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Abstract—This paper presents a novel interdisciplinary ap-
proach to aid with the growing concern about how to showcase
computer science and engineering degrees to pre-university
level students. This novel approach is based on empowering
students to create their own music-related game using real
music instruments. In order to allow the students to program
their games we have used the Greenfoot Introductory Learning
Environment to teach object-oriented programming skills with
the java programming language. We have also taught the students
music theory and practice. All these skills were required to allow
the students to successfully develop their musical games that
interact with the music instruments.

I. INTRODUCTION

The Brazilian government is one of the Governments world-
wide that is concerned with the decreasing enrolling rate and
the high drop-out rate in the Engineering degrees. For this
reason it has partnered with the Valle S.A. company to promote
the thematic call for projects Forma Engenharia. This thematic
call had the main objective of supporting Brazilian educators
to develop new approaches to attract, engage and showcase
different engineering degrees to pre-university students. This
particular call was aimed at students who were in up to three
years before applying for the Brazilian universities selection
processes.

There are different approaches that are used for showcasing
(and/or attracting) students to computer science and engi-
neering. The most common approaches are based on using
Educational Robots, such as Lego Mindstorms [1], using a
circuits-based approaches for electrical engineering awareness
[2] or using different softwares for digital game development
[1], [3], [4], [5]. Although these approaches successfully
showcase and attract students to engineering, they might attract
a particular niche of students.

Another area that can be used to showcase students to
computer science and engineering is known as Performatics.
Performatics has been defined by Ruthmann et al. [6], as a
series of courses intended to showcase computer science (CS)
by tapping the students inherent interest in performance and
the arts. In the context of music performatics [7], students
have been taught to build robots that can dance [8] or con-
duct orchestras [9]. Music concepts have also been used to
teach introductory computer science courses [10], [11], [12]
or specific topics, such as Design Patterns [13] or Object-
Oriented Programming concepts [14]. It has also been used

to design new music notation systems [7], to engage students
using collaborative music composition and remixing [15], [16]
or to design and build electronic music instruments [17].

The main contribution of this paper is to present a novel
approach, in the context of music performatics, to showcase
students to computer science and engineering that teaches
both music and computer science. To the best of the authors
knowledge, this is the first project that combines the teaching
of music theory, real music instrument playing and computer
programming. It also integrates the concept of hardware (using
digital music instruments) and software (developed by the
students) interaction as the students needed to develop a
computer game that interacted with a music instrument.

When developing our novel approach we were faced with
important key decisions which we discuss in Section 2. We
were also faced with some technical challenges about which
music instruments/equipment to use and how (and if) they
could be connected to the computers (Section 3). After care-
fully reflecting on the project format and overcoming the tech-
nical challenges we agreed on the final project form that would
be used with the students (Section 4). The results achieved in
this project by each student are presented in Section 5. Finally
the conclusions and future research directions of this project
are presented in Section 6.

II. KEY DECISIONS

There is a clear need for more approaches that promote
and raise awareness for computer science and engineering.
In this section we present the key decisions we had to
make to develop our project as they might be helpful to the
development of other approaches by other researchers and
educators.

A. Which Initial Learning Environment?

The first key decision when developing our approach to
attract and/or raise awareness of computer science/engineering
was which programming language (if any) should be used. If
the approach is focused on developing computer programming
skills, it may be the case of employing one of the existing ini-
tial learning environments (ILE). Some of the popular choices
for ILE’s that have been used in related projects are Alice1

1http://alice.org



[18], Scratch2 [19], Greenfoot3 [20] and Processing4 [21].
In this section we present the lessons learned in the related
projects that helped make our decision on which approach to
use. There is also a very interesting discussion about the major
differences between Alice, Scratch and Greenfoot in [22].

1) Alice: The Alice ILE has been successfully used in
many projects. One of these projects is the Dancing Alice
[23]. The Dancing Alice project has the goal of attracting
more girls to computer science by using Alice actors to dance
choreographs designed by the female students. Alice has also
been used in the SPIRIT workshop to improve the attitudes
and beliefs of high school teachers, counselors, and students
toward the field of information technology [24], in the game
design approach used by the IT-Adventures outreach program
[1] and in Imaginary World Camps outreach program (from
2003 to 2007) to create computer generated movies [3].

In [25] the authors used Alice to teach a Computer Science
Introductory (CS0) module. The authors [25] report that while
using Alice several at risk students commented to the teaching
assistants (TAs) that Computer Science was not as difficult as
they thought it would be. However, they also report that when
they transitioned their teaching to C++ or java their students
became easily frustrated and thought that they did not really
have the skills need to pursue a Computer Science degree.
[25] conclude that the one of the main reasons for the students
frustration was related to the syntax of the languages, because
while the Alice ILE allows the students to focus on more
important structural programming components and raises the
students confidence in programming, this confidence is mostly
limited to the ALICE ILE and does not transition to other
programming languages.

2) Scratch: The Imaginary World Camps outreach program
has switched from Alice to Scratch since 2008 [3]. After
making the change in the ILE the students had the option
of creating either a music video or a game.

Scratch has been also been used in [6] to teach computa-
tional thinking through musical live coding. According to [6]
scratch has the ability to generate and play sound using various
components. However, in order to make music with more than
one sound line in Scratch, it is necessary to address (and teach
about) the issue of synchronization. One of the advantages of
Scratch, according to [6], is that because it also function as a
live interpreter/compiler it could be manipulated in real time
for musical live coding.

3) Greenfoot: Greenfoot has been adopted over phyton
(that was used in 2007 and 2008) in the game programming
course of the COSMOS project in 2009 [4]. According to
[4] while using python the students would start witting code
for their games without a complete understanding of how it
worked. In their opinion [4] it became clear that they should
use a language that provides more structure and the safety of
static typing and explicit variable declaration.

2http://scratch.mit.edu/
3http://www.greenfoot.org
4http://processing.org

They also noted that Greenfoot introduced some problems
as well as many students were confused by the Heavy java
syntax such as import statements, class declarations, and the
type-casting required for collision detection. Another issue
they had with Greenfoot was that it forced them to teach
object-oriented programming and the concept of inheritance
from the first day of instruction.

4) Processing: Processing was adopted over Greenfoot in
the game programming course of the COSMOS project in
2010 [4]. Their main reason for the switch was that Processing,
while still being java, offered a rapid visual proto-typing
approach.

Processing has also been used in the Musicomputation
project [11]. The idea behind this project was to teach teenager
musicians about computer science. The reason they chose
Processing was because it provides a Java-style syntax, but
with libraries geared specifically towards visual art and sound
projects. They also provide an interesting discussion about how
they feel that Alice or Lego Mindstorms are insufficient to
teach the sort of computer literacy that is currently necessary.

B. Which course format?

The second key decision, for developing our novel approach
is what format we should use, i.e. how frequently should we
meet the pupils, where should we perform the activities related
to the project and what type of projects would we work with
the pupils. Although the answers to these questions will greatly
depend on the goals of the project as well as staff availability,
budget, etc. it is noteworthy that some of the related work
shows some interesting remarks about these issues that we
took into account when developing our approach.

For [26] an on-campus approach to outreach has the advan-
tage of letting students experience what it would be like to be
in college pursuing a degree in an engineering discipline and
it also allow the utilization of advanced equipment available
at the university labs.

Another important aspect of the format is related to the type
of projects the students will be engaged with. In the work
of [3] where the students had the option of making either a
music video or a computer game, the vast majority of students
choose to create a game. In [4] the authors report that when the
students had the same project, they were not nearly as excited
or motivated by the example game they had in previous years.
They conclude that creativity and ownership over their work
was clearly important to them. For [12] the student projects
that had the greatest success were those that were purposeful.

Other reasons for making the students make their own
games are provided by [5] who states that ”Digital game-based
learning is a popular strategy for engaging students by making
learning fun. Actively involving students as designers and
producers of digital games may have even greater potential for
student empowerment through enhancing concentration and
engagement, fostering higher order thinking, and improving
learning outcomes”. The use of a computer game construction
environment can also be used to encourage female participa-
tion in Computer Science [27].



III. TECHNICAL CHALLENGES: WHICH MUSICAL
INSTRUMENTS AND EQUIPMENT?

Originally, the first decision we were faced with was
whether to use acoustic or digital music instruments. In the
context of our project we decided to use digital instruments
rather than acoustic ones for the following reasons. First, one
of our original goals was to develop a project that could be
developed in any university or school. Therefore, by using
digital instruments it is possible to properly deal with note
detections without the need for a sound-proof isolated room
where only one student could work at a time. Second, by using
digital instruments it is possible to have a computer music
technology laboratory with several instruments and computers
connected to them, or to just have the instruments stored safely
somewhere and just bring them to computer laboratory when
necessary. Third, we wanted to have the students working in
this project to work in our research laboratory among graduate
and undergraduate students, therefore it was mandatory that
the students taking part in this project did not disrupt the work
of the other students in the lab.

However, even after our decision of using digital music
instruments, there were several technical aspects that were not
clear. For example, how to connect the digital instruments to
the computer? Or how to read the note events generated in the
instruments? Did all the instruments use the MIDI standard
output in the same way? For this reason, in this section we
present the equipment and technical solutions that were useful
to the development our project.

A. Keyboard

The keyboard is the most popular digital music instrument;
most models come with a MIDI or USB output. In this project
we worked with a Roland - Model GW-8 (presented in Figure
1).

Fig. 1: The Roland GW-8 Keyboard used in the project.

B. Digital Drums Kit

In our project we searched for different types of digital
drums that would provide a MIDI or a USB output. Our search
showed that there are some digital drum kits, from different
brands and model that have a USB or MIDI output. However,
we chose to use the Digital Drum Kit - Model HD-3 from

the Roland manufacturer (presented in Figure 2). In order to
connect the HD-3 to the computer, it is necessary to purchase
a special cable from Roland, namely the Roland MIDI-UM-
ONE cable, to connect the Digital Drums Directly into the PC.
It should be noted that although still using MIDI, the drums
provide a different set of events to indicate which part(s) of the
drum has been hit by the musician. Table I shows the mapping
between each piece and the corresponding MIDI code.

Fig. 2: The Roland Digital Drums Kit - Model: HD-3

TABLE I: MIDI Mapping of the parts of the Roland HD-3.

Pad Note Number Pad Note Number
Snare Head 38 Hi-Hat Open Bow 46
Snare Rim 40 Hi-Hat Open Bow 46

Tom 1 48 Hi-Hat Open Edge 26
Tom 2 45 Hi-Hat Close Bow 42
Tom 3 43 Hi-Hat Close Edge 22

Kick Pedal 36 Hi-Hat Foot Close 44
Crash Bow 49 Crash Edge 55
Ride Bow 51 Ride Edge 53

C. Guitar, Bass and the GR-55

The search performed for the digital keyboard and digital
drums that could be used in our project were much simpler
when compared with the search about how to obtain MIDI
or USB output from the Guitar and Bass music instruments.
After researching this issue online we discovered that there
are two options in order have MIDI generated events for a
guitar. The first option is to buy a digital guitar, like the G-5
VG Stratocaster from Roland. The second option is to attach
and install specific Roland pickup to any guitar or bass. Due
to some limitations in our budget we chose to purchase a
standard entry level guitar and a bass and the specific pickups



Fig. 3: A standard Bass with the Roland GK-3B Pickup
installed.

Fig. 4: Roland GR-55 Guitar Synthesizer.

from Roland. For the Guitar it was necessary to purchase and
install a GK-3 Roland pickup. For the bass it was necessary to
purchase and install a GK-3B Roland Pickup. Figure 3 shows a
picture with a standard bass with the GK-3B pickup installed.
It should be noted that only installing the pickups is not enough
to connect the Guitar and/or the Bass to the computer.

To connect the guitar and/or bass to the computer, it is
necessary to also purchase a Roland Guitar Synthesizer -
Model: GR-55 (presented in Figure 4). The setup for using
either the guitar or the bass is as follows: First, install
the Roland pickup for the guitar/bass. Second, connect the
guitar/bass to the GR-55 using a Roland GKC-5 Cable. Third,
connect the GR-55 to the PC using a standard USB cable. It
should be noted that only one instrument can be connect to the
GR-55 at a time and that it is necessary to manually inform
the device which instrument has been connected (guitar/bass).

IV. METHODOLOGY

The analysis of the related works presented in Section 2
shows that there is not a clear best approach to introduce
students to programming, and that many factors must be
taken into consideration. Is this project we chose to use the
Greenfoot ILE for two reasons. First, since it is java, we would
be able to use all existing java packages to deal with the digital
music instruments. Second, the students would learn a real

programming language. Although, it may be argued that it is
not the easiest ILE to start programming with, the fact that it
is Java has the benefit that the students can potentially create
anything with it.

One key aspect, in the design of the Music Education
Meets Computer Science Education, is that we wanted to
develop an approach that could be potentially used in any
school/university. We also wanted to develop an approach that
would tap into the students different interests one subject at a
time and that was compatible with their usual school workload.
For this reason, our approach is based on having a weekly
teaching meeting with the students.

The project is organized into five distinct phases. In the
first phase (Weeks 1 to 12), the students are taught how
to program in Java using the Greenfoot ILE. In the second
phase (Weeks 13 to 24), the students are taught music theory
concepts and how to play their particular music instruments.
In the third phase (Weeks 21 to 23), the students learn about
how to use music processing libraries in Java in order to write
programs that can receive events from the digital instruments.
In the fourth phase (Weeks 25 to 28), the students have to
start thinking about what type of game they will create while
learning how to digital photo editing software to create the
game interfaces. In the fifth and final phase of the project
(Weeks 29 to 36), the students work on their individual
projects with the assistance of the project tutors.

Each student selected to take part in the project had
access to his/her own personal computer and respective
digital music instrument at the computer music technology
laboratory. Although the students had only weekly meetings
to learn about different concepts, we always encouraged the
students to spend their free time at the laboratory while doing
assignments and other course work not related to the project.
We felt that this approach would have the added benefit of
the students being part of the laboratory.

V. RESULTS

In this section we present the main results of our approach,
which are the individual games designed and implemented by
each of the students in our project. Figure 5 presents the games
developed by each student.

A. The Bass Game

The Bass Game was developed by Gustavo. At the begin-
ning of the project Gustavo picked up the Bass even though
he had no prior contact with the instrument. The game he
developed has two levels of difficulty. In the first level the
player must correctly execute the note being shown in the
bass-clef. In this first level the player only sees one note at a
time. In the second level of difficulty the player must correctly
play a sequence of four notes each time. In the Bass game the
player has three lives and every time he makes a mistake he
loses one life.



(a) The Bass Game (b) The Guitar game (c) The Drummer game (d) The Keyboard game

Fig. 5: The musical games developed by each student.

B. The Guitar Game

The guitar Game was developed by Alexandre. Alexandre
chose the guitar to develop his game, because unlike Gustavo,
he already knew how to play the acoustic guitar before
participating in the project. However, it should be noted that
he had no previous knowledge of music theory and how to
play the guitar using a music sheet.

The game developed by Alexandre also had two levels of
difficulty. One interesting and notable difference between the
guitar game and the Bass Game, is that although they both
have two levels of difficulty, the concepts used to develop the
levels were different. In the Guitar Game the first level of
difficulty shows the player only one note at a time on the
tremble Clef (like in the Bass Game). However, it also shows
the player where to execute that note in the music instrument.
On the second level of the guitar game, the player still had to
play one correct note at a time but this time without the visual
guide to where to play the note in the guitar.

The main difference between the first level of the bass game
and the guitar game is presented in Figure 6. The difference
in the design by the two students may be explained by the fact
that Alexandre previous learnt how to play the guitar by using
a guitar tablature approach. This difference in game design
shows that even though the students were using similar music
instruments we achieved our objective of letting the students
create and have ownership of their work.

C. The Drummer Game

The Drummer Game was developed by Carlos. Carlos
already knew how to play the drums before taking part in the
project. However, although this was helpful at first, he found
some interesting challenges to overcome in comparison with
his colleagues. The main reason is that drums sheet music use
percussion notation instead of the melodic notation that is used
by the other instruments. For this reason, rather that showing
which notes should be played it shows the rhythmic pattern
that needs to be played. Carlos also implemented an option
where the player can set how many times the player needs to
play the pattern.

The Drummer Game has three levels of difficulty (Easy,
Medium and Hard). In the Easy mode the player can choose
between two rhythmic variations commonly used in Pop
Music. In the medium difficulty the player can choose between
two different rhythm variations one for Rock and another one
for Samba, or even practice other drum specific techniques.

Figure 7 show an example of the Samba pattern available in
the game. In the hard mode the player can choose between
another (although harder) rock or Jazz rhythm. The game also
has a setup screen where the player chooses how many times
he/she needs to repeat a given rhythmic pattern.

D. Keyboard Game

The Keyboard Game was developed by Halanna. At the
beginning of the project she chose to work with the Keyboard
even though she did not know how to play any musical
instrument before. The game she developed has two levels
of difficulty. On the first level, the player must correctly play
the current note on the music sheet being exhibited on the
screen. These notes can be in the tremble clef, as well as in
the bass clef.

On the second level, the player must correctly play in each
turn a sequence of notes. These notes can be all in the same
clef or in both of Clefs at the same time. One interesting
aspect that Halanna decided to implement in her game was to
evaluate the percentage of correct notes played in the sequence
and to exhibit a specific screen for different percentages (0%,
25%, 50%, 75% and 100%).

E. Discussion

At the beginning of the project none of the students believed
that they would be able to create their own games. However, 36
weeks later, all of them had implemented their very own game,
using images they created/edited and that communicated with
the digital instrument they choose to work with. The dedication
from the students was not the same during the whole project.
In the first phase of the project, the students would usually do
the minimal amount of work, by going to the weekly classes
and solving the programming assignments as quickly as they
could.

In the second phase of the project, the students started to
become more interested in the project and would often show
up between 2 or 3 days at the laboratory. This change in
motivation might have been caused by the fact that they wanted
to explore and practice their respective digital instruments.
This level of interest was kept during the third phase of the
project where the students would be curious about how to
communicate the events from the musical instruments with
the computer.

It was in the fourth and fifth phases of the project, that
the students interest grew the most. All students enjoyed
working on the creative process of designing their game and



(a) The Bass Game (b) The Guitar game

Fig. 6: The First Level of the Bass Game (a) and the Guitar Game (b).

Fig. 7: Example of the Samba rhythmic pattern used in the
Drummer Game.

creating/editing the game screens. It should be noted that at
first when they were told that they could design anything
that they wanted, the students felt a bit lost and we had to
intervene by suggesting that they created a game that could
help other music students. From this suggestion the students
designed the games presented earlier in this section. During the
development of their games the students would also be every
day in the lab working on their projects. Furthermore, they
would often help each other when facing a similar problem that
one of them had already solved. This shows that the students
also improved their team work skills, even thought they were
each working on an individual project.

Based on the growing level of interest in the students
with the project, this study corroborates with the findings
of previous studies [3], [4], [12], [5], [27]. More precisely,
the proposed approach can be seen as a digital game-making
approach that empowers students’ creativity and individuality.

It also benefits from the students interest in music by teaching
them music theory and how to play a music instrument (at
a beginner level). An added benefit is that our approach
integrates the concept of hardware and software integration by
using the Digital Music Instruments and the MIDI standard.

VI. CONCLUSIONS

In this paper we have presented a novel interdisciplinary
approach to showcase students to computer science and engi-
neering. Our approach is inspired by other works from the
area of Performatics (i.e. combining computer science and
the arts) and more precisely, the area of music performatics
(combining music and computer science). To the best of the
authors knowledge, our approach is the first approach in the
context of music performatics to combine the teaching of both
music theory and practice with computer science/engineering.

In order to develop this novel approach we came across
two main key design issues: Which (if any) initial learning
environment should be used? and which format should be
used? After reflecting on the objectives of our project and
the lessons learned from previous studies we decided to work
with the Greenfoot ILE and to develop a method that could
be potentially used in any university or school alongside
their usual activities. Given the objectives of our project we
were also faced with some technological issues concerning
which music instruments and equipment would be necessary
to develop our project.

The results of our project with a group of four students
showed that the student’s interest in the project grew between
each of the five different phases of the project. Furthermore,
all the students successfully developed their very own musical
games that interact with a digital music instrument.

As future research directions we plan to test some variations
in the project methodology, e.g. teaching the students music
and computer science in parallel. We are also interested in
creating novel performatics approaches to showcase computer
science and engineering.
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