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Abstract
This research paper reports on a study conducted over 10-

week Creative Coding workshops designed to encourage girls’
involvement in STEAM fields. By using observations and in-
terviews, this study investigates the participants’ experiences,
learning progress, collaborative interactions, and perceptions.
Additionally, the research examines the potential of creative
coding and audio-visual perceptions of music in creating cap-
tivating learning experiences and multimedia art. The obser-
vations indicate the girls’ initial excitement and curiosity, their
ability to comprehend coding concepts, and the positive impact
of collaboration in creating an empowering and inclusive envi-
ronment. Participants’ testimonies highlight the significance of
integrating creative elements in attracting girls to STEAM and
enhancing their confidence and aspirations. The findings under-
score the importance of nurturing curiosity, promoting inclusiv-
ity, fostering collaboration, and integrating creativity to inspire
and empower girls in coding and STEAM disciplines.
Index Terms: Creative Coding, STEAM fields, audio-visual
perception, Live Coding

1. Introduction
As we live in the era of liquid modernity [1], a society based
on constant and rapid change, while technology swiftly substi-
tutes manual labor, studies increasingly indicate a need for cre-
ative and innovative workers [2]. To thrive in information-age
jobs, employees must possess deep thinking, creative problem-
solving, teamwork, cross-cultural communication, adaptabil-
ity to evolving technologies, and information management
skills [3]. Current education systems face pressure to develop
problem-solving, critical thinking, communication, collabora-
tion, and self-management skills in students, enabling them to
reach their full potential as adults [4].

As educators, we are fully aware of this pressure and strive
to employ effective teaching methods that equip students with
the most valuable knowledge [5]. Traditional educational mod-
els are being replaced with innovative approaches to equip the
younger generation with critical thinking, problem-solving, and
innovation skills, preparing them to meet the challenges of mod-
ern society and become future leaders, productive workers, and
responsible citizens [6, 7]. This shift has led to the widespread
adoption of STEM education (Science, Technology, Engineer-
ing, and Mathematics) and, more recently, the STEAM model,
which incorporates the arts into STEM disciplines [8]. While
arts and STEM may seem incompatible, they actually comple-
ment each other in generating new, creative ideas and thought
processes[9].

The STEAM framework combines systematic thinking
skills from both scientists and artists, promoting holistic learn-

ing [10]. It acknowledges that arts bring innovative ideas to
artistic, scientific, and societal domains [11, 12]. Additionally,
the diverse nature of arts enables students to explore human na-
ture, comprehend complex world dynamics, and cultivate em-
pathy, which is considered a vital 21st-century skill [13]. Still,
gender disparity persists in STEAM fields, with men outnum-
bering women, especially in technical areas like engineering
and computer science [14]. Even in Sweden, a well-known
moral superpower [15], a country that tops all gender equality
rankings, women are underrepresented in Swedish universities
[16].

To tackle this notorious problem and to overcome the
stereotype threat [14] we have designed the Creative Coding
project at Chalmers University of Technology, Sweden. Cre-
ative Coding is a female empowerment project that combines
interdisciplinary areas of coding and art to empower girls be-
tween the ages of 10-15. The project aims to provide the girls
with knowledge, creativity, and social capital which are essen-
tial skills to make them feel confident in their future pursuits
[17]. This project is trying to address the gradual loss of in-
terest of girls in science, technology, engineering, the arts, and
mathematics (STEAM) subjects which gradually leads to fewer
women pursuing a career in this field[18]. Literature shows that
efforts to address this issue have largely concentrated on fos-
tering girls’ interest during high school and college, but despite
promising interventions, the gap remains [19, 20].

2. Creative Coding
The Creative Coding project undertaken at Chalmers Univer-
sity in Sweden involves a sequence of workshops spanning
over a period of ten weeks. The workshops are designed
to impart coding skills to young girls aged between 10 to
15 years using the Strudel tool, which can be explored at
https://strudel.tidalcycles.org/. Strudel is a novel and intrigu-
ing tool that provides swift audio and visual feedback, facili-
tating music composition and live coding sessions. Live cod-
ing music is an emerging international phenomenon where the
programmer communicates their musical intentions to the com-
puter and receives real-time visual and auditory output[21]. The
live coder, who is the person writing the code to produce sound
in real-time, engages in the coding activity that is directly con-
nected with artistic and music creation.

Despite the traditional separation of Art and Coding, in
order to address the challenge of increasing girls’ interest in
STEAM, we have chosen to focus on Art as a final destination.
Drawing on scientific research and our past experiences work-
ing with the Opera House [13], we have merged these interdis-
ciplinary fields to create a unique and engaging learning experi-
ence for young people, which we hope will inspire them to pur-
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sue careers in STEAM. Through close collaboration with these
experienced faculties from the Chalmers University of Technol-
ogy, we believe that girls’ social capital will be positively in-
fluenced. The Creative Coding project has been designed to re-
spond to the social demand for more girls in STEAM fields and
to contribute to addressing the underrepresentation of women
in STEAM due to societal, stereotypical, and other factors,
through a process that involves early intervention in schools to
encourage more girls to pursue STEAM fields and thereby con-
tributing to the empowerment of the female community[22][pg.
31].

2.1. Three Pillars of Creative Coding

The Creative coding project relies on three main pillars. The
first pillar is focused on acquiring coding skills through infor-
mal learning practices, with a combination of art and technol-
ogy as the end goal. The second pillar emphasizes the impor-
tance of social capital, by providing opportunities to meet new
peers and role models. Finally, the third pillar encourages cre-
ativity, treating coding as a fun and collaborative creative outlet.

Regarding knowledge, the aim is to introduce the world
of coding to young girls and dispel the societal stereotype that
STEAM fields are gender-specific. Through this, a path is paved
for them towards new and possible opportunities in the future.
Studies indicate a general tendency where girls lose interest in
the field of science and technology by the time they reach high
school. Thus, we strive to provide knowledge about the possi-
ble opportunities in the field of STEAM and promote the notion
that coding can be fun. Moreover, this project provides the girls
with support to build positive STEAM identities through expo-
sure to knowledge and experiences[23].

Regarding contacts, the goal is to connect the girls to fe-
male role models and bridge the gap in social capital and net-
working. Research indicates that by bridging the gap in social
capital, better achievements and integration with society can be
ensured. This can also mitigate negative stereotypes about sex-
based abilities [23][pg. 61] and provide an understanding of the
possible career opportunities in STEAM. During the creative
coding sessions, girls will have the opportunity to meet like-
minded girls from the community with whom they will work as
a group for the concert. They will also have a chance to meet fe-
male role models who are Ph.D. students from the Department
of IDSE.

Regarding creativity, the objective is to treat coding in a cre-
ative way, with a lot of fun and collaboration. This type of learn-
ing methodology can further enhance the interest in girls and
open the way to interdisciplinary areas of education. Instead of
following the traditional way of introducing coding, this project
aims to introduce coding through art using the STRUDEL web
application. Thus, the girls will be able to approach coding in a
creative and more interesting way rather than considering it as
a complex field to pursue.

3. Methodology
The Creative Coding initiative, which was developed at the
Computer Science and Engineering Department (CSE) of
Chalmers University in Sweden, was offered during the spring
term of 2023, from March to June. Over a period of 10 weeks,
a series of workshops were conducted, where young girls aged
10-15 were introduced to the art of coding, using the innova-
tive Strudel tool. Participants were selected from schools in
the Gothenburg region, based on their interest in coding and art.

The sessions were organized as two-hour sessions on Thursdays
and four-hour sessions on Saturdays, extending over the span of
ten weeks. The venue for the workshop was the Department
of Interaction Design at Kuggen, Chalmers University of Tech-
nology. The students were initially acquainted with the purpose
of learning and the fundamentals of strudel tidalcycles. They
were granted the opportunity to explore the logic of coding, the
basics of live coding, and the concepts associated with strudel
commands. Subsequently, they advanced towards coding mu-
sic using these rudiments. Gradually, they learned to improvise
their code based on their preferences and investigated working
collaboratively in pairs and teams.

3.1. Observation:

During the session on Creative Coding, we conducted a close
observation of the candidates, studying their interactions and
approaches towards teachers and peers. Through the use of an
observation diary, the participants’ experiences, including their
behaviors, interactions, and approaches were recorded. The di-
ary also included contextual factors that may affect participants’
engagement, such as their relationships with teachers and peers.
Additionally, the progress and transitions on a weekly basis
were recorded which created a longitudinal perspective on the
participants’ development.

3.2. Interview:

Upon the session’s completion, an interview was conducted
with the candidates to evaluate their progress and current moti-
vation level in the program. The interviews included a blend of
open-ended questions and a quantitative Likert scale to collect
both qualitative and quantitative information, resulting in a thor-
ough comprehension of the participant’s experiences. Open-
ended questions gave the participants the freedom to express
their thoughts, feelings, and experiences in their own unique
ways, resulting in very relevant qualitative data. Additionally,
a Likert scale is used to gather quantitative data on the devel-
opment and level of motivation of the candidates. The findings
from these interviews were noted and analyzed. Since we were
interviewing young children between the ages of 10-14, ethical
considerations had to be taken into account. We ensured that
parental consent was obtained to interview the candidates for
research purposes.

The data collected from these observational sessions and
interviews were collated and subjected to rigorous analysis
using Braun and Clarke’s six-phase framework for Thematic
Analysis[24]. Braun and Clarke’s six-phase framework for the-
matic analysis is a prevalent method utilized to scrutinize qual-
itative data and recognize recurring patterns or themes within
the data. The framework presents a well-structured and rigor-
ous method for evaluating textual data and producing significant
insights[24].

4. Analysis and Results
In this section, we present the analysis of the collected data and
its results. As mentioned above we analyze the Creative Coding
project through observation and interview.

4.1. Observation

Through detailed thematic analysis of weekly diary data, we
gained a more comprehensive understanding of the various
aspects and experiences within the Creative Coding project.
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Seven themes were identified. They read as follows.

4.1.1. Initial Excitement and Exploration:

Girls expressed enthusiasm and excitement during the initial
sessions, particularly when unboxing and exploring the new
coding equipment. Participants actively engaged in exploring
new tools and features, demonstrating their curiosity about the
coding process and its possibilities. The introduction of coding
concepts and equipment sparked a sense of novelty and discov-
ery among the girls, as they began to understand the potential
of creative coding.

4.1.2. Learning and Retention:

Girls demonstrated the ability to understand and apply coding
concepts taught in the sessions, showing progress in their learn-
ing journey. Some girls found it challenging to remember all
the coding commands, suggesting the need for additional rein-
forcement and practice. Girls were able to recall and discuss
previous session topics during the following sessions, indicat-
ing retention of learned concepts. It was also noted that the
retention of code among younger girls was comparatively lower
than that of older girls, leading them to favor a simpler version
of the code.

4.1.3. Collaboration and Peer Learning:

The project fostered a collaborative environment where girls
worked in groups, shared their work, and exchanged feedback.
Peer learning was observed as girls actively listened to and com-
mented on each other’s music creations. The project created a
supportive community where girls encouraged and motivated
each other, contributing to a positive learning environment.

4.1.4. Overcoming Shyness and Fostering Inclusion:

Some girls were initially shy and required encouragement to
ask questions and actively participate. However, over time it
was noted that they seamlessly integrated with their peers, col-
laborating effectively in groups to deliver impressive duos and
trios during the concert.

4.1.5. Iterative and Creative Process:

The project encouraged girls to experiment with sounds, col-
ors, and coding techniques, fostering a creative and iterative
approach. Participants were given the opportunity to edit and
improvise existing code, promoting individual expression and
creativity. By providing participants with the opportunity to ex-
periment with existing code and develop their own unique pro-
gramming styles, the project sought to encourage a mindset of
innovation and exploration.

4.1.6. Concert Preparation:

The project’s clear objective of preparing for a concert moti-
vated girls to work towards their performances. Planning for
solo, duo, and trio acts provided girls with the opportunity to
take on different roles and face various challenges, promoting
their personal growth and skill development. It was observed
that the female participants willingly demonstrated initiative
in both individual and group performances, which denotes a
propensity for collaboration and collective achievement.

4.1.7. The Performance

: The performance of the candidates indicated the change they
embraced during this project. From being reluctant to mingle
in a team to performing together as a team, they came a long
way in building collaboration and teamwork. Their confidence
on stage was evident when they performed live coding in front
of the audience.

4.2. Results of observation

By giving a deep, holistic look at these seven topics a num-
ber of conclusions can be drawn. The initial theme of excite-
ment and exploration displayed by the girls indicates a strong
curiosity to explore new tools and features, which is a crucial
skill in technical fields. Furthermore, the girls demonstrated a
surprising ability to comprehend coding concepts, even when
faced with challenges in recalling specific commands. With
more practice, they were able to improve their retention of these
concepts. When collaborating in a supportive and safe environ-
ment, girls’ group work, sharing, and feedback sessions demon-
strate their great capacity for collaboration and peer learning. It
also became apparent that proper guidance can promote inclu-
sivity and encourage shy participants to engage actively, thereby
ensuring an empowering and inclusive environment for all. To
be more successful in supporting shy, introverted participants
more carefully developed strategies should be planned to en-
sure closer teacher–participant relations. It is important to note,
that the iterative and creative process involved in the project
enhanced experimentation, improvisation, and individual ex-
pression through coding techniques. Together with the concert
preparation, and performance, this fostered a goal-oriented ap-
proach promoting personal growth and skill development.

4.3. Interviews

Girls’ first-hand testimony takes us to an even deeper under-
standing of the effects and capacities of the Creative Coding
project. Here we present the analysis and results of the data
collected through direct communication with the girls. In this
communication, we used open-ended questions and a quanti-
tative Likert scale [25]. Again, by using Braun and Clarke’s
six-phase framework for Thematic Analysis, we identified four
themes. They read as follows.

4.3.1. Interest and Engagement:

There were participants who lacked prior experience in cod-
ing, while others had a basic understanding of block coding and
Scratch, which served as their foundational knowledge. A few
girls had previously engaged in coding using game platforms.
Integration of music/art with coding made the learning experi-
ence more engaging. Girls found the combination of creative
elements more interesting than traditional coding methods or
games. One of the girls said ”I was interested in coding, but
I like this combination better” making a clear appreciation and
preference for coding together with art.

Participants expressed a high level of interest in coding and
art. The majority of participants expressed a strong passion for
art, and when asked how many stars (from 1 to 5) they would
give to art, all of them gave a rating of 5/5. Some girls men-
tioned attending guitar and piano classes, indicating their active
engagement in artistic pursuits. The following quote clearly
illustrates the relationship between coding and art. “I would
give a 4/5 for coding and a 5/5 for art.” Girls found creative
coding more enjoyable and stimulating compared to conven-
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tional coding techniques or game-based learning approaches.
The project’s emphasis on creative expression through coding
captured their attention and sustained their interest. A partici-
pant said, ”This combination of music and coding is better than
coding with games.”

4.3.2. Positive Experience and Confidence:

Girls reported a positive and enjoyable experience during the
Creative Coding project. They expressed enthusiasm for attend-
ing the sessions and actively participating in coding activities. ”
I joined Creative Coding as I like music and I thought it would
be fun to learn to code music.” said one of the girls. The Cre-
ative Coding project was described as a fun and enjoyable ac-
tivity that some participants considered pursuing as a hobby. “I
feel like I have a new hobby now” were exact words. The girls
felt positive about their overall experience, indicating a sense of
satisfaction and enjoyment.

Participation in the Creative Coding project contributed to
an increase in participants’ confidence in their coding abilities,
leading to feelings of empowerment about their future in the
science and technology fields. This is how they describe it. ”
Strudel is fun, I feel like I have learned something interesting.”
“Here I had the freedom to explore my own interests.” Engag-
ing in Creative Coding activities enhanced their belief in their
own potential to succeed in STEAM fields. Girls’ testimonies
show that participation in Creative Coding workshops fostered a
sense of empowerment and encouraged them to set higher goals
for themselves.

4.3.3. Building relationships- social capital acquisition and
feeling of well-being

Participants formed strong bonds with their teacher, built on
trust, respect, and mutual understanding. Positive relationships
with peers fostered collaboration, shared learning, and a sense
of camaraderie. Teachers created a supportive environment that
encouraged open communication and collaboration. Partici-
pants felt comfortable asking questions, seeking help, and ex-
pressing their ideas. One of the interviewees said, ”I felt secure
and included in the group.”

Collaborative activities and group projects allowed partici-
pants to bond with their peers. Sharing experiences and collab-
orating with other girls enhanced their sense of community and
support. Participants desired more time for breaks and interac-
tions with classmates, indicating the importance of socializing
and connecting with peers. This is how they describe it “Work-
ing together on a piece of code was fun, we made a horror theme
for the concert.”

4.3.4. Time Constraints and Attrition:

Some participants mentioned that time constraints and other ac-
tivities might have contributed to a few participants leaving the
course. The Creative Coding initiative was concluded with only
8 of the 16 girls. The limited accessibility and clashes with
other obligations affected their capacity to completely engage
in the project. The girls observed that incorporating flexibil-
ity in scheduling sessions and accommodating individual time
constraints could be instrumental in mitigating the drop-out rate
and enhancing retention figures. Adapting the project to fit par-
ticipants’ busy schedules would allow more girls to fully partic-
ipate.

4.4. Results of interviews

Based on the findings derived from the interviews of the partic-
ipants in Creative Coding workshops, and the analysis of the
collected data, several conclusions can be drawn. The inte-
gration of creative elements into the teaching and learning pro-
cesses has the potential to enhance engagement and attract girls
to STEAM fields. The girls reported feeling more confident
about their future in the science and technology fields, indicat-
ing that the project had a positive impact on their well-being,
self-confidence, and aspirations. Furthermore, they felt sup-
ported and encouraged by their teachers, emphasizing the sig-
nificance of representation and the need for more diverse role
models to inspire girls in STEAM. Girls emphasized the impor-
tance of having opportunities to bond and collaborate with their
peers to foster a sense of community, belonging, and support.
Finally, when thinking of quite a high level of dropouts (al-
most 50%), one could argue that more methodological creativity
and scheduling flexibility should be considered to accommodate
more girls and their busy schedules and increase retention rates.
The integration of music/art as a destination and audio-visual
perception of music holds great potential in enhancing the in-
terest of girls in the fields of coding and STEAM. The incor-
poration of audio effects on stress, emotion, and mental states
can lead to immersive and emotionally engaging learning ex-
periences for girls[26]. Additionally, coding visual elements to
correspond with various aspects of music such as tempo, pitch,
and intensity can further elevate the audio-visual perception, re-
sulting in the creation of captivating experiences.

5. Conclusion
In summary, the Creative Coding project had a positive im-
pact on the girls’ interest, confidence, and aspirations in
STEAM fields. The research findings show that creative cod-
ing workshops provide valuable insights into girls’ engagement
in STEAM fields. Girls demonstrated enthusiasm for exploring
new tools and concepts and were able to improve their retention
through practice. The guidance by the teachers played a crucial
role in promoting inclusivity and empowering shy participants.
The integration of creative elements in teaching and learning
processes enhanced engagement and attracted girls to STEAM
fields. The potential of creative coding and audio-visual percep-
tion of music in enhancing girls’ interest in coding and STEAM
was also highlighted. It is important to emphasize that substan-
tial efforts are to be made to create a more inclusive and sup-
portive environment, that ensures that all girls feel comfortable
and empowered to engage fully. Overall, the findings under-
score the importance of nurturing curiosity, providing guidance,
promoting inclusivity and representation, fostering collabora-
tion, and integrating creative elements in education to inspire
and empower girls in coding and STEAM disciplines. Finally,
we argue that Creative Coding has the capability to simulate
synesthetic experiences by linking musical elements to visual
elements, thereby enabling the creation of multimedia art that
engages multiple senses simultaneously.
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