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ABSTRACT
The investigation that follows presents the results of a series of
workshops  with  professional  musicians  and  music  producers.
The work  here  elicits  requirements  for  musicians  in  terms  of
software  systems.  The  scope  here  explores  how  to  design
systems  to  support  creativity  and  collaboration  while
maintaining a usable system – one which is effective,  efficient
and  satisfies  the  user.  The  format  models  that  of  similar
workshops, where a three-pronged approach is taken to focus on
three different types of creativity: exploratory, combinatorial and
transformational  approaches.  Participants  describe a story that
defines different user roles and expectations. Focus groups help
to  refine  and  combine  the  existing  experiences  and  begin
identify ways in which systems can be made more usable, and
support more creative ways of working. We consider the broader
consideration  of  usability,  including  defining  and  describing
different user types and how their views of usability may differ
or  even  be  at  odds.  Our  findings  show  that  while  existing
systems are very good at supporting traditional usability metrics
they may not consider the broader implications of a considered
and holistic user experience.

CCS CONCEPTS
• Human-centered  computing~Empirical  studies  in  HCI  •
Human-centered computing~Interaction design theory, concepts
and  paradigms  •  Applied  computing~Sound  and  music
computing 
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1    Introduction
The importance of music, in any society cannot be overstated.
Music is a necessary component of modern life. It can be used
for communication,  as an approach to eliciting emotions,  as a
measurement of time or for entertainment purposes[34]. Music,
in some forms, is older than language[48]. There is value in tools
that aid in the creation and composition of music[7]. Technology
provides a vessel for efficient creation through processes such as
automation.  We  can  think  of  technology-oriented  audio
production as a channel by which composition happens. If we
are  to  consider  how well  these  systems  work,  then  there  are
metrics  such  as  heuristic  guidelines  which  can  be  used  to
evaluate how usable a system is. We can consider usability as
three  core  constructs  under  these  metrics:  effectiveness,
efficiency and satisfaction[35,36]. 

Heuristic  evaluation guidelines are useful as a  quick and easy
way to evaluate systems. However, we must be cautious in the
application  of  these  metrics.  By  enabling  efficiency  and
effectiveness in production, there is a risk that the user is forced
down  a  particular  path  and  that  the  inherent  creativity  is
lost[16].  We  may  consider  a  more  usable  system  as  a  net
positive,  but  must  also  contemplate  the  challenges  and  risks
associated with the system appropriating these tasks. The work
here  aims  to  identify  problems  and  solutions  in  enabling
creativity in music systems without reducing usability. We also
consider  multiple  systems  and  people  interacting  at  different
levels  of  abstraction.  One  way  in  which  creativity  can  be
encouraged is through the creation of constraints[49]. While this
may  seem  counterintuitive  we  can  point  to  examples.
Instruments  are  constrained  by  key  and  tonality.  Without
retuning a guitar for instance, there is a limited range of notes
that  can  be  played.  Mixing  equipment  is  constrained  by  the
number  of  available  inputs  and  so  forth.  KOMPLETE  9,  a
package of digital instruments and effects - for instance, contains
33  products  and  over  120GB  of  sounds.  This  is  double  the
number provided by KOMPLETE 6,  a package released only a



few  years  earlier.  The  trend  here  is  that  capacity  and
functionality  is  ever  increasing  through  feature  creep.  These
systems are constrained by things such as screen real estate and
processing power. We must also consider the value of flow. This
challenge  becomes  more  complex  given  the  growing
functionality  of  systems.  We  might  think  of  goal-oriented
systems as being advantageous in the sense of being efficient.
From the perspective of a sound engineer this may be a valuable
consideration.  Creativity  and  innovation  suffer  in  such  an
environment[22]. When the goal of the system is for instance to
be creative but also be efficient then we must consider how to
mitigate  these  concerns  against  things  like  flow  and
engagement[47].  There  is  a  trade-off  here  between  the
complexity  of  applications  and  the  time  it  takes  to  learn  and
memorise how to use these tools. For sound engineers this may
be a worthwhile expense depending on context[26]. We might
consider this challenge as a representation problem. Nielsen and
Gentner discuss alternatives to the traditional interface and how
rich representation of objects can produce value[37]. We might
consider  for  instance  the  difference  between  playing  an
instrument and how it differs from producing music using digital
tools. The technology should augment the process but learning
to use said technology may in itself be difficult. We might in this
context aim for the technology to disappear when used as the
digital instrument then becomes a vessel for expression over an
entity or object[23]. 

Addressing  issues  of  functionality  against  the  concept  of
engagement  and  flow  becomes  problematic  in  this  setting.
Forcing the user down a prescribed path may improve efficiency
and reduce clutter in the user interface through presentation of a
single  view.  This  however  may  disrupt  flow and  engagement
where the core number of interactional possibilities are limited.
Approaches in similar systems can be used to model a strategy in
which  subtlety  and  performance  are  key.  A  study  into  piano
techniques and expressive gestural  interaction highlights  some
methods that could be transferable[33]. Here, the findings show
that expression is important and can provide utility. Metaphors
drawn  from  the  real  world  can  also  be  useful  in  helping  to
facilitate ease of use within this context. Image schema theory
research[13,14] considers metaphors in user interface design to
ease  use  in  a  similar  context.  The  focus  here  is  on  reducing
cognitive  load  and  enabling  users  to  draw  from  previous
experience.  The  process  of  music  making  may  not  necessary
facilitate an end product, for instance in the context of practice
or  collaborative  play[17].  Ease  of  use  from these  perspectives
may  not  be  clearly  defined[5,11].  Commercial  settings  may
require both creativity and an end product, for instance when
rehearsing or songwriting[12]. In some cases technology is not a
necessary  component[15].  This  then  poses  the  dichotomy  of
design  between  physical  instruments  and  digital  audio
production systems. 

Early  work in the  support  of  innovation[44] sets  the  basis  of
what  would  later  became  more  refined  work  in  musical
creativity-focused  systems,  exploring  expressivity[9].  More
domain  specific  approaches  might  consider  context[18] or
feasibility[45]. These user led design approaches have developed
theories and valuable insights  in understanding how to design
better systems. The work here aims to draw from these areas and
combine approaches  to  better  understand resonant  constraints
and concerns around practice in music production.

This  work  explores  both  the  importance  of  music  and  the
relevance  of  music  in  varying  settings.  Field  based  studies
provide  a  platform  for  understanding  rich  contextual
settings[1,26,28]. The findings of these studies show that music is
a social activity and that such activities are not reducible or easy
to  relate  to[29].  Music  making  happens  in  a  semi-structured
way[28,32].  There  is  a  clear  need  for  freedom  of
expression[29,43].  We  might  consider  musical  notation  as  a
vessel for this expression. A guitarist for instance may choose to
write  using  a  formal  structure  through  scores  and  notations.
Equally they may use tabulator or even chord structures with
more loose representations of a piece. Complexity in this case
presents  a design challenge.  Instruments  such as  the harp are
complex by design. A piano with only three keys for instance
would be sufficiently constrained, but possibly not well designed
from a utility perspective.  The history of musical development
and non-intuitive, complex nature of notion present as problems
which existed before the computer interface and as such, cannot
be  addressed  as  computing  problems[4].  We  must  therefore
consider how to manage complexity as an inherent challenge.

These workshops have been designed to encourage participants
to think in novel ways about how systems are used. By bringing
together participants from multiple disciplines and with varying
goals,  contributions  can  be  made  using  domain  specific
knowledge.  The  work  here  builds  on  existing  knowledge  to
support the development of design strategies for future software
applications.

2    Approach
The following section details the methods used to encourage the
generation of creative ideas and assess how existing tools could
be made more usable. A workshop format has been chosen as it
allows stakeholders with varying backgrounds to communicate
thoughts  and  ideas  in  a  formative  way[25][24] with  a  music
oriented focus[31]. The focus of the exercise is on composition
but  participants  are  free  to  explore  the  creative  process.  The
workshops are conducted in a creative environment, a rehearsal
studio  where  instruments,  digital  audio  workstations  and
SoundCloud are open and available to be used. Sessions are split
into  twenty  minutes  of  activities  and  then  ten  minutes  of
reflection.  Participants  are  recruited  from  fields  of  audio
production,  with  different  specialized  areas  of  interest.  The



workshops each have twenty participants. Focus groups are also
used  to  consolidate  the  workshop  findings.  Each  focus  group
comprises of ten participants who discuss findings. Results are
analysed and coded using thematic analysis.

2.1    Storyboarding
Storyboarding  exercises  enable  the  representation  of  time,
dependencies  and  objects  in  a  finite  space[25].  They  can  be
created from multiple perspectives and identify flow, navigation,
structure  and interactional  components.  They are  also  able  to
describe a system in non-functional  ways[39].  Storyboards are
then evaluated through active scenarios.  This helps to identify
user contexts. Through clearly defined roles and understanding
the interactions that take place between roles we can begin to
consider  how  usage  scenarios  might  play  out.  Storyboarding
happens as a group activity. Participants work within a rehearsal
space  amongst various  instruments  and with  access  to  digital
audio workstations. Participants are also provided with sheets of
paper, sticky notes, pens, pencils, whiteboards and markers. The
sessions are split  into three,  twenty-minute sessions,  with  ten
minutes reflection time.

2.2    Focus group and creative triggers
The  second  workshop  focuses  on  mapping  ideas  and
expectations against  current systems to identify flaws in their
design.  The  focus  groups  are  directed  by  the  active  roleplay
exercises. The storyboards are played out in real time in order to
elicit the complex requirements and interdependencies that exist
within  these  types  of  systems.  Users  are  presented  with
SoundCloud and asked to discuss their findings in relation to the
web-based music sharing and commenting tool. Here, iterative
evaluations  take  place  using  SoundCloud  as  a  creative
trigger[6,41]. There should be a clear definition of requirements
in relation to roles. This technique also enables the discovery of
functional requirements by task. 

2.3    Scenario oriented design
The workshop focuses around designing a solution and aims to
generate a transformation of existing models into new methods
and  contributions.  The  aim  here  is  to  propose  solutions  to
existing  usability  problems,  highlighted  in  the  initial
storyboards.  While  the  novelty  here  is  similar  to  that  of  the
combinatorial process it extends beyond a familiar space, in this
case SoundCloud, to generate new workspaces and approaches
to solving problems. Here, the system is no longer the focus but
the process. People are the centrepiece for such a system and the
process  revolves  around  their  relationships  with  both  the
technology  and  each  other,  describing  the  sociotechnical
relationship  therein[21].  The workshops  and  supporting  focus
groups aim to identify the major challenges and suggest feasible
solutions for overcoming such challenges. The aim is to generate
solutions  that  are  clear  and  generalisable,  with  software  and
hardware agnostic guidelines.

2.4    Results
The findings from the series of workshops are as follows. 

2.4.1    Storyboarding (exploratory)
Participants explored three major roles in the composition and
collaboration process. These roles were defined as the performer,
the producer and the agent.

Performer The  performer  is  defined  as  a  musical
individual.  The  performer  is  described  as
someone who has an intimate understanding of
the  music  they  write  and  perform.  The
performer has goals in either live performance,
composition  or  to  communicate  with  other
members. In some instances, the performer and
producer can be the same individual or group.

Producer The producer is defined as someone who works
with technology, in some instances exclusively.
Musical  knowledge  is  not  imperative  for  this
role,  but  the  producer  must  have  a  thorough
working  knowledge  of  how  digital  audio
workstations can be used. Here the focus is on
taking  input  from  performers  and  agents  and
working on a compromised version of a solution
that matches the requirements of both users. 

Agent The agent is described as any user which does
not  directly  contribute  to  the  production  or
performance  element  of  music  but  has  a
supporting role in the process. The agent may be
defined as a representative from a record label,
management or an external stakeholder such as a
financer.  The  agent  relies  on  technology  for
more general tasks such as communication, time
management, planning and project scheduling. 

Table 1 - Participants identified three core 'roles' within
music production scenarios

2.4.2    Focus groups and creative triggers 
(Combinatorial)

The workshop focuses on using the predefined roles generated
when  storyboarding  to  work  through  roleplays  in  real  time.
Participants make notes to define status, progress and to manage
memory. Participants focus on what the software does well and
consider what could be done to improve the process.



Current Feature Future Implications

Inbox and  playlist  feature  make  it
easy  to  deal  with  multiple  tracks
and  multiple  people.  Easy  to
manage and maintain. 

Could  become  difficult
working  with  lots  of
content.  Not  everything
presented  on  the  screen  is
relevant.

Integration with social networks or
sending all options. Relative ease in
uploading/ downloading tracks and
performing  basic  tasks.  Some
crashes and errors.

Integration  could  be
seamless.  Amazon’s  one-
click-to-buy  feature
identified  as  a  valuable
technique  in  time  critical
situations.

Pleasant  interface.  Comments
presented  in  time.  This  makes  it
easy to point to particular parts and
adds  context  to  the  comments.
Interface  becomes  cluttered  as
networks grow.

Further  richness  of
information.  Working  on
the  track  and  making  live
changes  enables  links
between  agents  and
producers/performers.

Internal  messaging  and  external
embedding  of  tracks  allows
information  to  be  passed  out.
Sharing  through  social  media  or
APIs and desire to define aesthetics.

Lack of control confusing.
Options  limited.
Opportunities  for
stakeholders  to  refine
listening  experience.
Provides  control  but
expensive/ad-hoc.

Table  2 -  Participants  described  their  own  work  and
considered possible improvements to their workflow

Participants  used  sticky notes  as  an  extension  of  the  system.
These  were  attached  to  the  screen  to  create  a  new  series  of
systems.  Users  created hybrid  systems,  adding and integrating
notes  by  sticking  them  to  the  edges  of  the  screen.  Features
include  further  control:  changing  tempo,  transposition,
allocating ownership or tracking progress. Single click functions
were added, including tools such as ‘sort by user’ and ‘sort by
genre.’  Users  described  these  features  as  being  able  to,  work
“seamlessly together”.

2.4.3    Exploring the unknown 
(Transformative)
The workshop  format  here  enables  the  representation  of  new
ideas  or  concepts  in  a  novel  way.  Participants  are  no  longer
constrained  by  the  system.  Here,  participants  explore  a  flow-
based system and define this by the usage scenario rather than
the system.

Owner Performer Producer Producer

Sub-

owner

Agent Performer Performer/Agent

Tasks Define rules Digitisation Processing

Define tempo Track-by-

track

Effects

Allocate

people

Key

matching

Levelling (volume)

Manage time Refining

tempo

Signal  processing

(flow)

Choose

instruments

Layering Preparation  for

release

Define melody Distribution (fuzzy)

Table 3 - User types described in relation to their changing
roles during a dynamic workflow of production

Participants  here  describe  the  pre-production  phase  as  a
“balancing process”,  finding the right fit and testing how well
content works cohesively. Production is described as the, “least
creative  process”,  in  that  there  are  expectations  and
digital/music theories than can be used to automate the process.
Much of the production process can be defined in metrics, where
creativity and innovation are at their lowest. Post production is
also described  as,  “a  creative  process,  where  a user imparts  a
personal  touch  on  a  song.”  Here,  participants  describe  the
process as a, “merging of a series of tracks into a single track,
thus changing the definition of the work in progress.” The final
stages are described as a “signature process,” where a producer
can “mimic their signature sound” and apply it.  The processes
here  are  interchangeable,  with  each  step  imperative  to  the
process but order changing as a matter of personal preference.

The workshop also highlights the process of music production
here as both distinct and personal. While some producers, “share
certain  general  processes,”  their  working  patterns,  behaviours
and expectations of what the system can and should be able to
do differs broadly. Beyond production the process then becomes
individual,  with  each producer adding their  own “touch” to a
song. Many of the users here are happy to hand off control to the
system provided that it is a system that they trust, ie one that
they work with on a regular basis. 



Where  less  familiar  tools  are  suggested  then users  take  more
ownership  of  their  production  process  and  choose  a  more
distributed set of tools to achieve a task rather than utilising a
single  tool.  Intuitively  this  seems  less  efficient,  however  it
reduces learning and memory as users do not have to learn a
new set of rules in a system. Each distinct stage is defined by
producers,  though links between each vary on a user by user
basis.  Each  user  also  defines  their  own  work.  Levels  are  set
dependent on a pre-defined notion of how each instrument or
sound is important in the overall context of the recording and
this  can differ  from one producer to the next.  Instruments do
have  pre-defined frequency ranges  that  participants  agree  on,
whereas elements such as compression and equalisation focus on
the  holistic  sound.  Each  of  these  steps  is  imperative  to  the
mixing process, though the approach varies differently in how
and where these features are applied. Participants agree that this
process is defined as a cyclic one. At this stage the process can
be  generalised  in  that  users  utilise  one  or  more  of  these
processes in their work, while some users choose to spend more
time on particular aspects depending on the resources that they
are working with. 

Some broad features are generalisable, but approaches may vary
between individuals. The mixing process is described as integral
steps in the development of a track. The workshops have enabled
definitions of roles and inherent problems therein. The problems
identified thus far have been focused on a particular tool or piece
of  technology,  however  previous  work  has  already  identified
that  multiple  tools  are  used in  production[30,46].  Often times
these tools are described as not fit for purpose but used as they
are familiar or comfortable. 

Table 4 – Summary results of third focus group.
Associated cost of usability issues in a production

workflow

The usage  of  multiple  tools  to  perform  a  task  has  also  been
described as problematic in that there are learning/memory gaps
when moving between systems or adapting to an entirely new
system.  We  must  then  explore  these  problems  further  to
determine why these problems exist, how detrimental they are
to  the  process  and  approaches  to  solving  such  issues.  The
following  section  highlights  the  results  of  a  series  of  focus
groups  aiming  to  define  problems  in  terms  of  existing
frameworks  and  examples  and  to  explore  strategies  that  may
help to overcome such problems. 

3    Focus Groups
Focus groups support workshops by enabling the discussion of
ideas and concepts[8]. Focus groups enable the representation of
ideas  in  the  form of  categories  which  can  then  be  related  to
existing structures - in this case heuristics. Three focus groups
form to discuss ideas about existing systems, considerations and
implications of music systems. The three groups match those in
the  workshops  focusing  on  exploring,  combining  and
transforming.  The  aim  here  is  generate  a  unique  set  of
recommendations  in  designing  and  evaluating  systems  for
musicians.

3.1    Group 1
The  first  group  describe  the  following  categories  of  usability
issues with examples where appropriate. Participants agree that
such problems are  inherent  of  all  music  systems  and are  not
related  to  a  particular  software  tool.  These  problems  are

Example Factor 1 Factor 2 Factor 3 Solution

Too much control, too many things on each page Efficiency Learnability Visibility Simplification

Illogical order, no flow, poor visibility Visibility Memory
Clearer
expression

Metaphors  poorly  used,  unclear  symbols,  doesn't  match
instrument Learnability Memory Visibility Standardisation

Accelerators  differ  across  packages,  same  controls  perform
different functions depending on context Learnability Standardisation



described as “common,” occurring on a regular or semi-regular
basis. 

issue example

features too much control, too many things on each page

flow illogical order, no flow, no visibility of status

disconnect metaphors  poorly  used,  unclear  symbols,

doesn't match instrument

controls accelerators not uniform, behaviour of controls

varies in different contexts

Table 5 – Results of first focus group. Problems
experienced with user interface designs of digital audio

workstations

3.2    Group 2
The focus of the second workshop is on contextualising issues.
Participants chose a traffic light system to categorise issues with
a corresponding number between one, green (low) and three, red
(high) to rate severity.  Issues coded as green are considered a
nuisance  but  do not  cause  the  system  to  slow down or  stop
working. 

Amber coloured issues (2) are described as issues which cause a
system to slow down but not stop.  This loss of efficiency can
exist  in  both  the  system or  in  cognition  where  users  become
confused and flow is lost. Red issues are described as severe in
that they either result in a large drop in efficiency or cause the
process to come to a halt.  Red issues cause users to revert  to
earlier versions of composition as current state is unmanageable.
Red issues are:  functionality, visibility and accelerators. Amber
issues are:  Control, flow, metaphors and symbols. Green issues
relate to order and digital instruments.

3.3    Group 3
The final focus group further refine these categories by relating
them to  appropriate  heuristics  and  coding  them  according  to
each  with  the  support  of  the  researcher  in  describing  each
heuristic.  The severity  rating (1-3) is also unanimously agreed
upon by the group. 

Issue Heuristic

Control (2) Learnability

Functionality or lack thereof (3) Efficiency

Order (1) Learnability

Flow (2) Memory

Visibility (3) Efficiency

Metaphors (2) Memory

Symbols (2) Memory

Digital Instruments (1) Effectiveness

Accelerators (3) Efficiency

Table 6 – Results of second focus group. General heuristics
to define usability issues in music production settings

Results show that efficiency is the integral factor in determining
the  severity  of  usability  issues.  The  more  complex  problems
present  as  difficulties  in  learning,  memory  and  through  poor
expression.  Examples  here  include  issues  such  as  buttons  not
corresponding to the heading directly above, tools not appearing
in logical areas (workspace or menus) and difficulty in accessing
regularly used tools  (multiple clicks,  hidden several  submenus
deep.)  The difference  in  behaviour  of  identical  tools  (buttons,
sliders) also presents as a visibility issue that affects speed.

4    Discussion
The workshops highlight major issues in solid integration and
cross platform support. Music making is both diverse and rich in
contextual  information,  with  unlimited  customisation  and
personalisation  options.  When  we  consider  this  context  in  a
digital system, the constraints are far greater. One of the reasons
for this may be the difficulty in accessing data stored in different
forms.  The systems  here  rely  on  the  knowledge  entity  (user)
rather than aiming to encapsulate such information within the
system. The importance of knowledge sharing has been explored
in a general context[19] as has the importance of knowledge in
music systems[4] and collaborative contexts[42]. Tools such as
SoundCloud  aim  to  improve  collaboration  and  visualisation.
Digital audio workstations however support these processes as a
supplement  of  core  practice.  The  focus  is  on  the  production



element. A failure to encapsulate the requirements of a user in a
context-driven  way  leaves  a  disconnect  between  what  the
system  and  what  supporting  tools  provide.  This  further
emphasises  the  need  for  both  content  management  and
knowledge sharing,  preferably  in  an integrated  way.  Through
representation of knowledge engineers can spend more time on
core tasks. 

Convergence towards a more efficient solution is not the only
issue  present  here.  Visualisation  of  status,  presentation  of
information  and  context  are  ever  present  issues  in  music
production. The  inherent complexities of such systems[2,16,38]
suggests  that  there  is  an  even  greater  need  for  deference  of
cognitive load and easier recognition of elements. Visualisation
of  information  becomes  even  more  problematic  when
appreciating the different types of users and contexts that exist.
The solutions presented here are from a contextual perspective
and would not necessarily be usable solutions in any context.
These  contextual  views  enable  the  representation  of  different
interfaces depending on a predefined context contributing to a
cohesive whole through providing different types of input. The
three roles defined here could provide three different interfaces
focused around the views. The ‘agent view’ for instance, could
provide  information  about  ownership,  progress  tracking  and
sharing  and  time  constrained  tasks,  without  presenting  the
unnecessary  elements  of  composition  such  as  equalisation,
compression and panning. Equally, those involved in these states
of  production  could  subdivide  tasks,  offer  ownership  and
tracking capabilities and improve collective understanding.

The  final  issue  presented  in  the  workshops  is  one  of
collaboration.  While  SoundCloud  provides  a  fairly  robust
collaborative interface, this is not the norm. Users overcame this
problem by adding sticky notes to increase functionality. Buttons
for sharing, tracking and such enable moving between current
interfaces  and  suggested  ones.  This  represents  a  need  for
additional functionality in a contextually driven way, in this case
focused on the work in progress composition. Sharing is fairly
important in the context of music[3] and this is an area which
has yet to be explored by digital audio workstations on a broader
scale.  Other  complex  systems  such  as  software  development
environments  provide  content  and  knowledge  management
systems to overcome many of the problems explored here. This
approach could potentially translate and improve the usability of
digital music environments. The focus groups highlight some of
the critical success factors in designing usable systems for music
production and a growing body of knowledge about how to build
usable  systems.  The  examples  highlight  a  need  for
standardisation, solid integration and more user control. Many of
the problems highlighted relate to memory or learning and could
be overcome by simplifying the  interface in terms of context,
perhaps orientating by task. Users highlighted that they would
simply choose to use an alternative tool rather than deal with
complications of adapting to an unfamiliar tool. This is the case
even  where  the  process  is  much  more  time  consuming  and
therefore  less  efficient in  the  tool  of  their  choice.  In terms of

working  patterns,  by  allowing  users  control  of  their  own
interface they can work in a more efficient and effective manner.
The physical world is not defined by such criteria. If we take the
example  of  the  guitarist,  using  multiple  signal  manipulation
tools and post processing tools is indeed a reality (digital effects
pedals, noise cancelling, amplifiers, PA and such.) The space in
which a musician works is defined by their working patterns and
they are free to express themselves in a manner of ways.  The
issue of flow in this context has already been discussed at some
length, though the use of hardware-based tools over software is
defined as preferential in most cases. Allowing users control in a
similar  context  could  potentially  reduce  a  fear  of  using  the
technology, reduce barriers to learning and create a more usable
system as a result. The issue of complexity and learning exists
even before  any software  is  used.  Instruments  themselves  are
complex  technology,  though  digital  systems  provide  an
additional  layer  of  complexity  and  learning  hurdles[16].   The
suggestion  here  is  that  more  usable  solutions  could  be  built
through encapsulating the  requirements  of  the  user.  Allowing
the user control over their system would enable better awareness
and would allow users to remove some of the unused features of
the system to drill down to a more contextually relevant version
of the software. Tighter integration is also likely to provide more
usable solutions, for instance by using a universal  language of
communication  between  software  packages[10] rather  than
relying on the currently distributed architecture.

5    Conclusion
The work here supports findings about the usability of tools[26]
and understanding about the core roles in music production[27]
that  need to be encapsulated in design. Participants  express  a
need  for  content  management  and  knowledge  supported
engagements  in  a  system  where  metadata  is  emergent  and
growing.  Users  present  unique  solutions  to  the  problem  of
collaboration  in  a  distributed  environment  by  supporting
multiple  user-centred  perspectives.  The  work  suggests  that
current  solutions  could  be  improved  through  the  use  of
ownership,  tracking progress  and knowledge sharing.  There is
also  an  inherent  need  for  freedom  of  expression.  By  adding
functionality  there  is  the  potential  to  complicate  an  already
inherently  complex  tool.  The  results  here  highlight  the  key
changes  that  need  to  be  made in  order  to  build  more  usable
systems.  Many  of  the  solutions  proposed  here  for  the
improvement in quality of the software interfaces involves subtle
changes, but involve a process of risk mitigation when varying
context of use. A change to improve usability for one case may
drastically  impact  how  others  use  the  system.  Users  identify
challenges  in  standardisation  between  existing  commercial
software.  There is also a distributed nature of work with such
systems  that  are  potentially  flow-breaking.  Some of  the  more
complex issues present in memory and visibility, suggesting that
these  issues  have  wider  implications.  A  loss  of  efficiency  is
detrimental because it then breaks flow and creates a disconnect
between  the  user  and  the  creative  process.  Lack  of  control
reduces opportunity for users to tackle these issues effectively



and  the  issues  themselves  can create  wide  ripples.  There  is  a
desire for better control and better integration between software
tools designed to edit and manipulate sound. This is a problem
that is unlikely to be solved easily due to the various legislative
restrictions and proprietary nature of music formats. To focus on
metadata in the first  instance and processing of sounds in the
second might be one way in which systems could be redesigned.
This  would  also  enable  distributed  systems  to  encapsulate
different types of users, rather than assuming that every product
is tangible. The necessity for an agent to familiarise themselves
with equalisation and compression for instance may seem like a
waste of time, where their time might be better spent focusing
on the tasks that they wish to perform. Visibility of status in this
case might lend itself  to a production and agency perspective,
through  consolidating  and  presenting  metadata  in  a  timely
manner.  This  presents  a  good  argument  for  a  context-driven
system  with  different  levels  of  information  and  abstraction
present depending on user-context.

A system with better control[40], knowledge management[19],
visualisation[20] and flow[47] would solve many of the inherent
usability problems here. There is perhaps a challenge in taking
control from the system and putting it into the hands of the user.
The general  consensus here is that systems are designed to be
functional  under any context,  but for such functionality to be
useful the user needs to adjust to using the new system and learn
and adapt to a new set of rules or constraints  that may exist.
There is a severe lack of control  in such systems. This control
however needs to be carefully mitigated to not infringe on other
contexts of use. Control here is a double-edged sword in that it
allows users freedom of expression but too much control could
cause further problems.  Requirements are ever changing, as is
context,  meaning  that  these  problems  are  difficult  to  solve
without first considering context of use. Digital interfaces are as
prone to clutter as any physical workspace, in that they use the
same set of distinct processes and working patterns but rely on
metaphors  that  may  no  longer  be  relevant  or  useful[30].  We
have  found  that  current  solutions  are  fairly  robust  and
reasonably  fit  for  purpose,  though  we  have  made  some
suggestions here in how to improve solutions in the future in the
design and evaluation stages of developing such systems.  The
growth in technology and development of such systems means
that  functionality  of  these  tools  continues to increase  rapidly.
Though it is important to recognise that these tools are not the
core of such a system and should not be described as such. A
stronger  focus  on  the  user  and  user-centred  design  processes
would enable the  development  of  tools  where  functionality  is
driven  by  the  user  and  workflows  are  improved[27].   In
summary,  software  developers  need  to  focus  less  on  building
complex  functionality  and  consider  the  context  of  adaptive,
flexible,  collaborative working patterns and usage scenarios  in
order to design and build more usable systems.

ACKNOWLEDGEMENTS

Many thanks to  the  reviewers  for their  constructive  feedback
and  to  all  that  took  part  in  the  studies  that  gave  their  time
generously. 

REFERENCES
[1] Ahmed Y Ahmed, Steve Benford,  and Andy Crabtree.  2012. Digging in the

Crates : An Ethnographic Study of DJsʼ Work. (2012), 1805–1814.

[2] Michael Albers and Brian Still. 2010. Usability of Complex Information Systems:
Evaluation of User Interaction (1st ed.). CRC Press, Inc., Boca Raton, FL, USA.

[3] April April. 2007. BluetunA : Let Your Neighbour Know What Music You Like.
(2007), 1941–1946.

[4] R.Sterling Beckwith. 1992. Hunting Musical Knowledge in Darkest Medialand.
In Multimedia Interface Design in Education SE  - 2, AlistairD.N. Edwards and
Simon  Holland  (eds.).  Springer  Berlin  Heidelberg,  23–33.
DOI:https://doi.org/10.1007/978-3-642-58126-7_2

[5] Steve  Benford,  Peter  Tolmie,  Ahmed  Y  Ahmed,  Andy  Crabtree,  and  Tom
Rodden.  2012.  Supporting  traditional  music-making:  designing  for  situated
discretion.  Proc.  … (2012),  127–136.
DOI:https://doi.org/10.1145/2145204.2145227

[6] Alan Chamberlain,  Sean McGrath,  and Steve Benford.  2015.  Understanding
social  media  and  sound:  music,  meaning  and  membership,  the  case  of
SoundCloud. (2015).

[7] Ian. Cross. 2001. Music, Mind and Evolution.  Psychology of Music 29, 95–102.
DOI:https://doi.org/10.1177/0305735601291007

[8] Laura  L  Downey.  2007.  Group  Usability  Testing :  Evolution  in  Usability
Techniques. J. Usability Stud. 2, (2007), 133–144.

[9] Sidney.  Fels.  2004.  Designing  for  Intimacy:  Creating  New  Interfaces  for
Musical Expression. Proc. IEEE 92, 4 (April 2004), 672–685. DOI:https://doi.org/
10.1109/JPROC.2004.825887

[10] Goffredo Haus  and LucaA. Ludovico.  2005.  Music  Segmentation:  An XML-
oriented  Approach.  In  Computer  Music  Modeling  and  Retrieval  SE   -  24 ,
UffeKock  Wiil  (ed.).  Springer  Berlin  Heidelberg,  330–346.
DOI:https://doi.org/10.1007/978-3-540-31807-1_24

[11] Thomas  T.  Hewett.  2005.  Informing  the  design  of  computer-based
environments  to  support  creativity.  Int.  J.  Hum.  Comput.  Stud. 63,  4–5
(October 2005), 383–409. DOI:https://doi.org/10.1016/j.ijhcs.2005.04.004

[12] Simon Holland, Katie Wilkie, Paul Mulholland, and Allan Seago. 2013. Music
Interaction: Understanding Music and Human-Computer Interaction. In Music
and Human-Computer Interaction SE  - 1, Simon Holland, Katie Wilkie, Paul
Mulholland  and  Allan  Seago  (eds.).  Springer  London,  1–28.
DOI:https://doi.org/10.1007/978-1-4471-2990-5_1

[13] Jörn Hurtienne. 2009. Image Schemas and Design for Intuitive Use.  d-nb.info
(2009), 2009.

[14] Jörn Hurtienne and Luciënne Blessing. 2007. DESIGN FOR INTUITIVE USE -
TESTING IMAGE. Continuum (N. Y). (2007), 1–12.

[15] Sergi  Jordà.  2004.  Instruments  and  Players:  Some  Thoughts  on  Digital
Lutherie.  Journal  of  New  Music  Research  33,  321–341.
DOI:https://doi.org/10.1080/0929821042000317886



[16] Sergi Jordà. 2005. Digital Lutherie Crafting musical computers for new musics
’ performance and improvisation. Dep. Tecnol. 26, (2005), 531.

[17] Martin K Koszolko. 2015. Crowdsourcing, jamming and remixing: a qualitative
study of contemporary music  production  practices in the cloud.  J.  Art Rec.
Prod. 10, (2015).

[18] Amanda  E  Krause,  Adrian  C  North,  and  Lauren  Y  Hewitt.  2015.  Music-
listening in everyday life: Devices and choice. Psychol. Music 43, 2 (2015), 155–
170.

[19] Rainer  Kuhlen.  2003.  Change  of  Paradigm  in  Knowledge  Management  -
Framework  for  the  Collaborative  Production  and Exchange  of  Knowledge.
IFLA Conf. Proc. World Libr. Inf. Congr. 69th IFLA Gen. Conf. Counc. 1, (2003),
1–21. Retrieved from http://www.ifla.org/IV/ifla69/papers/196e-Kuhlen.pdf

[20] Dong-Seok Lee. 2009. The effect of visualizing the flow of multimedia content
among  and  inside  devices.  Appl.  Ergon. 40,  3  (May  2009),  440–7.
DOI:https://doi.org/10.1016/j.apergo.2008.10.003

[21] Jason  Chong  Lee.  2006.  Embracing  agile  development  of  usable  software
systems. In CHI ’06 extended abstracts on Human factors in computing systems
(CHI  EA  ’06),  1767–1770.
DOI:https://doi.org/http://doi.acm.org/10.1145/1125451.1125784

[22] Thomas L. Legare. 2002. The Role of Organizational Factors in Realizing ERP
Benefits.  Information  Systems  Management  19,  21–42.
DOI:https://doi.org/10.1201/1078/43202.19.4.20020901/38832.4

[23] Marc  Leman.  2007.  Embodied  Music  Cognition  and  Mediation  Technology.
DOI:https://doi.org/10.1525/mp.2009.26.3.289

[24] Neil  Maiden,  Alexis  Gizikis,  and  Suzanne  Robertson.  2004.  Provoking
creativity: Imagine what your requirements could be like. Software, IEEE 21, 5
(2004), 68–75.

[25] Neil  Maiden,  Sharon  Manning,  Suzanne  Robertson,  and  John  Greenwood.
2004.  Integrating  Creativity  Workshops  into  Structured  Requirements
Processes.  In  Proceedings  of  the  5th  Conference  on  Designing  Interactive
Systems:  Processes,  Practices,  Methods,  and  Techniques (DIS  ’04),  113–122.
DOI:https://doi.org/10.1145/1013115.1013132

[26] Sean. McGrath and Steve. Love. 2017. The user experience of mobile music
making: An ethnographic exploration of music production and performance in
practice.  Comput.  Human  Behav. 72,  (2017).
DOI:https://doi.org/10.1016/j.chb.2017.02.046

[27] Sean  McGrath.  2018.  DESIGNING  AND  DEVELOPING  USER-CENTRED
SYSTEMS. In Proceedings of the 4th Workshop on Intelligent Music Production,
Huddersfield, UK, 14 September 2018, 4–6.

[28] Sean McGrath, Alan Chamberlain, and Steve Benford. 2016. The Grime Scene:
Social Media, Music, Creation and Consumption. In  Proceedings of the Audio
Mostly 2016 (AM ’16), 245–250. DOI:https://doi.org/10.1145/2986416.2986433

[29] Sean McGrath,  Alan Chamberlain,  and Steve Benford.  2016.  Making music
together: An exploration of amateur and pro-am grime music production. In
Proceedings of the Audio Mostly 2016, 186–193.

[30] Sean McGrath, Adrian Hazzard, Alan Chamberlain, and Steve Benford. 2016.
AN  ETHNOGRAPHIC  EXPLORATION  OF  STUDIO  PRODUCTION
PRACTICE.  In  Proceedings  of  the  2nd  AES  Workshop  on  Intelligent  Music
Production.

[31] Andrew .P. McPherson, Alan. Chamberlain, Adrian. Hazzard, Sean. McGrath,
and Steve.  Benford.  2016.  Designing  for  exploratory  play  with  a  hackable

digital  musical  instrument.  In  DIS  2016  -  Proceedings  of  the  2016  ACM
Conference  on  Designing  Interactive  Systems:  Fuse.
DOI:https://doi.org/10.1145/2901790.2901831

[32] Andrew P McPherson, Alan Chamberlain, Adrian Hazzard, Sean McGrath, and
Steve Benford. 2016. Designing for exploratory play with a hackable digital
musical instrument. ACM SIGCHI Des. Interact. Syst. (DIS 2016) (2016).

[33] Andrew P McPherson and Youngmoo E Kim. 2013. Piano technique as a case
study  in  expressive  gestural  interaction.  In  Music  and  Human-Computer
Interaction. 123–138. DOI:https://doi.org/10.1007/978-1-4471-2990-5

[34] Massimo Negrotti. 2010. Philip Ball: The Music Instinct. How music works and
why  we  can’t  do  without  it.  AI  &  SOCIETY  25,  465–467.
DOI:https://doi.org/10.1007/s00146-010-0287-1

[35] Jakob Nielsen. 1992. Finding usability problems through heuristic evaluation.
Proc.  SIGCHI  Conf.  Hum. (1992),  373–380.
DOI:https://doi.org/10.1145/142750.142834

[36] Jakob Nielsen. 1994. Enhancing the explanatory power of usability heuristics.
In  Proceedings  of  the  SIGCHI  conference  on  Human  factors  in  computing
systems:  celebrating  interdependence (CHI  ’94),  152–158.
DOI:https://doi.org/http://doi.acm.org/10.1145/191666.191729

[37] Jakob  Nielsen  and  Don  Gentner.  1996.  The  Anti-Mac  interface.
Communications  of  the  ACM  39,  70–82.
DOI:https://doi.org/10.1145/232014.232032

[38] Gudur  Raghavendra  Reddy,  Alethea  Blackler,  Doug  Mahar,  and  Vesna
Popovic. 2010. The effects of cognitive ageing on use of complex interfaces. In
Proceedings of the 22nd Conference of the Computer-Human Interaction Special
Interest Group of Australia on Computer-Human Interaction (OZCHI ’10), 180–
183. DOI:https://doi.org/http://doi.acm.org/10.1145/1952222.1952259

[39] Yann Riche, Nathalie Henry Riche, Petra Isenberg, and Anastasia Bezerianos.
2010.  Hard-to-use  interfaces  considered  beneficial  (some  of  the  time).  In
Proceedings  of  the  28th  of  the  international  conference  extended  abstracts  on
Human  factors  in  computing  systems (CHI  EA  ’10),  2705–2714.
DOI:https://doi.org/http://doi.acm.org/10.1145/1753846.1753855

[40] Yuya  Sasamoto,  Julían  Villegas,  and  Michael  Cohen.  2010.  Spatial  sound
control with the Yamaha Tenori-On. In  Proceedings of the 13th International
Conference  on  Humans  and  Computers (HC  ’10),  62–65.  Retrieved  from
http://dl.acm.org/citation.cfm?id=1994486.1994504

[41] Claudia  Schlosser,  Sara  Jones,  and  Neil  Maiden.  2008.  Using  a  Creativity
Workshop to Generate Requirements for an Event Database Application.  In
Requirements  Engineering:  Foundation for Software Quality SE  - 10,  Barbara
Paech  and  Colette  Rolland  (eds.).  Springer  Berlin  Heidelberg,  109–122.
DOI:https://doi.org/10.1007/978-3-540-69062-7_10

[42] Sarah Schrire. 2006. Knowledge building in asynchronous discussion groups:
Going beyond quantitative analysis.  Comput. Educ. 46, (2006). Retrieved from
http://linkinghub.elsevier.com/retrieve/pii/S0360131505000539

[43] Leah Sharman and Genevieve a Dingle. 2015. Extreme Metal Music and Anger
Processing.  Front.  Hum.  Neurosci. 9,  May  (2015),  272.
DOI:https://doi.org/10.3389/fnhum.2015.00272

[44] Ben  Shneiderman.  2000.  Creating  creativity:  user  interfaces  for  supporting
innovation.  ACM  Trans.  Comput.  Interact. 7,  1  (March  2000),  114–138.
DOI:https://doi.org/10.1145/344949.345077

[45] Ben  Shneiderman,  Gerhard  Fischer,  Mary  Czerwinski,  Brad  Myers,  Linda
Candy,  Ernest  Edmonds,  Elisa  Giaccardi,  Tom  Hewett,  Pamela  Jennings,
Kumiyo Nakakoji, Jay Nunamaker, Randy Pausch, Elisabeth Sylvan, Michael



Terry,  Mitch  Resnick,  Mike  Eisenberg,  Bill  Kules,  and  Ted  Selker.  2010.
International Journal of Human- Creativity Support Tools : Report From a U .
S . National Science Foundation Sponsored Workshop. July 2013 (2010), 37–41.
DOI:https://doi.org/10.1207/s15327590ijhc2002

[46] Paul  Thompson  and  Brett  Lashua.  2014.  Getting  it  on  record:  Issues  and
strategies for ethnographic practice in recording studios. J. Contemp. Ethnogr.
43, 6 (2014), 746–769.

[47] Joar  Vitters,  Mihaly  Csikszentmihalyi,  Finding  Flow.  The  Psychology  of
Engagement with Everyday Life. J. Happiness Stud. 1, (2000), 121–123.

[48] Lennart Wallin, Bjon Merker, and Steven Brown. 2001.  The origins of music.
The MIT Press.

[49] 2013.  Readings  in  Music  and  Artificial  Intelligence.  Routledge.  Retrieved
January  17,  2014  from  http://books.google.com/books?
hl=en&lr=&id=FWLYAQAAQBAJ&pgis=1


