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ABSTRACT
Taking inspirat ion from research into deliberately const rained
musical technologies and the emergence of neurodiverse,
child-led musical groups such as the Art ism Ensemble, the
interplay between design-const raints, inclusivity and appro-
priat ion is explored. A small scale review covers systems
from two prominent UK-based companies, and two itera-
t ions of a new prototype system that were developed in
collaborat ion with a small group of young people on the
aut ist ic spect rum. Amongst these technologies, the aspects
of musical experience that are made accessible di! er with re-
spect to the extent and nature of each systemÕs const raints.
I t is argued that the design-const raints of the new prototype
system facilitated the diverse playing styles and techniques
observed during its development . Based on these obser-
vat ions, we propose that deliberately const rained musical
inst ruments may be one way of providing more opportuni-
t ies for the emergence of personal pract ices and preferences
in neurodiverse groups of children and young people, and
that this is a Þt t ing subject for further research.
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1. INTRODUCTION
Proponents of the social model of disability and the neuro-
diversity movement have argued that disability is socially
const ructed, that there is a pressing need for greater rep-
resentat ion, quality of life, agency, and for the acceptance
of neurological di! erence as another aspect of human vari-
at ion [11, 15, 16]. Pullin makes the related argument that
the inclusion of more art ist ic, crit ical and radical pract ices
in design for disability would beneÞt designers and disabled
users alike through an increase in choice and creat ive op-
portunity [14]. There has been a recent increase in projects
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that have aimed to put these values into pract ice, creat -
ing opportunit ies for neurodiverse groups of young people
to meaningfully shape the musical direct ion of the groups
they perform in. The Artism Ensemble is one such exam-
ple, led by a group of young aut ist ic musicians, in which
part icipat ing neurotypical adults were often pushed out of
aesthet ic comfort zone, beingÒasked to play things and play
in ways that defy their Ôcommon senseÕmusical sensibilit ies
Ó[1, 2]. What an ensemble like this shows is that there is
an emerging need for a) musical inst ruments that are open
enough to support these contexts, and b) resources that
support adults in reaching a bet ter understanding of the
preferences and pract ices of individuals within neurodiverse
groups. We believe that amongst exist ing musical resources,
quest ions of art ist ic choice and the meaningful appropria-
t ion of inst ruments could be explored further with respect
to neurodiverse children and young people. TheÒleast dan-
gerous assumpt ionÓ[5] that can be made is that in an inclu-
sive environment with the right tools, every person would
be capable of exploring and appropriat ing an inst rument ,
provided they wanted to do so.

As we will discuss, commercially available accessible in-
st ruments tend to o! er a high degree of choice and conÞg-
urability, if set up by a facilitator. These inst ruments could
be considered products of ability-based design approaches
[25], as their adaptability places a focus on usersÕabilit ies
rather than disabilit ies. The complexity of such resources,
however, can be daunt ing for facilitators, and in the worst
cases may preclude the use of these inst ruments in schools
[24, 23]. Furthermore, the need for conÞgurat ion by a fa-
cilitator may place aesthet ic const raints on some users, in-
hibit ing deeper engagement with a DMI [9], and leading to
Òinvoluntarily relinquishedÓ[23] choices being made on their
behalf.

Theaboveare the themes that haveunderpinned WrightÕs
research, exploring the usefulness of moderately incongru-
ent interact ion-design [26], and more recent ly, the provision
of accessible choices for sounds and interact ion styles in the
design of prototype digital musical inst ruments (DMIs). Al-
though not a direct topic in his research, const raints have
become an increasingly dominant theme in the evaluat ion
and test ing of these prototypes.

The signiÞcant role of const raints in this area is not sur-
prising. As Norman [12] discusses, physical, cultural, se-
mant ic and logical const raints can be used to inform a user
how to correct ly interact with a design. Const raints in this
sense assume some degree of commonality of experience in
the world and that there is a correct mode of use for a de-
vice, but this may not always be the case in inclusive musi-
cal contexts. The a! ordances of an inst rument (the act ions
available to an agent based on an interact ion between an
objectÕs physical qualit ies and the abilit ies of the agent [7])



will be a! ected by di! erences in the ways that neurodiverse
people interact with the world. As the example of the Ar-
tism Ensemble revealed, young neurodiverse musicians may
also have di! erent ideas of what is musically ÔcorrectÕ.

At their ext remes, however, const raints in the design of
musical inst ruments may circumvent such problems: requir-
ing lit t le in the way of technical demand or conÞgurat ion,
giving rise toÒplayful aesthet icsÓ[3], and o! ering relief from
the complexit ies of more sophist icated musical tools [10].
Even the simplest one-but ton inst ruments have been shown
to give rise to very individual performance st rategies in
which users explored hidden a! ordances, often turning in-
cidental physical at t ributes into expressive musical features
[8]. Similarly, Zappi & McPhersonÕs [28] study on dimen-
sionality and appropriat ion found that thediversity in usersÕ
responses decreased when groups were given an ext ra degree
of freedom (DoF) in the cont rol over a DMIs output . This
int roduced the idea of dominant constraints, in which the
nature of a part icular const raint becomes the focus of userÕs
at tent ions, reducing the likelihood of creat ive appropria-
t ion and the discovery of hidden a! ordances. Const rained
DMIs of this kind are of great relevance to inclusive mu-
sical contexts, emphasizing theÒindividual approaches and
at t itudesÓ[8] of individuals, and minimizing the need for
t raining and support .

2. APPROACH TO THE REVIEW
Our small-scale review of inclusive DMIs has the following
aims: to ident ify the nature and extent of any const raints
among these inst ruments, and to explore how these con-
st raints might render aspects of musical performance more
or less accessible. We focus our discussion on technologies
from two companies Ñ Skoog Music[17, 18] and Sound-
beam [6, 20], chosen for their prominence in SEND schools
across the UK [24] Ñ and cont rast them with WrightÕs own
prototype inst ruments for sonic-play. The DMIs are con-
sidered from the point at which they are conÞgured for use,
but as some of these systems are highly conÞgurable, how-
ever, mult iple use-cases will be discussed. By considering
these inst ruments from the point of conÞgurat ion, we place
our focus on those aspects of each musical system that all
individuals within neurodiverse groups will have creat ive
cont rol over in their musical pract ice. Our review of each
inst rument or system is conducted with the following three
points of focus: one, user input ; two, intended usage; and
three, const raints in primary use cases. Point one consid-
ers the engagement with the input -stage of a system and
the ways that a system relates physical gestures with us-
able data. Point two establishes the intended or imagined
use-cases of the inst rument . For the commercially available
inst ruments, this is established through a survey of promo-
t ional/ inst ruct ional material on each companyÕs YouTube
channel, which demonst rate the ways in which the design-
ers of these devices feel they can or should be used. Point
three explores the degree of const raint or complexity for
each use-case, and the extent to which there is potent ial for
a user to appropriate the inst rument as part of a creat ive
pract ice. We do so using the concepts of hidden a! ordances,
degrees of freedom, physical constraints and dominant con-
straints as described above. We will also int roduce our own
term: stylistic constraint.

3. SOUNDBEAM 6
The Soundbeam 6 system comprises a cent ral touchscreen
computer, which is cont rolled through some combinat ion of
ult rasonic beams and wireless switches [6, 20]. The com-
puter comes pre-loaded with Ôsound-setsÕÒthat range from

t racks which allow the explorat ion and performance of dif-
ferent genresÓ[20]. General setup of the beam sensors and
switches, as well as select ing and creat ing new sound-sets
is potent ially di" cult for users with complex needs, and so
this is typically done by a music facilitator. In such cases,
users are removed from the conÞgurat ion process, stymieing
full appropriat ion of the system.

The accessible parts of the system are the beams and
switches, essent ially an array of one-dimensional cont rols
and t riggers that can be conÞgured in a number of ways.
The wired beams are typically Þxed to stands, and t ranslate
the distance between it and an occluding object to a quan-
t ized pitch parameter in a pre-conÞgured synth. The beams
can also be conÞgured as t rigger-and-hold cont rollers; the
user breaks the beam and a musical tone from a pre-deÞned
sequence is generated. The systemÕs switches work in a
similar fashion, requiring the user to press a switch pad
to t rigger one shot samples, loops, note-sequences or chord-
progressions. At this stage we can already ident ify designed
const raints in the Soundbeam system, which is perhaps its
greatest st rength. As each of it s input devices have one
DoF, the system is very open to great variety of physical
gestures.

At the t ime of writ ing, our survey of SoundbeamÕs You-
Tube account [21] covered 91 videos. Of these, 48 showed
a recent iterat ion of the Soundbeam system in use. The
following conÞgurat ions were common: the user is using the
beams only (58%); both beams and switches are available
to user (56%). Only two videos featured the use of switches
without the beam sensor, and as such, they will not be
considered on their own.

The Soundbeam system demonst rates a number of dom-
inant constraints in the way a user cont rols sounds with
the beams and switches. Every video on the companyÕs
YouTube channel demonst rates the beams being quant ized
and mapped to an equal-tempered scale. This leaves no
way for the user to explore the Ônotes in betweenÕ, or other
ways of relat ing with pitch. This tonal rest rict ion of the
beams alone is likely to become a salient feature, where
the pitch-const raints become the primary concern for the
user, reducing availableÒcognit ive bandwidthÓ[28] for other
forms of explorat ion with the system. Once the switches are
added, the rest ricted cont rol over set harmonic, st ructural
and melodic material is likely to become a yet more domi-
nant const raint .

The system o! ers almost no secondary sensory st imuli:
the user has no physical contact with the beam sensor, and
the switches have minimal physical t ravel and visual feed-
back. With few physical features to explore, combined with
the probability of dominant musical const raints, it is doubt -
ful that a user would have much opportunity to explore
hidden a! ordances with either beams or switches. Fur-
thermore, the lack of contact with the beams when con-
Þgured as a scalar inst rument places a very high demand
on a persons accuracy of movement . This is clearly seen
in theÒSoundbeam 6 Demonst rat ionÓvideo [21], where the
demonst ratorÕs linear arm movements result in errat ic, non-
linear glissandi. These jagged melodies are characterist ic of
the Soundbeam system.

In spite of SoundbeamÕs openness to a very wide range
of physical gestures from users, it is far less open in other
respects. The systemÕs sound-sets provide the user with
a range of musical genres that can be conÞgured for them,
though musically these may be considered as past iche rather
than allowing the user to fully explore their own musical cre-
at ivity and interpretat ion of those genres. What is o! ered
is perhaps based on an assumpt ion of what the user wants
or should be t rying to achieve musically, denying the possi-



bility of failiure. When this is combined with the dominant
pitch const raints, lack of scope for hidden a! ordances, and
an errat ic melodic Þngerprint , the overall e! ect is to con-
st rain the gestures of users into a highly pre-determined set
of musical outcomes. We ident ify this lack of expressive
and creat ive opportunity as a stylistic constraint, where dif-
ferences in a userÕs approach will do lit t le to inßuence the
nature of a systemÕs output .

4. SKOOG & SKWITCH
The Skoog is a cuboid musical interface which communi-
cates wirelessly with sound-making apps on mobile devices
and computers [18]. Inside the Skoog is a 6-DoF sensor
that detects linear and torsional movement in all direct ions
[22]. Visually, however, it appears as a cubic array of Þve
rounded but tons arranged around the outward and upper
faces of the interface. The SkoogÕs layout and pliable mate-
rials will likely a! ord some kind of physical interact ion for
most users. In spite of the higher complexity of the inter-
face, omnidirect ional sensor also allows the Skoog to rec-
ognize a very broad range of gestures. This is again made
possible by the conÞgurat ion of it s sensit ivity and sounds
in a companion app.

At the t ime of writ ing, the Skoogmusic YouTube channel
had a total of 233 videos, 181 featuring the Skoog in use [19].
On the basis of these videos, we have ident iÞed the following
key use-cases for the inst rument : keyboard conÞguration,
where each face of the Skoog is given a di! erent note (83%)
or sample (9%); sound conÞguration, where the inst rument
is perceived to have one composite-sound (18%); and single-
button conÞguration (2%), where only one of the SkoogÕs
faces was act ive. We include this last conÞgurat ion here, in
spite of it s low representat ion, as it bears great relevance to
the ideas of const raint that we wish to discuss.

K eyboar d ConÞgur at ion. In this conÞgurat ion, the
Skoog has Þve act ive faces, each assigned to a di! erent
note or sample, a loose analogue of a keyboard-style in-
terface. When used with the systemÕs nat ive inst rument
sound-sets, physical models provide a complex relat ionship
between usersÕgestures and sounds. Press gestures on a face
will increase the volume of a note, while addit ional gestures
(twist ing/ squeezing) will modify the SkoogÕs t imbre. The
cont rol of samples in this conÞgurat ion is simpler: each face
t riggers a sample, and the volume at which they are played
again increases with pressure.

The funct ion of the inst rument in this case becomes mel-
odic, part icularly when tuned to Þve notes and set against
an ensemble or backing t rack. This makes the Skoog is
an excellent interface for accessible melody making, yet as
with Soundbeam, this focus may also place high cognit ive
demands on the user, serving as a dominant constraint that
dist racts from the extended possibilit ies for stylist ic and
technical variat ion. The e! ects of this dominant const raint
might be lessened when recorded samples are used in such
a way that pitch-relat ionships are de-emphasized, but the
dist ribut ion of Þve samples across the cube would st ill de-
mand much from the user in terms of accurately t riggering
desired sounds. If the tuning of the SkoogÕs Þve notes in
a part icular context such that a user cannot play a Ôwrong
noteÕ, the Skoog would also place stylistic constraints on
the user, albeit in a milder form than ident iÞed with the
Soundbeam system.

The mult iple means through which each but ton can be ac-
t ivated does allow it to be act ivated through a wide range
playing techniques, as any force applied by a person or
an object will t rigger some kind of sound from the inst ru-
ment . The Skoog is easiest to use and understand when

placed/ braced on its bot tom base, and when the inst rument
is oriented consistent ly with respect to the user on repeated
sessions. In situat ions where the inst rument is in mot ion,
or is not rested or braced consistent ly, it would be harder
for the user to remember, recognize or di! erent iate between
the sounds assigned Þve faces. As Þve out of six faces on
the interface are act ive, there is a high likelihood that when
t rying to press a part icular face, a user might inadvertent ly
t rigger another when t rying to grip the inst rument . The
Skoog, then, works best when rested or braced, and oriented
consistent ly; it becomes awkward when held or moved. We
see this as a physical constraint, that encourages a prede-
termined style of interact ion with the inst rument through a
part icular form factor.

Sound ConÞgur at ion. In these use-case, users inter-
acted with theSkoog asa singlesound-making device, rather
than as an array of 5 faces. In these contexts, each face can
st ill serve as an individual input , but their sensit ivity is in-
creased to the point that all samples/ notes are act ivated by
small perturbat ions of the interface. This type of usage is
best seen in SkoogmusicÕs video, ÒA new musical inst rument
for children with special needsÓ[19, 1Õ03Ó], where the Skoog
is manipulated as a whole by t ilt ing, rocking and st riking.

The harp-like output of the interface in this example is
const rained, in that each gesture leads to broadly a similar
output . The SkoogÕs responses in this conÞgurat ion might
be seen as complex sound-events [13, 26], that change sub-
t ly with di! erences in the style of physical engagement with
it . With only one malleable class of sound, a wider range
of act ions can be supported without the above issues of
holding the Skoog or needing to orient it a part icular way.
The const raints in this case are similar to those present in
a 1-DoF inst rument . As a result , this conÞgurat ion of the
Skoog places a much lower cognit ive demand on the user,
and as the example shows, might result in more diverse
playing styles and exploratory musical approaches. How-
ever, the Skoog cannot produce its own sounds, and thus
less open to the discovery of hidden a! ordances than the
1-DoF inst ruments used in const rained DMI research men-
t ioned above. The creat ive appropriat ion of the Skoog in
this conÞgurat ion would, therefore, be most likely to emerge
in the playing and gesture st rategies of users.

Single-B ut t on ConÞgur at ion. This third conÞgura-
t ion ut ilizes only one face of the Skoog, cont rolling a single
note or sample. I t is included due to the similarity of the
interface in this context to the DMI used in Gurevich et
al.Õs research [8], and because this conÞgurat ion can beneÞt
users who would respond bet ter to a 1-DoF interface as seen
in the video: ÒMusic lesson for special needs students using
SkoogÓ[19].

In this case, the issues highlighted above with regard to
the keyboard-conÞgurat ion of the Skoog do not apply. The
inst rument can be rested or braced on its inact ive sides,
leaving it open to a far greater range of possible stances,
grips and orientat ions. This might give users more freedom
to explore how they interact with the device. However,
one possible issue remains; that the inact ive faces will st ill
a! ord pushing, but yield no sounds, which may confuse or
frust rate the user.

Skw i t ch Skoog Music have recent ly int roduced a second
accessible interface, the Skwitch [18]: a one-but ton version
of the Skoog. The Skwitch is designed to clip onto a mobile
device, and like the Skoog, uses a companion app to t rans-
late usersÕgestures into sound. The system allows a user
to t rigger tones from pre-deÞned melodic phrases which are
either loaded as presets or composed in the app. The soft -
ware also allows a user to conÞgure how gestures manipulate
the pitches within a phrase: t riggering notes in sequence



in a forwards or backwards direct ion, arpeggiat ing notes,
or select ing random pitches from within the phrase. The
but ton can also be divided into segments, increasing the
interfaceÕs dimensionality. At the t ime of our review, all
21 videos featuring Skoog MusicÕs Skwitch demonst rated
its use as an interface for melodic manipulat ion, with a
heavier reliance on touch-screen cont rols. The limitat ion
of Þxed pitches within a conÞgured melody would int ro-
duce the same kinds of dominant and stylistic constraints
from the point of conÞgurat ion as were ident iÞed with the
Soundbeam system, as the output to a variety of physi-
cal getstures will be bounded to the same melodic content .
The dominance of melody might override opportunit ies for
explorat ion of di! erent gestures or performance st rategies,
and pre-conÞgured melodies will limit the scope of usersÕ
musical play. As the Skwitch is designed to work only when
clipped on to a phone or tablet , it has less scope than Skoog
to accommodate diverse physical gestures and orientat ions.
This again is a physical constraint.

5. SONIC-PLAY INSTRUMENTS
The e! ects of design const raints in prototype inst ruments
were apparent , although the explicit focus in WrightÕs own
research, which explored the design of sonic-play inst ru-
ments with a small group of non-verbal young people on
the aut ist ic spect rum. Two prototype DMIs were developed
over the process of this research. Both had a Skoog-inspired
cuboid form factor, embedded loudspeaker, and embedded
audio synthesis and LEDs using the BELA plat form and
SuperCollider [27]. The prototypes di! ered from one an-
other in other respects, designed to target separate issues
ident iÞed for the design of sonic-play inst ruments.

F igur e 1: 1st P r ot ot ype I nst r um ent

The Þrst prototype (shown in Þgure 1) was designed to
explore the ways congruent and semi-incongruent gesture-
to-sound mappings might a! ect the use of the inst rument
in open play sessions [26]. The sensor made for this ini-
t ial prototype had six segments, which could be used to
provide some expressive cont rol over sounds. LED lights
were placed at the center of these segments. The overall
appearance of the inst rument , however, was intended to
convey the impression of a single-but ton interface, taking
inspirat ion from Zappi & McPhersonÕs const rained inst ru-
ments [28]. I t was hoped that the visual impression of the
inst rument would be simple enough to allow a diverse range
of performance-st rategies, but also leave the possibility for
Þner grained explorat ion with the sensorÕs segments. The
inst rument had been designed with the expectat ion that
users would primarily interact by pressing the sensors soft
surface, as the demonst rat ion video shows [27]. I t was also
designed to funct ion with or without visual feedback from
the LEDs, as it wasnÕt known in advance how this would
a! ect usersÕplay.

As this Þrst prototype was similar to the single-but ton
conÞgurat ion of theSkoog, it proved suitable for exploratory

F igur e 2: Or ient at ions of W r ight Õs sound-play pr o-
t ot ype and t he Skoog in six obser ved play ing t ech-
niques

play. Each of the part icipants in the study found at least
one unique way of playing the inst rument . The di! erences
in design between this prototype and the Skoog, however,
reveal interest ing tensions between the nature of each DMIÕs
const raints. Of the many playing styles observed in the ses-
sions, six are shown in Þgure 2, illust rat ing how the pro-
totype was used in primary direct ions with respect to the
player. These techniques were often repeated by part ici-
pants from week to week, occasionally leading to situat ions
where a player would fail to produce any sound, having at -
tempted to orient the inst rument properly for the repeated
technique. It is t rue that with the const raint of one sensit ive
face, the prototype makes the product ion of any sound less
accessible. The addit ion of addit ional act ive faces solves
this problem, but also causes other issues. To illust rate
this, 2 all the orientat ions in which each technique would
successfully t rigger a sound with the Skoog in place of the
prototype. This higher success rate has a paradoxical con-
sequence: the user is less likely to ÔfailÕto produce a sound;
and more likely to press di! erent surfaces, or mult iple sur-
faces on repet it ions of a technique. This reduces the op-
portunity for unique playing techniques to have meaning,
or to have discreet replicable results. The const raints in
the prototypeÕs form, when compared to the Skoog, might
o! er a user a greater chance to meaningfully appropriate
an inst rument , and comprehend di! erences in performance
st rategies (albeit at the expense of more consistent success).
This was at it s most evident with one part icipantÕs unique
play with both prototypes. He exploited the curvature of
the inst ruments curved sensor by placing it face down on
the ßoor and, after t ipping it up, allowing it to rock back
and forth under it s own weight . This act ivity resulted in
far more chaot ic and dense sounds than any other playing
techniques and was a hallmark of his play during WrightÕs
research [26]. In other words, this part icipant exploited a
hidden a! ordance and appropriated the prototype into a
unique personal pract ice. This was only clear, and possible,
because the inst rumentÕs blank faces allowed it to be ma-
nipulated by hand, without inadvertent ly t riggering ext ra-
gestural sounds. With the Skoog in its place, this hidden
a! ordance may not have been discovered alongside sounds
from four other faces. At the very least , it is doubt ful this



act ivity would have been carried out with such purpose and
clarity.

Init ially, theprototypewas tested without theLED lights,
as it was not certain how beneÞcial the visual feedback
would be in support ing exploratory sonic play. When the
lights were turned on in later sessions, they had the e! ect of
limit ing usersÕinteract ions to those orientat ions and tech-
niques where the lights were in direct view. It encouraged
a normat ive mode of interact ion but rest ricted the range
of personal playing styles that had developed without this
visual feedback. This served as an inadvertent persuasive
constraint, dictat ing how part icipants held and used the in-
st rument .

The second-iterat ion prototype expanded on this original
design, taking on board the responsesof theuser group. The
size was reduced, and the build quality improved with 3D
printed parts and a pliable silicone outer shell, and the in-
st rument was given an open speaker grille on its bot tom face
for bet ter sound project ion. More signiÞcant changes were
also made. The new inst rument provided indirect visual
feedback; LED lights were di! used through the t ranslucent
materials. Most signiÞcant ly, a small collect ion of switches
were added which would allow users to curate the sounds
and responses of the inst ruments themselves, rather than
having these choices made for them. Each switch would ac-
t ivate one sound-set , and mult iple act ive sound-sets would
also a! ect each other, creat ing subt le variat ions with each
combinat ion [27]. I t was hoped that these switches could
be simple enough to be comprehensible (perhaps given some
t ime), but again have the potent ial for more complex play
when used in combinat ion.

F igur e 3: 2nd P r ot ot ype syst em : r eÞned inst r u-
m ent w i t h w ir eless sw i t ches

The open speaker grille on the updated inst rument had
provoked many exploratory responses. The default sound-
set of the inst rument (Þltered white noise) was part icularly
e! ect ive in highlight ing the movement of any reßect ive sur-
faces in mot ion relat ive to the speaker grille (although this
wasnÕt an intent ional design feature). Sure enough, the play
of most part icipants focused on this hidden a! ordance at
some point : the inst rument was moved over ßat surfaces;
hands, feet , arms and ears were moved over the inst rument .
As with the previous prototype, the pseudo 1-DoF design of
the inst rument may have provided a clarity against which
these e! ects became more not iceable. Many of the act ions
associated with the White Noise would have been occluded
by accidental t riggers from ext ra act ive faces.

The use of 1-DoF wireless switches gave users choices
about the stylist ic sound and behavior of the inst rument ,
rather than st ructural aspects of a pre-composed musical
environment . The provision of this choice once again pro-
vided the opportunity for users to fail, playing sounds that
they did not like. In some cases, part icipants liked some
but not all of the sound-modules that the switches could

provide. On the one hand, this might mean that the user
does not always get to hear sounds he or she likes, but this
is also one way in which aesthet ic choices can be made, and
preferences acquired. In the four case studies conducted in
the lat ter stages of WrightÕs research, each part icipant made
some progress in comprehending these kinds of choices for
themselves, even if the range of choice was very limited.
For two of these four part icipants, the switches also pro-
vided access to some sounds that were pleasing, and some
that were displeasing. It is probable that , given a longer
period of use, each of these four young people would have
been capable of curat ing at least some aspects of their play
with the second prototype. This was only possible because
the stylistic constraints of the pre-conÞgured commercial in-
st ruments were lifted, in favour of a more demanding, but
art ist ically accessible design. These choices, however, gave
rise to a more turbulent journey through the user test ing
sessions for these two young people, raising challenging eth-
ical dilemmas. While there were grat ifying peaks in these
part icipants experiences with pleasing sounds, there were
also phases of visible frust rat ion with undesirable ones, the
lat ter not being an intended or desirable outcome.

Finally, it could be argued that the limitat ion of the in-
st rumentÕs output to six sound-sets (one default , Þve as-
signed to switches), is a form of stylistic constraint. But
there are two key di! erences in the pre-coding of this proto-
type. First ly, these sound-sets are made more accessible to
young neurodiverse users; four out of the Þve part icipants
who spent t ime with the inst rument showed an emerging
understanding of the switchesÕfunct ion after Þve weeks of
test ing. Secondly, the sound-sets interfere with one-another
when combined. When the userÕs gestures are also taken
to account , the sonic design of this system leaves room for
sounds that werenÕt ant icipated in its design, i.e sounds can
be more meaningfully related to playing choices and style.

6. DISCUSSION
Unsurprisingly, inst ruments with few Degrees of Freedom
a! ord a wide range of physical gestures, as the linear beam
interface in the Soundbeam system demonst rates. While
not st rict ly a 1-DoF interface, the apparent ly single-input
of WrightÕs prototypes yielded a similar breadth in stylist ic
response. Some of these responses also replicated the idea
low-DoF can lead users to explore Hidden Constraints [28,
8], only with a small non-verbal group of aut ist ic part ici-
pants. Conversely, the physical and persuasive constraints
ident iÞed in the Skoog and the LED lights of WrightÕs Þrst
prototype had the e! ect of rest rict ing the diversity, but im-
proving the aesthet ic consistency of play.

Finally, our small scale review reveals two separate appo-
raches to the implementat ion of these concepts along with
dominant and stylistic const raints. One st rategy st rives for
maximum part icipat ion within deÞned bounds, the other
grants greater individual choice with increased risk of frus-
t rat ion. The lat ter must be handled carefully, but it is also
possible this choice can bring new opportunit ies that allow
expert and non-expert musicians toÒexamine [their] precon-
cept ions of failure and det ritus more carefullyÓ[4], and make
the development of aesthet ic preferences more accessible.

We propose that this is an area that could provide fruit -
ful grounds for further study. Previous research with con-
st rained DMIs [8, 28] could be replicated with neurodi-
verse user-groups. Equally, designer/ performer individuals
or teams might also tackle the quest ion in another way, by
designing sets of inst ruments with varying degrees or types
of const raint , and put t ing them to the test in child-led en-
sembles modelled after the Art ism Ensemble [2, 1]. With



further study, we hope that more detailed insight may be
revealed on the nature and inclusivity of const raints.

7. ACKNOWLEDGEMENTS
We would like to thank Three Ways School and Luke Wood-
bury for their assistance in facilitat ing the research that con-
t ributed to this paper. I t is especially important that we
acknowledge the seven children and young people at Three
Ways School, who cannot be named here, but whose music,
creat ivity and part icipat ion in the research was invaluable
in developing the prototype inst ruments presented here.

8. REFERENCES
[1] M. B. Bakan. The Musicality of St imming: Promot ing

Neurodiversity in the Ethnomusicology of Aut ism.
MUSICultures, 41(2):133Ð161, 2015.

[2] M. B. Bakan. Speaking for Ourselves: Conversations
on Life, Music, and Autism. Oxford University Press,
New York, NY, 1 edit ion, 2018.

[3] J. Bowers and P. Archer. Not hyper, not meta, not
cyber but infra-inst ruments. In NIME Õ05 Proceedings
of the 2005 conference on New interfaces for musical
expression, Vancouver Canada, 2005.

[4] K . Cascone. The Aesthet ics of Failure: Post -Digital
Tendencies in Contemporary Computer Music.
Computer Music Journal, 2000.

[5] A. M. Donnellan. The Criterion of the Least
Dangerous Assumpt ion. Behavioral Disorders,
9(2):141Ð150, feb 1984.

[6] P. Ellis and L. V. Leeuwen. Living Sound : human
interact ion and children with aut ism. Music in Special
Education, Music Therapy and Music Medicine, pages
1Ð23, 2000.

[7] J. J. Gibson. The ecological approach to visual
perception: classic edition. Psychology Press, New
York, NY, 2014.

[8] M. Gurevich, P. Stapleton, and A. Marquez-Borbon.
Style and const raint in elect ronic musical inst ruments.
In NIME Õ10 Proceedings of the 2010 conference on
New interfaces for musical expression, pages 106Ð111,
Sydney, Aust ralia, 2010.

[9] A. Hunt , R. K irk, M. Abbotson, and R. Abbotson.
Music therapy and elect ronic technology. In
Proceedings of the 26th Euromicro Conference.
EUROMICRO 2000. Informatics: Inventing the
Future, volume 2, pages 362Ð367. IEEE Comput . Soc,
2000.

[10] T . Magnusson. Designing Const raints: Composing
and Performing with Digital Musical Systems.
Computer Music Journal, 34(4):62Ð73, dec 2010.

[11] A. NeÕeman. The Future (and the Past ) of Aut ism
Advocacy, or Why the ASAÕs Magazine, The
Advocate, WouldnÕt Publish This Piece. Disabi li ty
Studies Quarter ly: The First Journal in the Field of
Disabi li ty Studies, 30(1), 2010.

[12] D. Norman. The design of everyday things: Revised
and expanded edition. Basic books, New York, NY,
revised edit ion, 2013.

[13] C. OÕCallaghan. Sounds : a phi losophical theory.
Oxford University Press, Oxford, 2007.

[14] G. Pullin. Design meets disabi li ty. MIT Press,
Cambridge, Massachuset ts, 2009.

[15] T . Shakespeare. The Social Model of Disability. In
L. J. Davis, editor, The Disabi li ty Studies Reader,
chapter 16, pages 214Ð221. Rout ledge, New York, NY,
4th edit ion, 2013.

[16] J. Singer. Why canÕt you be normal for once in your
life? From a problem with no name to a new category
of disability. Disabi li ty Discourse, pages 57Ð67, 1999.

[17] Skoog Music. Skoog in Special Educat ion | Assist ive
Music Technology | SEN. Available From:
http://skoogmusic.com/specialeducation/

[Accessed 27 January 2019], 2019.
[18] Skoog Music. Skoogmusic | Skoog 2.0 - Easy to play

musical inst rument for iPad, iPhone. Available From:
http://skoogmusic.com/ [Accessed 27 January 2019],
2019.

[19] Skoog Music. Skoogmusic: Videos. Available From:
https://www.youtube.com/watch?v=FJtFQUktxIk{\&

}list=UUxXKvAZc1uw3E8rN37MbU4Q [Accessed 20
January 2019], 2019.

[20] Soundbeam. What is Soundbeam ? Available From:
https:

//www.soundbeam.co.uk/what-is-soundbeam-1/

[Accessed 27 January 2019], 2019.
[21] SoundbeamFilms. SoundbeamFilms: Videos.

Available From: https:

//www.youtube.com/user/SoundbeamFilms/videos

[Accessed 27 January 2019], 2019.
[22] The University Court of the University of Edinburgh.

GB2479323 - Data input device. Available From:
https://www.ipo.gov.uk/p-ipsum/Case/

PublicationNumber/GB2479323 [Accessed 26 January
2019], 2011.

[23] A. Ward, L. Woodbury, and T . Davis. Design
Considerat ions for Inst ruments for Users with
Complex Needs in SEN Set t ings. In NIME Õ17
Proceedings of the 2017 conference on New interfaces
for musical expression, Copenhagen, Denmark, may
2017.

[24] G. Welch, A. Ockelford, S.-A. Zimmermann,
E. Himonides, and E. Wilde. The Provision of Music
in Special Educat ion (PROMISE) 2015. In
Proceedings of the 26th International Seminar of the
ISME Commission on Research., London, 2016.
Internat ional Music Educat ion Research Cent re
(iMerc) Press, on behalf of the Internat ional Society
of Music Educat ion (ISME) and the Society for
Educat ion, Music and Psychology Research
(SEMPRE).

[25] J. O. Wobbrock, S. K . Kane, K . Z. Gajos, S. Harada,
and J. Froehlich. Ability-based design: Concept ,
principles and examples. ACM Transactions on
Accessible Computing (TACCESS), 3(3):9, 2011.

[26] J. Wright . Interact ion-Congruence in the Design of
Exploratory Sonic Play Inst ruments With Young
People on the Aut ist ic Spect rum. In
R. Hepworth-Sawyer, J. Hodgson, J. Paterson, and
R. Toulson, editors, Innovation in Music:
Performance, Production, Technology, and Business.
Rout ledge, London, 1st edit ion, 2019.

[27] J. Wright . Sonic-Play Inst ruments. Available From:
https://www.youtube.com/playlist?list=

PL9FQpEqFKEDsmcOYh8KujxnRlA3Dchstc [Accessed 9
April 2019], 2019.

[28] V. Zappi and A. P. McPherson. Dimensionality and
Appropriat ion in Digital Musical Inst rument Design.
In NIME Õ14 Proceedings of the 2014 Conference on
New Interfaces for Musical Expression, pages
455Ð460, 2014.


