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Abstract—This research WIP paper explores integrating flow-
based music programming (FBP) into K-12 computer science
(CS) education, focusing on its impact on teachers’ confidence
and attitudes, and students’ experience and engagement. Despite
increasing research on music and CS education, limited empirical
studies examine how FBP impacts novice CS teachers and student
programming learning. This study investigates FBP’s role in
supporting teachers’ confidence and pedagogical practices while
fostering student experience and engagement. It employs a two-
phase design: (1) Teacher workshop: A six-hour professional
development workshop with ten elementary teachers used a
platform for composing music through programming. It included
hands-on activities and pedagogical strategies. Pre- and post-
surveys measured changes in teachers’ confidence, interest, and
attitudes toward CS. (2) Classroom implementation: One teacher
implemented the curriculum with 28 fourth-grade students. Pre-
and post-surveys evaluated changes in students’ experience, self-
efficacy, interest, and perceived value toward programming.
Findings indicate a significant increase in teachers’ self-efficacy,
interest, and attitudes. Before the workshop, none had CS
teaching experience, and six reported low confidence teach-
ing programming. Afterward, all teachers expressed improved
confidence teaching programming, troubleshooting issues, and
learning new concepts. Their programming interest and percep-
tions of its professional value also increased. For students, pre-
and post-surveys showed statistically significant improvements
in experience and attitudes, demonstrating FBP’s potential to
enhance engagement and learning.

Index Terms—flow-based programming, confidence, profes-
sional development, music, computer science.

I. INTRODUCTION

In recent years, computer science (CS) education has
become a critical component of K—12 curricula, equipping
students with essential 21st-century skills such as problem-
solving, creativity, and critical thinking [1]-[3]. To support
broader participation, educators are increasingly turning to
interdisciplinary and arts-integrated approaches that can make
CS more accessible and engaging [4]. Among these, music-
integrated programming is gaining traction for its ability to
foster creativity and deepen student engagement. Programming
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environments that incorporate music not only offer a novel way
for students to express themselves but also reveal structural
parallels between music and computing concepts [5], [6]. For
example, sequences in music mirror computational sequences,
loops correspond to musical repetitions, and conditionals can
be used to initiate or modify musical elements [7].

Flow-based programming (FBP) offers a compelling entry
point for K—12 learners. Its visual interface, for example,
where code is represented through interconnected blocks,
lowers the barrier to entry for students and teachers with
little or no programming experience [8], [9]. FBP’s intuitive
structure also aligns well with musical composition, it allows
users to build interactive soundscapes through creative explo-
ration. This dual focus on logic and expression makes it a
promising tool for introducing programming in ways that are
both pedagogically effective and emotionally resonant.

Despite growing enthusiasm for integrating music and CS,
empirical studies examining how such approaches influence
both teachers and students in K—12 settings remain limited.
Teachers play a central role in bringing CS into classrooms,
yet many elementary school teachers report lacking the confi-
dence, content knowledge, or pedagogical strategies to teach
programming effectively [10], [11]. Professional development
is therefore essential to help teachers gain the skills and self-
efficacy needed to adopt and implement innovative tools like
FBP [12]. At the same time, understanding how these tools
affect students’ attitudes and self-perception in programming
is critical to evaluating their broader educational value.

This study investigates how a flow-based music program-
ming environment can support both teachers and students in
the context of K-12 CS education. Specifically, it examines
how a flow-based platform for composing music through code
influences elementary teachers’ confidence, attitudes, and in-
terest in CS, as well as students’ engagement and self-efficacy
in learning programming. A two-phase research design was
employed. In Phase 1, a six-hour professional development
workshop was conducted with ten elementary school teachers,



incorporating hands-on programming with M-flow and strate-
gies for classroom integration. Pre- and post-surveys were
used to capture changes in teachers’ confidence, interest, and
attitudes. In Phase 2, one teacher implemented the curriculum
in their fourth-grade classroom with 50 students. Pre- and post-
assessments were administered to evaluate shifts in students’
interest, attitudes, and self-efficacy in programming.

To guide this study, we posed the following research ques-
tions:

1) RQI1: How does participating in a flow-based music pro-
gramming workshop impact elementary school teachers’
confidence, attitudes, and interest in CS education?

2) RQ2: How does a music-based flow programming cur-
riculum impact students’ experience, self-efficacy, inter-
est and engagement in learning programming?

II. METHODS
A. M-flow and aligned curriculum

M-flow is a public flow-based music programming environ-
ment that allows users to create sounds by dragging blocks
onto a canvas. For example, users can record sounds, trigger
drum blocks, create loops, use keyboard strokes, introduce
randomness, set alarms, and share their creations. A fourth-
grade curriculum aligned with science standards was also
developed, consisting of ten lessons. For a more detailed
description of M-flow and its curriculum, see Anonymized.

B. Workshop design and implementation

The design of the workshop draws on both Social Cul-
tural Learning Theory [13] and Social Constructivist Learning
Theory [14]. These theories provide a robust framework for
understanding the learning processes involved in the profes-
sional development of teachers. Sociocultural Learning The-
ory emphasizes the role of social interactions and cultural
tools in cognitive development. Key concepts applied in this
study include the Zone of Proximal Development (ZPD) and
scaffolding, which are reflected in the workshop design that
provides structured, scaffolded learning experiences. The M-
flow platform serves as a cultural tool that teachers learn
to integrate into their teaching practices. Socioconstructivist
Learning Theory focuses on collaborative learning and knowl-
edge construction through social interactions [14]. The work-
shop promotes collaborative learning through group activities
and discussions, it allows teachers to share ideas and build
collective knowledge.

The workshop was six hours long, and was guided by an
expert from [Anonymized Institution]. There were 10 teacher
participants, with an average class size of 25 students, plus
the district’s science coordinator. Generally, the teachers had
little or no experience teaching programming. The curriculum
consists of 10 lessons, in which students learn Mflow in
consecutive rounds of free exploration, guided exploration, and
discussion. In the workshop, teachers experienced the curricu-
lum as students, after which they discussed their thoughts and
how they would implement it in their classrooms.

C. Classroom implementation

Following the teacher workshop, ten participating teachers
began implementing Mflow in their classrooms to engage
students in computing and music-integrated learning. This
work-in-progress study reports on the classroom implemen-
tation of one teacher. The class included 28 fourth-grade stu-
dents from an elementary school located in the southwestern
United States. All students completed a pre-survey, and 25
of them completed the post-survey after participating in the
ten-week M-flow curriculum. The implementation took place
during regularly scheduled science classes. Over the course
of ten lessons, students engaged with a curriculum designed
to introduce core computing concepts through music-making
activities. The lessons encouraged students to reflect on the
process of sound creation and the ways in which sound can
convey emotions.

In-class activities were organized around group-based,
hands-on exploration. Students collaboratively engaged with
the M-flow platform to investigate its features and function-
alities. As part of the curriculum, students worked in teams
to create user manuals based on their experiences. Each
exploration session was followed by a whole-class discussion,
during which students shared observations and explained dif-
ferent components of the M-flow system. This explore-discuss
cycle promoted student agency and supported a constructivist
approach to learning.

D. Measurements and data collection

Pre- and post-workshop surveys were conducted to in-
vestigate the impact of flow-based music programming en-
vironments on teachers’ self-efficacy, interest, and attitudes
toward teaching programming. Table I outlines the specific
survey questions, all rated on a five-point Likert scale. For
example, the post-survey #1 has “Much more confident/more
Confident/Equally confident/Less confident/Much less confi-
dent”. The pre-workshop survey established a baseline of
participants’ confidence, interest in programming, and per-
spectives on teaching programming, while the post-workshop
survey assessed changes in these areas, focusing on shifts in
confidence, interest, and perceptions following the workshop.

For students, Table II presents the pre- and post-survey
questions addressing their experience, self-efficacy, interest,
and perceived value. The first two items were measured using
a three-point scale, all other items utilized a five-point Likert
scale. While many of the survey constructs and items were
adapted from prior research (e.g., Kukul et al. [15]; Mason
and Rich [16]; Outlier Research & Evaluation [17]), several
constructs were revised or newly developed to better align with
the goals of this study. These adaptations involved simplifying
the language and contextualizing the items based on students’
experiences. In addition, four post-survey-only questions were
included following the classroom implementation (see Table
V), focusing on students’ engagement and their experiences
using M-flow, e.g., “I want to use M-flow at home.”



TABLE I
TEACHER SURVEY QUESTIONS

Phase No. Category Question Item (Scale: 1-5)
1 How confident do you feel about teaching programming?
2 s . How confident do you feel about addressing the issues you might encounter while learning programming?
elf-efficacy . - - 2 -
3 How effective do you think your teaching of programming has been?
Pre 4 How conﬁdem do you feel.about solving the problems studgnts encounter while learning programming?
5 Interest Are you interested in learning and understanding programming?
6 i Are you interested in improving and innovating programming teaching methods?
7 Attitude How important do you think computer science or programming education is for yourself as a teacher?
8 How much do you agree with the following statement: “Learning computer science or programming can benefit my professional development?”
1 After this workshop, do you feel more confident in teaching programming courses?
2 Self-efficacy ~ After this workshop, do you feel more confident in addressing the issues students might encounter while learning programming?
3 After this workshop, do you feel more confident in learning new programming concepts on your own?
4 After this workshop, has your interest in learning more about programming increased?
Post 5 Interest After this workshop, are you more in_le{ested in integrating [-)rogramm.ing into your teaching practices? ] ]
’ 6 After this workshop, are you more willing to participate in further training or workshops on computer science or programming?
7 After this workshop, I view programming education as more important for my role as a teacher.
8 Attitude After this workshop, T believe more strongly that learning programming can benefit my professional development.
9 After this workshop, I am more convinced of the value of incorporating programming into my curriculum.
10 T recommend this workshop and M-flow curriculum to other teachers.
TABLE II TABLE III
STUDENT SURVEY QUESTIONS TEACHER SURVEY RESULTS.
- Pre-survey Post-survey
Construct No. Pre-survey & Post SurVCy Question Construct Item Mean (SD)  T-test results Item  Mean (SD)  T-test results
Ql Do you know what programming a computer means? (1-3) #1 230 (0.67) l(zhir?%)[}; :<0]()01:* 4l 450 05%) E‘zhir(l)(z[r; fg(é(s)lwm
Experience Q2 How often did you program a computer in the past? (1-3) Self-efficacy 320 (0.79) =080, p =044 w0 5.00 (0.00) E: 8.51, p <0001
- ohen’s D = 2.69
Q3 I have programmed a computer to make music and sounds. (1-5) P / / P 440 (052) lC=h8.5.7,[}; 52(7)(1)1”’
Q4 I have programmed computers to do things I want. (1-5) # 280 (0.79) =080, p =044 7 7 7 S

Self-efficacy Q5 I am able to learn to program computers to make music and sounds. (1-5)

Q6 I am able to learn to program a computer to do things I want. (1-5)

Q7 I want to program at home. (1-5)

I <
nerest Q8 I enjoy programming computers. (1-5)

Q9 I would like to study more about programming in the future. (1-5)

Q10 I want programming to be popular at other schools. (1-5)

Perceived Val — R ;
erceived Value Q11 It is important for me to use programming in my future job. (1-5)

Q12 I think programmers are cool. (1-5)

III. RESULTS
A. Teachers’ Data Results

As shown in Table III', the pre-survey results indicate
that for question #1, the mean score is significantly lower
than the neutral midpoint value of 3 on a five-point Likert
scale (p < 0.01). In contrast, for question #2, the mean
score showed no significant difference compared to the neutral
value. Post-workshop, the results for the corresponding post-
survey questions revealed a notable increase in confidence.
For post-survey questions #1, #2, and #3, the mean scores
were all above 4.4, significantly exceeding the neutral mid-
point (p < 0.001). This suggests that after the workshop,
teachers demonstrated markedly higher confidence in teaching
programming, addressing challenges their students might face
while learning programming, and acquiring new programming
concepts.

For teachers’ interest, the pre-survey results for question
#5 showed a significant difference compared to the neutral
midpoint value of 3.0 (p = 0.001), indicating that teachers
were already interested in programming prior to the workshop.

INote: For all question items, the t-test compares the scores with a neutral
valence (e.g., 3.0 for a five-point scale).

t=6.33, p=0.001%**
Cohen’s D = 2.00

#6 / / #5

t = 8.57, p <0.001%%*
Cohen’s D = 2.71
=980, p <0.00T%F*
Cohen’s D = 3.10

t =558, p <0.001%*
Cohen’s D = 1.77
t=9.80, p <0.001%**
Cohen’s D = 3.10
t=13.50, p <0.001#%*

#5 4.40 (0.70) #4 4.40 (0.52)

Interest

460 (0.52)

/ / / #6

t=6.09, p <0.001%**
Cohen’s D = 1.93

4.50 (0.85)

#1430 (0.67) #1460 (0.52)

Attitude

#8330 (149) t=063,p=054 #8480 042) (g P SO0
t=13.50, p <0.00T%%

/ / / #9 480 042)  Gopen’s D = 4.27

/ / / #10 490 (032 L= 1900 p <0.001%=*

Cohen’s D = 6.01

For pre-survey question #6, no responses were recorded due
to participants’ lack of prior experience in teaching program-
ming. Post-workshop, question #4 continued to demonstrate
a significant difference from the neutral value (p = 0.001),
reflecting sustained interest. For the post-only questions (#5
and #6), the mean scores were both significantly higher than
the neutral midpoint of 3.0 (p < 0.001 for both). These
results suggest that while these teachers have no prior knowl-
edge about CS teaching, the workshop effectively enhanced
teachers’ interest and confidence in learning and teaching
programming concepts.

For teachers’ attitudes, the pre-survey results indicate a
significant difference from a neutral attitude for question #7
(p < 0.05). However, for question #8, there was no significant
difference, suggesting teachers did not initially hold a more
positive attitude toward this belief (p = 0.54). Post-workshop,
teachers showed significantly improved attitudes, emphasizing
the importance of programming for their role, professional
growth, curriculum integration, and recommending the work-
shop and M-flow curriculum to others. All these post-survey
responses showed significant differences compared to a neutral
attitude (p < 0.001).



TABLE IV
STUDENT SURVEY RESULTS

Construct item  pre (n = 28) post (n =25) T-statistics  Effect Size

#1 2.35 (0.49) 2.72 (0.46) 3.464%%* 0.693
Experience #2 1.71 (0.66) 2.12 (0.67) 2.864 %% 0.573

#3 3.29 (1.21) 4.43 (0.84) 3.864%%* 0.644

#4 3.64 (1.19) 3.80 (1.15) 0.137 0.027
Self-efficacy #5 4.43 (0.84) 4.64 (0.57) 1.100 0.220

#6 4.36 (0.95) 4.36 (0.81) 0.171 0.034

#7 4.07 (1.09) 3.52 (1.36) -1.637 -0.327
Interest #8 404 (0.79) . . .

#9 3.48 (1.36) 4.14 (0.93) 2.641%* 0.528

#10  3.54 (1.26) 3.72 (1.17) 1.000 0.200
Perceived Value #11 3.61 (0.92) - _ -

#12 4.35(0.78) 3.84 (1.07) -1.745 0.349

TABLE V
STUDENT POST SURVEY ONLY QUESTIONS RESULTS

Question Mean (SD)  Agreement  T-statistic ~ Effect Size
I want to use M-flow at home. 3.72 (1.46)  56% 2.469%% 0.494
I have used M-flow at home. 2.00 (1.22)  16% -4.082%%%  -0.816
I want M-flow to be popular at other schools. ~ 3.68 (1.11)  60% 3.070%#* 0.614
Using Mflow is programming. 4.04 (0.79)  72% 6.586%*%* 1.317

B. Children’s Data Results

As shown in Table IV, after the classroom implementation.,
there are improvements of score in terms of all four items
in students’ experience construct, three of these improve-
ments were significant compared with the pre survey results
(p < 0.001). For self-efficacy, both two items (#5 and #6)
are improved, although the improvements compared to the
pre-survey were not significant. For interest, the #7 shows a
little bit decrease, but the #9 showed significantly improved
compared to pre-survey (p < 0.01). For perceived value, stu-
dent show increased score about #10, however, no significant
improvements were found from compared t-test. For the post-
only questions, students’ responses were compared against a
neutral midpoint value using a one-sample t-test. Three out
of the four items showed significantly higher scores than the
neutral point (p < 0.01), specifically on the items: “I want to
use M-flow at home,” “T want M-flow to be popular at other
schools,” and “Using M-flow is programming.”

IV. DISCUSSION

This study underscores the potential of a flow-based music
programming environment, in enhancing elementary teachers’
confidence, interests, and attitudes toward CS. After a six-hour
workshop, teachers reported significant gains in their ability
to teach and troubleshoot programming, highlighting the value
of integrating hands-on practice with engaging content. By
immersing participants in an environment where they could
experiment with flow-based programming concepts through
creative music tasks, M-flow provided a concrete means of
exploring CS fundamentals. This approach aligns with prior

research suggesting that accessible, user-friendly programming
tools help reduce anxiety and foster a sense of accomplishment
[7]. Additionally, employing creative mediums such as music
can bolster user’s sense of agency, further increasing their
motivation to explore computational concepts [9]. Moreover,
these findings align with the qualitative reports of teachers’
growing appreciation for programming as a powerful medium
for creativity, problem-solving, and collaboration. By linking
coding with a familiar art form (i.e., music), the workshop
grounded an often abstract technical skill in a more tangible
and engaging context, thereby supporting teachers’ recognition
of programming’s interdisciplinary utility [9], [18]. Such con-
textualization has been shown to support shifts from situational
interest to more enduring personal interest, as teachers begin
to see programming as both meaningful and compatible with
their pedagogical practices [19]. Lastly, the workshop reshaped
teachers’ attitudes about the significance of CS education and
its alignment with their professional growth. The majority
of participants left with a stronger conviction about the im-
portance of integrating computer science, recognizing it as a
critical 21st-century skill set for their students’ future [20].
This attitudinal change is vital, as teachers who see clear
benefits in adopting new pedagogical methods are more likely
to remain resilient in the face of challenges and incorporate
technology long-term [21], [22]. By experiencing firsthand
how programming and music reinforcement can yield both
technical and creative skill development, teachers discovered
new ways to enrich their classrooms and elevate student
engagement. Together, these positive shifts in self-efficacy,
interest, and attitudes show the importance of well-designed,
interdisciplinary professional development initiatives like M-
flow, setting the stage for broader and more sustained adoption
and integration of CS in elementary education.

The results also suggest that M-flow effectively enhanced
students’ perceptions of engaging in computer programming,
particularly in terms of their reported experiences. Significant
improvements in three out of four experience-related items
indicate that students felt more involved in programming-
related tasks after the classroom implementation. Although the
increase in self-efficacy scores was not statistically significant,
the upward trend is encouraging and may suggest potential
for longer-term growth with extended exposure. Despite these
promising outcomes, students’ intentions to pursue a career
in computer programming did not change. This result is
not unexpected, given that the curriculum did not explicitly
address programming-related career paths—an area where
younger learners often have limited awareness. Previous re-
search has noted that fostering career intentions in young
students is particularly challenging and typically requires sus-
tained interventions that highlight real-world applications and
professional opportunities [7], [11], [23]. Regarding perceived
value, students expressed stronger agreement with the idea that
programming should be popular at other schools, although this
improvement did not reach statistical significance. This may
indicate a general appreciation for the tool and its broader
applicability, even if not strongly felt at an individual level.



The post-only survey responses further support the positive
reception of M-flow, including students’ desire to use M-flow
at home, their endorsement of its popularity in other schools,
and their recognition that “Using M-flow is programming.”
These findings suggest that students not only enjoyed the
experience but also developed a meaningful understanding of
the nature of programming through the platform.

Future work will extend the research to include classroom
implementation of the M-flow curriculum. With approximately
200-300 students taught by these ten teachers, future studies
can evaluate how flow-based music programming influences
student engagement, learning outcomes, and attitudes toward
programming. By observing real-world applications in diverse
classroom settings, the research can provide a deeper un-
derstanding of the curriculum’s effectiveness and scalability.
Additionally, longitudinal studies could explore how sustained
teacher training and curriculum use further impact both teacher
proficiency and student success in computer science education.
Future research will also explore how generative Al tools (e.g.,
[24]) can enhance this environment and expand its potential
applications.
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