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ABSTRACT

This paper presents an approach to practice-based research
in new musical instrument design. At a high level, the pro-
cess involves drawing on relevant theories and aesthetic ap-
proaches to design new instruments, attempting to iden-
tify relevant applied design criteria, and then examining
the experiences of performers who use the instruments with
particular reference to these criteria. Outcomes of this pro-
cess include new instruments, theories relating to musician-
instrument interaction and a set of design criteria informed
by practice and research.
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1. INTRODUCTION

As its name suggests, the focus of the New Interfaces for
Musical Expression (NIME) conference is the development
of new musical devices for use in live performance. Thus,
a large proportion of NIME papers describe musical inter-
faces or instruments which show some degree of technical
or artistic novelty.

The question of how to evaluate our designs has been a
recurring issue. In this paper I present a framework for
practice-based research in this area, in the hope that others
who pursue similar work will find it of practical benefit.
I argue that the process of ‘evaluating’ new instruments
should not be seen as purely an exercise in assessment, but
rather as a broader study into performers and their creative
practice in the context of their use of the new instrument.

1.1 Evaluation and Human-Computer Inter-
action

Several authors have recognised the potential of human-
computer interaction (HCI) techniques to investigate the
experiences of performers who use musical interfaces. In
general, the approach has been to use quantitative tech-
niques from HCI which tend to equate interface effectiveness
with efficiency. Wanderley and Orio [15], for example, pro-
pose a series of “musical tasks” which might be used in order
to evaluate how effectively an input device can support ex-
pressive performance. These tasks are intended to create a
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kind of benchmark which will make it easier to compare one
interface device with another. The intention is that these
benchmark figures, derived as they are from formal studies
of users doing prescribed musical tasks, might complement
traditional technical measures of device capabilities such as
output rate and precision.

This is certainly worthwhile. However, this approach is
very much focussed on the devices and their ability to effi-
ciently translate the intentions of the user into parameters
for the computer. The experiences of the users who use
the devices, being harder to quantify, are comparatively ne-
glected.

To address this, we need to broaden the scope of what
constitutes ‘evaluation’ in this context, and acknowledge
that while ergonomics and efficiency are important, they
are not the primary determinants of the quality of a musical
interface. This thinking is reflected in the broader field of
HCI, where there has been recognition that the task-based
approach alone is inadequate, particularly when considering
software intended to support creative work. A number of
HCI researchers therefore have turned their attention to the
‘user experience’ [1, 10].

In addition, some researchers are proposing new ways of
thinking about ‘evaluation’ in the context of systems which
have uses that are open to a range of interpretations. Sen-
gers and Gaver [14], for example, argue that interaction
designers are becoming less concerned with designing soft-
ware which unambiguously conveys and supports a clearly
defined ‘purpose’. They propose that HCI needs to support
interactions in which users may have multiple interpreta-
tions of what a system is for and how it works. ‘Evaluation’
in this context goes beyond identifying whether users’ in-
terpretations of a system’s purpose and behaviour matches
the designer’s anticipated interpretation. Rather,

“evaluation shifts from determining whether an
authoritative interpretation was successfully com-
municated to identifying, coordinating, stimu-
lating, and analyzing processes of (evaluative)
interpretation in practice” [14], p. 105

This approach suggests we move beyond ‘evaluating’ our
interface designs, and use examination of users’ experiences
to support reflection on both musical interface design and
the nature of the activities they afford. That is, we move
beyond evaluating how effective our designs are at support-
ing musical expression and instead use them as provocative
prototypes [12] which stimulate examination of the nature
of expression itself — at least as it occurs in a particular
cultural context.

Given this significant broadening of scope, it is timely to
consider whether the term ‘evaluation’ is still appropriate.
In my view, evaluation is best seen as a component of a
broader examination of both musical interface design and



musical expression and I therefore argue that a more gen-
eral term such as ‘user experience study’ is preferable. It is
certainly important that we evaluate our instruments - that
we assess how well they meet relevant criteria - but because
our design criteria embody our theories of designing for mu-
sical expression, we should be equally interested in refining,
or redefining, the criteria.

2. RESEARCH STRUCTURE

The research process I have adopted is shown in figure 1.
Initial design criteria, drawn from the literature and per-
sonal experience inform the design of new musical interfaces
(or instruments for want of a better term). From the design
process we get the musical interfaces themselves and a set
of design criteria which the designer believes they embody.
These instruments, and the experiences of musicians who
use them, are scrutinised in a series of user studies. From
these studies we gain theoretical understanding of musical
performance with instruments of this kind and a refined set
of design criteria informed by practice and research.
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Figure 1: Overview of the research process.

I will consider this process in some detail in the following
sub-sections.

3. DESIGN CRITERIA

When presenting new musical instruments, it is possible to
describe the instruments in purely functional terms - to out-
line exactly what they do - but it is equally important to
consider why they work in this way. Of course, the instru-
ments behave the way they do because the designers made
them that way, with particular goals in mind. Identifying
these goals - the design criteria - helps make the intentions
of the designers explicit and therefore open to examination
and discussion. It also facilitates evaluation of the new in-
struments in terms of the criteria.

Portillo and Dohr define a design criterion as, “a measure
of value used by the designer to conceptualize, test and eval-
uate the project purpose in the design process” [13], p.405.
An important point to note here is that design criteria are
used, perhaps tacitly, during the design process as the de-
signers develop their ideas and the designed artefacts in
parallel. Making these criteria explicit may not be easy,
and producing an exhaustively complete list of all criteria
that were applied is impractical and probably not particu-
larly helpful. A balance and appropriate level of granularity
needs to be found.

In my research I have drawn on several sources to identify
initial sets of design criteria that were most influential in
shaping the instruments I have created. These include:

e Reflective online diaries (blogs) kept by those involved

in the design process (composers, musicians, software
developers, etc).

e Interviews with artists and designers involved in the
development of the instruments.

e Examination of software version control logs.!

It is important to note that it is not expected that all
the applied design criteria should, or could, be identified
at this stage. Criteria identified prior to the user studies
help focus the interviews and user studies which follow. We
expect, and hope, that criteria will be significantly refined
and added to as the research progresses.

4. USER EXPERIENCE STUDIES

User studies are primarily concerned with three questions:

1. Do the instruments that have been created meet the
design criteria identified during design?

2. How do musicians experience them?

3. What are the relationships between the characteristics
of the instruments and the musicians’ experiences?

I have conducted studies of a series of instruments [6,
8, 9], and in this section I briefly outline the approach to
data gathering and analysis. Data was gathered from the
following sources:

e A user study in which seven professional musicians
were videoed playing with the instruments, comment-
ing on their experiences and responding to interview
questions. This was the primary source of data.

e Notes made by observers who attended the musicians’
sessions with the instruments. These provided addi-
tional perspective on the musicians’ experiences and
helped identify whether the instruments met the de-
sign criteria.

e Questionnaires administered during the musicians’ ses-
sions with the instruments which attempted to di-
rectly elicit their opinion on whether it met the design
criteria.

The question of whether the instruments met the design
criteria was primarily addressed by analysing the question-
naires and the notes made by the observer. The more com-
plex question of how musicians interacted with the instru-
ments was the primary focus of the study. In order to ad-
dress this question, the video recordings of the musicians’
sessions with the virtual instruments were transcribed and
the grounded theory method was used to generate a the-
ory of musician - interface interaction. The observers’ notes
provided additional perspective on this data and informed
the development of the theory.

The studies involved seven professional musicians who
had a minimum of five years professional experience. They
included principal players from professional symphony or-
chestras as well as leading improvisers. Due to the degree
of expertise of the participants and the in-depth nature of
the evaluation, this was a sufficient number to provide de-
tailed insight into the experiences of expert musicians with
the virtual instruments. Note that in qualitative research

"Version control software (eg. Subversion) is used during
software development to track changes at every stage of the
design process.



the emphasis is on generating, rather than validating, the-
ory [5]. As such, this research was intended to provide de-
tailed insight into the experiences of the specific musicians
who participated in the evaluation, and to generate theo-
ries consistent with what was observed. It is hoped that
this research will provide a sound basis for future research
which may attempt to more broadly wvalidate the concepts
and relationships uncovered in this study. Such validation
would be likely to involve larger numbers of musicians us-
ing virtual instruments in a simplified and more controlled
context.

The focus of the investigation was on what the musicians
were able to do with the virtual instruments, what impact
using them had on their music making and any suggestions
for improvements, so the musicians were not asked to per-
form specific musical tasks. Rather, they were told in simple
terms how the virtual instruments behaved and then asked
to explore and make music with them.

The musicians were asked to verbally reflect on their ex-
perience with the instruments using a variation of the 'think
aloud’ approach [3]. When using the concurrent think-aloud
approach, the idea is that the musicians continuously ver-
balise what is going through their mind as they use the
instruments, keeping the time between thought and verbal
expression to a minimum. However, asking musicians to
generate fully concurrent think-aloud reports presented ob-
vious practical problems because wind and brass musicians
are unable to speak (intelligibly) and play their instrument
at the same time. A sensible compromise was to ask the
musicians to verbally report what they were thinking and
perceiving as frequently as they were able during their time
using the instruments. This meant that they were effec-
tively providing a large number of smaller retrospective re-
ports as they played for a time, commented on what was
happening, played some more, made further comments and
SO on.

In addition to gathering information about what the mu-
sician was thinking and experiencing as they used the vir-
tual instruments, the musician’s opinions on the instru-
ments and suggestions for how they could be improved were
actively solicited. As experts in their field, it was hoped
that the musicians would be able to provide insight into
the nature of the virtual instruments, their potential uses,
limitations and areas for improvement. The intention was
that the musicians would become engaged with the design
process and in a sense become co-designers. As such, the
format of the evaluation was flexible. There was a standard
procedure but when interesting issues arose, this was varied.
Because the emphasis of this study was on theory genera-
tion rather than verification, the gathering of rich data was
prioritised over consistency of procedure. The process was
more akin to a user dialogue than usability testing [2].

After using each virtual instrument, a semi-structured in-
terview was conducted in which participants were asked a
series of open questions relating to their experience with
the virtual instrument. In order to facilitate later analy-
sis, the musicians’ interaction with the instruments and the
interviews were video recorded.

4.1 Data Analysis

The video-recordings of the musicians playing the virtual in-
struments and talking about their experiences were a very
rich source of data. A challenge was to identify consistent
themes and patterns in order to make sense of this informa-
tion. Techniques from the grounded theory method [5, 4]
were therefore used to code and analyse the data gathered.
This method was a good fit for this purpose because it facil-
itated the generation of theory closely tied to the evidence

from rich qualitative data. At a high level, the basic steps
of the grounded theory analysis process as applied in this
study were:

e Transcribing the evaluation sessions.

e Open coding: that is, identifying and labelling inci-
dents in the data (including non-verbal data). This is
done line by line, coding each sentence. As coding pro-
gresses, incidents are constantly compared with one
another to identify similarities and differences.

e Memoing: as ideas emerge regarding the codes and
their relationships during coding, the researcher stops
to make a note. Memoing aids the process of linking
the descriptive codes into theory.

e Sorting: memos are sorted and arranged in order to
identify core issues and their relationships with one
another and thus build theory which is ‘grounded’ in
the gathered qualitative data.

In my work I have made use of the open-source software
Transana [16] to facilitate this process. With Transana,
clips of interesting video data can be created and labelled
with codes (known as ‘keywords in Transana) which are
specified by the researcher. Once coding is complete, searches
can be made which find all clips assigned particular codes.
For example, a search could be made which found all video
clips from all participants which were assigned the code
‘control’. Each of these clips could be examined in detail to
find key points of similarity and difference. These features
were invaluable when dealing with the more than fourteen
hours of video gathered during the studies.

4.2 Building Theory

Obviously, merely labelling incidents in the data does not
create theory, but building up a coding scheme in this way
facilitates what Glaser and Strauss [5] describe as the ‘con-
stant comparison’ technique. Constant comparison simply
involves comparing incidents in the data with one another,
identifying similarities, differences and relationships which
are recorded in memos as the researcher identifies them. In
the grounded theory method, memoing is the process by
which the analyst reflects upon and documents their evolv-
ing understanding of the situation under study. Memoing
also helps the analyst to link the codes together into a the-
oretical framework. Memos are simply notes written by the
researcher. They do not have a required format, the inten-
tion being simply that insights are captured quickly so that
they are retained. Memoing in this study made use of a
feature of Transana which allows the researcher to attach
‘notes’ to transcripts or collections of clips.

Through this process the researcher builds a theory which
helps to make sense of the situation under examination.
Memos help facilitate and, to some extent, document the re-
searcher’s evolving understanding of the links between these
incidents. However, it is important to note that memos and
coding schemes are not a complete record of the analysis
process. In my research, coding and memo-writing are un-
dertaken primarily to facilitate analysis rather than docu-
ment it. Thus the coding scheme and memos should be
considered a by-product of the analysis process which gen-
erates theory.

The fundamental idea is that the researcher examines the
codes that have been created during open coding and at-
tempts to identify higher-level concepts that make apparent
patterns in the codes, and relationships between them. The
approach described above draws primarily on the sugges-
tions of Glaser [4] and Miles and Huberman [11].



4.3 Findings

This paper is primarily concerned with research methods
and space precludes a detailed discussion of findings which
have been published elsewhere [6, 7, 8]. However, I will
briefly outline some key findings in order to illustrate the
kinds of conclusions that can be drawn from a study of this
type.

During grounded theory analysis it is expected that open
coding will lead to the discovery of a ‘core’ category, a key
issue which appears to have particular relevance to the sit-
uation under study [5]. The core category emerges during
analysis as the researcher continually compares incidents in
the data, noting relationships between incidents in memos.

When analysing the data gathered during this study, it
was clear that the musicians did not always approach the
virtual instruments in the same way. Sometimes a musi-
cian would express frustration because they felt they did
not have enough control over the virtual instruments, but
then at other times the same musician would complain that
the virtual instruments were not autonomous enough, and
that they wanted their behaviour to be less predictable. It
seemed that the qualities the musicians sought in a vir-
tual instrument would change during their interactions -
that they interacted with the virtual instruments in dif-
ferent modes. Thus the core issue which emerged during
analysis was that of modes of interaction.

We found that the musicians interactions with the vir-
tual instruments could be classified into three modes: in-
strumental, ornamental and conversational. In instrumen-
tal mode the musician seeks a high level of detailed control
over all aspects of the virtual instrument’s behaviour. Mu-
sicians taking an instrumental approach essentially see the
virtual instrument as an extension of their acoustic instru-
ment and want it to respond consistently so that they can
trust it during performances.

In ornamental mode, musicians surrender detailed control
of the generated sound and visuals and let the virtual in-
strument create audio-visual layers that are added to their
acoustic sounds. Musicians taking an ornamental approach
may not pay active attention to the behaviour of the vir-
tual instrument, instead leaving it to its own devices and
expecting (or hoping) that it will do something that comple-
ments or augments their sound without requiring directed
manipulation.

Conversational interaction occurs when musician approaches

the virtual instrument as a musical partner. In conversa-
tional interaction the musician allows the virtual instrument
to ‘talk back’, at times directly influencing the overall direc-
tion of the music. The musical ‘balance of power’ is in flux
as responsibility for shaping musical direction continually
shifts between musician and virtual instrument.

S. CONCLUSION

In this paper I have detailed an approach to linking prac-
tice and theory in musical interface design. The guiding
principles of this method have been described and I have
summarised how it has been applied to generate and re-
fine theory concerning the nature of performers’ interactions
with musical interfaces.

The outcomes of the practice-based research process I
have outlined are a set of musical interfaces, a theory of
musician-instrument interaction and a set of design criteria
informed by practice and research.

I believe that criteria-based evaluation and qualitative
user studies are a simple, yet powerful combination which
enables a form of detailed and rigourous reflection on the
creative outcomes of musical interface design. The specific

methodological choices I have made in relation to how to
gather and analyse data were driven by the particular char-
acteristics of the musical interfaces we designed and the
aesthetic goals which guided their development. Thus, I do
not propose this method as a detailed one-size-fits-all solu-
tion, but hope that discussion of this work will encourage
a broader view of ‘evaluation’ in musical interface design
and help practitioners and researchers more effectively link
practice and theory.
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