.
We will here present these three cases that developed very
divergent working processes. The cases had some similarities and differences in their characteristics, where the
fundamental difference stemmed from the performers involved who formed the role of the artifact in the performance.
The participants in the cases presented here are specialists, offering insight into a performance practice that has
developed for hundreds of years; a practice that, by its
artistic nature, is hard to pin-point or fully define quantitatively. The participants are therefore more than generic
users—instead, they shape the role of the artifact by using
it in their own artistic process.
By using prototypes in a developmental feedback loop
with the participants, the development process will absorb
and reify the tacit knowledge of the participants, shifting
the characteristics of the artifact with each performer using
it. The artifact will function as a consolidation of a shared
understanding by the developers and the participants in the
development process.
After the first case, with Starkenberg, but before introducing the artifact to singers Gong Yinjia and Henriikka
Gröndahl, the composer performed with The Throat in the
dance performance Artificial Body Voices [26]. In the preparation for this performance, further knowledge was gained
in a process similar to the early development work between
the artist and the developer, that came to form an important
basis for presenting the technology to the two new singers.
8.1 Case 1: Håkan Starkenberg
Starkenberg auditioned for the role as Merrick some months
before the session reported here. His voice can be characterized as somewhere in between the Character Tenor
and Spieltenor, which means that he is specialized in both
complicated singing tasks and unusually demanding acting [27]. Material from the upcoming opera was used, and
the test therefore provided an understanding of how the
prototype would function in the artistic process in which it
was to be used. The performer could explore the process of

Figure 4. A singer performing an aria using gesturally
controlled signal processing in the final test in the prototyping stage of designing The Throat.
preparing signal processing suited to the set material, testing both the usability of the software as well as the possible
artistic expressions that could be achieved.
The singer had little problem moving while wearing the
prototype, and immediately began incorporating the control gestures in larger performance gestures, masking their
true function and making them a part of his stage presence, see Figure 4. This test provided important information about the prototype’s capacity for interaction, and
made a promising impression that the interaction itself could
be integrated into operatic stage practice. The test was also
filmed; an excerpt is available online. 2
8.2 Case 2: Gong Yinjia performing “Curly Locks”
from The Elephant Man
Gong utilized The Throat in a course for master students at
The University College of Opera in Stockholm. The course
culminated in a performance where he sung the aria Curly
Locks from The Elephant Man, using several types of processing combined into different scenes.
When the course started, Gong was introduced to the hardware and software. The goal of the first few introductory
sessions were to gauge his impression of and attitude towards the instrument. Gong was enthusiastic, patient with
technical difficulties associated with adjusting the hardware, and he was curious to see what could be achieved
musically. Although he was engaged wholeheartedly with
the technology, his approach was very respectful and he
was concerned with finding out how to perform “the right
way” with it. He required a clear goal, with instructions on
how to perform to achieve it, but never questioned the particulars of the artifact, the audio processing in the software,
or the gestural interface nor its mappings. His trust for the
authority of the artistic and academic advisors in the course
put the responsibility of achieving the goal of a successful
musical performance squarely on his own shoulders.
2
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To be sensitive to Gong’s process, the configuration of the
software performing the audio processing was done with-

out him. This way he could see himself as a performer trying to reach a virtuoso skill on a well-defined instrument.
The Throat was his to master, and the fact that any aspect
of the hardware and software could be more or less easily changed did not fit his mental model of the instrument.
This respectful interpretation of it being an instrument extended only to the parts of the artifact that had technological connotations. The glove—purely non-technological
in itself—demanded a higher respect and when it was too
small he was hesitant to the suggestion of cutting the fabric
to give his hand more room. The manner in which parts of
the artifact were physically attached to each other defined
how close to the core of the artifact they were perceived.
Gong’s profession as a specialist working within larger
constellations and contexts also influenced his approach.
Singers are traditionally trained from early years to achieve
the skills needed to fill the clearly defined roles of this
repertory. Furthermore, the context for an operatic performance include in most cases having an orchestra as accompaniment for the singers. This meant that the meeting
with The Throat was filled with a humbleness comparable
to the first meeting with a new orchestra or a new piece of
music.
Undeniably, the artifact was built with the composer in
mind. Everything from constructing the sensors from the
shape of his hand, the taxonomy of comfortable performance gestures, to the timbre of his voice was reflected in
the artifact. Gong still approached The Throat as an instrument that he needed to master, or as a task that he with
training could perform without adapting it to his abilities or
physiognomy. Through an intense process of both musical
and more technically oriented rehearsals, he managed to
perform a dynamic and sensitive interpretation of the music from the opera.
8.3 Case 3: Henriikka Gröndahl performing Handel’s
“Piangeró”
Henriikka Gröndahl took part in an external course for advanced professional singers, Extended Opera, arranged by
The University College of Opera in Stockholm, during spring
2012. Gröndahl is an experienced Lyric Soprano with around
10 years of professional experience.
Gröndahl approached The Throat with curiosity. She was
not afraid to ask about the functionality or other aspects.
The glove with the sensors, as well as the synthesis performed by the software, were immediately questioned. The
rehearsals became an elongation of the development process, where the artifact was kept in a dynamic state. Every aspect of the performance and the artifact was possible
to renegotiate, and the singer introduced new components
to the artifact, redesigning the glove that the sensors are
attached to several times, finally ending up instead with
a design where the sensors were fastened directly to her
hands and the portable parts of the artifact were hidden in
her clothes.
Gröndahl’s involving approach led to a transparent process where the configuration of the voice processing was
done in collaboration with her. The processing in this case

focused on a synthetic choir functionality; in particular
the voicing of the chords and the resulting colorings of
the sounds and progressions were discussed and tested at
length. She was also closely involved in testing timbral
aspects of the configuration.
In this case The Throat was not seen as a terminated and
complete instrument, so the challenge as a performer was
not one of performing within a set context but instead one
of negotiation and recontextualization. The components of
the artifact were reassembled to form a new personalized
version of the artifact that would not have existed without
her input.
9. PRACTICE CASE DISCUSSION
The sessions involving Starkenberg were carefully planned
and controlled, with the goal of testing the assumptions
made during the development process. The desired, and
achieved, result was to find the prototype to be a satisfying
proof of concept. This, in combination with the fact that
the session was much shorter than the two later case studies, made it more of a starting point that showed the prototype to be ready to be deployed and used in real projects.
Some mapping issues were discovered that lead to a greater
understanding of how the gestures corresponded to the musical output.
Gong’s background from an educational culture where
authority seldom is challenged, combined with his focussed
professional work method and talent as a performer, has
made him able to perform optimally within a larger project
context. Also, the working process with Gong was, unlike
with Starkenberg or Gröndahl, affected by a language barrier where the subtle aspects of the artistic work could be
hard to communicate precisely without using a common
native language. The language and cultural differences
created an artistically interesting situation that yielded rewarding artistic and technological results, but they also
created different spaces for the processes to develop in.
In Gröndahl’s case there was an influence from a different
group dynamic, where the singers worked intimately together for several months before the project started, forming a very tight identity. When the time came for them to
take on individual tasks of rehearsing and performing with
different technologies, they were already in a mode of being very open and transparent within their group. In that
setting it was easy to compare and contrast both the different technologies used, but more so the different processes
that they went through individually. A singer working in
such an environment is helped by the group to question
also an individual task.
All these contributing factors made up a subtle and complex system. Discussions on group dynamics, psychology
and similar areas are outside the scope of this paper, but
it is arguably so that the context is as important as any individual when forming a working process in the types of
projects that are presented here.

10. CURRENT STATE OF THE PROTOTYPE
The rigid quality of the hardware parts of the system, compared to the more adaptable and reconfigurable software,
meant that the biggest changes to the prototype to accommodate the different singers have been done to its physical
components. Working with Starkenberg, basic functionality was explored. Modifications included changes to cable
lengths to allow larger movements, the idea to add a small
bag on a belt for the sender and battery pack, and changes
in how the sensors were fastened to the glove to make it
more easy to take on and off.
In Gong’s case, the prototype faced the trials of long rehearsals and quick costume changes. To compensate for
his hand being somewhat larger than earlier prototypes anticipated, a change in fastening materials resulted in moving from the tight glove to more flexible components. Parts
of the glove that were restrictive for Gong were removed.
When Gröndahl was to take over the glove from Gong,
even though the glove was stripped of some of its material,
it was still large and clumsy on her. The sensors were separated into a more modular design, a design improvement
with many benefits.
The flex sensors have been changed more in performance
than the other components used. The output range of the
sensor decreases with wear, i.e., the same increase in bending angle results in less change registered in the software.
In addition to connectors and cables which are easily damaged in transport, rigging or performance, it is mainly the
flex sensors that need to be regularly replaced. While the
software can compensate for the smaller output range of
the sensor, the digital quantization of the sensor data means
that the resolution of the sensor will worsen, making the
control less expressive for the performer.
It its present state, the hardware consists of three sensors
on the performer’s hand. Two pressure sensors on the tips
of the index finger and the middle finger and a flex sensor
that runs along the inside of the wrist, responding to a waving gesture. All three sensors end in splicing connectors,
a modular design that makes it possible to replace any one
of the sensors, or wires attached to the sensors, without affecting the rest of the hardware. The voltage divider and
an Arduino UNO board with XBee shield [28] are housed
in a small plastic box usually worn in a pocket or on a belt.
The software has remained largely unchanged since the
end of the development period, aside from a few bug fixes.
These have mainly been related to graphics and window
drawing issues, as well as problems with loading saved
scene data from disk. An intermediary software layer has
been added, facilitating the data stream from sensor to software by converting the incoming serial data from the Arduino board to Open Sound Control messages. This separates the handling of the serial interface and the signal
processing, making the system as a whole more robust.
The intermediary program is written in the Java programming language using the Processing libraries to communicate with the Arduino board. The program also features a
simple visualization of the data stream from the three sensors to make calibration and troubleshooting simpler.

11. CONCLUSIONS
Learning from the process of developing The Throat, it is
clear that other tools than problem solving are needed to
work with the complexities of constructing prototypes of
musical instruments. Methods for design and development
exist that are specialized in dealing with the unquantifiable
values of subjective user experience. These are commonplace in many fields of commercial design and development, and could be so also in the practice of development
of new musical instruments and other similar academic and
artistic projects.
Involving the users in the design and development process is beneficial. By creating a context where user participation is maximized and users are empowered by short development cycles and prototype-driven test based design,
the users can become a great resource to the process. In a
project with artistic goals, only that which can be considered as a technological black box can be developed without
an artistic perspective.
The users contribute not only what they can verbalize.
Involving the users with hands-on, open exploration brings
tacit knowledge and practice to light. Exploring situations
and scenarios to learn together with the users can be much
more revealing than asking specific questions. Sometimes
the important questions are answered without ever being
asked.
Regardless of where the differences in process in the cases
come from, they project a grand space of different possible
working situations that provide very different foundations
for the interaction between artist and technology. As these
very same foundations also form the artistic direction of
the performer, one can argue that the role of the technology introduced to the artists is constituted by a context that
is fundamentally artistic. The same technologies can become very different when they are subjected to the creative
processes of artists.
Allowing the performer to recontextualize the technology provided an opportunity to see how different the same
components could be used and how differently the results
could turn out to be. These results were therefore unique
to the combination of technology, performer, and context.
This shows how important it can be to engage different
performers in the same technology.
In the design process described in this paper, an attempt
was made to let artistic goals and tacit knowledge of operatic performance guide the development of the prototype.
Complementing common development practice with participatory design through workshops and experiments it
was possible to keep the characteristics of the final result
of the development process fuzzy. Instead of working towards a specification, checking off a list of requirements, a
structured repeating process let artistic goals lead the technical development of complex hardware and software.
The successful results of the design process was wholly
dependent on the participatory design methods used, and
their adaptation to artistic practice described in this paper.
Participatory design functioned as a framework of usable
starting points for artistically driven development, far more
useful to the development of The Throat than more tradi-

tional specification driven design would have been.
To allow the performer to redefine the tools he or she
works with is in these cases a continuation of the process
with which the tool itself was developed. The participatory design process that was used to develop The Throat is
brought further to a participatory practice where performer
and technology interact to form a construct unique to that
very specific instance, an assemblage of human and machine, of art and technology.
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