Gestural Musical Affordances

Atau Tanaka
Goldsmiths Digital Studios
Goldsmiths, University of London
London SE14 6NW, UK
a.tanaka@gold.ac.uk

ABSTRACT

This paper is a comparative study of gestural interaction
with musical sound, designed to gain insight into the no-
tion of musical affordance on interactive music systems.
We conducted an interview base user study trialing three
accelerometer based devices, an iPhone, a Wii-mote, and
an Axivity Wax prototype, with four kinds of musical
sound, including percussion, stringed instruments, and
voice recordings. The accelerometers from the devices
were mapped to computer based sound synthesis parame-
ters. By using consistent mappings across different source
sounds, and performing them from the three different
devices, users experienced forms of physical, sonic, and
cultural affordance, that combine to form what we term
musical affordance.

1. INTRODUCTION

1.1 Gestural control of sound

The live performance of computer based music has be-
come completely democratized. Research in this area
capturing performer gesture through sensors, and map-
ping them to articulate computer synthesized sound is
represented by the New Interfaces for Musical Expres-
sion (NIME) field. Meanwhile consumer products are
widely available, with mobile phone apps simulating tra-
ditional instruments like guitar and woodwinds, played
on the touchscreen and making use of the tilt sensors of
the mobile phone. Nintendo’s Wii Music transforms their
Wii-mote accelerometer-based game controller to control
on-screen virtual musical instruments. Can these devices
be considered musical instruments? Is there a new type of
musical instrument, a NIME instrument, that is an ex-
pressive gesture sensing hardware/software system? In
order to answer this question from an interaction design
perspective, we apply established notions of affordance to
simple gestural interactive music systems in a laboratory
context. This paper presents a comparative study of three
gestural controllers (an iPhone, Wii-mote, and Axivity
Wax prototype) controlling a bank of different computer
based sounds. Through a series of interviews, we gain
insight into users trying these systems, and map out a
complex relationship of physical affordance, sonic affor-
dance, and cultural association that combine to make the
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total musical affordance of an interactive music instru-
ment.

1.2 Affordance

1.2.1 Affordance definition

Affordance is a well established concept in interaction
design that describes what in the physical attributes of an
object can be compatible with those of an actor and invite
or make possible an action on that object. Affordances
are a configuration of properties that provide a direct link
between perception and action.

1.2.2 Affordances in music interfaces

Sound is one of the physical properties that can contrib-
ute to the affordance provided by an object. This has been
studied in a range of related disciplines from auditory
perception to music software design. Gaver’s seminal
work in this field focuses on non-musical, or everyday
sounds [13]. With this the focus is on the use of sonic
events in computer interfaces.

In distinguishing everyday and musical sounds, the
emphasis should be on the kind of experience a given
sound affords, whether it is one of the sound itself or
of its source. In terms of the interface, the distinction
is one of the dimensions of sound that are used to rep-
resent data.

Brazil and Fernstrom extend this work on auditory icons
in a volume dedicated to data sonification [4].

In music, affordances have been used by Magnusson [18]
to inform the design of “screen-based interfaces as digital
musical instruments.” Network music collaboration has
been described in terms of affordance by Gurevich [16],
Brassch [2], and Dillon and Brown [10]. The musical
affordance of synthesis parameter mappings on mobile
devices has begun to be described by Tanaka [22]. The
musical affordance of everyday objects has been explored
by Cook and Pullin [8]. The concept of affordance has
also been used in the sociology of music by DeNora [9]
to describe the sociality of certain pieces of music.

The integration of sound as an affordance-giving property
is consistent with the ecological origins of the concept.
Audio becomes an additional modality through which
complex affordances — sequential, nested, and multi-
modal — can be conveyed.

Sound conveys information for an affordance which
can not be seen. (Gaver)



The use of affordance to describe interactions with musi-
cal processes and with works of music is more problem-
atic as it necessarily demands engagement with cognitive
and cultural processes.

1.2.3 Culture in Affordance
The role of culture in affordance is contested. According
to Gibson’s original ecological conception of the term
[14], the environment and its properties offer enough
information, that when perceived by an actor, provide
indications for action without intermediate stages of
memory or inference. Cognitive approaches emphasize
that people have access to sensations, memories, and
build up symbolic representations which guide their ac-
tions in the environment around them. Norman's applica-
tion of affordances in design practice includes cultural
and social constraints - affordance is shaped by person's
previous knowledge and experience [19].
The context of use, whether it is cultural or not, can have
an effect on how the functional affordance of physical
properties of an object are perceived. Oshlyansky in an
almost humorous experiment demonstrates that cross-
cultural differences can invert the perceived affordance of
a simple light switch [20]. Rizzo coins the term inten-
tional affordances to describe the production of affor-
dance in action and evoked response over more than a
lifetime, pointing to a neurological basis for cultural
learning [21]. He cites cognitive scientist Tomasello in
looking artifacts, or cultural objects, and intentional rela-
tions between actors,

Such affordances rest upon the understanding of the

intentional relations that other persons have with that

object or artefact—-that is, the intentional relations

that other person have to the world through the arte-

fact. [23]

This points to the notion of tailoring culture that has been
used by Carter and Henderson [6], Maclean, Carter,
Lovstrand and Moran [17], and Won, Steimerling and
Wulf [24] in software design.

1.2.4 Learning and memory in auditory affordance

In the auditory affordances of sonic icons, warnings, and
alerts, Brazil and Fernstrdm [4] note that these are things
that do not come naturally, but are "something that is
learned in a social and cultural context"

In this paper we recognize the complexity of cultural
contexts in pinning down affordances in interactive music
systems. We present a comparative study of gestural in-
teraction with sound on three similar devices - two com-
monly available consumer products, and one research
prototype. With the experiment, we seek to identify
physical affordances of the object, the affordance of
sound articulated by user interaction with these gestures,
and through a combination of physical and sonic affor-
dance, arrive at a proposed notion of what constitutes
musical affordance.

2. METHOD

2.1 User study

We conducted a comparative user study of three small
devices that enabled gestural control of computer based
sound production. These devices were: a Nintendo Wii-
mote, an Apple iPhone, and an Axivity Wax prototype
[1]. These objects are similar in that they use accelerome-
ter sensors to detect tilt, rotation, and movement of the
device. While they are all small, wireless devices, they
have very different form factors. They also have different
default contexts that are associated with their customary
use. In these studies, these three devices transmitted their
accelerometer data wirelessly to a host computer running
a series of sound synthesis patches. The gesture of the
user on each device was picked up by the accelerometer
and controlled the triggering, and time/frequency modu-
lation of a range of individual digital sound samples. We
used four sounds: a triggered snare drum, a single violin
note, a continuous violin tone, and a looped spoken vocal
phrase. By comparing how users interacted with the three
objects in articulating these sound through arm gesture,
we were interested to look at the physical affordances of
these objects. By programming different modes of sound
interaction, we were interested to see if the sounds them-
selves offered a form of sonic affordance.

The study took place on two UK universities, one day at
each location. The participants were graduate students
and university staff as well as members of the general
public in the community surrounding the university. The
three objects were placed on a table in a neutral room and
high quality stereo loudspeakers centered along one wall,
giving uniform sound distribution. The study subject
stood in front of the table, and an interviewer in the cor-
ner by the laptop.

Figure 1. WAX, iPhone and Wii-remote

The subjects were allowed to choose the order in which
they selected the devices. They were placed in order left
to right in front of them. From their perspective this was
Wii-remote, iPhone with covered screen, and WAX (Fig-
ure 1). The order of initial choice allowed the users to
develop and justify a favourite device.

The study was filmed with two synchronized video cam-
era giving a front view of the participant and a diagonal
detailed view of the participant’s arm and hands as they
manipulated the objects. A microphone recorded sound



from the study and interview onto the audio track of one
of the video cameras.

The host computer running the sound synthesis patches
connected to the loudspeakers was in a discreet place or
invisible to the participant. The laptop was in the corner
of the room with its screen turned away from the partici-
pant Newcastle and behind a two way mirror in a control
room in Leicester.

Each session with a participant lasted between 20-30
minutes. The study was structured into three main sec-
tions. 1.) A pre interview to ascertain the musical and
technical background of each participant, 2.) Interactions
with the controllers and sound, and 3.) An interview.
There were sixteen (16) participants, nine (9) in the
Leicester study and seven (7) in the Newcastle study,
aged 23-48. There were five female participants and
eleven male participants.

2.2 Four Interactions

The user experience was designed to achieve a progres-
sive grade of interaction, based exclusively on the
movement of the controllers, between the users and the
system, starting from a simple trigger mechanism to the
control of a complex voice sound, listed as above:

a) The triggering of a single, non changing, drum snare
sample;

b) The triggering of a single, non changing, sound of a
bowed violin;

¢) The control of a granulator, looping the sample of a
violin chord. Modification of pitches and speed were pos-
sible due to the movement of the controller on the 2 axis
(X, Y);

d) The control of a granulator, looping the sample of a
voice sample; modification of pitches and speed were
possible due to the movement of the controller on the 2
axis (X, Y);

The drum snare sound was chosen for the cultural asso-
ciation with the act of drumming. On the second and third
tests we chose the classical violin sound, an original re-
cording of a bowed A and E string, because the instru-
ment is well known in western culture, and because it is a
simple sound with a rich timbre. The fourth test, a voice
sample, was a recording of a well known BBC Radio
host.

In sounds 1 and 2, sound was triggered a simple threshold
trigger on the accelerometer data. We were interested to
see if this sound afforded hitting gestures on the part of
the user. While the mode of interaction was exactly the
same as in the drum we wanted to see if the sound might
afford a different gesture, that of mimicking the bowing
of a violin. Technically both types of gestures, hitting, or
bowing, would have triggered the thresholds in each
sound synthesis patch.

Sounds 3 and 4, the continuous violin and voice, were
continuously playing, looping sounds that could be
sculpted by the two dimensional tilt of the device. To
raise the pitch of the sample the user would tip the object
on its y axis so that its front end (the point furthest from
the user) would rise. This would also allow the user to
raise the pitch by holding the object rigid and raising their
arm. The sonic effect would be the same. To lower the

pitch the user would tip the object so that its front end
would drop, or they could hold it rigid and drop their
arm. To change the duration of the sample the user would
roll the object on the x axis; anti-clockwise to extend du-
ration and clockwise to shorten duration, in relation to its
orientation to the user. The operation of the three differ-
ent hardware devices, in reference to their triggering
thresholds, smoothing and pitch/time ranges, was made
as consistent as possible. Differences were negligible.

2.3 Interview

There were 19 interview questions. Incoming questions
asked about the participant’s prior musical experience,
whether they had played videogames on a Wii, and
whether they used smartphones. Questions about the in-
teractions asked them to describe their favorite device for
each sound, and their favorite device/sound combination.
Outgoing questions asked about their experience as a
whole, whether it was unexpected, and whether it was
interesting for them.

3. RESULTS

The interviews were conducted as each participant tried
the different device/sound combinations. A series of out-
going questions at the end focused on the whole study
and their experience.

3.1 Sound and object preferences

In this process, participants were asked which of the four
test sounds (drum, violin note trigger, continuous violin
tone, voice loop) was their favorite sound. Figure 2
charts the distribution of favorite sound. Interestingly, the
participants tended to prefer the complex sounds that we
feared may be more difficult to perform.

PERCUSSIVE

VIOLIN
17%

CONTINUOUS
VIOLIN
33%

Figure 2. Distribution of participants’ favorite sound

As a follow up they were asked for their favorite
sound/object combination. While the two complex con-
tinuous sounds (violin tone and voice) emerge again, it is
curious that a different device is associated with these
sounds, despite the fact that the accelerometer parameter
mapping was identical. It seemed that some aspect, either
of physical affordance of the objects, or the sonic affor-



dance of the sounds were having an effect on the partici-
pants’ degree of satisfaction.

3.2 Interview results

The interview responses can be divided into several cate-
gories:
* Describe an object’s physical affordance in rela-
tion to gestural sound making

*  Compare the physical affordances of the objects
¢ Describe the sonic affordances of the test sounds
*  Compare the sonic affordances of the sounds

*  Describe relationship between object and sound

* Describe experience of producing sounds inter-
actively through gesture

3.3 Physical affordances

The quotes are noted with the participant giving the an-
swer (U) and the interview question to which they an-
swered (Q). So “U14Q3” is an excerpt from User 14’s
answer to Question 3.

3.3.1 Wii-mote
The Nintendo Wii-mote controller was the most clearly
described by participants in terms of its form factor and
the kinds of gesture it afforded.
This one (Wii-mote) feels slightly more like bulky and
restrictive in terms of kind of movement (U9) I still
find the Wii-mote quite bulky in terms of gestural mo-
tions

It had a clear association as the object as it is known in
consumer culture, a video game controller.
1 felt awkward holding the Wii, it’s a awkward shape,
and I think because it’s a Wii remote you automati-
cally want to move it the way you would if you’d used
a Wii, would be used to using the Wii remote.
(U5017)

It also evoked other objects, some of them musical, af-
fording certain musical gestures:
The Wii is kind of can remind of a stick and drums,
this can have pads, but, well this might, might be bet-
ter for (laugh), well, it looks more like a stick you can
use it like a stick (U14 Q4)

At the cultural extreme, the form factor of the Wii was
strong enough to make the user forget its default associa-
tion as a video game controller to remind them of another
everyday media object.
This is one is heavier I think (Wii-mote), and also be-
cause it feels like a TV remote...and I don’t like TV ...
(U10Q16)

3.3.2 iPhone

The iPhone’s form factor also afforded, according to User

5, a certain ease of use in sculpting the voice sound.
It was easier to play with the different ways that it
changed the sound depending on what I was doing. [
think as well because it’s the shape and size of it, it’s

a lot easier to move around than either of these
(other) two. It’s probably the reason I picked it (unin-
telligible) the other ones as well. It’s much more tac-
tile. (U5Q10)

Curiously the iPhone also reminded users of a television
remote
I think iPhone wanted me to, like, be, like er, no, like
a remote, you know, from television. He wanted be, he
wanted too much space on my hand (U14Q9)

We wonder if, once the object is divorced from the activ-
ity with which it is usually associated and applied in a
new setting of control, that the television remote control
becomes the simplest control device from which the user
in some way seeks to elicit cultural affordance.

In the last quote, it is interesting to note the use of the
word “want”. We can interpret this as one way a layper-
son seeks intuitively to articulate the notion of affor-
dance.

3.3.3 Wax
The Wax was the smallest device with the most non-
descript packaging and form — a pill-shaped object about
the size of a fingernail. It was also the device unknown to
the users, so carried no prior association with it. This al-
lowed the object, physically and culturally, to afford a
kind of liberty:
It (the Wax) was smallest and it, it er, gave me more
freedom (U14Q7)

1t’s the simplest one, I find that one the easiest to fig-
ure out and the easiest to control. (U4Q9)

When I had this (the Wax) on my hand I didn’t have
preconceptions about the instrument or the controller
or anything linked to this. (U13Q8)

You weren’t bound to sort of... being dictated how
you might use it. Slightly less than the other two

p’raps. (U150Q7)

This freedom translated to responsiveness, clarity and
detail, and allowed the participants to focus on the sound
It seems more immediate (UI13Q7)

Because it’s small I can see in a clear way, mmm, in
what direction I am tilting in. (U10)

1t feels really nice to handle in. it feels you can get...
because it has small surface...you can kind of get
more detail with your gestures... (U9)

1 didn’t really notice that I'm having something in my
hand, and it was quite good because I could focus on
the pitch (U14Q9)

However questions of scale, one of the key criteria for
affordance to exist between object and actor, emerge with
the Wax’s small form factor.
The wax is interesting because it’s so small, but for
using only with hands is too small to be comfortable.
(U60Q10)



3.3.4 Comparing devices
For User 6, the Wii-mote afforded the gestures necessary
to percussive sounds but less so for the violin note.
In terms of shape and holding the Wii is definitely bet-
ter (for the drum trigger task). (U6Q7)

The Wii-mote is easier to hold but in this particular
case (for the violin trigger) it wasn'’t easy to figure
out what it was doing. (U6Q9)

This is very interesting because the triggering interaction
was exactly the same for the drum and triggered violin
note — there was only a change of source audio sample in
the two examples. This points to a difference in sonic
affordance that changes the perception of interaction to
the user.
Despite identical mappings from x-y tilt to time-
frequency modulation of the voice sample, User 4 found
one device more “natural” than the other

The Wii-mote it feels unnatural to change the sound

with it, on that, that one, but that one felt better

(points at iPhone). (U4Q10)

For an explanation we recall User 5’s similar answer to
the same question:
1 think as well because it’s the shape and size of it
(iPhone), it’s a lot easier to move around than either
of these (other) two. (U50Q10)

One user compares the cultural association of the iPhone
as an iconic telephone compared to the Wax which has no
association.

These controllers look, this reminds me (the iPhone)

of the mobile communication. But this one (the wax)

is not really linked to my mind to anything. (U1308)

This is corroborated by User 8’s answer to the same ques-
tion. His word choice recalls the way User 14 intuitively
used the word, “want” to describe affordance — User 8
uses the words “force” and “encourage” to describe how
these objects afford playing the musical activities in a
certain fashion:

I wasn’t forced to interact in a specific way (with the

Wax), whereas the phone and the Wii-mote encour-

aged in interacting in a specific way, whereas, this

(the Wax) is an object you can play with in which way

you want . (U8QS)

User 8 goes on to develop this line of thought more spe-

cifically for 1-D or 2-D interaction:
Because it (the iPhone) was a bit larger than this one
(Wax) so it gave me more kind of control over the
multiple axis, while the small object (Wax) it’s fine to
tilt in one direction, to control in one way, but when
you want to control two axis is a bit easier with a
larger object (like the iPhone). (USQ9)

Finally this user explains trying to reconcile these quali-
ties, arriving at a comparative description of the three
devices that recognizes the common interaction mapping:
Because it (iPhone) gave me a lot of control within
the two different axis. I've tried when I was using the
Wax to hold on the palm of my hand so I could use my
hand as a larger object to rotate, to imitate the
iPhone. But I think because the iPhone has a flat sur-

face it allows me to tilt it and move it, to control the
axis, while the Wii-mote I guess is more square, a
long shape, it emphasizes one axis, the tilting, but not
the second (the rolling). (USQ10)

3.4 Sonic Affordances

One of the hypotheses at the outset of the study was that
recognizable musical instrument sounds would afford
gestures that imitated actual musical practice on those
instruments. This is a phenomenon described by Godey
as “sound tracing” [15]. The drum example did evoke
such a response in several participants (cf. video). The
violin sound afforded this gesture to only one participant.
He describes this sense of affordance developing out of
imagining the device attached to the instrument the sound
refers to.

When I picked up the iPhone I didn’t instantly think

maybe I can try it as a violin bow, ... I kind found

easy to imagine the actual instrument, rather than I

was just playing a sample, even if it still didn’t really

work in that way, but I can imagine it (the iPhone)

stuck like on a violin bow maybe. (U13Q7)

Other users admitted that it simply didn’t occur to them,
or that their lack of knowledge on how to play a violin
kept them from trying that gesture.
I recognized it (the violin) but I didn’t really think
about it (when playing) (U11Q10)

1 didn’t know enough about the violin to know what
you can control effectively. (U70Q16)

3.4.1 The richness of vocal sound
The sound of the voice is not associated with an external
physical object; rather it is associated with the human
body. Our hypothesis was that this would be an evocative
sound that did not have any associations with a physical
affordance. Instead, we wondered if people would make
gesticulation as if they were talking the phrase.
The participants were drawn to the sound, and describe
its timbral and semantic richness, but do not articulate
any gesture or movement to associate with that richness.
Errm, it (the voice sound) felt like you could draw
more of a variety of textures, p raps a bit of some-
thing, erm, it just, it was a bit, it was a bit more going
on it was a bit more interesting to, to use. (U15 Q9)

One user likened the time/frequency manipulation to
scratching a turntable.
It was kind of like, scratching I suppose (U1210)

More than one user were interested in the balance be-
tween the recognisable power of the voice and its sonic
abstraction
1 like the kind of fluxuations between being, erm, rec-
ognizable as a voice and, recognizable only as sound
and, something in between those (U11Q15)

There is a lot of texture variation within the different
worlds and I can control them. (U9Q11)

Finally, one user was drawn to the comprehensibility of
the vocal phrase



I was trying to understand what was being said. [
don’t understand the dialect or what language it was
in, but I was able to get it in what I thought was in
time. But I, rather than speed it up or slow it down. I
wanted it to be at the correct speed of what felt was a
language being spoken. (U3Q10)

3.4.2 Comparing sounds
The question of abstraction, be it sonic abstraction or a
detachment from the source instrument, arises in compar-
ing the different sound examples.
Because it (the voice) is kind of abstract, so it goes
the way you are controlling it, while the violin one is
a bit strange because you are not really playing a vio-
lin. (U6Q11 comparing voice and violin)

3.5 Exploration

As affordance leads to forms of embodied knowledge,
exploration is a key part of the interaction between envi-
ronment and actor. Gaver uses this as a way to frame
complex actions, going from passive perception of the
environment to its exploration,
“Exploration of afforded actions leads to discovery of the
system, rather than knowledge of the system metaphor
leading to expectations of its affordances.” [13]
For User 4, the sound helped in beginning to understand
an unfamiliar system beginning a process of exploration.
1 didn’t know what it was to begin with and it was
quite interesting when it made the noise, and then it
was easy to figure out what to do to make the noise.

(U4Q7)

The notion of surprise and the unexpected was part of
that process for this user.
1 like the unexpected sound of a violin, the classical
instrument coming out of a piece of modern technol-
ogy. (U4Q16)

The actual lack of object affordance in the Wax leads to a
form of curiosity for another user as an entry point to
exploration.

(Points at Wax) Maybe because it’s seemingly such

an uninspiring little object you can actually, er, cre-

ate a sound that was um, quite intriguing. (U30Q9)

User 13 answers outgoing questions on the experience as
whole and possible future ideas, and evokes the notion of
exploring as a way to play a possible dynamic, time vary-
ing system.

You could explore the possibility over the time rather

than just playing like specific sounds like, I don’t

know, an instrument you already know, like a guitar

or something. (U13Q14)

He goes on to specifically use the word, “exploration” to
describe a process of finding constraints and forms of
negative reinforcement to define the instrument.
1t’s like an exploration, like just finding out, sort of
testing it. Seeing what the boundaries, or where the
limitations were, see if [ can get something nice, in
terms of movement. To see what didn’t work.
(U13Q15)

Another user also indicates a desire of an ongoing proc-
ess to retain interest, not dissimilar to the previous user’s
time varying idea. This supports Gaver’s opposition of
knowledge and expectation of affordances.
1 like the exploration but also, er, a little bit limiting
once you realized what it could do, or possibly not
limiting it would be nice to spend a lot longer with,
each object cuz it felt like, obviously this is a test but,
once [ understood how, how it was working, I wanted
to continue playing around (U11Q15)

Finally, a user describes the experience of participating in
the study as a form of exploration and slowly unfolding
understanding.

They (modes of interaction) were invisible at the be-

ginning, but then through experimentation and find-

ing out the limits to each one, and um, it felt more, er,

like I had more control towards the end once I'd

made the limits of each sensor, the sort of like, visible

to me. (UI12Q12)

In the videos, we observed other users going through a
trajectory of discovery. User 8 was at first frustrated, not
being able to trigger the simple drum sound. The two
modes of interaction with the violin led to a discovery
allowing him to over come his initial frustration, and the
voice example was described by him as,

Fun... really intuitive... enabled me to control the

sound in a very direct way. (USQ17)

3.6 In summary

3.6.1 Physical Affordances

The Wii-remote is restrictive. Better suited to a device
that restricts user actions. Hitting and pointing. Roll-
ing gesture was poor with all sounds.

The iPhone is an all rounder conversely it still gave af-
fordance information to the user.

Both Wii-remote and iPhone retained their apparent cul-
tural affordance. i.e. TV remote.

The WAX, with minimal affordance, suggested freedom
and responsiveness to the user, conversely the lack of
affordance information created one or two attempts to
“fit” it into something that had affordance.

3.6.2 Sonic Affordances

The only sounds that afforded an expected gesture, that of
hitting, was the sounds of the snare drum and percus-
sive violin.

The lack of presence of a physical violin prevented users
mimicking the action of a bowed violin with all de-
vices.

The complexity of the vocal phrase drew the users inter-
est and had no consistent gestural action in conjunc-
tion with all devices.

3.6.3 Exploration
Most users were unfamiliar with the devices as sound
controllers. This invoked exploration and interest for



each device. In general, they wished to compare and
find the limits of each device and the sound it was
controlling. Apparently, the more complex the sound
that was being controlled, such as the vocal phrase
and bowed violin, the more exploration was desired
from the user.

4. DISCUSSION

Affordance was originally conceived to describe relation-
ships between the environment and an actor. These rela-
tionships are based on perception, complementarity be-
tween environment and actor, and are subject to relative
scale. When applied to design of objects, affordance ex-
tended the notion of actions an environment could offer
an actor, to the kinds of use that an object invited a sub-
ject. When extended to computer interfaces, this ecologi-
cal and design knowledge is brought to bear in imple-
menting metaphors for task completion by users of a sys-
tem. In all these cases, the assumption is that we are deal-
ing with unitary entities — single objects, or interface
items with a given function. Complex relationships are
described in terms of a sequence of a number of unitary
affordances, or the hierarchical nesting of affordances
within one another.

With a programmable hardware/software system, the
complexity of the entity (in this case an experimental
digital musical instrument) and the gestural affordance it
offers the user becomes much more difficult to identify.
The results of the user study point to this complexity. The
relationship between “environment” and “actor” go be-
yond complementarity and scale, and might begin to in-
clude historical information about the actor or the instru-
ment such as musical experience and subjective matters
such as musical preference and taste. In this, culture en-
ters into the possible affordance provided by the system.
The question arises not whether culture should be part of
affordance, but how one might study subjective variation
across a range of users rigorously, or how one might de-
sign to accommodate evolving cultures. Conversely po-
tential problems arise of designing, or over designing
prescriptive systems that lead users to “expect” certain
affordances instead of being allowed to explore system
characteristics.

4.1 Scale

The Wax may be too small a scale to have gestural affor-
dance to humans. One user tried fixing it to his palm to
give it a larger affordance providing surface.

The scale of affordance with these instruments lies not
just in the relative sizes of object and user, but of the
scale of meaningful movement afforded by the form fac-
tor and default cultural association. The Wii-mote ges-
tures tend to be bigger than with the other objects, bely-
ing its cultural origins as a controller for playing video
games that use a sports metaphor.

The iPhone offered different degrees of gestural interac-
tion, from small-scale movements, such as rotation, tilt,
towards big complex gestures involving the whole use of
the body and greater production of movements of arms
and hands. In this sense, it seemed to offer a broader

grade of physical affordance. This observation appears to
concur the preferences of the majority of users who
matched the iPhone with the complicated and dynamic
voice sample rather than the simple violin sample. The
smaller Wax, often referred to as a pencil eraser, afforded
gestures of intricate examination or drawing in the air.
Why would these gestures be generated from an object
whose affordance was minimal?

4.2 Music apps and systems integration

The instruments we used in our study reflect the kind of
sophisticated system that is increasingly available as stu-
dio tools in the music technology field, or as consumer
oriented music apps on mobile platforms. One of the
best-selling iPhone music apps is the Ocarina [25], a vir-
tual wind instrument where the player blows into the
phone’s microphone and fingers notes on the multi-touch
screen to simulate playing a simple bore-hole woodwind
instrument. Does such a mobile phone based virtual in-
strument afford playing music according to the perform-
ance practice borrowed from an acoustic instrument? The
results of this study suggest that it could be possible, but
that the answer to the question depends not just on the
affordance proposed by the interface design, but the in-
herent object affordance of the iPhone and the latent
sonic affordance of a computer generated ocarina sound.
This puts three forms of affordance in play in a complex
interdependent relationship that is neither sequential nor
nested. The complex relationship of these multiple affor-
dances is compounded in that their relative “affordance
mix” is dependent on characteristics of the actor, its
player.

4.3 Artifacts

The building blocks for these high level instruments are
each already artifacts embedded in contemporary culture.
Whether it is a consumer device like a video game con-
troller, or a form of collective memory such as a histori-
cal instrument (people might be familiar with an ocarina
sound without ever having seen or played one), these
constructs are cultural objects. While the early affordance
literature proposed using the notion of affordance to bet-
ter design new artifacts [13], the current proliferation of
highly charged cultural objects in society might indicate
the interest of studying the affordances of component
artifacts that contribute to the overall make up of a higher
level system. Fleming’s model for classical artifact study
[11], which creates an iterative structure of artifact
makeup, identity, comparison, values, and interpretation
to situate historical artifacts in evolving cultures may be a
useful technique with which to study the complex rela-
tionships of multiple affordances that come together in a
complex, compound artifact. Chung and Ishii propose the
notion of Mega Affordance Objects to extend primitive
objects with multiple functional affordances [7].

5. CONCLUSION

The complex mix of affordances takes place because the
components that make up an interactive music instrument



are not neutral materials, but are high level, highly
evolved elements each of which brings a baseline affor-
dance in its original home context and culture of use.
These high level elements — designing with already-
designed components, from mobile phone hardware to
sophisticated sound synthesis software libraries, to in-
strumental metaphors drawing on centuries of music his-
tory are the elements which will make up the “environ-
ment” with properties we try to characterize in use. These
complex components are assembled in a form of systems
integration to create highly sophisticated interactive me-
dia systems leading to a form of high-level construction
that requires an equally high level conception of affor-
dance, not in the unitary singular, but as constructs of
affordances in the complex plural.

This is seen in the results of the study where participants’
interactions were influenced consistently but not system-
atically by the physical affordance offered by the form of
the device and the cultural affordance projected by the
image of instruments like the violin, varying with device
and sound despite constant underlying gestural mapping.
The gestural affordance of the instrument, then, depends
not just on trigger threshold mapping or Xx-y
time/frequency mapping, but will vary by device and
source sound, physical affordances and cultural associa-
tions.
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