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Abstract— Students of all socioeconomic backgrounds love 

music and express their identity through music. There are 

strong historical connections between music and computing, 

and computer-based music has a heavy presence in 

contemporary popular culture. Thus, programming electronic 

music can provide the type of authentic learning experience that 

fosters participation in computer science (CS) by minoritized 

students. Although important efforts have been made in that 

direction, they have not reached young children in mainstream 

public classrooms, particularly in schools serving children from 

low-income and marginalized backgrounds. Developing a 

computational tool and educational program that reaches this 

key demographic holds the potential to greatly increase CS 

knowledge and participation in the future workforce. For this, 

our team has created M-flow, a flow-based music programming 

platform that seeks to be engaging for children from the outset, 

and that makes it extremely easy for non-specialized teachers to 

learn and implement CS activities in the classroom.  

Keywords—Computer Science, STEAM, Music, Elementary 

School 

I. INTRODUCTION  

Literature suggests that children need access to authentic CS 

learning experiences, which are experiences designed with 

attention to the learners’ interests, identities and 

background— in what is called personal authenticity —and 

that reflect professional practice— in what is called 

professional authenticity (National Academies, 2021). Given 

the broad interest that children have in music, we suggest that 

music can provide this type of personal authenticity. Some 

educational programs have explored this possibility (see 

music and computing below), although their effectiveness has 

not been thoroughly evaluated. Furthermore, those programs 

have targeted older students, and have often required highly 

specialized facilitators, who are not accessible to most 

children.  

Creating an authentic learning experience that can reach 

elementary students in their general education classrooms 

and provide early exposure to CS can be transformative at the 

societal level by engaging a large number of children in the 

CS pipeline. For this, it is necessary to develop a platform 

that is motivating and easily learned by teachers without CS 

experience, and that can be readily used by students to start 

developing musical and computational ideas. Given its 

simplicity and its widespread use by naive coders, including 

musicians, we propose that a flow-based programming 

paradigm (FBP, see description below) holds the potential to 

achieve that goal. Because FBP is widely used in the 

workforce, Mflow (Fig.1) does not only provide personal but 

also professional authenticity. 

II. BACKGROUND 

Students’ engagement with a topic can be associated with the 

value assigned to the topic [1]. This value can be extrinsic—

e.g., associated with a grade reward—or intrinsic—e.g., 

associated with a student’s pre-existing interests [2]. In 

general, it might be difficult to cater to the individual pre-

existing interests of a heterogeneous student population [3]. 

However, interest in music is near-universal [4], and the 

connections between music and CS are vast, positioning CS 

as an encompassing interest-generating subject. This 

association between music and CS can lead to an increase in 

the utility value of CS, which can be seen as useful for 

creating music [5].  

A. Music and STEM.  

The idea of using music to engage students in STEM, 

particularly underrepresented students, is supported by 

theoretical considerations, and by empirical evidence by this 

PI and others. For example, ScienceGenius has been shown 

to engage underrepresented students in science classes by 

supporting them in creating science-related hip hop lyrics [6], 

which also improves the students’ emotional state [7]. Math 

is another point of connection between music and STEM—

for example, using statistics to describe musical 

compositions—and has been demonstrated to improve math 

disposition in elementary students [8] and teacher self-

efficacy in pre-service teachers [9]. Some programs have 

connected music to STEM through the physics of waves, 

signal processing, and music technology, using tools such as 

signal generators, spectrograms, oscilloscopes, and 

simulations of propagating waves. One such program is 

Listening to Waves [10]–[13] was shown to be effective for 

engaging low-income and underrepresented students in 

science. 

B. Music and Computing.  

Electronic music structure largely replicates common 

structures in computer code: loops that make nested rhythms 

and phrases, sequences connecting those rhythms, sequences 

of notes making melodies, randomness, and conditional 

structures that allow musicians to trigger sounds using 

hardware [14]. This parallelism positions electronic music as 

a means for students to create and understand computational 

structures. Although there is an emerging field of work that 

leverages the connections between music and CS, such 

efforts have largely focused on high school students or 

students in out-of-school programs, which generally have a 

pre-existing interest in CS. Efforts to attract younger children, 

This work was supported by NSF Innovative Technology Experiences for 

Students and Teachers (ITEST) ID 1657366. Connecting STEM to Music 

and the Physics of Waves. 
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and children without a pre-existing interest in CS, have not 

gained much traction.  

Given the connections between music and computing, the 
number of reported experiences using music to engage 
students in CS is surprisingly few. The most successful 
educational program is probably Earsketch [15]. Earsketch is 

a Python-based programming platform and educational 
program used mostly in high schools and elective CS classes, 
and has been found to improve minority students’ dispositions 
towards CS. Other studies [14], [16], [17] relied on very heavy 
support from the team leading the intervention. For example, 
Heines and Walzer (2018) implemented coding activities with 
a group of middle school choir students, who presumably did 

Fig. 1. Comparing Mflow and other popular platforms. Flow-Based Programming makes programming more intuitive and simplifies the creation of musical 

structures. There are several parallels between programming and musical structures. M-Flow makes those structures visible, thus simplifying the creative 

process. This image compares similar musical structures written in (a) M-Flow, (b) Scratch, and (c) Python. Not only does M-flow look more intuitive, the 

skill level necessary to create a comparable Scratch program is higher, requiring knowledge of events and broadcasting. 
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not have a pre-existing interest in CS. The authors found that 
both Scratch and Blockly were too complex for these 
adolescents, and that students needed one-on-one adult 
support to be able to engage meaningfully with the program, 
a level of support that is not scalable. Regardless of their rigor 
and scalability, there is a paucity of reports investigating the 
efficacy of the approach in elementary schools. The need for 
heavy support even in older students, as shown by Heines and 
Walzer (2018) suggests that the programming paradigms 
utilized are not accessible and scalable enough to motivate this 
population. 

C. Flow-Based Programming.  

Most programming languages, including Scratch and Python-

based Earsketch (used in the experiences described above), 

use an imperative programming paradigm, in which the 

commands are executed sequentially along the command 

line. In contrast to imperative programming, FBP is a 

programming paradigm in which the code is a direct 

visualization of the program’s structure, boxes representing 

processes connected by arrows representing the program’s 

flow. This intuitive approach allows people with little CS 

experience to rapidly develop functional applications. 

Because of its intuitiveness, a music-oriented FBP platform 

is well suited to be adopted in fifth-grade general education 

classrooms, thereby engaging students who might have never 

been interested in CS or exposed to it.  

If music and computing share several features, the parallels 

are made visible in FBP, which is particularly well suited to 

represent musical structures. FBP platforms are very popular 

with electronic musicians, the most popular being Pure Data 

[18], and Max/DSP. Although accessible for adult naive 

coders, our experience indicates that Pure Data and Max/DSP 

are too complex for children, and the installation process is a 

significant barrier to implementation [10]. M-Flow seeks to 

create a simpler interface that allows children to start creating 

sounds immediately, and to deepen their engagement through 

the creative process, thus developing a learning experience 

with a low-floor and a high-ceiling [19]. 

D. Flow Based Programming in K-12 Computer Science 

Education.  

When teaching coding, it is suggested that students produce 

flowcharts before they start working on their code on the 

computer [20]. Since the programming structure of FBP is 

similar to a flowchart, FBP allows students to more easily 

transform their thinking into code. This was the approach of 

RoboLab and NXT-G, which until recently were the standard 

platforms for controlling LEGO Mindstorms, and that were 

very popular among educators using robotics as a learning 

tool. In spite of their popularity, the efficacy of FBP for 

children was not evaluated, although anecdotal reports 

indicate that they were useful for teaching children as young 

as kindergarten [21].  

E. CS in Mainstream Elementary Classrooms and Non-

Specialized Teachers.  

Elementary schools have been slow to take on the challenge 
of introducing CS in their classrooms. Google and Gallup 
(2016) found that the top two reasons they do not implement 
CS in elementary school is (a) lack of funds to hire a CS 
teacher and (b) too few teachers available with the skills to 

teach CS. One recommendation then is to develop and deploy 
strategies for existing teachers, non-specialized in CS, to 
become effective CS teachers through professional 
development. However, studies found that teachers and 
students felt difficult to absorb the computing concepts used 
even in the most accessible platforms such as Scratch, 
Blockly, or Alice [22], [23], and their implementation in the 
classroom requires intense training [24].   

III. MFLOW 

Mflow is a flow-based programming platform that allows to 
create sound compositions through concatenating sound 
structures and control structures, or blocks. The sound blocks  
are either pre-made sounds, like different types of drums, or 
audio recordings created by the user. They can be dragged into 
the canvas from the upper bar, and manipulated once they are 
in the canvas. For example, the user can drag an “audio input” 
block into the canvas, and then click on the block to record 
sounds through the computer microphone. Once a sound-
block finishes executing (the sound ends) its output triggers 
the next block down the flow line. Control blocks can trigger 
sound blocks (or other control blocks), for example, a loop 
block will trigger a chain of sound blocks, when that chain of 
sound blocks finishes executing, it will play again for the 
number of repetitions specified in the loop block. Another 
control structure is the interval block, an interval block can 
trigger a sound repeatedly for a number of times and with a 
given period, as specified by the user. For example, it can play 
a snare drum every 0.5 seconds, for 10 times. Importantly, 
with the interval block the sounds overlap (when a sound starts 
the other sound still persists). For better understanding, the 
reader is advised to experiment with Mflow at author’s-
website.com. Mflow allows to easily create common musical 
structures that would be much harder to implement in standard 
children platforms like Scratch. For example, Mflow allows to 
easily create convergent structures, in which a block is 
triggered by either of two other blocks. Creating a similar 
structure in Scratch would require the relatively advanced 
knowledge of broadcasting. Another example is the interval 
structure, which is common in music production, and would 
be much harder or perhaps even impossible to program in 
Scratch. Figure 1 allows to compare similar sound 
compositions implemented in Mflow, Scratch, and Python.  

IV. METHODS 

Mflow is at a stage of development in which it can start to be 
used by children and teachers to create simple compositions. 
Our activities focus on reaching underrepresented children. 
We have given Mflow workshops at a college course for 
students pursuing teaching careers, at a STEAM teacher-
training for elementary school teachers, and at a STEAM 
summer out-of-school program for 4th to 6th grade children. 
Figure 2 shows children at the STEAM summer camp 
(informed consent was obtained from the parents of the 
participants for media release). We have also trained teachers 
to implement Mflow and related activities in 4th grade 
classrooms. In all cases participants were enthusiastic about 
the tool. We have started collecting survey data to understand 
children-engagement. The data has not been fully analyzed 
yet. Therefore, we present this experience as a work in 
progress.  

V. FUTURE DIRECTIONS 

Future directions involve embarking on a rigorous study of 
how using Mflow changes the students and teachers’ attitudes 
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towards CS, and how Mflow can be used to teach basic CS 
concepts. This type of study will also allow to iteratively 
improve Mflow to maximize learning and engagement.  

VI. CONCLUSIONS 

Mflow is a tool built with the objective of being immediately 

engaging and intuitive, in such a way that non-specialized 

teachers can readily adopt it in the classroom, and that 

children can readily use for programming sound and making 

music. If, as expected, it is effective, it holds the potential of 

reaching a large number of children through the school 

system, exposing them to an authentic CS experience at an 

early age. Mflow is free and browser-based, it can be found 

at www.listeningtowaves.com/mflow. 
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Fig. 2. Mflow has been started to be implemented in workshops. Front and back view of children creating sound compositions at a STEAM summer 

camp catering to mostly low-income children. 
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