
MOGCLASS: Evaluation of a Collaborative System of
Mobile Devices for Classroom Music Education of Young

Children

Yinsheng Zhou, Graham Percival, Xinxi Wang, Ye Wang, Shengdong Zhao
School of Computing (SoC) National University of Singapore Singapore 117417

{yzhou86, wangxinx, wangye, zhaosd}@comp.nus.edu.sg, graham@percival-music.ca

ABSTRACT
Composition, listening, and performance are essential
activities in classroom music education, yet conventional
music classes impose unnecessary limitations on stu-
dents’ ability to develop these skills. Based on in-depth
fieldwork and a user-centered design approach, we cre-
ated MOGCLASS, a multimodal collaborative music
environment that enhances students’ musical experi-
ence and improves teachers’ management of the class-
room. We conducted a two-round system evaluation
to improve the prototype and evaluate the system: Im-
provements were made based on the results from an iter-
ative design evaluation, in which a trial system was im-
plemented. The system then underwent a second round
of evaluation through a three-week between-subject con-
trolled experiment in a local primary school. Results
showed that MOGCLASS is effective in motivating stu-
dents to learn music, improving the way they collab-
orate with other students as well as helping teachers
manage the classroom.
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HCI): Multimedia Information Systems: Sound and Mu-
sic Computing; K.3.1 Computing Milieux: Computers
and Education; J.5 Computer Applications: Arts and
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INTRODUCTION
Music education for young children integrates compo-
sition, listening, and performance. Performance and
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listening enrich students’ repertoire of musicianship, al-
lowing them to perform creatively and construct their
ideas into new shapes and meanings. However, interac-
tion among these musical activities is optimal only when
the students have mastered the necessary technique to
accomplish different tasks [20].

Conventional classroom music education constrains the
development of students’ musical skills [14]. Most in-
struments require years of practice to achieve compe-
tency, setting a technical demand which is too high
for most students. The limited number of instruments
available also restricts students’ artistic expression. Fur-
thermore, the chaos and noise produced by acoustic
instruments during class-wide practice makes listening
and self-analysis difficult. Teachers must spend a huge
amount of time and effort keeping the class in order,
which reduces the time for teaching technical instru-
mental skills or musical expression.

By carefully analyzing current practices in music educa-
tion in classrooms, we designed MOGCLASS (Musical
mObile Group for Classroom Learning And Study in
Schools) [25], a collaborative system and multimodal
music environment based on networked mobile devices.
It supports students’ music experience and assists teach-
ers in managing the classroom. It enhances active lis-
tening, composition, and performance, which enables
creative music making and engagement and makes lessons
engaging, fun and effective.

Taking advantage of the sound synthesis technology and
sensory capabilities in mobile devices, we were able to
simulate playing a wide range of musical instruments
through suitable body movements. Since the sounds
were simulated, we could carefully control the level of
complexity required to produce them. Extraneous move-
ments were eliminated, allowing students to focus on
musical understanding. It also allows the teacher to as-
sist students through “scaffolding”, a set of visual hints
that guide students through the piece of music.

To support peer collaboration during practice sessions,
we designed virtual sound spaces, allowing students within
a group hear each other’s sounds via headphones, but
do not hear sounds produced by other groups. Con-
sequently, students can collaborate better without dis-
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Figure 1: Student interfaces in MOGCLASS

turbing others. Their devices can also be switched to
public performance mode, which plays sound over loud-
speakers so that everybody in the classroom can hear.

A device that acts as a remote control for all students’
devices facilitates the teacher’s management of the class-
room. It can automate tasks for different instructive
and disciplinary purposes such as changing the sounds
and interfaces of students’ devices, grouping students,
activating or deactivating students’ devices, and set-
ting up group practices (through virtual sound space)
or class rehearsal (using public performance mode).

Designing MOGCLASS required a significant under-
standing of the teachers’ and students’ characteristics
(e.g., musical skills), requirements and the workflow of
music classes. Two rounds of evaluation were conducted
to refine and validate the design. The first round of eval-
uation consisted of an iterative design process with four
separate music lessons given to three classes. The im-
proved system was then evaluated in a between-subject
controlled study of two groups of primary school stu-
dents, one using MOGCLASS and the other using the
recorder (a commonly-used music instrument), taking
the same five-lesson course.

Our work makes the following contributions: 1) general
design principles that will be useful for creating collab-
orative systems for improving classroom music educa-
tion, 2) identification, through the iterative design eval-
uation, of specific challenges that these systems must
meet, and 3) a tool for learning music that has a mea-
surable impact on students.

USAGE SCENARIO
To illustrate the various functionalities of our system,
we imagine MOGCLASS being used to teach a Grade
5 class (students aged 10-11 years).

At the beginning of the lesson, the teacher configures
the students’ devices to show a piano-like interface (Fig-
ure 1b) by pressing a few buttons on her device. To help

the students learn a musical piece, she provides extra
visual cues by enabling scaffolding. A set of bars drop
down from the top of the screen of all devices. The
location and size of each bar indicates a note and the
duration it should be played. Students can press the
buttons indicated by the bars allowing them to focus
on the interface instead of splitting their attention be-
tween an instrument and a sheet of printed music.

After learning how to play the song on their devices, the
students are allowed to do group improvisation. The
teacher enables the headphones so that students within
a group can hear each other’s devices. She allows them
choose any instrument, and turns off the visual cues.
Students who choose percussion instruments produce
sounds by shaking the device (Figure 1a). A few ad-
vanced students who choose to play the melody can
make sounds such as an expressive glissando (“swoop-
ing in between” normal notes) using the interface in
Figure 1c, which is easier to play than a real violin be-
cause of the “note regions” 1, yet is much more difficult
than the other interfaces.

Five minutes later, the teacher enables the loudspeak-
ers, and each group takes turns performing before the
rest. However, while she is grading the first perfor-
mance, some students in other groups are very excited
and continue playing. The teacher identifies the mis-
behaving students through her device, and she mutes
their devices so that they cannot disrupt the class.

RELATED WORK
Technology in music education has been growing rapidly
over the last few decades. Programs such as GNU
Solfege [2] and Practica-Musica [4] can be used for ear
training and teaching music theory, while systems like
i-Maestro [15] and the Digital Violin Tutor [23] pro-
vide interactive self-learning environments for studying
how to play an instrument. Many schools teach com-
position using notation software [16], which allows stu-
dents to hear their scores without the need for live mu-
sicians, while programs like Hyperscore [3] allow stu-
dents to create music without any knowledge of music
theory. However, most of these tools are geared towards
non-performance activities (theory and composition),
or were created for specific instruments (like violin).
They are not suitable for classroom music education,
which involves the use of a wide variety of instruments.

One solution is to create non-standard physical inter-
faces to act as controllers for synthesizers (e.g., Toy
Symphony [10]). However, customized hardware lim-
its the potential for widespread adaptation by schools.
We adapted current mobile interfaces, especially since
these devices are increasingly powerful and ubiquitous.
One example of this approach is MoPhO [21], a new
repertoire-based ensemble using mobile phones as pri-
mary musical instruments. Other projects have focused
1The sound frequency within the note region is preset to
help beginners to play in tune



on accelerometers within commercial mobile phones [6,
7] or the Wii remote [22], using gesture recognition
as input methods for musical instrument applications.
Nevertheless, very few attempts to translate this ap-
proach so that it can be applied in large classrooms.

A few systems have been developed to support non-
music classroom education. KidPad [8] developed a
shared 2D drawing tool for storytelling. Livenotes[11]
created a shared white board system using wireless com-
munication and tablet PCs to support real-time com-
munication within small groups of students during lec-
tures. Mischief [13] is a platform that supports tradi-
tional classroom practices between a remote instructor
and a group of students. Each student has a mouse
but the class shares a single large display. Systems
for special needs have also been developed. One exam-
ple is vSked [9], an interactive and collaborative visual
scheduling system that supports classroom activities for
children with autism and eases teachers’ workload.

DESIGN METHOD
We followed the classroom-centered design suggested by
Loh [12]. This approach is aimed at “inquiry-oriented”
education, which is a good fit for the current music cur-
riculum in local primary schools [1]. It takes four fac-
tors into consideration: student collaboration, student-
student and student-teacher communication, teachers
as facilitators or guides, and the influence of the cur-
riculum on the use of the tool.

We conducted several field trips and interviews in order
to understand conventional music class practices. We
visited three local primary schools, observing five class-
room sessions in Grades 3-6 and interviewing four music
teachers. Each class had 40 to 45 students, with a total
of approximately 200 students. To support this project,
we put together a multi-disciplinary team consisting of
experts from HCI, sound technology, and music educa-
tion. Paper prototypes were used to test designs within
the team and with two music teachers.

To facilitate widespread deployment in public schools,
the system has to be robust. It should, after a short
period of training, be maintainable by music teachers
who do not have a technical background. Setting up
the system in the classroom and packing it away at the
end of a class must be fast, and any problems during
the class should be easy and quick for a teacher to solve.

Music Class Practices
We identified several essential music class practices that
are common in classroom music education but are in-
adequately supported by existing learning tools.

A. Mastery of technical skills: Recorders are rela-
tively easy to master at a basic level, but students still
need to spend a significant amount of time to learn and
develop the physical skills required to play them.2 Stu-
2These skills include hand position, fingering types, and
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Figure 2: System diagram

dents must learn those skills in conjunction with music
theory, collaboration, and composition. If we could sim-
plify the physical skills required to make music, students
would be able to spend more mental effort on the other
three activities.

B. Availability of instruments: For practical rea-
sons, the use of musical instruments in the classroom is
often restricted to simple percussion instruments (e.g.,
handbell) or affordable wind instruments (e.g., recorder
or harmonica). Due to budget constraints and the lack
of expertise in a wide range of instruments (be it West-
ern classical or world music genres), music teachers in-
troduce other instruments or genres through audio/visual
samples such as YouTube videos [5], without giving stu-
dents the ability to play and experiment with the instru-
ments themselves.

C. Individual and group activities: There are fre-
quent switches between individual practice, group activ-
ities, and class rehearsals. When students are allowed
to practice on their own, cacophony ensues. This makes
it difficult for each student to focus on the sound he is
producing, reducing the effectiveness of solo practice.
One teacher noted that this is the most terrible part of
music class because it is too noisy, and hopes technology
can be used to solve the problem.

D. Teacher’s workload: Teachers handle many tasks,
sometimes concurrently, such as giving musical instruc-
tions, organizing activities, guiding different students
and groups, conducting performances, and maintaining
classroom discipline. One particular challenge in music
education for children is classroom management. Unlike
in other school subjects where students sit at desks, mu-

breath control. Although the recorder is pre-tuned, it is
very easy to change the pitch by over- or under-blowing.
These often result in an unpleasant sound.



sic classes generally involve sitting on the floor in rows
or in small groups. This freedom of movement, espe-
cially when combined with the opportunity to produce
sounds with instruments, makes students excited and
harder to manage. The teacher often spends a signif-
icant amount time giving warnings or punishments to
noisy students.

Design Principles
Through our observations of the classes, we arrived at
a set of core design objectives which became the basis
for the final design of MOGCLASS.

A. Minimize instrument technical demands. Entry bar-
riers such as the technical difficulty of music instru-
ments should be reduced, allowing students to focus
on musical creativity and improvisation. Lowering the
technical demands of music increases the probability
that children can organize and execute a course of ac-
tion required to complete the designated performance,
thereby enhancing their perceived competence and self-
esteem in playing music.

B. Support a wide range of instruments and interac-
tions. In order to adapt to a diverse musical repertoire
and allow creative exploration, the system needs to sup-
port a wide range of functions and simulate sounds of
a variety of musical instruments for children to actively
explore and create with. The music curriculum allows
time for such creative exploration; we should give stu-
dents more sounds to discover.

C. Improve collaboration by separating performance and
practice. To avoid disruptions in class, students should
use headphones when practicing alone or in groups and
speakers when performing. The wireless network allows
students to be interconnected, supporting collaborative
music making.

D. Facilitate teacher’s task. Some activities can be au-
tomated: the teacher can carry out different classroom
activities such as group performance, solo practice, and
changing their instruments through her device. She can
also get students’ attention by sending a notification to
their devices. The design should help the teacher ac-
complish tasks as she moves from group to group.

THE MOGCLASS SYSTEM
This section describes only the features of MOGCLASS
after the iterative design evaluation. For a discussion
of the interim features, see Iterative Design Evaluation.
For technical details, see MOGCLASS [25]. The system
diagram is in figure 2.

Student and teacher interface
We implemented our system on the iPod Touch, a de-
vice with a multi-touch screen and an accelerometer.
These two features are relatively new in commercial mo-
bile devices, but we expect them to become widely used
in the next few years.

Figure 3: The workflow of the teacher’s interface: the
student icon represents hitter (drum), tapper (piano),
slider (violin) that the student is using. Icons for stu-
dents who are online are highlighted while the ones for
those who are offline are semi-transparent. The students’
names are displayed under each icon.

Interfaces designed for young children should use intu-
itive metaphors as design elements [19], so we devel-
oped three users interfaces (hitter, tapper, and slider;
Figure 1) based on the metaphors of drum, piano, and
violin. Hitter uses the accelerometer. When the device
detects a hand-shake, it produces a sound whose volume
is proportional to the strength of the shake. Tapper and
slider are controlled with the multi-touch display; tap-
per is played using discrete buttons, while the vertical
position of a finger on the slider plays its note.

To help teachers monitor students’ status and manage
their interfaces simultaneously, we designed an interface
that integrates the teacher’s functions in single display
(Figure 3). Selecting individual students is done by
dragging the finger to select students’ icons (A) on the
touchscreen, then clicking the “instrument” button in
the pop-up menu. The teacher may allow students to
choose any instrument (H), or specify their interface
(I), sound (J), and starting note (K). The teacher may
also disable or mute the student’s device (C). A cor-
responding student icon flashes (D) when a device is
being played, so the teacher always has class feedback.

Selecting an entire group (e.g., all Yellow ipods) is done
by doing a long press in the group area (B). This lets
the teacher choose between public performance mode
(speakers) and virtual sound spaces (headphones). Scaf-
folding is enabled on all devices in the class (E), with the
option of allowing students to practice by themselves,
or having an ensemble practice. All devices can be se-
lected with (F) for global administration. The teacher
can also switch to display the other half class with (G).

Virtual Sound Space and Public Performances
In the virtual sound space (Figure 4), the students’ de-
vices are grouped according to how the teacher sets
them. Each device sends all its user actions to other
devices in the group, allowing the sounds to be synthe-
sized in each device. In public performance mode, the



Figure 4: Students working with MOGCLASS in a virtual
sound space under the teacher’s direction.

group’s loudspeakers will be enabled so that the group
can perform their composition to all the students.

Scaffolding
The scaffolding is useful in guiding students through un-
familiar pieces of music. This gives students a chance
to develop the necessary techniques to perform compo-
sitions in a consistent and developed manner [20]. The
basic idea is similar to karaoke: students perform pre-
set songs based on the visual hints. When the class is
performing music together, all student devices are syn-
chronized. The entire performance is started from the
teacher’s device.

ITERATIVE DESIGN EVALUATION
We conducted four evaluations to test the usability of
the initial prototype.

We tested our system on two groups of students in an
actual classroom environment: Group 1 consisted of
students aged 8 to 9 years (from two classes: C-3A,
which has 44 students and C-3B, which has 42). This
group was selected because they were at a key stage
of music development where they can benefit from this
type of technological enhancement. Group 2 consisted
of students aged 11 to 12 years from one class C-6,
which has 18 students). They represented the higher
end of our target users, with better musical and ana-
lytical skills. These allowed us to collect more feedback
for improving the system. All classes were roughly bal-
anced in gender with 80% of them having some experi-
ence with mobile devices.

The first two sessions were carried out with class C-3A,
the third session with C-6, and the final session with C-
3B. A total of 104 students and 3 teachers participated
in our evaluations.

To avoid excessively training the teachers on MOG-
CLASS’s incomplete versions, the first three lessons were
taught by one of the authors, who is also an experienced
music teacher. The regular music teachers observed and

Table 1: Classroom session details. A: Bell pulling (hit-
ter); B: Mechanical bells (hitter); C: Kangdi Qing Ge
(Tapper); D: Frere Jaques (Tapper); E: Kangdi Qing Ge
(Slider)

Grade Time
(min)

Lesson
programs Other activities

C-3A 50 A, B Playing with animal
sounds.

C-3A 50 C
Choosing new sounds
to use. Practice with
headphones.

C-6 90 A, B, C,
D, E

Practice with head-
phones. Be free to use
any interface and any
sounds.

C-3B 50 A, C No.

gave comments after the lessons. The final evaluation
was taught by a primary school teacher who was not
previously exposed to MOGCLASS. This was done to
test whether the system could be used effectively by a
music teacher with no technical background.

Working closely with the teachers, we created lessons to
evaluate the effectiveness of our system (see Table 1).
These lessons aim to test with a variety of music from
different cultures, instruments, and varying degree of
difficulties. Lessons A, B, E represented a basic in-
troduction to each music-making interface. Lesson C
and D allowed students to play more challenging mu-
sic which requires more coordination among different
groups of students.

During each session, student feedback was collected via
direct observation, video recordings, and questionnaires.
We also conducted semi-structured interviews with the
observing teachers.

Findings
Overall, the sessions were very successful in achieving
our evaluation goals: testing the initial acceptance, learn-
ability, and usability of MOGCLASS interface (both
teacher and student interfaces), and to test the robust-
ness of the system. Most of the feedback from students’
and teachers’ were positive. The response gathered
from the students’ questionnaire results were clearly
favorable, with all classes reporting that MOGCLASS
was fun and generally easy to use. All teachers, ob-
serving and participating, liked the system very much.
Managing large groups of young students is typically a
difficult task, but the mute function helped significantly.
The teachers highly approved of this feature.

The prototype received a few complaints, which were
caused by limitations intrinsic to mobile devices such
as limited display and processing resources.

Feedback from Students



Students with a background in piano complained about
the split-level notes in the original tapper interface [24]
and the limited range (one octave). After discussions
with music teachers, we adopted the piano for the metaphor
of the tapper; and users can go up and down 3 octaves
by sliding their fingers on the top of the screen. Some
students were also unhappy with the hitter interface,
as the synchronizing of the gesture and the sound pro-
duced is not accurate enough. We solved this problem
by improving the algorithm using machine learning ap-
proach [25].

We observed that some students had difficulty reading
sheet music – their eyes alternated between the musi-
cal notation and the screen of their device, with each
change requiring half a second or more for them to “find
their place.” This motivated us to develop scaffolding.

Feedback from Teachers
In the teacher interface design of our initial prototype
(Figure 5), the mute function (A) was not selective. It
disabled all students’ devices, so the teacher could not
use it to silence the rest of the class when a group was
performing. The teacher also did not have the option for
selecting sounds and interfaces (B) for a specific group
of student devices because the devices of the entire class
were configured at once.

In the prototype, we only allowed each student to prac-
tice with headphones on their own. After the evalua-
tion, teachers valued the headphone feature because it
eliminated the chaos during music practice. Further-
more, teachers’ suggestions inspired us to design the
virtual sound space that students can do group practice
without disrupting the rest of the class if their devices
were shared with the group through headphones.

Some students were overly absorbed in the devices dur-
ing the evaluations, repeatedly activating the instru-
ment control even after the teachers disabled them. One
suggestion we received was to provide the teacher de-
vice a function that identifies these students and freezes
all the controls and displays on their devices.

The separate displays in the original interface of the
teacher’s device (Figure 5) should be streamlined. There
are three main reasons we want to change the old teacher
interface design: 1) the teacher has to switch among the
three views to change the configurations of the students’
devices; 2) class-wide control is provided but there is no
control on individual device; and 3) the Connection Sta-
tus display does not show whether a student’s device is

CBA

Figure 5: A partial view of the three seperate displays
in the original teacher interface design

muted (in C of figure 5, the cat and the whale repre-
sent the online and offline students, respectively. The
red background means the student is pressing the but-
tons) and does not provide enough feedback on changes
in the students’ interfaces (hitter, tapper, or slider).
Consequently, the separation of MOGCLASS functions
into several separate displays increased teachers’ cogni-
tive load. We solved this problem by displaying all the
functionalities in one screen.

CONTROLLED USER STUDY
The evaluations aimed to gather teachers’ and students’
initial reaction towards MOGCLASS, discover usability
issues, and gather feedback for improvements. How-
ever, the lessons we conducted are insufficient for us to
judge the system’s educational value. It is also difficult
to understand the advantages of teaching with MOG-
CLASS without comparing it with a traditional music
class. Thus, we carried out a controlled user study to
investigate further and answer the following research
questions:

• Does MOGCLASS increase students’ interest and mo-
tivation, and improve collaboration in music classes?
• Does MOGCLASS enhance the teacher’s ability to

organize and manage the class?
• Can MOGCLASS easily be integrated into the pri-

mary schools’ current music curriculum?

Participants
Two classes (4A and 4B) consisting of 77 students in
Primary 4 (Grade 4 in the US school system) and one
music teacher participated in the study. The two classes
were randomly chosen. Class 4A had 20 females and
19 males, while class 4B had 19 females and 19 males.
Students in both classes were familiar with computers
and mobile devices. Both classes were taught by the
same music teacher. He was familiar with mobile de-
vices, but did not have any previous experience with
MOGCLASS.

Study Design and Procedure
The study adopts a between-subjects design. There
is one independent variable (musical instrument) with
two levels (MOGCLASS and recorder). Class 4A used
MOGCLASS while Class 4B used recorders. All other
variables – the teacher, the classroom where the lessons
were conducted, the lesson plans, and the duration of
the lessons – were controlled so that both groups worked
in identical environments.

Prior to the study, we spent 30 minutes in the lab train-
ing the music teacher on the use of MOGCLASS. He
conducted lessons as outlined below. A survey and
questionnaire were given at various stages of the lesson
program.

Lesson Program
The music teacher created five-lesson program before
the study. The lessons were conducted in 3 weeks. Each



lesson lasted for 30 minutes. The details of the lessons
are as follows:

1. Introduction of the musical instruments by playing
the notes G, A, and B. At the end of the lesson, stu-
dents are to answer questions Q2 - Q5 at the end of
the lesson.

2. Learn how to play a simple song (“Mary had a little
lamb”) on the instruments. Students using MOG-
CLASS can use scaffolding.

3. Learn how to play a more advanced song (“Edel-
weiss”) on the instruments. Students using MOG-
CLASS can use the scaffolding. Students are to an-
swer questions Q1 - Q7 at the end of the lesson.

4. Repeat the same song (“Edelweiss”) with proper tim-
ing. Students using MOGCLASS will no longer use
scaffolding. Students are to work in small groups
where some play the song while others add their own
percussion compositions.

5. Evaluation: the teacher will assess and grade the per-
formance of the groups in terms of creativity, style
and technical proficiency. Students are to answer
questions Q1 - Q7 at the end of the lesson.

Classroom Setup
Due to budget constraints, we only had 21 iPod Touches
for use in the study (one for the teacher and 20 for
the students). Students in 4A shared the devices in
pairs. Students in 4B brought their own recorders. We
brought in additional equipment for data collection: an
HD camera positioned at the back of the room to record
the whole class, 2 JVC camcorders to film two selected
groups, and a pair of Cardio condenser microphones
connected to a MacBook to pick up sound. The only
difference in the classroom setup is the two laptops and
four speakers we installed to support MOGCLASS in
Class 4A’s lesson.

Survey and Questionnaire
We used a survey and a questionnaire to evaluate the
students’ level of motivation and collaboration. The
survey focused on general interest in music education.
It was administrated before the first lesson and after
the last lesson. The students ranked their interest in
school’s subjects (from 1 to 9, with higher numbers in-
dicating more interest.)

The questionnaire (see Table 2) studied motivation in
more detail, and was administered three times. The
questions were based on Deci and Ryan’s self-deter-
mination theory [18], which states three basic psycho-
logical factors contributing to self-intrinsic motivation:

• Competence: The feeling that one can reliably pro-
duce desired outcomes or avoid negative outcomes.
• Autonomy: The urge to engage in behavior on one’s

own initiative.
• Relatedness: The sense of being connected to a

larger social experience, which is also a metric for
student collaboration.

Table 2: Questionnaire

# Questions
Perceived Enjoyment
Q1 I enjoyed the music lesson.
Perceived Competence
Q2 I feel the instrument is easy to learn.
Q3 I can easily play music using the instrument.
Perceived Autonomy
Q4 I would like to use the instrument frequently.

Q5 I would like to play more songs on this instru-
ment.

Perceived Relatedness

Q6 I enjoyed the music that our group performed
in the class.

Q7 I am happy with my performance in our group.

We created two questions on each factor, and included
one question on “enjoyment”. Each question was rated
on a 7-point Likert scale, with higher numbers indicat-
ing stronger agreement with the given statement.

We also recorded and transcribed video from all classes
to study and document the students’ behaviors while
using MOGCLASS. We conducted semi-structured in-
terviews with the music teacher after each lesson, and
had one group interview with four students from Class
4A regarding their attitudes towards using MOGCLASS.

Research Hypotheses
We established the following research hypotheses, with
the null in each case indicating no difference in the mean
scores for class 4A and class 4B.

H1: Perceived enjoyment will be higher in Class 4A
compared to Class 4B.
H2: Perceived competence will be higher in Class 4A
compared to Class 4B.
H3: Perceived autonomy will be higher in Class 4A
compared to Class 4B.
H4: Perceived relatedness will be higher in Class 4A
compared to Class 4B.

Results and Analysis

Students’ Motivation, Interest, and Collaboration
In the survey, which presents a scale of 1 to 9 (1 be-
ing the least interesting, 9 being the most interesting),
both classes perceived music as an interesting subject.
Class 4A (MOGCLASS) with an initial rating of 7.31
and Class 4B (recorder) with an initial rating of 8.05.
After the five lessons, Class 4A’s rating increased signif-
icantly from 7.31 to 8.42 (F (1, 33) = 9.862, p = 0.004)
(see Table 3). For Class 4B, although the average rat-
ing also increased from 8.05 to 8.43, it was not signif-
icant (F (1, 28) = 1.451, p = 0.238). The significant

Table 3: Survey Results: General Interest

Class Before After F p
4A 7.31 8.42 9.862 0.004
4B 8.05 8.43 1.451 0.238



Q2 Q3 Q4 Q5

F(1,61) 3.085 14.9 17.236 9.653

p 0.084 0 0 0.003

m1 6.611 6.567 6.611 6.722

m2 6.202 5.707 5.434 6

m1 0.169 0.161 0.205 0.168

m2 0.161 0.154 0.196 0.16

I would like to use the instrument frequently2 4

I feel the instrument is easy to learn3 2

I can easily play music using the instrument4 3

I would like to play more songs on this instrument5 5

I enjoyed the music lesson. 6 1

I enjoyed the music that our group performed in the class.7 6

I am happy with my performance in our group.8 7

6.767 6.567 6.611 6.722

6.667 5.707 5.434 6

Q1 Q2 Q3 Q4

0.114 0.161 0.205 0.168

0.109 0.154 0.196 0.16
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Figure 6: Graph of questionnaire results

increase in the regard for music as an interesting sub-
ject demonstrates that MOGCLASS is effective in pro-
moting students’ interest. However, due to the higher
initial rating of Class 4B, it is insufficient to conclude
that MOGCLASS is more effective than recorders in
increasing students’ interest.

Since the students answered the questionnaire three times,
we analyzed the results using the repeated-measures
ANOVA test with the musical instrument as the between-
subject factor (in Table 4 and Figure 6). Students us-
ing MOGCLASS had higher ratings on most of the
questions except for Q1, where no significant differ-
ence was found. This indicates both classes enjoyed
the five music lessons equally. However, since students
using MOGCLASS initially had lower interest in the
music (7.31 vs. 8.05), gaining comparable interest after
the lessons seems to indicate greater improvement. For
the other questions, MOGCLASS received significantly
higher scores in Q2 and Q3, indicating that it was per-
ceived as much easier to learn than the recorder. It
also rated marginally higher in Q4 (p < 0.1), and sig-
nificantly higher in Q5 (p < 0.05), indicating students
had higher interest in using it and were likely to spend
more time practicing it instead of recorders. The last
two questions are related to the support of collabora-
tive learning. MOGCLASS scored significantly higher
than the recorder for Q6 (p < 0.05), and marginally
higher for Q7 (p < 0.1), indicating it was more effective
in facilitating and supporting group practices.

The questionnaire results support hypotheses H2, H3,
and H4, proving MOGCLASS covered the components
of self-intrinsic motivation. The survey shows that MOG-
CLASS increased Class 4A’s interest in music education
to the level of Class 4B. Thus, MOGCLASS has a sig-
nificant effect on motivation.

Hypothesis H1 is not supported by data, but since both
classes reported such high values (up to a mean of 6.77
on a 7-point Likert scale!), it is not surprising that
there is little difference. Future studies on MOGCLASS
might attempt to reduce the overall “enjoyment” num-
bers by asking students to choose between one enjoy-
able activity and attending music class (i.e., extra music
classes vs. lunch break).

Table 4: Analysis of questionnaire results:
one-way ANOVA test. (*p < 0.1; **p < 0.05)

# C Mean Std.
Error F (1, 61) p

Q1 4A 6.767 0.114 0.404 0.5274B 6.667 0.109

Q2 4A 6.567 0.161 14.9 < 0.0014B 5.707 0.154

Q3 4A 6.611 0.205 17.236 < 0.0014B 5.434 0.196

Q4 4A 6.611 0.169 3.085 0.084*
4B 6.202 0.161

Q5 4A 6.722 0.168 9.653 0.003**
4B 6.000 0.160

Q6 4A 6.383 0.192 7.926 0.007**
4B 5.636 0.183

Q7 4A 6.267 0.212 3.6 0.063*
4B 5.712 0.202

In addition to between-subject effects between MOG-
CLASS and recorder, we also tested within-subject ef-
fects for each class across multiple lessons. We found
no significant difference for within-subject effects (p >
0.05) , which means that both Class 4A and Class 4B
maintained the same level of motivation throughout the
five lesson period.

The field observation and interviews validated our ques-
tionnaire results. Teacher’s assistance during song prac-
tice was much less in MOGCLASS lessons. Most stu-
dents were able to practice playing “Edelweiss” on their
own using the “scaffolding” feature without much in-
volvement of teacher. As a result, some students fully
mastered the playing of the music piece (Edelweiss)
through classroom practice alone. On the other hand,
the level of assistance in the recorder class was much
higher. The teacher frequently approached students,
but they still expressed the need for more assistance.
As a result, none of the students learned to play Edel-
weiss during class even with more help from the teacher.

Many students strongly expressed the desire to have
more MOGCLASS lessons in the future. They found
MOGCLASS interesting and very easy to use, and liked
that it made sounds of many musical instruments. They
also “enjoyed the class”, and felt “fortunate to be able
to use an iPod Touch to learn music”, and “look for-
ward to my next music class”. The students “highly
recommend MOGCLASS to other schools”.

On the other hand, feedback from the recorder class was
mixed. Although most students agreed playing with
recorder was “interesting and fun”, “it is a little hard”,
and “noisy when practice in groups”. The students felt
that they want “more different instruments to learn”.
These confirmed that MOGCLASS is easier to use, and
has higher perceived competence from students.

Video footage showed how students collaborated during
group practice in a MOGCLASS lesson. It was a scene
from any other music lesson, where each student was



preoccupied with a certain idea, or wanted to do other
things or cause mayhem. However, the music teacher
reported that the major difference was the din of music
practice, which can be overwhelming in a normal class,
was gone. Except for occasional conversations among
students, the noise level in Class 4A was inconsequential
compared to the cacophony in Class 4B.

Classroom Management
Because MOGCLASS is a new system, it is expected
that the teacher will take a while to learn and use its
features. In the first lesson, the teacher did not use his
device frequently. He still gave verbal orders to silence
students instead of pressing the mute button on his de-
vice. As the study progressed, he became more familiar
with the system and used the device more frequently.
For example, before a group made a public performance,
he would first put everybody else’s devices on mute.

Managing the classroom using MOGCLASS also in-
creased the teacher’s competence in managing students’
activities. Since the status of students’ devices are dis-
played in his device’s interface, he could easily identify
misbehaving students. This is especially helpful in a
large class. The teacher liked the function that allows
group practices using headphones because it was qui-
eter. He also approved of the system’s ability to sim-
ulate different musical instruments. It eliminated the
need to buy new instruments since he can simply in-
stall new software applications.

Children are curious and active by nature. During the
study, some students were overly absorbed in testing the
instruments, continuing to play with them even when
they were asked to place them on the floor. After one
session with Class 4B, the teacher had to stop and ex-
plain to the class that he will not proceed with the lesson
unless everyone listens. In Class 4A, the teacher simply
disabled all the students’ devices before giving verbal
instructions. The group interview revealed that while
one student found the classroom management functions
of the teacher’s device (particularly the mute function)
restricted freedom, other students understand that they
were necessary to keep order in the class.

Integration into the Music Curriculum
After using MOGCLASS for five lessons, the teacher is
confident that it can be integrated into the current mu-
sic curriculum at the primary level. MOGCLASS fulfills
the objective specified in the General Music Programme
for students to “sing and play melodic and rhythmic in-
struments individually and in groups.” [1].

MOGCLASS’s basic configuration, which was used in
this study, has melodic elements (tapper and slider)
and a percussion element (hitter). It allowed students
to play almost all elements of classroom music making
needs in terms of many common musical instrument
sounds and the basic striking action of the percussion.
It also provides an almost infinite expansion capability,

requiring the devices only to be updated to receive new
musical instrument sound and functionalities. As the
teacher commented in the interview, MOGCLASS can
be used for a variety of music lessons because of the
options to play many musical instruments and its class-
room management functionalities. He thinks it has a
huge potential as a tool for music lessons that involve
no instruments (e.g., singing) if a voice recording func-
tion can be added.

However, one of the most important objectives of class-
room music education that traditional music technology
fails to provide for is music making in groups [17]. This
is also specified within the first objective of the 2008
General Music Programme Syllabus [1].

MOGCLASS is easy to deploy, requiring only five min-
utes for two students to set up and clean up the whole
system in classroom. After a short training period, a
typical music teacher was able to use the system smoothly.
Once during the study, the students encountered some
problems in the system (e.g., they could not log in)
that the teacher was nevertheless able to solve without
technical assistance. After the evaluation, the school
purchased the system and continued to use it on a long-
term basis. The potential challenge for schools with a
tight budget is to find the means to obtain the neces-
sary hardware and software. But with the ubiquity of
mobile devices, the teacher foresees a day when every-
one can bring their own mobile devices and use them to
learn music.

By developing the music experience through three activ-
ities (listening, performance, and composition) MOG-
CLASS is effective in motivating students to study mu-
sic and helping teachers manage the classroom. The
survey and questionnaire results, field observation and
interviews from the controlled study showed that MOG-
CLASS rated higher in questions regarding the three
basic psychological factors described in the theory of
self-intrinsic motivation in music education. The study
also showed that MOGCLASS is effective in reducing
teachers’ workload in managing the classroom. There
is a huge potential in deploying this system of networked
mobile devices to enhance classroom music education.

LIMITATIONS
The physical actions of the Tapper and Slider inter-
faces bear little resemblance to the actions in play-
ing an acoustic instrument. However, these interfaces
still capture the essential interactivity of music perfor-
mance: physical actions produce sounds, and sounds
are analyzed to plan future actions. The development
of this “action-sound-action” feedback loop is a cru-
cial part of music education. Future work will compare
MOGCLASS-trained and recorder-trained students’ abil-
ity to learn a third musical instrument.

Unlike acoustic musical instruments, the playing time
of an iPod Touch is constrained by its battery life. The
iPod Touch can last 2.5 hours with the Wi-Fi in con-



stant use. If a teacher wants to conduct a longer lesson
or use the devices throughout several sessions, we would
need to install a charging facility or prepare backup bat-
teries or devices.

Although the interface of the teacher’s device is easy
to use, the limited size of the screen poses a challenge
when many students are involved. The current inter-
face was designed for up to 20 student devices; more
students would result in a cluttered display. One pos-
sible solution is to use a tablet computer such as the
iPad, which can display more student information and
control functions on the screen.

Our study evaluated the progress of the students in the
MOGCLASS class throughout the five-lesson program.
In the future, we could work with the school to study
the improvement on students’ musical skills that can be
attributed to the use of MOGCLASS over semesters.

CONCLUSION AND FUTURE WORK
Based on careful considerations of music education needs
in schools we developed MOGCLASS. The interfaces of
the teacher’s and students’ devices were designed to fa-
cilitate learning in a creative environment. It allows
students to learn in a collaborative setting while ex-
ploring music in groups or as individuals. It can play
sounds from a wide range of musical instruments and
lowers the physical skills and time required to become
proficient in playing music. MOGCLASS was developed
to provide an active and motivating learning environ-
ment for children, while providing the teacher with an
effective tool to manage classes.

Our iterative design evaluation and controlled user study
have shown that MOGCLASS has achieved our goals.
It was so enthusiastically received by our participants
(students, teachers, and music education experts) that
our proposed system and approach may prompt educa-
tors to rethinking current practices so that music edu-
cation can be an active engaging experience.

This study will be helpful for designers and researchers
who are interested in studying interactive classroom
technologies. The success of this project makes us be-
lieve that MOGCLASS can be applied not only to music
education but also to music therapy. We are currently
working to adapt MOGCLASS as an assistive technol-
ogy for children with physical disabilities (e.g., muscu-
lar dystrophy) to decrease their isolation, improve their
social skills, and boost their self-confidence and self-
estee. We will continue to explore broader applications
for MOGCLASS in our future work.
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