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Abstract. This paper provides a comprehensive examination of the
Creative Coding project’s impact on female empowerment. The project
addresses the gender disparity in STEAM fields by integrating coding
and art for girls aged 10-15, using the Strudel tool that combines real-
time coding and music composition. Through working with female teach-
ers and mentors from the Computer Science and Engineering Department
as relatable role models, the Creative Coding project generated surpris-
ing effects on learning due to increased curiosity. The integration of art,
music, and audio-visual elements, supported by user-friendly software,
created an engaging learning experience. Collaboration and peer learn-
ing are emphasized to foster social capital and teamwork skills. Positive
outcomes included increased interest, self-confidence, creativity, and aspi-
rations in STEAM subjects among the girls. However, a more compre-
hensive and supportive environment is recognized as necessary to engage
a broader group of girls in STEAM activities. The findings highlight
the importance of cultivating curiosity, providing mentorship, promoting
inclusivity and collaboration, and integrating creativity in education to
inspire and empower girls in coding and STEAM disciplines. The paper
concludes by emphasizing the potential of Creative Coding practices and
the audio-visual perception of music to enhance girls’ empowerment, cre-
ativity, and interest in coding and STEAM fields.

Keywords: STEAM - Art & Tech - Creative Learning - Live Coding -
Social Capital - Mentorship

1 Introduction

In today’s job market, which is heavily influenced by technology, where constant
change is the norm, and technology is gradually replacing manual labor, future
employees need a diverse set of skills to succeed. It’s increasingly important to
nurture creativity and innovation in individuals, as they play a crucial role in
navigating these evolving dynamics of the modern world. To empower students
to realize their full potential as adults and equip them with knowledge of worth
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to become future leaders, productive workers, and responsible citizens [11,24]
modern education systems are under increasing pressure to cultivate essential
skills in students, including problem-solving, critical thinking, communication,
collaboration, and self-management. Contemporary academia is acutely aware
of this pressure and strives to employ effective teaching methods where tra-
ditional educational models are being replaced by innovative approaches that
prioritize the development of critical thinking, problem-solving, and innovation
skills among the younger generation.

This needs for educational transformation that should cater to increased cre-
ativity has led to the widespread adoption of STEM education (Science, Tech-
nology, Engineering, and Mathematics) and, more recently, the integration of
arts into the STEM disciplines through the STEAM model [29]. While arts and
STEM may initially seem incompatible, they actually complement each other
by fostering the generation of fresh, creative ideas and facilitating new thought
processes [14]. The STEAM framework promotes holistic learning by combining
systematic thinking skills from both scientists and artists [3]. It recognizes the
innovative ideas that arts contribute to artistic, scientific, and societal domains
[15,26]. Moreover, the diverse nature of arts enables students to explore human
nature, understand complex world dynamics, and develop empathy, which is
considered one of the crucial skills in the 21st-century skills framework [5,18].

However, gender disparity persists in STEAM fields, particularly in technical
areas like engineering and computer science, where men outnumber women [25].
This disparity is even present in Sweden, a country renowned for its commitment
to gender equality, where women are underrepresented in Swedish universities
[23]. To address this significant issue and counteract the effects of stereotype
threat [25], we have developed a Creative Coding project at the Chalmers Uni-
versity of Technology, Department of Computer Science and Engineering (CSE),
Sweden.

In this paper, we present a deep analysis of the Creative Coding project
and its effect on female empowerment. Creative Coding is an initiative that
integrates coding and art across interdisciplinary areas specifically designed for
girls aged 10-15. The project’s objective is to equip these girls with knowledge,
creativity, and social capital-essential skills that will empower them and boost
their confidence in pursuing their future endeavors [8].

2 The Creative Coding Project

The Creative Coding project developed at Chalmers University in Sweden, Com-
puter Science and Engineering Department (CSE), was offered in the spring
term, from March to June of 2023. It was delivered as a series of workshops
spanning over 10 weeks, where girls aged 10-15 are introduced to coding using
the innovative Strudel tool [17]. Strudel is a fascinating and unique tool that
provides fast audio and visual feedback, allowing participants to compose music
and engage in live coding sessions as depicted in Fig. 1. Live coding music is a
growing international phenomenon where programmers communicate their musi-
cal intentions to a computer and receive real-time visual and auditory output
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[22]. In this context, live coders write code that generates sound in real time,
bridging the gap between coding and artistic music creation.

strudel repL +} shuffle § share % leam
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Fig. 1. Strudel Interface

In spite of the conventional division between art and coding, we have purpose-
fully decided to prioritize art, in this case, digital art as a central element in our
endeavors to tackle the issue of boosting girls’ interest in STEAM fields. Drawing
from scientific research and our collaborative experiences with the Gothenburg
Opera House [18], we have merged these interdisciplinary domains to create
an engaging and enriching learning experience for young individuals. Our hope
was and is, that by providing a positive learning and coding experience we can
help girls overcome stereotypes associated with STEM fields and inspire them
to pursue careers in STEAM.

In order to enhance girls’ learning in Creative Coding sessions, we made a
conscious effort to choose female teachers and mentors primarily from the CSE
department. Knowing that mentorship is clearly recognized as mutually bene-
ficial for both mentors and mentees, going from personal satisfaction to career
advancement we focused on recent findings that good mentors need a combina-
tion of soft and technical skills [27]. Among the selected teachers and mentors,
the majority were women, while there was only one male teacher. By including
female role models in the sessions, we aimed to create an environment that fos-
tered positive learning experiences for the girls. In order to provide more relatable
mentors [21], we invited a mix of female members of the CSE department - some
of them were professional software developers while some of them do not know
to code also as mentees. To boost girls’ confidence and also encourage them to
explore coding and technology with enthusiasm, the presence of female teachers
and mentors was crucial for breaking down gender stereotypes and promoting
inclusivity within the field of computer science.

Thinking of the best ways to support and improve girls’ learning experience
we have put special importance on close collaboration between mentors, teachers,
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and their peers. By working together, we aimed for the creation of a support-
ive network where the girls could learn from each other and build social capi-
tal [16,19,21]. This collaboration would not only facilitate their technical skills
development but also cultivate teamwork and communication abilities, which
are essential not only in the field of coding but as one of the most important
21st-century skills. Overall, our goal was to positively influence girls’ learning
experiences and empower them through the integration of female role models,
collaborative learning, and the acquisition of social capital in Creative Coding
sessions.

Finally, the Creative Coding project has been designed to respond to the
social demand for more girls in STEAM fields and thus, help them become
active solution designers of their social integration and mobility. To achieve that
and to contribute to addressing the under-representation of women in STEAM
due to societal, stereotypical, and other factors, we have opted for a process that
involves early intervention in schools to encourage more girls from dis-empowered
neighborhoods of Gothenburg to pursue STEAM education and careers.

The Creative Coding Project is supported by three pillars. The first pillar is
learning to code through the informal learning practice of making music. The
second pillar is social capital acquisition through the mentorship of positive
role models and meeting peers. The third pillar is being present at Chalmers
University building Kuggen through which we implicitly say that girls are very
welcome.

3 Ethical Considerations

This initiative prioritized the equitable treatment of all girls, irrespective of
their backgrounds, ethnicity, socioeconomic status, or abilities. A comprehensive
endeavor was undertaken to ensure that every girl had an equal opportunity to
participate. To achieve this, the project’s information was diligently disseminated
through diverse and viable means, ensuring its broad reach and maximizing the
chances of engagement from a large pool of potential candidates. In order to
conduct the project’s research, working both as researchers insiders and outsiders
[2], which was primarily focused on females between the ages of 10 and 15,
parental consent was absolutely necessary. Therefore, it was made sure that the
parents’ informed agreement was gained before the research began and that
they were given a thorough explanation of the research and interview process.
The technique of handling the data acquired and how the personal data is kept
securely was explained to the parents.

The participants’ psychological well-being was also given a lot of considera-
tion by creating a friendly and encouraging environment. This entailed attending
to any emotional or psychological difficulties that could emerge throughout the
project and offering suitable support and direction. The teachers took the initia-
tive to inform the candidates about the project and the steps involved because
the majority of the participants were unfamiliar with the collaborative live cod-
ing experience. Communication with the participants and their families was kept
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open and transparent throughout all phases of the research. This required out-
lining the project’s goals, actions, and any potential dangers or advantages in
explicit terms. At the conclusion of the session, feedback from the participants
was collected in order to determine what needs to be improved in the sessions
that will follow.

4 Methodology

The Creative Coding sessions were organized as two-hour sessions from 5-7 pm
each Thursday and two four-hour sessions from 12-4 pm on two Saturdays.
Workshops were hosted by two PhD students of the CSE department, and the
venue was the Department of Interaction Design at Kuggen, the Chalmers Uni-
versity of Technology Sweden. The series of workshops culminated in a concert
where girls performed their coded music in Visual Arena, Lindholmen.

Through the workshops, the participants were iteratively acquainted with
the fundamentals of the Strudel tool. Taking good care of a friendly positive
and safe atmosphere, girls were granted the opportunity to explore the logic of
coding, meet the basics of live coding, and the basic concepts associated with
Strudel commands. Subsequently, through their collaboration with PhD students
and close mentorship which is based on old Bloom’s study [4] that revealed a
significant enhancement in the grades of students who received intense tutoring,
participants advanced towards coding music using these rudiments. Gradually,
they learned to improvise their code based on their preferences and investigated
working collaboratively in pairs and teams.

The Creative Coding project started with 16 girls of different cultural back-
grounds. Since the whole process is novel and unusual, we wanted to learn from
the girls [18] and hear in their own words how they describe their experience in
this process. Bearing in mind their very young age (10-15), we sent hard copy
requests to all parents for consent to interview the girls. After obtaining parental
consent for running a research study in parallel with a coding session we chose
two complementary methods for analysis of Creative Coding sessions impact -
observation and interview. During the sessions we conducted a close observation
of the workshop participants, studying their interactions and approaches towards
teachers, mentors, and peers. A weekly observation diary was created to carefully
monitor their transitions and document participants’ progress. Once Creative
Coding workshop sessions were finished, an open-ended focus group interview
was conducted to evaluate girls’ progress, motivation, the feelings of belonging,
and well-being. This method was chosen to make girls feel comfortable, safe,
and more engaged suggested in the scientific literature [1]. Their identity was
completely anonymized in the data, and the data was saved just for the purpose
of the study. The data collected were noted and subjected to rigorous analysis
using Braun and Clarke’s (2006) six-phase framework for thematic Analysis [6].
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5 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.

5.1 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. Based on the observations, the following 8 themes and
sub-themes were identified:

Theme 1: Initial Excitement and Exploration.

— Sub-theme 1.1: Unboxing and Equipment Exploration
As for the full participation in the Creative Coding program composing music
played a central role, a lot of the audio equipment was necessary to support
coding on computers. We have bought sound cards and headphones for each
participant. To start with coding music girls needed to get acquainted with
the equipment and learn how to connect the devices. The girls exhibited
eagerness and exhilaration when unboxing the coding equipment, indicating
a sense of creativity, engagement, and joy when introduced to novelty.
— Sub-theme 1.2: Interest in Coding

The participants actively engaged in exploring the new tools and features,
demonstrating curiosity about the coding process and its potential for cre-
ativity. The concepts of Strudel and live coding were entirely novel to the
participant, but their desire to delve into the software indicated an eagerness
to learn something new. Strudel represents a novel live coding platform that
enables the composition of dynamic music pieces within the confines of a
web browser. This platform has been designed to be easily accessible to indi-
viduals of varying levels of expertise, ranging from novices to professionals.
As Strudel requires quite a low threshold of knowledge of coding for sending
interesting audio-visual feedback to the user, the experiments with code, in
other words making changes and listening, and watching it, were easy and
ensured creative flow.

Theme 2: Learning and Retention.

— Sub-theme 2.1: Understanding Coding Concepts
Due to Strudel’s repressiveness participants were able to grasp the fundamen-
tal syntax of the code with relative ease, as it proved to be quite straight-
forward and well-suited for beginners. A subset of the participants exhibited
prior experience with Scratch (coding language with a simple interface suit-
able for young learners) and Block Coding (coding using visual methods),
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which facilitated their comprehension of the coding principles in Strudel. The
participants exhibited an aptitude for understanding and applying the cod-
ing concepts conveyed during the sessions, thus attesting to their progress
along the learning continuum. They were able to establish logical connections
between the musical notes and the corresponding codes, which is indicative of
their progress in their learning journey. Participants coding their own music
pieces can be observed in Fig. 2.

Fig. 2. Participants coding music

— Sub-theme 2.2: Challenging to Remember Commands
The Strudel system offered a wide range of commands and functions for
generating music. However, certain participants encountered difficulties in
recalling all the coding commands, indicating the necessity for supplemen-
tary reinforcement and practice. The teachers stressed the importance of reg-
ular practice in achieving greater familiarity with the commands, rather than
attempting to memorize them all at once. As a helpful measure, the partici-
pants were introduced to the well-defined documentation in strudel to support
their coding works.
— Sub-theme 2.3: Recall and Discussion

During Creative Coding sessions, participants had to recall their previous
knowledge from memory to effectively engage with new concepts in the
Strudel programming language. The initial portion of the Creative Coding
session was consistently dedicated to reviewing the concepts and commands
acquired during the preceding lesson, thereby ensuring that participants pos-
sess a sound understanding of the material. Notably, participants were able to
recall and actively discuss previous session topics, revealing a strong retention
of acquired knowledge. Interestingly, we observed that younger participants
below 12years encountered greater difficulty in recalling commands when
compared to their elder counterparts, however, this is a common occurrence.
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Theme 3: Collaboration and Peer Learning

— Sub-theme 3.1: Group Work and Sharing
The participants of the project were girls between the age group of 10-15
from different schools and areas in Gothenburg. Initially, it was observed
that the participants exhibited a reluctance to engage in communication,
owing to their unfamiliarity with one another. But in due course of time,
they started observing each other, discussing their works and doubts with
their classmates, and started editing the codes of their peers as part of group
work. The project fostered a collaborative environment where girls worked in
groups, shared their work, and exchanged feedback.

— Sub-theme 3.2: Peer Learning and Feedback
During the sessions, the educators consistently highlighted the significance of
effective communication and productive discussion within the classroom envi-
ronment to enhance comprehension and collaborative efforts. Consequently,
the attendees attentively listened to and provided feedback on each other’s
musical creations, promoting mutual learning and a harmonious community.
The instructors ensured that all participants’ work was presented to the entire
class during each session, enabling peers to evaluate and enhance their own
presentations by incorporating the received feedback.

— Sub-theme 3.3: Encouragement and Motivation
The project created a supportive community where girls encouraged and moti-
vated each other, contributing to a positive learning environment. The teach-
ers, mentors, and other members of the Creative Coding team also encour-
aged the participants by giving positive reinforcements and comments on their
works in Strudel. Although there were instances when girls felt discouraged
by the perceived superiority of their peers’ work, the teachers offered relevant
guidance and positive reinforcement to lift their spirits and encourage them
to continue.

Theme 4: Mentoring and Guidance

— Sub-theme 4.1: Teacher’s Role
Teachers played a crucial role in providing guidance, explaining coding con-
cepts, and offering feedback to help girls overcome challenges. They encour-
aged the participants to try and experiment with code and to explore the
software to unleash its potential to create music. The teachers were able to
give individual attention to the candidates and ensured the inclusion of all
participants in the session.

— Sub-theme 4.2: Mentor’s role
In addition to the presence of teachers, mentors were selected from the pool
of Ph.D. students and lecturers affiliated with the CSE department. These
mentorships were specifically designated to serve as exemplars for the partici-
pating girls. Our primary objective was to furnish participants with guidance
and positive role models, with the intent of inspiring them through the men-
torship relationship. Nonetheless, the practical realization of the mentors’
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role proved to be hindered by various constraints, including restricted time
allocations for sessions, inflexible scheduling on the part of the mentors, and
limited availability of mentors. As a result, the effective implementation of
the mentors’ involvement in the initial phase of the project was compromised
due to the absence of a comprehensive strategy and methodological support
for leveraging their support.
— Sub-theme 4.3: Engaging Discussions

Teachers were engaged in discussions with the girls about their project
progress, offering strategies and support to enhance their learning experience.
The participants actively participated in the discussions and collaboratively
worked while creating music. The teachers gave the participants the freedom
to raise their queries and concerns regarding their work and progress.

Theme 5: Overcoming Shyness and Fostering Inclusion

— Sub-theme 5.1: Encouragement to Participate

Some girls were initially shy and required encouragement to ask questions and
actively participate in the sessions. With the support of teachers and peers,
they were able to overcome this challenge and thereby fostering inclusivity
and creating a safe space for everyone to engage. It was also apparent that
parents played a significant role in motivating the participants to overcome
their shyness. This was evident when some participants mentioned during a
discussion that their parents encouraged them to practice for the concert at
home and urged them to ask questions and clarify doubts during training
sessions to achieve the best results.

Theme 6: Iterative and Creative Process

— Sub-theme 6.1: Experimentation with Sounds and Colors
The project aimed to inspire girls to explore various sounds, colors, and cod-
ing techniques, thus promoting a creative and iterative mindset. Through-
out the learning process, and due to the amazing audio-visual capacity of
the Strudel tool, the participants were encouraged to iterate and learn from
their mistakes. Notably, the girls utilized the Freesound platform to identify
and recreate sounds within Strudel and used online collaborative tools like
Google Docs to share and work collaboratively. This proactive involvement
showcased their eagerness to experiment and work creatively, indicating their
explicit ability to learn and experience more technical aspects.

— Sub-theme 6.2: Editing and Improvisation
Participants were given the opportunity to edit and improvise existing code,
promoting their individuality and creativity. They also edited and improvised
using the code of their group members and peers, which gave them further
opportunities to explore the coding strategies. This allowed them to broaden
their knowledge while discussing with their peers.
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Theme 7: Concert Preparation

— Sub-theme 7.1: Motivation for Performance
The participants were clearly introduced to the idea of having a concert at
the end of the Creative Coding project. The clear objective of preparing for
a concert motivated girls to work towards their public performances individ-
ually and as a team. From the beginning of the project, the participants were
aware that they can perform on the stage and in front of the audience. Those
who did not feel good about being on the stage were given the opportunity
to perform in some other way, for example, just playing the code. Still, all
girls embraced this challenge in an impressive, brave way.

— Sub-theme 7.2: Planning and Roles
Planning for solo, duo, and trio acts provided girls with the opportunity to
take on different roles, promoting personal growth and skill development. It
was admirable to see the girls taking the initiative to do a solo, duo, and
trio. The participants were given the freedom to choose their partners for the
performance and this gave them the freedom to explore and communicate fur-
ther with their team members. Participants actively selecting their partners
for their performance is observable in 3.

SROUP
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Fig. 3. Participants creating groups
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Theme 8: The Performance

— Sub-theme 8.1: Transformation and Collaboration
The candidates’ performance demonstrated the significant transformation
they underwent throughout the project, from initial hesitation to becom-
ing a cohesive team, promoting cooperation and synergy. We observed that
the participants were able to collaborate harmoniously with their fellow team
members on stage during live coding.

— Sub-theme 8.2: Self-Confidence and Expression
Regardless of their very young age, the girls displayed impressive and
unexpected self-confidence during their Creative Coding presentation. They
proudly showcased their individual and collective aptitude for task comple-
tion and their passion for creatively expressing themselves through music.
(A sample music from one of the participants can be experienced through
the following link: https://strudel.tidalcycles.org/?fYMWmFziVVnh). Their
enthusiastic and well-prepared self-introduction and impressive live coding
were indicative of this aspect. Participants engaging in live coding can be
observed in Fig. 4.
In conclusion, through the careful and detailed implementation of Braun
and Clarke’s (2006) six-phase framework [6], we managed to reveal crucial
insights into the girls’ experience with Creative Coding sessions. The identi-
fied themes and sub-themes highlighted the girls’ enthusiasm, learning, col-
laboration, mentoring, inclusivity, iterative and creative process, and final
performance.

Fig. 4. Performing on stage - Live Coding in Strudel
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5.2 Results of Observation

By giving a deep, holistic look at these eight topics a number of conclusions
can be drawn. The initial theme of excitement and exploration displayed by the
girls indicates a strong curiosity to explore new tools and features, which is a
crucial skill in motivation and learning [12]. Furthermore, the girls demonstrated
a surprising ability to comprehend coding concepts, even when faced with chal-
lenges in recalling specific commands. With more practice, they were able to
improve their retention of these concepts. When exploring in a supportive and
safe environment, girls’ group work, sharing, and feedback sessions demonstrate
their great capacity for collaboration and peer learning.

It also became apparent that mentoring and guidance can promote inclusivity
and encourage introverted participants to engage actively, ensuring an empow-
ering and inclusive environment for all. We agree with Millar and colleagues
(2022) that to be more successful in supporting a diverse group of participants
more carefully developed strategies should be planned to ensure closer mentor-
participant relations. It is important to note, that the Creative Coding iterative
and creative process enhanced experimentation, improvisation, and individual
expression through coding techniques. Together with the concert preparation,
and performance, this stimulated a goal-oriented approach that advances per-
sonal growth, self-confidence, and skill development.

5.3 Interviews

Girls’ first-hand testimony takes us to an even deeper understanding 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 quantitative Likert scale
[28]. Again, by using Braun and Clarke’s (2006), we identified 5 themes. They
read as follows.

Theme 1: Interest and Engagement. There were participants who lacked
prior experience in coding, while others had a basic understanding of block cod-
ing 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 experience more engaging. Girls found the com-
bination 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 com-
bination better” making a clear appreciation and preference for coding together
with art.

Participants expressed a high level of interest in coding and art. The major-
ity 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 mentioned attending guitar and piano classes, indicating their active
engagement in artistic pursuits. The following quote clearly illustrates the rela-
tionship between coding and art. “I would give a 4/5 for coding and 5/5 for art”.
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Girls found Creative Coding more enjoyable and stimulating compared to con-
ventional coding techniques or game-based learning approaches. The project’s
emphasis on creative expression through coding captured their attention and
sustained their interest. A participant said, “This combination of music and
coding s better than coding with games”.

Theme 2: Positive Experience and Confidence. All girls reported a
positive and enjoyable experience during the Creative Coding project. They
expressed enthusiasm for attending 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 Creative Code project
was described as a fun and enjoyable activity 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 satisfac-
tion and enjoyment. Participation in the Creative Code 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 inter-
esting.” “Here I had the freedom to explore my own interests.” Girls’ testimonies
clearly show that participation in Creative Coding workshops fostered a sense
of empowerment and self-confidence.

Theme 3: Importance of Female Mentors and Role Models. Participants
highlighted the significance of having female mentors who could relate to their
experiences. Female mentors provided guidance, support, and encouragement,
which boosted their confidence and motivation. A participant said,” I feel it is
good to have female mentors/teachers. The teacher was approachable, and she
patiently heard and solved my doubts”. Girls felt supported and believed in by
their mentors, creating a positive learning environment. Having mentors who
understood their challenges and aspirations helped them overcome barriers and
doubts.

Theme 4: Building Relationships Social Capital Acquisition and Feel-
ing of Well-Being. Participants formed strong bonds with their mentors, built
on trust, respect, and mutual understanding. Positive relationships with peers
fostered collaboration, shared learning, and a sense of camaraderie. The girls
expressed a preference for mentors who provided positive feedback and con-
veyed information in a positive manner. Some girls mentioned that the decision
of whether to have a mentor should be left to the individual, allowing them to
decide if they need one. Teachers and mentors created a supportive environment
that encouraged open communication and collaboration. Participants felt com-
fortable asking questions, seeking help, and expressing their ideas. One of the
interviewees said, “I felt secure and included in the group.” Collaborative activ-
ities and group projects allowed participants to bond with their peers. Sharing
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experiences and collaborating with other girls enhanced their sense of commu-
nity and support. Participants desired more time for breaks and interactions
with classmates, indicating the importance of socializing and connecting with
peers. This is how they describe it - “Working together on a piece of code was
fun, we made a horror theme for the concert”.

Theme 5: Time Constraints and Attrition. Some participants mentioned
that time constraints and other activities might have contributed to a few par-
ticipants leaving the course. The Creative Code project finished 8 girls out of
16. Limited availability and conflicts with other commitments impacted their
ability to fully engage in the project. The girls noted that flexibility in schedul-
ing sessions and accommodating individual time constraints could help address
attrition and increase retention rates. Adapting the project to fit participants’
busy schedules would allow more girls to fully participate.

5.4 Results of Interview

Based on the findings derived from the interviews of the participants in Creative
Coding workshops, and the analysis of the collected data, several conclusions can
be drawn. As already pointed out by scientific literature [7,9,13] the integration
of art, into the teaching and learning processes, has the potential to enhance
engagement and attract girls to STEAM fields. The integration of music, or
art as a final result of coding practice, and audio-visual perception of music
holds great potential in enhancing the interest of girls in the fields of coding
and STEAM. Music has been found to positively affect physiological factors
such as heart rate, blood pressure, and hormonal levels, as well as psychological
experiences like restlessness, anxiety, and nervousness [10]. Therefore, the incor-
poration of music to support interdisciplinary learning can lead to immersive
and emotionally engaging learning experiences for girls.

Additionally, coding visual elements (enabled through the Strudel software
tool) to correspond with various aspects of music such as tempo, pitch, and inten-
sity can further elevate the audio-visual perception, resulting in the creation of
captivating experiences. With that in mind, we argue that the adoption of art as
a final destination increases plausible learning experiences, feeling of belonging,
and well-being. The participants that undergo such learning and experience per-
formance of their creation are more confident, and empowered to explore further
within science and technology fields.

The support and encouragement delivered through collaboration with their
teachers, emphasizes the significance of representation and the need for more
diverse role models to inspire girls in STEAM. We should not forget that girls
stressed the importance 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 (almost 50%), one could argue that bet-
ter methodological approaches and creativity in teaching, together with schedul-
ing flexibility should be considered to accommodate more girls and increase
retention rates.
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The insights from the results of interviews and observations are summarized
in Table 1.

Table 1. Key Insights from Combined Interview and Observation Results

Insight Description

1. Passion for Creative Coding Participants displayed a strong
passion for combining music and
coding, finding it engaging and
enjoyable

2. Positive Learning Experience The project fostered a positive
learning experience, leading to
increased confidence and
empowerment

3. Importance of Female Mentors Female mentors played a crucial role
in providing guidance, support, and
motivation, enhancing participants’

confidence

4. Collaborative and Supportive Environment | Collaboration and positive
relationships with mentors and peers
created a supportive learning
environment

5. Encouragement and Inclusivity Shy participants required
encouragement to participate
actively, contributing to inclusivity in
the learning process

6. Exploration and Creativity Participants actively experimented
with coding techniques, promoting
creativity, experimentation, and
individuality

7. Motivation through Performance The prospect of a concert motivated
girls to work individually and in
teams, fostering goal-oriented efforts

8. Transformation and Self-Confidence Participants transformed from
hesitant individuals to a cohesive
team on stage, displaying
self-confidence and creativity

6 Conclusion

The research findings demonstrate that Creative Coding workshops have proven
to be highly beneficial for girls’ engagement in STEAM fields. The Creative Cod-
ing project had a positive impact on various aspects of the girls’ involvement,
including their interests, self-confidence and well-being, creativity, explorations,
and aspirations in STEAM subjects. The girls exhibited great enthusiasm and
passion for exploring new tools and concepts, and their dedication to practice
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allowed them to enhance their learning and retention. Notably, they demon-
strated remarkable stamina and bravery in preparing for their public perfor-
mance and surprised everyone with their newfound self-confidence. It is evident
that the girls are eager to showcase their abilities and assert their power in
STEAM domains.

The integration of art, music, and audio-visual elements in the teaching and
learning processes proved to be highly and surprisingly effective in creating a
positive learning flow and attracting girls to STEAM subjects. The use of user-
friendly software, such as Strudel, that provided interesting audio-visual feedback
played a crucial role in facilitating this positive learning experience. Additionally,
the preparation for the public performance added a final touch to the girls’
personal empowerment and well-being, as they felt proud and enthusiastic about
presenting their musical creations. However, it is important to emphasize the
need for more efforts to create an inclusive and supportive environment where a
wider group of girls feel comfortable and empowered to fully engage in STEAM
activities.

Overall, the findings highlight the significance of nurturing curiosity, provid-
ing mentorship and guidance, promoting inclusivity and representation, foster-
ing collaboration, and integrating creative elements in education to inspire and
empower girls in coding and STEAM disciplines. The report argues that the
Creative Coding project has the potential to enable innovative learning experi-
ences by simulating synesthetic experiences, where musical elements are linked
to visual elements, thus allowing the creation of multimedia art that engages
multiple senses simultaneously. The report highlights the potential of Creative
Coding practices and the audio-visual perception of music in boosting girls’ per-
sonal empowerment, creativity, and interest in coding and STEAM disciplines. It
emphasizes the significant role of music creation in this process, as it contributes
to increased curiosity. The music is the key.

References

1. Adler, K., Salanterd, S., Zumstein-Shaha, M.: Focus group interviews in child,
youth, and parent research: an integrative literature review. Int J Qual Methods
18, 1609406919887274 (2019)

2. Alderson, P., Morrow, V.: The Ethics of Research with Children and Young People:
A Practical Handbook. Sage (2020)

3. Bauzler, J., Van Sickle, M. L.: Cases on STEAM education in practice. IGI Global.
https://doi.org/10.4018/978-1-5225-2334-5 (2017)

4. Bloom, B.S.: The 2 sigma problem: the search for methods of group instruction as
effective as one-to-one tutoring. Educ. Res. 13(6), 4-16 (1984)

5. Catterall, L.G.: A brief history of STEM and STEAM from an inadvertent insider.
The STEAM J. 3(1), 5 (2017)

6. Clarke, V., Braun, V., Hayfield, N.: Thematic Analysis. In: Qualitative Psychology:
A Practical Guide to Research Methods, 3rd edn., pp. 222-248. Springer (2015)


https://doi.org/10.4018/978-1-5225-2334-5

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

Singing Code 173

Cook, K., Bush, S., Cox, R.: Engineering Encounters: From STEM to STEAM.
Sci. Child. 54(6), 86-93 (2017)

Chalmers University of Technology: Creative Coding - Chalmers Univer-
sity of Technology. https://www.chalmers.se/en/collaborate-with-us/activities-
for-schools/creative-coding/ (2023)

Crayton, J.: Designing for immersive technology: Integrating art and STEM learn-
ing (2015)

De Witte, M., Spruit, A., van Hooren, S., Moonen, X., Stams, G.J.: Effects of
music interventions on stress-related outcomes: a systematic review and two meta-
analyses. Health Psychol. Rev. 14(2), 294-324 (2020)

Ge, X., Ifenthaler, D., Spector, J.: Moving forward with STEAM education
research. In: X. Ge, D. Ifenthaler, J. Spector (Eds.), Emerging technologies for
STEAM education. Educational communications and technology: Issues and inno-
vations, 383-396. Springer. https://doi.org/10.1007/978-3-319-02573-5-20
Gruber, M.J., Valji, A., Ranganath, C.: Curiosity and learning: a neuroscientific
perspective. In: Proceedings of the Conference on Curiosity in Science and Beyond,
pp. 397417 (2019)

Land, M.H.: Full STEAM ahead: the benefits of integrating the arts into STEM.
Proc. Comput. Sci. 20, 547-552 (2013)

Leavy, A., Dick, L., Meletiou-Mavrotheris, M., Paparistodemou, E., Stylianou, E.:
The prevalence and use of emerging technologies in STEAM education: a system-
atic review of the literature. J. Comput.-Assist. Learn. (2023)

Liao, C.: From interdisciplinary to transdisciplinary: an arts-integrated approach
to STEAM education. Art Educ. 69(6), 44-49 (2016)

Lluch, A.M., Lluch, C., Arregui, M., Jiménez, E., Giner-Tarrida, L.: Peer mentoring
as a tool for developing soft skills in clinical practice: a 3-year study. Dentistry J.
9(5), 57 (2021)

Maric, J., Rani, L.M.: Coding Music For No Stress Learning. Proc. SMM23. Work-
shop Speech, Music Mind 2023, 6-10 (2023). https://doi.org/10.21437/SMM.
2023-2

Mari¢, J.: Digital storytelling in interdisciplinary and inter-institutional
collaboration-lessons from our youngest. Cult. Manag. Sci. Educ 4, 129-144 (2020)
Marié¢, J.: Web communities, immigration, and social capital (2014)

Maric, J.: Who wants to grow old in Welfare Sweden?. In European Conference on
Social Media (Vol. 9, No. 1, pp. 130-136) (2022 April)

Millar, V., Hobbs, L., Speldewinde, C., van Driel, J.: Stakeholder perceptions of
mentoring in developing girls’ STEM identities: “You do not have to be the text-
book scientist with a white coat”. Int. J. Mentor. Coach. Educ. 11(4), 398-413
(2022)

Ruthmann, S.A.: The Routledge companion to music, technology, and education.
A. King, E. Himonides, A. Ruthmann (Eds.). New York and Abingdon: Routledge
(2017)

Saline, M., Sheeran, M., Wittung-Stafshede, P.: A large ‘discovery’ experiment:
gender initiative for excellence (genie) at chalmers university of technology. QRB
Disc. 2, E5 (2021). https://doi.org/10.1017/qrd.2021.3

Salmon, G.: May the fourth be with you: creating education 4.0. J. Learn. Devel-
opment. 6(1), 95-115 (2019)

Sullivan, A., Bers, M.U.: Investigating the use of robotics to increase girls’ interest
in engineering during early elementary school. Int. J. Technol. Des. Educ. 29,
1033-1051 (2019)


https://www.chalmers.se/en/collaborate-with-us/activities-for-schools/creative-coding/
https://www.chalmers.se/en/collaborate-with-us/activities-for-schools/creative-coding/
https://doi.org/10.1007/978-3-319-02573-5-20
https://doi.org/10.21437/SMM.2023-2
https://doi.org/10.21437/SMM.2023-2
https://doi.org/10.1017/qrd.2021.3

174 J. Maric and L. M. Rani

26. Swaminathan, S., Schellenberg, E.G.: Arts education, academic achievement, and
cognitive ability. In: P. P. Tinio J. K. Smith (Eds.), The Cambridge Handbook of
the Psychology of Aesthetics and the Arts, 364—384. Cambridge University Press
(2015)

27. Torres-Ramos, S., et al.: Mentors as female role models in STEM disciplines and
their benefits. Sustainability 13(23), 12938 (2021)

28. Taherdoost, H.: What is the best response scale for survey and questionnaire design;
review of different lengths of rating scale/attitude scale/Likert scale. Hamed Taher-
doost (2019)

29. Yakman, G.: STEAM education: an overview of creating a model of integrative
education. Pupils’ attitudes towards technology (PATT-19) conference: Research
on technology, innovation, Design and Engineering Teaching, Salt Lake City, Utah,
USA (2008)



