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ABSTRACT most 20 to 30 inches, people become engrossed in the

Bringing the body more fully into interaction has
attracted attention as research now looks to combines
body, mind, cognition and emotion when people interact
with a digital environment. This paper describes a user
study comparing Vuzik — an application where the user
manipulates, arranges, and composes music with painting
interaction akin to that used when standing at an easel, to
a traditional, GUI based musical interface. Vuzik aims to
promote creative musical experiences in children by
allowing the child’s actions and movements as he/she
paints on a large display resembling a canvas using a
palette and brush or finger to control musical parameters
interactively. In a study conducted with fourteen
elementary school children, we found that when
compared to a more WIMP-based traditional tool, Vuzik
promoted larger scale gestures, ease of learning, and the
formation of a broader overall understanding of their
musical creation.
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INTRODUCTION

For children, singing or creating sounds is a mental
activity that can be essential for life and growth. At the
same time, music is an indispensable part of forming an
image of the world by exploring the causal relationship
between one’s own actions and changes in the
environment [32]. Many past efforts attempted to harness
automation and technology and apply them to artistic and
creative context, including music. However, such efforts
sometimes indicated that tools which use advanced
technology, far from sufficiently stimulating human
creativity and sensibility, instead inhibit it (e.g. [2]).
When holding a mouse or a keyboard, which enable
precise and detailed information input, and looking at
detailed and ordered objects shown on a display of at
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detail of it, getting caught up in the simple operation of
these devices. As a result, an important consideration, that
of developing an overall mental image of the desired
creation and making bold alterations to the creative work,
can be lost. This is said to lead to design which is
superficially pretty but lacking in content and substance
[31].

On the other hand, embodied interaction is attracting
attention as a field that combines body, mind, cognition
and emotion when people interact with a digital
environment [8]. Dourish states in Where the Action Is
that while our bodies are our most familiar presence, it is
a presence which is difficult to consider objectively [7].
Consequently, interaction design has been mostly based
on the Cartesian principle of mind-body dichotomy. He
stated that future interaction design must give careful
thought to the user’s Heideggerian state of immersion in
the everyday world — embodiment — and that digital
technology must be used properly [7]. In other words,
what embodiment points at is not only the body itself, but
something abundantly suggestive of sensibilities, senses
and intuition. Following, in a digital environment that
was designed with embodiment in mind, user experience
will rely on rich mappings between physicality, body
gestures and movements, tangible artifacts, and the
interface, resulting in experiences that relate directly to
users’ senses and actions.

In this paper we explore an interface, Vuzik, which maps
large gesture interaction using tangibles in front of a large
interactive screen to creative musical experiences [12, 22].
Music can inspire and lead to a whole body reaction and
movement, naturally, as seen in dance. Conversely,
musical instruments are devices that convert body
movements into sound. In this sense the relationships and
mappings between our bodies and music are important
elements when creating interactive media that should
musically engage people. Attempts to merge more
holistic interaction systems and creative expression also
coincide with a growing interest in the relationships
between interaction design, body movement [16], and
artistic expression [21].

In this paper we propose an interactive system aimed at
children — Vuzik — to express music that maps larger-scale
gesture interaction to visual and auditory feedback. We
closely study the design space, the possible mappings of
physicality and gestures to musical expression, and



compare Vuzik to a more traditional, GUI-based musical
interface. We expect that Vuzik will contribute to the
design of interactive systems that enable and foster
creative expression.

RELATED WORK

Interfaces Supporting Children’s Creative Activities
Many systems and interfaces were designed to support
children’s creative activities and expression in the areas
of music, art, and storytelling.

There are many interfaces that aim at allowing children to
create and express themselves musically. For example,
Hyperscore [9], Making Music [30] and Dragencer [13]
allow the user to compose music by freehand line
drawing. In Hyperscore, many notes are entered in one
sequence by drawing lines with the mouse, with detailed
adjustments are made at a later point. FlexiMusic Kids
Composer [10] are authoring tools for creating music by
combining recorded sound and prepared pieces of music.
Singing Fingers [25] is a drawing and sound sampling
tool for the iPad. Speech and surrounding sound is
recorded while lines are drawn with a finger, later these
lines can be traced allowing the recorded sound to be
played back.

There are also many interfaces that support children’s
drawing. For example, Jabberstamp [23] allows pictures
to be drawn onto paper are placed on a tablet, and sound
can recorded when specific places in the picture are

touched with a stamp or trumpet with an embedded stylus.

When these locations are later traced with the pen, the
recorded sound is played back. 10 Brush [26], traces
objects in the real world using a brush with an embedded
camera, sampling the color and movement of the object.
These samples become drawing materials to make
pictures on a canvas using real world colors and patterns.
The Sound of Touch [15] takes the form of a hand-held
wand that contains a microphone, piezo vibration sensor,
and pushbutton. The wand can be used to record sound
and later play back the recording by brushing, scraping,
striking or otherwise physically manipulating the wand
against physical objects.

Examples of studies focusing on creating stories are
TellTable [5], StoryMat [27] or StoryRoom [17].
TellTable is a system where children create and share
stories on a table top display. Children create characters
and a background by taking pictures of real world objects
or people with a capturing tool and by drawing pictures
on the table. By placing these on the table and recording
and adding story narration or dialogue, a complete story
is created.

Gestural Interaction for Musical Expression

The number of studies investigating interface design for
musical expression using large-scale gestural interaction
is gradually increasing with the development of sensor
technology.

LaserWall [20] can track hand and body motion in front
of large interactive media surfaces. BodySpace [29] can
control a music player by using feedback from
acceleration sensors attached to various places on the
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body such as the head, chest and the hips. With “The Bow
is Bent and Drawn” [33], musical pieces which are rich in
social and active expressions can be both listened to, and
created. While not musical in the traditional sense,
Williams et al.’s evaluation of SignalPlay [34] describes
how participants’ manipulation of augmented physical
objects enabled them to construct, interpret, and
manipulate connections between a physical space and a
correlated soundscape. For BodyBeats [35], three types of
whole body interaction systems were developed —
jumping on a trampoline, touching a wall-sized push-pad
with several people, and changing hand position or
posture — and the authors explore the possibilities for
whole body movement as an interface for children to
generate music. MINWii [1] is a musical therapy game
aimed at Alzheimer’s patients where virtual keyboards
are played using a Wiimote or where music that has been
prepared beforehand is performed. One Man Band [3] is a
musical game using a Wiimote in a similar way, where
music is performed by controlling the timing and the type
of instrument played using gestures. Articulated Paint
[14] enables users who are not music experts to control a
piece using gestures, moving a brush like a conductor’s
baton. When drawing lines with a brush containing an
embedded pressure-sensitive sensor on the display,
parameters to enrich the music’s expressive power, such
as the piece’s tempo and dynamics, articulation or vibrato,
are determined from the brush stroke information. In
Moboogie [11], the three axes of the acceleration sensor
embedded in an Android mobile device are mapped to
melody, base and drum, respectively, and allows
interactively altering musical pieces that were provided
beforehand according to the user’s movements.

These systems, primarily allowing manipulation of pre-
created music, provide an entertainment space where
music is explored using large gesture interaction.

Positioning of This Effort

Vuzik is an interactive system that enables a user to
experience creative musical expression while while
painting with the same large body gestures that can be
used at an easel This shares many elements with the
systems described above: Hyperscore, Making Music and
Dragencer are similar to Vuzik in that they support
children’s expression and creation of music through
drawing actions. However, they emphasize small mouse
and finger interactions instead of our larger expressive
gestures. BodyBeats and Moboogie share Vuzik’s aim of
supporting musical expression using one’s body, but as
they are not aimed at creativity in the sense of allowing
users to create and compose new music, these projects’
goal differs from Vuzik’s.

VUZIK

Design Concept

We established the following design concepts for the
design of Vuzik’s functionality and interaction to support
creative musical expression for children.

Large gestural movement. Construct a space for
interaction with the system not only through fingers or
hands, but through larger movements.



Keeping in touch with the physical: Promote the use of
physical artifacts for children to explore, discover and
play with in order to easily acquire embodiment.

External representation: One of the aims of Vuzik is to
understand the role of larger, fuller gestural movement in
creative activities. An interface where the relationship
between music and embodiment is more explicitly
constructed is therefore important.

Free expression: Ensure that children can express their
imagination as freely as possible to encourage creativity.
A certain amount of molding and structuring of the user’s
movement through the system design is unavoidable, but
not using any music piece provided beforehand
minimizes the restrictions or influence on the child’s own
creativity.

Playfulness, simplicity, and immediacy: As Vuzik
intended users are children, emphasize playfulness and
simplicity in designing both the software user interface
and the physical tangible components. Also, ensure that
children can create sound instantaneously without the
need for elaborate planning.

System Description

We employed an iterative and incremental design process
when developing Vuzik, incorporating continuous
evaluation of our prototypes by children participants.

“Drawing” Music Using Larger Scale Gestures

In accordance with our design concepts, this study
employed a classic yet more intuitive brush interface style
of drawing a picture on a large-sized canvas using a
finger or a brush, where the correspondence between
body movement and manipulation is clear. Because the
action of drawing a picture on a large canvas requires the
same kind of larger gestural interaction as when playing a
general musical instrument, we ensure this study focuses
on body expressions using much more of the body than
previous interfaces. Also, sketching by hand is regarded
as an effective means of externalization for the creative
thinking process [18].

Mapping to Basic Musical Elements

Music is composed of the four basic elements of rhythm,
pitch, dynamics and timbre. To satisfy our design concept
we mapped each element to the interface (Figure 1).

Canvas: On the canvas, the horizontal axis represents
time, where the music progresses from left to right, and
the vertical axis represents the pitch, where the sound
becomes higher as it moves upwards from the bottom.
The complete image drawn onto the canvas represents
one piece of music, starting at the left edge and ending at
the right edge.

To investigate the way in which children “draw” music,
we carried out an informal user study. When we asked
children to express a melody they had heard in a drawing,
we were able to divide their styles of expression into two
broad types, namely the free style (i.e., scribbles, letters,
dots, pictures of hands) and the matrix style (i.e., graphic
depiction of the perceived musical performance,
including depictions showing an awareness of meter
including rests). In order to deal with both styles of
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Stroke color (timbre)
Stroke length (rhythm)

<---->Pie menu for paint colors

Canvas’ scale slider

Replay tempo adjustment
“rabbit/tortoise” button

[Pie menu for basic operation]
Replay/stop
Delete stroke (partial/all)
Undo/redo
Copy & paste

Figure 1. Basic musical elements of Vuzik and their mapping.

expression, in the background of the canvas we prepared
a mode where additional lines were shown as a reference
for the pitch and the time axes, as well as a mode that did
not show this information.

To enable simple and smooth movement between viewing
an overview of the complete piece and focusing on a
detailed part while creating the music, we ensured that,
instead of creating sub- windows, one and the same
window (canvas) can be displayed in any scale through
zooming. The user can change the scale of the canvas
using the scale slider on the palette.

Brush, finger: One stroke on the canvas using either a
finger or a brush consists of one or more notes connected
smoothly through a slur. The pitch of each note is
mapped to the value on the vertical (y-axis). The
positions on the y-axis corresponding to the points within
the stroke represent the changes in pitch, and the time
from the previous changing point to this one provides the
rhythm. The timing of the start of playing a stroke on the
canvas is mapped to the values on the horizontal axis (x-
axis) formed by the points at the start of the stroke. The
dynamics correlate to the thickness of the brush stroke
and the timbre to the paint colors selected. The timbres
are mapped to eight colors of paint by one of the authors,
a professional composer and oboe player, generated
timbres aiming to analogously match the character of the
colors.

Palette: The palette is operated with finger touch. Almost
all the application’s manipulations are performed on the
physical palette rather than the GUI. This includes the
following: event operation, to start and stop the replay of
created music; changing the properties of the brush, i.e.,
the thickness (dynamics) and the paint colors (timbre);
regulating tempo and volume of the reply; zooming on
the canvas; and basic operations including copy or undo
strokes (notes). For simplicity, we kept the number of
functions to a minimum. We designed the system so that
the children could move freely within a wide area holding



the palette like a painter in their non-dominant hand, or
put it next to the canvas and move around empty-handed.

Two Interaction Modes

This system is composed of two interaction modes: the
Creation mode, to create music, and the Playback mode,
to playback and listen to the music. The children can
move between them seamlessly without regard to two
modes.

Creation mode: When the user, using a brush or their
fingers, touches the display canvas directly,
corresponding sound is played back simultaneously with
a line being drawn frechand on the display. The brush
properties can be changed on the palette. The user can
change the paint color (timbre) by touching a finger to the
color that mimics paint on the palette, and they can
change the thickness of the brush (dynamics) by turning
the dial on the palette.

Playback mode: When the user touches the “note” icon
on the palette, the music is played back starting from the
notes on the left of the canvas, and including any pauses.
If only partial payback is desired, the user selects part of
the strokes (notes), then touches the replay icon, and only
the selected notes are played back (partial replay).
Furthermore, by turning the “rabbit and tortoise” dial on
the palette, the tempo of the replay can be changed.

Implementation

The hardware of the Vuzik system consists of a canvas,
brush and palette (Figure 2). For the canvas, a touch
enabled wall-sized interactive display, we assembled the
following product setups: front projection interactive
whiteboard (947 SMART Board SB690) + projector
(EPSON EB-1730W). For the brush we used unaltered,
commercially available painting brushes, as the panels are
pressure sensitive. For the palette, we cut a commercially
available wooden painter’s palette to a size that fits a
child’s hand and embedded two touch sensors (Phidget
Circular Touch Sensor 1016), two rotation sensors
(Phidgets Rotation Sensor 1109), and a slider sensor
(Phidgets Slider Sensor 1112).

The software broadly comprises two packages, a WPF
based application implemented in Microsoft Visual
Studio 2008 C#, and a program implemented using
Cycling 74 Max 5.1.7. Max is a graphical integrated
development environment for sound and images, and is
software that is widely used by musicians and new media
artists.

EVALUATION

We examined the effect that larger gestural interaction
has on children’s creative activity by carrying out a
comparative experiment using existing systems.

Study Design

Fostering an internal understanding: does the system
encourage forming an overall idea of music in
children?

As mentioned in the introduction, the formation of an
overall conceptual understanding of one’s creation is
important in creative activity. Most traditional design
support tools can be considered to inhibit the grasp of an
overall idea of their creation due to the user becoming

243

Canvas
(interactive

Speaker display)

Traditional
version

Modern
version

Figure 2. Vuzik’s hardware configuration and palette.

easily mired in detailed fine-adjustments. Our
experiments set out to evaluate whether the user can
express and construct music while forming an overall
concept or idea. We will measure the system’s effects on
both the music generated by the user (the output) and the
process in which the user generates the music (the
process).

First, we investigate a method to evaluate whether the
generated music (the output) has been formed with an
overall idea in mind. Music is not mere sound, a simple
melody or rhythm, but has a structure that expresses
thoughts or emotions [32]. Western music, which is at the
basis classical music in the world today, is temporally
structured in a continuous dimension and a simultaneous
dimension. A representative feature characterizing the
structure in a continuous plane is phrasing!, and a
representative feature characterizing the structure in a
simultaneous plane is harmony? [32]. We introduce these
two, phrasing and harmony, as evaluation criteria. Three
evaluators—students majoring in music—independently
evaluated the pieces of music that each participant
generated in task D (see below). They rated them on a
three-point scale (2 points, 1 point, 0 points), and gave
the participants a score averaging the ratings.

Then, to evaluate whether an overall idea was kept in
mind during the process of creating the music, we
introduce the macro operation ratio, or the extent to
which the children operated the application in a dynamic
manner without getting into the detailed fine-adjustment
operations. Looking at three operations, namely the
moving, transforming, and replay of tone objects, we
classified the operations into macro-operations and
micro-operations and calculated the ratio. For the
operation classification criterion, we set the threshold

! Dividing the melody in natural groups made up of a number of
notes.

2 Structuring music using its parts such as melody, chords,
rhythm.



relating to moving and transformation operations
according to whether the rectangle surrounding the object
after the user’s operation would fit inside an area covered
by double the size of the rectangle before the user’s
operation. If it did fit, we designated it as a micro-
operation. If not, we designated it as a macro-operation.
For the replay operation, we defined replaying the
complete piece as a macro-operation, and replaying a
specific note object that was selected more than once, a
micro-operation. Moreover, in order to assess whether
detailed adjustments were encouraged or not, we asked
participants for their subjective evaluation. We used a 5-
point Likert scale for the subjective evaluations.

Ease of learning: is the system easily mastered by
children?

As described in the beginning, Dourish states that
“because, in a digital environment where embodiment has
been given consideration, the environment interacts in
collaboration with one’s own body movement, people can
experience it through their senses and actions. [7]” It is
also accepted that, in general, people find it easy to retain
a memory of things they have actually experienced
through their senses or actions. As a measure to evaluate
the ease of learning for the application in this experiment,
we use the frequency with which participants asked the

Our reasons for selecting Hyperscore as a control for
comparison with Vuzik are as follows. First, Hyperscore
is a tool that, similar to Vuzik, supports creation and
arrangement of music by children through the freehand
drawing of lines. Its functionality also has many
similarities with Vuzik. Furthermore, Hyperscore was
developed based on a theoretical study, and that is,
generally, widely-used in many countries as music
education software.

While Vuzik and Hyperscore are functionally similar,
differences can be seen in the input/output interface.
Comparing both systems, we will outline the common
features as well as the differences from the perspective of
a MVC (Model-View-Controller) model [4], used in
designing user interfaces with the Smalltalk-80
programming language. From the Results section
onwards we will examine the experiment results based on
the three differences shown in the Table 1, i.e., diffl,
diff2, and diff3.

Experimental Environments
Under the Vuzik conditions, participants stood in front of
the canvas and expressed music by drawing lines on the

o B

Pop-up menu to change
stroke dynamics

Paints (determines the color
of the melody window)

. . . . . indicati
experimenter questions about its operation during the sition 1

experiment.

Note object Stroke cut —l,
position  in

Line
Brush \ Replay tempo slider\ current
Melody  window X PV Pafa® #, - / |

= e S
(create basic |

User experience: what do children think of their

experience?

Finally, we need to confirm how the user’s state of mind,
cognition and emotions are affected as a result of using
the system. In this study, we asked participants for their
subjective evaluation in relation to enjoyment and
satisfaction. We used a 5-point Likert scale for the
subjective evaluation.

Furthermore, in order to objectively evaluate the
children’s emotions, we captured their facial expressions
during the experiment. However, as Vuzik makes use of a
projector, the environment with minimum lights must be
maintained, and therefore, the recorded images containing
numerous data pertaining to the children’s expressions are
difficult to distinguish. As a result, we were unable to
give emotion ratings based on expressions using a tool
such as the Smileyometer [24].

Experimental Conditions

We set up conditions for two tools, namely Vuzik and
Hyperscore (Figure 3). We set the tool conditions to be
between-subjects factors. Even though the number of
participants was low at fourteen, we decided on between-
subject factors due to consideration of the burden on the
children who formed the participant group. Through an
earlier informal user study it became clear that children
would need a certain amount of time to arrive at the stage
where they used a tool with which to manipulate sound
through drawing, such as Vuzik or Hyperscore, as a tool
not for mere drawing but to express music. Therefore we
thought that, with the participants being children who
can’t maintain concentration as long as adults, asking one
participant to use two tools for a long time may constitute
a significant burden.

7S

melody by lining ‘\ i
up note objects)

LI

Length of note
objects (rhythm)

>
St
Sketch window —
(draw strokes with
color on brush as the

color of the created
melody window)

Zoom function for
whole screen by
turning mouse wheel

Enter one melody unit
created in the melody
window between two»

Replay/stop button (Replay
is possible in any window
Button is only shown in

symbols active window)
Figure 3. Hyperscore screen and functions.
Common features Differences
Model ® Data (basic elements of | (no big differences)
music: rhythm, pitch,
dynamics, timbre)
® Processing (setting
rhythm, pitch, dynamics,
timbre, and  replay
tempo, replay/stop, etc )
View ® Method of representing | ® Physical display size (diffl)
music (horizontal axis Vuzik : 94”
represents time, rhythm Hyperscore : 24”
is expressed in lines or | ® Window configuration (diff2)
points, the vertical axis Vuzik : single window
represents pitch, timbre Hyperscore : multiple windows
is expressed in color,
etc)
Controller | ® Operation by directly | ® Number of Controllers (diff3)
touching the Controller Vuzik : Each type of processing
through  corresponding
individual controllers
(button or brush)
Hyperscore All  processing
operated through single
Controller (mouse)
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Table 1. Comparing Vuzik and Hyperscore.
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Figure 4. Experimental setting.

Vuzik Hyperscore
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Figure 5. Task B (Fill-in-the-middle section task).

Vuzik Hyperscore
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x GEpEE =
Figure 6. Task C (Supply-the-melody task).

Session 1 80 - 90 min
Video [c>Tainlc: TaskA| || Break |>(Task 8 |>[survey

Session 2 ~1-week 80 - 90 min
Video |=»| TaskC |=»| Break Task D | Survey

Figure 7. Experimental procedure.

canvas using a finger or a brush with the palette (Figure 4,
left). Hyperscore music by drawing lines on the canvas
using a mouse or keyboard (Figure 4, right). During the
task, the display screen was recorded and the participants’
facial expressions and all their movements were captured
from two viewpoints.

Participants

Fourteen (5 female) elementary school children (4th-6th
grade) from a public school in Japan recruited from the
general public took part in the experiment. Recruitment
was done through posters displayed within the school
grounds and flyers distributed through the school’s
teachers. Participants were recruited if they fulfilled the
conditions of liking to sing, perform and listen to music.

Tasks and Experimental materials

We prepared a total of four tasks, A, B, C and D. All
music in tasks A, B and C was composed by one of the
authors, who 1is a musician. We gave careful
consideration to the music prepared, so that both Vuzik
and Hyperscore had nearly identical music (in terms of
melody, tempo, and rhythm).
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Task A (Arrangement task): Participants were to change
a provided piece of music. They were instructed to make
at least two changes of their choice per piece. They could
change the rhythm, pitch, dynamics and timbre of any
note.

Task B (Fill-in-the-middle section task): Participants
were to create the middle section for a piece in three parts
that provided the first and last part (Figure 5).

Task C (Supply-the-melody task): Participants supply a
melody for a piece that only contains a bass part in the
low tone range and an accompaniment part in the high
tone range (Figure 6).

Task D (Composition task): Task D is a completely open
challenge. Participants were instructed to freely create a
piece of music from scratch.

Experimental Procedure

We carried out the experiment following the procedure
shown in Figure 7. Each participant took part in two
sessions, which took place a week apart, in either one of
the software tool setups.

For Session one, participants first viewed an
approximately five minute long video explaining the
software tool’s operation. We then asked them to use the
tool freely as a form of training in order to familiarize
themselves with the tool. After that, we asked them to
complete Task A. Task A contained four pieces of music.
We limited the time per piece to four minutes, but we told
the participants that they were allowed to finish before the
time was up (same for tasks B, C, D). After a ten-minute
break we asked them to complete Task B. Task B consists
of one provided piece of music, to be completed within a
time limit of ten minutes. After that, we asked them to
answer a 5-point Likert scale questionnaire. The overall
time required for Session One was approximately 80 to
90 minutes.

For Session two, participants first viewed an
approximately ten-minute long video with a simple
explanation of the basics of musical composition. We
then asked participants to complete Task C. Task C
consists of one piece of incomplete music to complete
within a time limit to 15 minutes. After a ten-minute
break, we asked them to complete Task D. Task D
consists of the creation from scratch of one piece of
music, with a completion time limit of 30 minutes. After
performing the task, we asked participants to answer the
exact same questionnaire as in Session One. The overall
time required to perform Session Two was approximately
80 to 90 minutes.

We also told the participants that they could ask questions
if they didn’t understand something, or take a break if
they became tired during the task.

RESULTS AND CONSIDERATIONS

Forming an Overall Mental Idea of the Music

First, we will report the results as to whether the
generated music (output) was constructed with an overall
mental idea of the desired creation in mind or not. Figure
8(a) shows the average scores and standard errors for
phrasing and harmony — the indices to measure musical
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Figure 9. Example of pieces completed by participants in
Task D.

structure — in the pieces participants completed in Task D.
Figure 9 shows examples of pieces completed by
participants in Task D. We carried out a significance test
with a Welch’s t-test with a significance level of 95%.
Vuzik participants had significantly higher scores than

Hyperscore participants for both phrasing (Vuzik
(hereafter, “V”). M=1.76, SD=0.39; Hyperscore
(hereafter, “H”): M=1.10, SD=0.75; 1(8.98)=1.935,

p<=.05) and harmony (V: M=1.76, SD=0.29; H: M=0.91,
SD=0.83; 1(7.48)=2.38, p<.05).
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Next, we show the results as to whether the participant
was keeping an overall idea of the music they were
creating in mind in the process of creating music. Figure
8(b) shows the average values for the macro operation
ratio (%). We obtained the macro operation ratio for the
three operations of moving, transforming and replay of
tone objects. We applied an arcsine transform on the
percentage data and performed a tool (2: Vuzik,
Hyperscore) X session (2: Session 1, Session 2) two-way
ANOVA, in which session was repeated and tool was
treated as a between-subjects factor.

There was a significant main effect of session with
respect to the moving operation (Session 1: 42.4 vs.
Session 2: 26.3, F(1,12)=5.521, p<.05). There were no
other significant effects or interactions. As the main effect
of session was significant, we performed a post-hoc test
(Tukey’s HSD), which showed that in the Vuzik group the
ratio of macro moving operations was significantly lower
in Session 2 than in Session 1 (p<.01). Studying the data
in detail, it was clear that the ratio was particularly low in
the second half of Task D, which was a lengthy musical
composition task.

For the transforming operation there were a significant
main effect of tool (V: 22.0 vs. H: 1.9, F(1,12)=4.909,
p<.05) and session (Sessionl: 19.2 vs. Session2: 4.7,
F(1,12)=6.753, p<.05) (Figure 8, (c)). We saw no
interaction between tool and session. Because the main
effect of tool was significant we performed post-hoc test,
which showed that the macro operation ratio was
significantly higher in the Vuzik group than in the
Hyperscore group (p<.05). As the main effect of session
was also significant, we performed post-hoc test which
showed that, similar to the moving operation, in the Vuzik
group the macro operation ratio was significantly reduced
in Session 2 (p<.001).

For the replay operation, there was also a significant main
effect of tool (V: 49.6 vs. H: 32.9, F(1,12)=5.290, p<.05)
(Figure 8, (d)). There were no other significant effects or
interactions. As the main effect of tool was significant we
performed post-hoc test, which showed that the macro
operation ratio was significantly higher in Vuzik than in
Hyperscore (p<.05).

Figure 10 shows the results of the subjective evaluation
questionnaire (Q1-Q4) as to whether fine adjustment
operations were encouraged by the tools. We performed a
tool X session two-way ANOVA in which session was
repeated and tool was treated as a between-subjects factor.
The graph represents the averages of the scale derived
from participant’s answer for two sessions. The results
show that there was a main effect of tool in three out of
the four questions, and that the Vuzik participants felt that
they were able to boldly perform tasks without worrying
about details more than the Hyperscore participants (Q1:
V:4.9vs. H: 4.4, F(1,12)=7.350, p<.05; Q2: V: 3.9 vs. H:
4.4, F(1,12)=0.845, p=.0376; Q3: V: 4.9 vs. H: 3.9,
F(1,12)= 4.783, p<.05; Q4: V: 5.0 wvs. H: 38,
F(1,12)=5.192, p<.05). We found no significant main
effect of session or interaction between tool and session.

The aforementioned results suggest that on both aspects
of the music generated (output) and the creation process,
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Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8

Question as to whether you Q1 I drew lines resolutely, not nervously.
operate in a bold manner, Q2 I often thought that I’d like to move a
without becoming caught line a change a shape a tiny bit.
up in detailed adjustments? Q3 I could freely draw lines without
caring about the details.
Q4 I could freely make music without
caring about the details.
Pleasure Q5 I enjoyed making music.
Q6 I enjoyed drawing lines.
Q7 Ienjoyed today’s experiment.
Satisfaction Q8 1 was satisfied with the music I made.

Figure 10. Results of subjective questionnaire.

Vuzik Hyperscore

Figure 11. Participants during the experiment.

Vuzik encouraged the formation of an overall mental idea
of their music while participants engaged with the
expression and construction of their music, to a greater
extent than with Hyperscore. We can say that, in spite of
the feature that Hyperscore provides a window
configuration which seems to facilitate the user’s
awareness of the musical structure (see Figure 3), the fact
that results show Vuzik as more effective is a significant
finding. However, dynamic operations decreased
significantly in Session 2 containing the lengthy Task D
with children in the Vuzik group, too. This indicates that
with the lapse of time in creative activities the degree to
which children operate with boldness decreases. This may
indicate that Vuzik is particularly effective in the initial
stages of creative activity.

Furthermore, in our observations regarding the video
material, we frequently saw Vuzik users drawing lines
with both feet spread wide apart while stepping from left
to right, and Vuzik users who consciously or
unconsciously put a mental and physical distance between
their work and themselves by stepping away from the
display or sitting down (Figure 11, left). On the other
hand, in Hyperscore users, we observed a tendency to
stay in a fixed position, and stare at the screen with a
hunched posture (Figure 11, right). When moving strokes
or when drawing users were also seen, with both tools, to
grab hold of an object and hesitate for a moment before
starting an action. However, once they started the action
their appearance changed. We observed Vuzik users often
moving objects or drawing resolutely while moving their
arm or their entire body. On the other hand, many

Hyperscore users carefully moved objects and looked as
if they were continuously hesitating. This suggests that,
when comparing Vuzik and Hyperscore, the main factor in
encouraging the participants to form an overall
conceptual understanding of their music is derived from
the differences between the two (Table 1), by the
difference in physical display size (diffl).

Ease of Learning

Figure 8(e) shows the frequency at which participants
asked questions about the operation during the two
sessions. We obtained for each session the number of
questions per minute and performed a tool X session two-
way ANOVA. There was a significant main effect of tool
(V:0.02 vs. H: 0.10, F(1,12)=5.452, p<.05). We found no
significant main effect of session or interaction between
tool and session. Since the main effect of tool was
significant, we performed a post-hoc test which showed
that the question frequency for Vuzik users was
significantly lower than for Hyperscore users (p<.05).
Based on these results we confirmed that, at least in
regards to the frequency of questions relating to operation,
ease of learning is higher with Vuzik than with
Hyperscore. This is also consistent with the results of Q9
(see below) where Vuzik users felt that lower mental
demand was required compared with Hyperscore users.

We discuss here the main factors resulting in Vuzik’s
higher degree of ease of learning compared to Hyperscore
on the basis of the differences between the two as shown
in Tablel. When we examined the content of the
questions from participants in the Hyperscore group, most
questions were related to the relationship between
windows, followed by those related to which icon to
select in order to perform heir desired task. This suggests
that the difference is caused by the difference in window
configuration (diff2) and the difference in the number of
Controllers (diff3). Regarding diff2, there is the
possibility that Vuzik’s simple window configuration
reduces the cognitive burden in relation to system
operation. As for diff3, we infer that the different physical
buttons (Controllers) for each function in Vuzik encourage
a different experience of embodiment, and whether as a
result it was more easily retained in memory. On the other
hand, we were unable to determine whether it was caused
by the difference in physical display size (diffl) from the
question content obtained.

User Experience

Figure 10 shows the results of the subjective
questionnaire relating to pleasure, satisfaction and
workload. We performed a tool X session two-way
ANOVA.

For the questions relating to pleasure (Q5-Q7), there was
a main effect of tool (Q6: V: 4.9 vs. H: 4.4, F(1,12)=
4.909, p<.05) only for Q6 (“it was fun drawing lines”).
We performed post-hoc test for Q6, and results showed
that values were significantly higher for the Vuzik group
(p<.05). We found no significant main effect of session or
interaction between tool and session. For either Q5 or Q7,
there was no significant main effect of tool. It is clear
from the results of Q5 and Q7 that participants in both
Vuzik and Hyperscore greatly enjoyed making music.



Regarding satisfaction (QS8), there was no significant
main effect for either tool or session, even though the
average values for participants in the Vuzik group were
higher than that in the Hyperscore group. These results
suggest that both Vuzik and Hyperscore participants were
satisfied with the music they made.

In summary, there was little difference in the experience
that users derived from Vuzik or Hyperscore. Regarding
the positive effects of pleasure and satisfaction, Vuzik and
Hyperscore users enjoyed the music expression and
composing activity and were satisfied with their results to
almost the same extent.

Summary

We evaluated Vuzik, an interface that allows children to
interact with a large display using a brush or a finger, in
comparison to Hyperscore, where people interact with a
small display using a mouse. Our evaluation had three
main perspectives: overall mental idea formation, ease of
learning, and user experience.

When comparing Vuzik and Hyperscore in regards to the
first aspect of overall idea formation, we found that Vuzik
promotes overall conceptual understanding in children’s
through creative activity. The music that was created with
Vuzik showed evidence that it was created with a mental
image of the music as a whole (i.e., the melody or a part)
in mind. Furthermore, when looking at the process,
results showed that the proportion of bold operations was
significant for Vuzik users. In other words, the proportion
of detailed operations is more significant for Hyperscore
users. Based on observations of video recordings of the
study, these results could be because Vuzik users kept the
overall mental image of their music in mind while,
through large gesture interaction, they drew in a dynamic
manner and put distance between themselves and their
work during the creation process. This finding raises the
possibility that the use of large-size displays, which
inevitably encourages larger-scale bodily interaction, is
effective not only in our Vuzik system, but in digital
environments supporting children’s creative activities, in
general. A comparative experiment with Vuzik displays of
varying sizes is required to closely verify the
effectiveness of large-scale gestural interaction, and is left
to be pursued in future work.

On the other hand, for Vuzik users, the proportion of bold
operations decreased greatly during the second session of
our study, which included a lengthy task, compared with
the first session. While this shows that large gesture
interaction as used in Vuzik is effective in the first, more
explorative stage of the creative activity, at the same time
it indicates the possibility that it may not be the optimum
form of interaction in the intermediate and final stages of
creative activity, which may require more meticulous
attention to details. Creative activity consists of a number
of stages, and exploring system requirements that can
provide the appropriate interface for each stage will be
one of the major design challenges we will examine in the
future.

Reflecting on the second aspect of ease of learning, we
confirmed that, compared to Hyperscore, the frequency of
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operation-related questions was significantly lower for
Vuzik. A qualitative analysis of the question content
suggests that a simple window configuration reduces
cognitive burden on system operation, and that different
experiences of embodiment, namely operation of different
physical buttons for each function, promote recognition
and thus lessen the need to memorize operations.

In regards to user experience, no major differences were
observed between the Vuzik and Hyperscore, and we
confirmed that users of both systems thoroughly enjoyed
the music expression and creation activities and were
satisfied with their experiences and composition
outcomes to almost the same extent.

CONCLUSION

In this paper we presented Vuzik, an interactive system
aimed at children, supporting creative musical activity by
the use of tangibles and larger scale gestures in front of a
large interactive display. The results of a comparative
study between Vuzik and Hyperscore, a more traditional
WIMP interface where children compose music using a
desktop PC, showed that Vuzik is effective in encouraging
an overall conceptual understand of their creation,
considered to be important in creative activity. This
suggests that, when supporting of children’s creative
activity, smaller interactive spaces and lack of rich
physical mappings and engagement can be significant
shortcoming. Our findings confirm previous research on
the effectiveness of embodied interaction in a large
interactive display space when supporting creative activity.

To substantively improve Vuzik, a deeper understanding
of the effect that large-scale gestural interaction has on
creative activity is necessary. This paper focused on
overall idea formation of one’s creation as an important
aspect in creative activity, but does not cover the entirety
of creative activity. In the area of creative activity the
importance of metacognitive activity has been pointed out,
where one reflects upon one’s own actions (e.g. Dewey
[6] and Schon [28]). Systems which support such
reflective thinking activity are also being explored in the
HCI field (e.g. [19]). We see great potential in future
work on including adding reflective thinking elements in
creative interfaces such as Vuzik.

Another future work aspect we are planning to explore is
investigating Vuzik’s potential as a tool for collaborative
music expression and creation by multiple users. The
expression of music is not only essential for the
individual, but is also an important communication
activity. When we asked several children to informally
use Vuzik together, we observed a chain of events where
their imaginations were stimulated by the output from
other children interacting with the system, which in turn
became a source of inspiration and gave rise to further
new output.

Another, more practical layer of our vision for Vuzik is
developing classroom kits which will allow teachers in
classrooms already equipped with large interactive
displays (not uncommon in the developed world public
educational system) to wuse ready-to-use in-class
experiences and activities which explicitly promotes
children’s musical creativity skills.
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