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ABSTRACT
People with no prior experience or a low self-efficacy in computing
are less likely to choose Computer Science (CS) as a study subject.
This especially has an impact on young women and is therefore
one of the reasons for the prevalent gender imbalance in CS student
populations. We designed a workshop that addresses this issue
and uses music as motivating context. It introduces a variety of
essential programming concepts in a fun and engaging way and
results in creative artifacts programmed by the participants. First
experiences show that this approach leads to promising results and
might therefore contribute in the longer term to a more diverse CS
student population.
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therefore also attract a larger population in total which would help
to fulfill the needs of the job market.
The reasons for this underrepresentation are manyfold, varying
from stereotypical images of computer scientists and what one can
do with CS, to a geek culture which does not attract women [13].
On the other hand, people who choose CS reported that they often
had prior experiences with it, mainly programming, or had a high
self efficacy regarding math and science subjects [16]. The latter
was likely also due to being supported by feedback from teachers
and parents. Research on why girls did choose to study CS shows
that the same reasons are also valid for them [4].
Eccles describes personal and collective identities as motivators
for actions such as choice of field of study [8]. These identities develop over a lifetime, among other factors also based on social experiences individuals have and their own agency in both interpreting
and creating these experiences. Translated to CS, this means that
a positive first experience with programming can be a small-scale
identity-shaping event for young students, hopefully encouraging
them to further continue exploring the world of computer science.
These identities can also be related to stereotypes. A mis-match
between a personal or collective identity and persistent existing
stereotyical images about CS influences the career decisions of
students and leads to declining participation of women in CS and
STEM [5].
According to Eccles, another influence on behavorial choices
such as those related to education are two sets of beliefs:
“the individual’s expectations for success and the importance or value the individual attaches to the various options perceived by the individual as available.”
[8]

INTRODUCTION

Computer Science (CS) is an established field of study which also
offers good job opportunities for graduates in various areas. Expectations about the development of the CS job market vary but
in general predict a growth, in some cases of up to 12-16% over
the next ten years (see e.g. [6, 20]). However, it has been widely
discussed that the CS student population suffers from a low diversity with respect to women and other underrepresented groups
[7, 9, 13]. Addressing this issue likely has several benefits: it broadens participation of a more diverse population in CS and might

This is in line with research on the reasons why girls and other
underrepresented groups do not choose CS: they tend to have a
low self-efficacy with respect to CS and programming (see e.g.
[5, 14, 15]). Furthermore, CS does not seem to be perceived as a
valuable option or an option that is available at all.
One way of affecting these identities and beliefs is to provide
opportunities for positive experiences with CS in general and more
specifically with programming as one of the most essential elements
of CS. This positivity can be either in the form of realizing that one
is able to code, which might lead to a higher self-efficacy regarding
CS. The other experience can be that it becomes obvious to these
groups that one can use programming to create interesting and/or
fun things and express creativity. Such experience can also help to
correct misconceptions about what programming is and what one
can do with it.
There are many initiatives which provide such experiences, such
as the Hour of Code [1] or various introductory Scratch projects
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[2]. Another approach for adding value is the use of contexts for introducing programming concepts. Using such a motivating context
helps students with understanding the value of what they are learning and makes them therefore likely to stick around [11]. Art can
be such a context in general, which is also reflected in the transition
from STEM to STEAM. But especially music as context qualifies as
excellent motivator for introducing basic programming concepts,
as nearly everybody1 likes music and has a personal connection
with it (whatever style it is).
Early experiences with using music as context for teaching programming were made by Guzdial [10]. Even though the emphasis
in his course was on music learning, the students learned a good
bit of Logo, as well concepts such as subprocedures and the repeat
statement [10]. He also notes that programming and music fit naturally, as both are dynamic processes and have a clear order. Aspects
of this match can also be found in the Songwriting Unplugged activity2 . Interestingly, it is also mentioned that perhaps animation
could be used in the same way as music, because it shares the same
characteristic (unfolding over time). This idea was also included in
our workshop, which will be introduced later in this work.
Another context-driven approach was Media Computation: introducing programming with a media-focused context [12]. Media
Computation uses the exploration of data abstraction related to
digital medial for introducing computing concepts, mainly through
data manipulation. Results show that such media-focused context
leads to positive effects with respect to gender diversity, follow-up
activities in computer science, and similar learning results compared to classical introductory computing courses.
A further initiative was Performamatics, “a series of courses
intended to attract students to computer science (CS) by tapping
their inherent interest in Performance and the arts.” [19]. One of
the courses is Sound Thinking, which includes the creation of computer programs that play music using the sound facilities of the
Scratch environment. Concepts such as looping, initialization, use of
variables, changing variables algorithmically, modularization, and
event processing were introduced. In general, this course requires
advanced skills, but the authors state that “they can be learned
through experimentation and exploration that is both educational
and fun.” [19]
Allison et al. describe the design of a Programming Music Camp,
an outreach activity to teach computer programming concepts
through the activity of music-making [3]. The successful camp
attracted students with diverse backgrounds and with little or no
programming or musical experience. They emphasize that digital
audio techniques can serve as an audible and real-time introduction
to computation (and mathematics). Computational processes are
brought into a dynamic, interactive, and fun environment with
instant feedback which can be immediately heard and evaluated by
ear and revised leading to immediate iterative development [3].
EarSketch is another project intended to engage students in computing concepts. The focus is on composing and remixing computational music, using samples, beats, and effects [17]. The students
can use Python or Javascript to develop or manipulate their musical
creations.

Even though most of the above mentioned approaches are implemented as complete courses, we believe that some of the positive
effects might also be partly achieved with a similar but shorter
workshop approach: a more gender-diverse group of participants, a
motivating opportunity for being creative and understanding and
application of several basic programming concepts in the context
of music and animation creation.

2

WORKSHOP DESIGN

As mentioned earlier, certain musical elements are well-suited to
introduce related programming concepts. The basic idea of our
workshop was therefore to have students produce a piece of music
by programming it, hereby introducing a set of basic programming
concepts which all were relevant in the context of creating a piece
of music in effective way.
The only official objectives of the workshop were to have fun
and to produce something which sounds good or interesting. After the first implementation of the basic one-hour workshop, we
decided to also design a two-day version which adds the creation
of an animation. This animation had to be combined with the created music, similar to a music video, and presented at the end of
the second day on a larger screen with an audio installation. The
official objectives therefore changed to having fun and producing
an artifact that sounds and looks good and/or interesting.
However, unofficially we had these goals in mind when designing
the workshop:
(1) Introduce a set of basic programming concepts in a fun and
engaging way.
(2) Attract a diverse group of participants.
(3) Stimulate creative use of programming tools.
(4) Provide a positive (first) experience with programming.
We chose to design an extendable workshop. There is a basic
version which can be held in about one hour and which contains
the creation of a pre-defined piece of music only. Even though there
is not much creativity directly involved, the workshop shows the
participants the necessary tools to explore their personal creativity. Observations during the held workshops revealed that some
participants already started exploring other possibilities in Sonic
Pi, which shows that some students want to start expressing their
creativity immediately.
Then there is a complete workshop version which lasts two days
and contains music and animation creation. The basic idea behind
this addition was to introduce the same concepts again in a different
programming language and environment, thereby putting more
focus on the programming concepts than only on the programming
language itself. We were also interested to find out whether this
approach could be helpful with knowledge transfer, as students
immediately experience that the material learned (the programming
concepts) is also applicable in other contexts.
The tool used for programming music is Sonic Pi3 , implemented
by Sam Aaron from Cambridge University. This tool was chosen as it
provides an easy to install and use editor and is freely available. Furthermore, it uses text-based instead of block-based programming,
thereby exposing the workshop participants to an environment
which is similar to other professionally used tools. Even though

1 Research shows that there is only a small portion of people who actually dislike music

because of musical anhedonia [18]
2 https://curriculum.code.org/csf-1718/coursee/15/

3 http://sonic-pi.net/
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Sonic Pi is mainly used for live-coding, it also offers more simple
possibilities for structured programming. The tool used for programming the graphical animation is Processing4 , a project initiated
by Ben Fry and Casey Reas, which was selected for mainly the same
reasons as Sonic Pi. It also offers an easy way of playing sound files
in a program which makes it easy to combine both programs into
one musical video animation.
Even though the workshop is designed so that it can be given
out-of-the-box, there are some necessary preparations: computers
need to be available with an installation of Sonic Pi and optionally
Processing (only for the complete version). The participants should
use headphones, optionally with using headphone splitters when
working in pairs or small groups. We also used two projectors, one
of them for the live demos we gave and one of them containing
additional information and the current assignment the students had
to work on. This way they knew what to do and they could make
use of the provided demo examples and translate them into their
own implementation. We also provided hand-outs (a cheat sheet)
which contained the information on the introduced programming
concepts.

2.1

Figure 1: Implementation of changeable tone height using a
variable for first line of canon Brother John

– Arithmetic calculations
– Comments.
At the end of the one-hour workshop all participants have created a canon-version of Brother John. See Figure 2 for an exemplary
(shortened) implementation including most of the covered concepts.

Basic Workshop

The core design of the basic one-hour workshop version is as follows:
• The students work step-by-step towards the final product:
an implementation of the round (or canon) Brother John5 ,
including multiple voices, adaptable tone height, speed, and
different synthesizers.
• Each step consists of a new challenge which needs to be
tackled. A live demo is given (using a different song) as introduction of new challenges and followed by the programming
concepts needed for solving them. These concepts are also
explicitly named and highlighted again in the cheat sheet
(based on the slides). An example is the challenge of being
able to easily change the tone height of the whole song. This
can be addressed by using a variable for storing the first
tone and use this for setting all other tones relative to this
first tone. Figure 1 shows an example of an intermediate
implementation after adding this challenge.
• The programming concepts which were introduced stepwise like this are:
– Calling functions (incl. parameters)
– Language syntax
– Order of statement execution
– Loops/iterations (counting and infinite)
– Code blocks
– Variables (incl. name, datatype and values)
– Variable scope
– Defining functions (without and with one or more parameters)
– Modularization (using functions)
– Error messages
– Simple threading

Figure 2: Partial implementation of canon Brother John including multiple ‘voices’

4 https://processing.org/
5 This

canon/round is very suitable as it is known worldwide by nearly everyone, in
the Netherlands it is called Vader Jacob, in German it is Bruder Jakob, in French it is
Frere Jacques...
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Complete Workshop

The longer version (usually run over two days and also including
some homework) includes the introduction of the same concepts in
Processing. Here, the participants created a puppet which dances
on grass and lets balloons in various colors fly as the end product of
all sub-assignments. An exemplary end product is shown in Figure
3. The concepts introduced in Processing where mostly the same,
with the exception that we additionally introduced conditional
statements and did not make use of threads. See Figure 4 for a code
example in Processing. After the concepts have been introduced
and applied in both environments, the students had to choose a
project of their own which combines both music and an animation,
similar to a music video. This time, they had to apply the concepts
again on their own for creating both the music and the animation.
At the end, the audio file was played in Processing while executing
the animation.
We explicitly let the participants themselves decide what they
wanted to realize to stimulate creativity and ensure that final artifacts would be related to the interests or preferences of the participants. Please note that, even if we actually gave the students
complete freedom in what they wanted to realize, we added the
small requirement that it had to contain some kind of animated elements instead of being just a static graphic. This was important as
it required the students to work with self-defined functions, parameters and arithmetic operations for changing positions of objects
on the screen, as they had to use the dynamic mode of Processing.
The results varied from implementing a favorite or well-known
song6 to composing completely new music or developing interesting musical effects.

3

Figure 3: Example animation in Processing with flying balloons and dancing person

hour (independent of the workshop version, as both start with this
canon).
All three basic workshops and the first two complete workshops
were given in settings where no formal evaluation was possible.
The reported experiences from these workshops are therefore only
based on the personal impressions of the workshop facilitator. During the third implementation of the complete workshop, we were
able to collect some more data to evaluate the intended goals of
the workshop in more detail. The results are presented in the next
section.

FIRST EXPERIENCES

The workshop has been held a few times already in both versions,
with students of secondary education:
• The one-hour version was given 3 times with a total of appr.
85 participants aged 12-15, including one time successfully
given as part of a girls day.
• The complete version was given 3 times with a total of appr.
90 participants aged 15-17.
All workshops started with the question about prior experiences
with programming and making music. Usually, more participants
(30-50%) indicated some experience with playing instruments such
as guitar, piano, or drums. On average, only 10 - 20% of the participants had any prior programming experience (mostly Scratch,
Python, Javascript and some HTML/CSS). Most participants were
triggered to participate because of the creation of music. Equally
important is the diversity of the participants: on average 50% of
the participants were girls, who showed the same enthusiasm as
the boys, an effect that was also observed at hour-of-code events
[21]. This workshop can contribute to providing a more diverse
group with such a positive first programming experience. Many
participants indicated that they will continue using Sonic Pi for
themselves.
The students were enthusiastic and had fun. They ALL managed to implement the canon Brother John by themselves in one

3.1

Results Complete Workshop

The third complete workshop took place on 2 days in December
2019. There were 18 participants, 9 girls and 9 boys. The participant
age ranged from 15 to 17 years, all participants followed upper secondary education. Participation in this workshop was self-selected,
the participants were free to choose which workshops to follow
(in total there were 41 workshops offered as part of a university
outreach program with a wide range of topics). Only 4 of the 21
participants had prior experience with programming (3 boys, 1 girl);
this experience was in Python, JavaScript and Scratch.
Regarding the first goal of the workshop, we asked the participants to hand in their end products by email after the final presentations. We analyzed these programs with respect to the introduced
programming concepts, but omitted code blocks and syntax as these
had to be used anyway. The most interesting results we found were:

6 The

workshop was given twice in the beginning of December, so some students
implemented Christmas songs.
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Figure 5: Final presentations
Sonic Pi
Processing
complexity all boys girls all boys girls
high
7
5
2
3
2
1
medium
8
3
5
4
3
1
low
3
1
2
11
4
7
Table 1: Complexity levels of final programs

• 89% used threading in Sonic Pi to create their music with
multiple simultaneous elements.
• 55% of the participants implemented a well-known song,
ranging from popular music to Christmas songs to the beginning of Beethoven’s Symphony No. 5. 45% implemented
own compositions.
We also judged the delivered programs on their complexity, using these classifications: low (single use of function, simple flow, no
nesting), medium (multiple use of functions, simply nested structures, e.g., one function for song and all parts in separate functions),
and high (multiple use of functions, complex structure, multiple
elements in music/animation etc.). The results, shown in Table 1,
show that 83% of the Sonic Pi programs were of medium or high
complexity, which is remarkable given that only 22% of the participants had prior programming experience. In Processing, only
39% were of medium or high complexity. One potential reason is
that the participants had mostly to finish the music first before
starting with programming the animation, as they wanted to have
this matching certain elements of the music, such as beginning of
the chorus. This distribution is also reflected in the average lines
of code of the programs, which is 209 for Sonic Pi and 98 for the
Processing programs.
In general, we were quite impressed with these results for largely
first time programmers. It also can be seen that the boys’ results are
of slightly more complexity than the programs of the girls. We do
not have information anymore on which of the participants were the
ones with prior experience, but it is likely that these delivered some
of the more complex programs. Removing these from the analyzed
set would likely lead to a more evenly distributed complexity, which
means that there likely are no significant differences in performance
between boys and girls.

Figure 4: Example of the Processing source code (function
drawBalloons() is ommitted)

• All students made use of the functions introduced in the
examples, additionally 28% of the students used new functions in Sonic Pi and 94% used new functions in Processing
(mainly for drawing other geometrical objects or changing
their appearance, e.g. using noStroke()). This indicates that,
especially in Processing, they explored new functionality
by themselves and applied it, thereby learning how to use
the reference and/or finding and reusing examples from the
internet.
• Self-defined Functions with parameters were created by 61%
in Sonic Pi and 44% in Processing; self-defined functions
without parameters were defined less often with only 17%
and 39% respectively.
• 94% created a real animation in Processing, effectively using
the dynamic mode of Processing.
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• Does participation in the workshop have an effect on selfefficacy regarding CS and programming?
• The workshop was now held with participants of age 12-17;
is it also suitable for even younger children?

Results questionnaire

After the workshop, we also collected feedback from the participants with an online questionnaire. 14 of 18 participants filled it in
(8 girls and 6 boys); the most interesting results are as follows:

Summarized, the current experiences with this workshop are
promising. The workshop might therefore be one of the activities
which help to make students enthusiast about CS and to address
the issue of gender imbalance in Computer Science education. In
order to make the workshop more broadly applicable, the workshop
material (teacher’s guide, slides, worked out examples, etc.) will be
published as open educational resource. If interested, please contact
the author for further details.

• 35% stated that this workshop has helped them with their
choice of study (4 girls and 1 boy).
• On the question what they had learned, 43% stated that they
learned what programming in general is (4 girls and 2 boys)
and 57% stated they learned how to program music and
visualizations (4 girls and 4 boys).
• The workshop was rated with an average score of 7,6 (on
a scale of 1 to 10), the girls scored it with 7,8 and the boys
with 7,3.
• 12 out of 14 respondents found the workshop interesting
and challenging.
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SUMMARY AND FUTURE WORK

In this work, we described the design of a workshop that uses
music as motivating context for introducing programming concepts.
Experiences with the last implementation of the workshop show
that the goals have been at least partially achieved:
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