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ABSTRACT 
 

This article reports on the first phase of a multiyear summer program using music 
technology and computer coding as interventions to promote creative and algorithmic 
thinking for Underrepresented Minority Students (URM) in grades 3–8 at an urban 
nonprofit charter school in the Midwest United States. Drawing on Culturally Responsive 
Pedagogy, the research team comprised of faculty and peer mentors from music technology 
and secondary education examined how an informal learning environment engaged 
children to explore interdisciplinary connections between music and computing through 
beat-making, remixing, and programming in Soundtrap, a web-based Digital Audio 
Workstation (DAW), and Scratch, an open-source coding program. We discuss approaches 
designed to promote interdisciplinary STEAM connections and implications for future 
practice.  
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Background 

This paper reports on the first phase of a three-year study investigating the 

connections between music technology and informal learning in Science, Technology, 

Engineering, Art, and Math (STEAM) Education through the Music Technology Academy 

(MTA). An interdisciplinary research team comprising music technology, music therapy, 

and secondary education faculty facilitated two summer camps for students in grades 3–8 

in a medium-sized Midwestern city in the United States. The MTA was formed in 2021 as 

part of a university music technology program to conduct STEM education research and 

establish community partnerships with local schools in the area. 

The primary aim of the research was to investigate how pairing music technology 

and computer coding improved problem-solving, peer collaboration, and critical thinking. 

Music technology activities included recording and editing music and podcasts with an 

open-source Digital Audio Workstation (DAW) and using block-based coding language to 

create simple computer programs, games, and playable instruments with small 

microcontrollers. The research team was supported by student peer mentors from multiple 

academic disciplines, who helped foster connections with the children and assist with 

translating lessons for non-native English speakers. 

In 2021, we received seed funding to launch the Music Technology Academy (MTA), 

which explores connections between music technology and STEM education at a large 

public university in the Midwestern United States. As part of the research, the project's PI 

approached representatives from the university’s School of Education about a potential 

collaboration to launch a summer camp for elementary and middle school students. One of 

our team members is a Clinical Associate Professor who supervises practicum and student 

teachers, and has excellent relationships with local schools in the community. After some 

discussion, we approached site staff and administration at a local charter school, who 

agreed to host our “musical coding” camp as part of their summer program offerings over 

two weeks in June 2022 and 2023.  

The school in this study is a public “STEM Innovation School” affiliated with the city's 

public school system but overseen by a separate board of trustees and organizational 
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structure. Richard Milner (2012) uses the term “urban emergent” to describe schools in mid 

to large-sized metropolitan areas that are likely to experience resource scarcity and are 

frequently affiliated with major districts in the city. Extending the description beyond 

geographic location, Richard Welsh and Walker Swain (2020) suggest that urban education 

is also understood through enrollment, student demographics, socioeconomic status, racial 

inequality, and resource allocation. While applicable to a point, Welsh and Swain explain 

that the term “urban” may either be ambiguous or suggest a deficit model of teaching, just 

as “STEM Innovation” could similarly be indicative of a particular academic focus, or 

representative of deeper issues in academic policy (Huang and White 2023). For 

clarification purposes, these terms are used here only to provide a general overview of the 

school system where the summer camps occurred. 

A note on terminology and presentation. The following paragraphs use terms like 

“we” and “our work” interchangeably. While there is a case to be made that using such 

informal prose might hinder the scholarly rigor of a discussion on practice-based 

technology interventions in informal learning, we draw on Graham Badley's (2009) notion 

of academic writing as a process of discovering and disclosing while simultaneously writing 

up the results in ways that support a reflexive and collaborative ethos of pedagogy and 

embracing the potential of a less formalized academic tone (Hyland 2002). 
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Image 1: A graduate peer mentor explaining Soundtrap’s piano roll.1 

The MTA sought to engage students with limited access to STEM programs in their schools. 

To achieve this, we adopted a student-centered, asset-based approach that caters to urban 

school children’s academic and social needs by nurturing their cultural ways of being and 

acknowledging their funds of knowledge in learning environments. 

We focused on working with students from underrepresented minority (URM) 

backgrounds, who often face myriad barriers to persist in STEM subjects in K–12 settings 

(Carter 2006). An overarching aim of the summer camp was to provide supportive 

mentoring for the children, particularly by mentors with similar backgrounds. Through the 

university’s funding mechanism, the program was offered for free for students enrolled in 

summer school. During summer programming, children receive extra instruction and may 

choose from one of several afternoon activities, including the musical coding program 

offered through the MTA.  

The demographic composition of our student population included English Language 

Learners (ELLs), who face unique challenges that are often more acute than those 
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encountered by native English-speaking U.S. citizens (Tang, Li, and Crowther 2021). Our 

preliminary research offered valuable insights into the relationship between culture and 

learning, underscoring our commitment to addressing the diverse needs of all students. As 

educators, we sought to acknowledge the diverse communication styles of our students and 

recognize the importance of adapting our classroom interactions to cultivate genuine 

relationships between students and teachers. Because many of the children are multilingual 

learners, we wanted to provide bilingual resources, personalized instruction, and support 

from bilingual peer mentors and community volunteers to enrich their learning experience. 

The Research Team and Near Peer Structure  

Our team included multiple graduate and undergraduate students of color, including 

several who are bilingual (Spanish and English) and who assisted with translating lessons 

for the multilingual learners. The project’s PI, a White cisgender male, has several years of 

experience conducting funded research on informal STEM learning with students of color in 

after-school settings. One Co-PI is an Asian cisgender male with extensive training in 

recording arts and classical piano, and conducts music and STEM research with an 

emphasis on mechanical engineering and acoustics. Another Co-PI is a bilingual Latina and 

Associate Clinical Professor in the university’s School of Education. The team was also 

supported by an African American doctoral research assistant from the southern United 

States with a background in audio engineering, gospel music performance, and music 

technology. 

Trujillo et al. (2015) refer to “near-peer STEM mentoring” as providing tangible 

benefits to young students in receiving guidance and mentoring from older students that 

share their racial and gender backgrounds. Numerous studies report that when young 

learners “see themselves” in their mentors, they are more likely to persist in and pursue 

STEM-related coursework in the future (Atkins et al. 2020; Nkrumah and Scott 2022; 

Rockinson-Szapkiw et al. 2021). Similar trends are reported in music education research, 

demonstrating that students enrolled in private lessons, college courses, and multiple 

learning environments (formal and informal) experience deeper connections through 
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supportive mentoring (Fernández-Barros, Duran, and Viladot 2023; Goodrich, Bucura, and 

Stauffer 2018; Macleod et al. 2020).  

 

Culturally Responsive Pedagogy in STEAM Education 

Educational researchers emphasize the importance of teachers understanding how 

race, ethnicity, and culture influence learning (Alim and Paris 2017; Banks 2019; Gay 2018; 

Ladson-Billings 2017;). Therefore, our theoretical framework for the MTA was rooted in 

Culturally Responsive Pedagogy (CRP). CRP emphasizes recognizing and addressing 

students’ diverse cultural backgrounds and experiences throughout the learning process. 

Research indicates that CRP improves students’ motivation, interest in the material, and 

self-perception as capable learners, among other benefits (Hammond 2015).  

Our conceptual framework adopted four essential CRP components: 1) recognizing 

and valuing cultural diversity by appreciating students’ ethnic backgrounds, languages, 

traditions, and values; 2) upholding high expectations and fostering a belief in the potential 

of every student, irrespective of their backgrounds; 3) acknowledging communication 

styles, both verbal and nonverbal, as forms of cultural context and student expression; and 

4) employing diverse teaching strategies that incorporate a range of instructional 

approaches and cultural learning styles. 

By recognizing the significance of students’ cultural identities, CRP enhances 

engagement and learning outcomes, transforming education into a meaningful journey of 

discovery and connection. CRP is most effective when educators develop awareness and 

understanding of how culture impacts students’ learning experiences (Gay 2018). CRP also 

reinforces the need to validate students’ cultural backgrounds and experiences in the 

learning process (Richards, Browne, and Forde 2007). Our earlier work with after-school 

informal STEM learning suggests that URM students respond positively to mentoring by 

those that share their sociocultural backgrounds (Heines and Walzer 2018; Heines, Walzer, 

and Crawford 2017). Culturally responsive teaching and similar approaches can increase 

student motivation, interest in content, and perception of themselves as capable learners, 

among other benefits (Hammond 2015).  
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CRP is rooted in the idea that instructional design considers the lived experiences of 

learners and seeks to establish holistic connections with students. Gloria Ladson-Billings 

(2021), reflecting on thirty years of groundbreaking work in CRP and multicultural 

education, notes that “culturally responsive [pedagogies are] designed to cultivate students’ 

voices, entrepreneurial inclinations, and inventive spirits” (p. 351). Rooted in 

compassionate and caring instruction, CRP challenges teachers to foster connections with 

students that advance their learning, engage youth culture, and reflect a conscious effort to 

combat racism and avoid a “one size fits all” approach (Ladson-Billings 2021). Reflecting the 

multiplicity of music teaching and learning options, Palmer et al. (2022) extend Ladson-

Billings’ CRP concepts into four areas that center on teacher expertise, collaborative 

partnerships, fostering interpersonal relationships with students, and providing ongoing 

professional support to implement CRP effectively. 

Bryan Brown et al. (2019) found that elementary school teachers lacked a detailed 

understanding of how to apply culturally responsive pedagogy in STEM subject areas in 

grades K–5. Tanase (2020) echoes this sentiment, suggesting that CRP is particularly 

challenging when many teachers in school districts are not from racial and gender minority 

backgrounds. Milner (2011) identified similar issues as a White suburban science teacher, 

arguing that the best way to address such knowledge gaps is through the continued 

development of cultural competencies by educators working in urban settings. 

According to Geneva Gay (2000), when academic knowledge and skills are taught 

within the context of students’ lived experiences and frames of reference, they become 

more personally meaningful, engaging, and accessible. The MTA sought to improve 

engagement and success for students of color in academic STEM spaces by applying CRP at 

four levels, including teaching curriculum, managing student expectations, facilitating 

communication, and promoting faculty/staff development. The music technology 

curriculum incorporated diverse perspectives and culturally relevant models to connect 

students’ prior knowledge with new concepts, emphasizing cultural and linguistic 

responsiveness. Students composed songs, generated code, and recorded podcasts in 

Spanish and English.  
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Informal STE(A)M Learning  

Our present work through the Music Technology Academy centers on fostering 

connections between music education and Science, Technology, Engineering, Art, and Math 

(STEAM) in informal learning environments, which encompass myriad opportunities 

through summer camps, after-school programs, field experiences, and interdisciplinary 

collaboration. Broadly defined, the National Science Foundation (NSF) frames informal 

STEM learning in ways that expand participatory experiences outside the classroom, 

broaden participation, cultivate a sense of belonging, and support lifelong learning, 

especially for those from under-represented backgrounds (National Science Foundation 

2025). While informal STEM learning is highly popular, it is difficult to quantify due to the 

lack of clarity and long-term data on specific events and how they are evaluated in K–12 

settings (Morris et al. 2019). Nevertheless, informal STEM learning has increased self-

efficacy and school readiness for students from lower socio-economic status (SES) and 

multilanguage learners (Alexandre et al. 2022; Maiorca et al. 2021). 

Our primary goal was to integrate music through a STEM perspective into all 

children's lives by developing an inclusive curriculum that connects with students’ diverse 

backgrounds and actively engages them. Research by Constance McKoy, Vicki Lind, and 

Ashley Butler emphasizes the significant link between music and culture, noting, “If we truly 

believe in music for every child, we must find ways to support teaching and learning for 

culturally diverse learners” (McKoy, Lind, and Butler 2010, p. 52). Their model identifies 

five categories: teacher, student, content, instruction, and context. Each category contains 

dimensions that may hinder or support music learning in diverse populations when 

influenced by race, culture, and ethnicity. By combining these categories with culturally 

responsive teaching principles, we wanted to understand better teaching dynamics related 

to URM students in music education.  
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Image 2: A bilingual secondary education major explains the layout of the virtual piano in 
Spanish to the student. Neither the peer mentor nor the student had prior experience in 
music performance but were able to establish connections using the MIDI keyboard and 

playing notes to compose a familiar song that the student enjoyed.  
 

After receiving approval from our university’s Institutional Review Board, we sent 

out recruiting and informed consent materials in English and Spanish to parents at the 

charter school before the June 2022 start date. Ten children in grades 3–8 signed up during 

that first two-week session. By the end of the session, eight students remained. The 

facilitator-to-student ratio was 1:1. Thus, the students received individual attention from 

the research team (three faculty members and seven graduate/undergraduate peer 

mentors). Three undergraduate peer mentors were bilingual and provided crucial 

translation support for ELL students. After the camp ended, we debriefed and met with the 

charter school staff to discuss any needed adjustments. In June 2023, we held the camp 

again, with 22 students enrolled. At the end of the second week, 18 students remained. The 

facilitator-to-student ratio was 2:1, which proved more challenging to provide students 

with the same amount of personalized attention. To alleviate this, we encouraged more peer 
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collaboration among the children—more experienced children who participated in the first 

camp assisted the younger campers with Scratch and Soundtrap.  

In general, the summer camp ran four days per week for approximately 75 minutes. 

Through our discussions with the charter school staff, we sought affordable and accessible 

tools that would allow the children to be creative and to explore ideas at the intersection of 

art and science. As educators, we recognized that students have unique ways of 

communicating, and it was crucial to tailor our classroom interactions accordingly to 

establish authentic student-teacher relationships. Given that many of our students were 

multilingual learners, we were committed to provide bilingual resources, customized 

teaching, and the assistance of bilingual peer mentors and community volunteers to aid our 

students.  

 

STEAM Integration via Technology 

Camp participants engaged in several STEM concepts including programming and 

design. Intentionally designing the sessions around project-based and informal learning, the 

students created music on their laptops. The combination of music and technology is critical 

in the MTA program. We aimed to help students develop a firm grasp of the connections 

between music and technology and to use these ties to their advantage in all aspects of their 

lives. Chromebooks were selected as the primary technology device during the camp, 

primarily for student familiarity as the students used Chromebooks in other classes and 

were already comfortable with these devices. This allowed the students to move into the 

desired web applications quickly.  

Two web-based applications were used for music technology exploration, Scratch 

and Soundtrap. Scratch was selected as a visual coding language that could allow discussion 

about computer programming for audio-visual activities. Many students were already 

familiar with some fundamental elements of Scratch from other class experiences, but this 

was generally their first experience integrating music and audio.  

We introduced musical loops using Scratch’s block-based coding language (See 

Image 3). The children explored beat creation and composing in Soundtrap for the first 
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portion of each session due to its embedded MIDI features, audio effects, and diverse virtual 

instruments. We encouraged students to identify songs they enjoyed by highlighting 

common musical elements in the arrangements. After experimenting with the digital audio 

workstation (DAW), students were gradually introduced to recreating simple drumbeats 

and musical loops in Scratch. Some students preferred using existing Scratch projects and 

“remixing” them, while others were curious about coordinating character animations with 

their newly created sounds. 

 

 
 

Image 3: A student creating musical loops using block-based code in Scratch. 
 

The small group of instructors then worked with the peer mentors to challenge the 

children to create new steps and provide support if a child was struggling with an element, 

experiencing distraction, or wanted to share their success. It was noted that many campers 

were highly motivated to share their coding with the instructors, the peer mentors, and one 

another. The unique aspect of music, and with the Academy in particular, was the 

communal aspect of making and doing. Upon completion, they shared their pieces with the 

rest of the group.  

Soundtrap was selected as an online music-making digital audio workstation for its 

compatibility with Chromebooks, ease of use, and access for students. This was paired with 

a 25-key MIDI controller for each student to allow real-time integration with a traditional 

piano keyboard-based instrument. Students could use the keyboard or the drum pads to 

trigger and record sounds from internal virtual instruments in Soundtrap. The children 
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were asked to identify the similarities between the drumset in Soundtrap and the sprite in 

Scratch. 

 

 

Image 4: The drum synthesizer in Soundtrap. 

Students also had access to USB microphone devices and could record themselves 

speaking, singing, or playing an acoustic sound in the room to add to their project. Lastly, 

there were libraries of created audio and MIDI loops that students could import to build 

their projects. The instructors shared possibilities but gave the students deliberate space to 

create as their interests naturally occurred. This resulted in various genres and workflows, 

from rock, pop, and hip-hop production to an exclusively spoken-word podcast. 

The research team and peer mentors rotated throughout the summer camps, 

working with new students each day unless otherwise instructed. Each session started with 

an icebreaking activity. Many of the icebreakers included leading questions about the 

students’ favorite songs, sounds, memories, and plans for the summer. We used the 

icebreakers to open musical and STEM-related conversation starters once the small-group 
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activities began. This approach allowed the team and peer mentors to guide the children 

towards meeting a personal goal for the day. Ideally, the students had a musical goal (e.g., 

eight new bars recorded in Soundtrap) and a coding goal (e.g., fine-tuning a game, 

animation, or musical project in Scratch). Inevitably, the goals often overlapped, and 

students found ways to integrate both platforms. It was not uncommon for students to 

record a music loop in Soundtrap, export the file, and integrate it into an existing Scratch 

project. 

 

Promoting Algorithmic and Design Thinking with Music Technology 

Algorithmic thinking is honed by defining a problem, visualizing, and utilizing 

processes aimed at solving it (Futschek 2006), and analyzing the cognitive processes 

associated with forming problems, gathering and synthesizing information, and finding 

possible solutions (Lockwood et al. 2016; Zsakó and Szlávi 2012). Educators have sought 

STEAM resources including games, puzzles, and physical devices to cultivate algorithmic 

thinking in classroom settings (Bedar and Al-Shboul 2020; Juškevičienė 2020). In more 

traditional STEM programs, some form of the engineering design process is utilized, where 

students cyclically engage in asking, imagining, planning, creating, and improving (Newman 

2020). The project-based learning that the Academy employed utilized these exact steps 

through the lens of music production and music programming. 

Through music creation, practice, and performance, musicians procedurally 

experiment with, test, and iterate on various parameters to communicate their musical 

message. The creative process represents an active area of research that exists on a 

spectrum: at one extreme, decisions are attributed to the “musical genius” receiving 

inspiration from mystical forces, while at the other, creativity involves a rigorous process of 

parameter manipulation and data collection (Adomaitytė et al. 2018; Sawyer 2021). 

Algorithmic thinking generally involves following a systematic process to solve 

problems or achieve specific outcomes. In K–8 music education, algorithmic thinking can be 

defined as a process-based approach to learning musical concepts, creating compositions, 

practicing instruments, and performing pieces using both traditional and technological 
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methods. Teaching basic musical concepts in K–8 classrooms typically involves key 

signatures, scales, triads, and harmonic progressions. Rather than relying on rote 

memorization, educators can employ algorithmic thinking to formulate processes for 

completing these musical tasks. Such algorithms exist in many music classrooms, 

exemplified by teaching I–IV–V chord progressions or building tetrachords. Expanding 

these processes more broadly to other musical concepts in K–8 music education through 

technology further enhances the development of algorithmic thinking skills. 

Within music technology and STEAM education, numerous opportunities exist for 

students to encounter an issue that requires them to troubleshoot and solve problems. 

Problems range in complexity, from not hearing any sound from the computer speakers to 

debugging code. Troubleshooting issues in these contexts is no different than having to slow 

down the tempo of a particular musical passage to play the notes correctly. In both 

situations, the student must identify the problem and visualize how to solve it. An 

advantage of informal learning environments is that the students have the time, space, and 

support to address each obstacle slowly while learning foundational skills and reducing 

their cognitive load in STEM subjects (Barajas-Salazar et al. 2025). In music instruction, a 

similar phenomenon exists as slowing down excerpts which reduces cognitive load and 

improves self-regulation and metacognition (Allingham and Wöllner 2022). By using 

technology, we can further the applicability of algorithmic thinking to include digital audio 

workstations, music production tools, and music programming to enhance the music 

learning. 

Curricular Example: Game-Based Music and Media  

One example of design-based thinking involved multimodal ways of conceptualizing 

music composition. STEAM-based composing engages multiple teaching strategies tailored 

to the different needs and motivations of the student, emphasizing process over product, 

and integrating art (visuals) into the musical workflow. In this curricular example, a more 

advanced student sought to combine his mutual interests in video games, music technology, 

and coding. The research team asked him to name his favorite video game, search through 
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the Scratch archives for a similar project to remix, and then repurpose the existing code 

with new ideas, including his original music and a short podcast on gaming. 

 

 

 

 

 

 

 

 

 

Image 5: Dual computers showing the student’s repurposed Scratch game and assets 
created in Soundtrap. 

In this scenario, culturally responsive pedagogy intersected with the student’s 

interest to build something original. In Image 5 above, the two Chromebooks show the 

student’s attempt to rebuild a simple game in the style of Minecraft. On the left side, the 

digital audio workstation shows new tracks that the student produced for a podcast and for 

musical assets to be exported and included in the Scratch game. In both cases, the student 

demonstrated an understanding of researching and synthesizing information, using music 

and media for expressive purposes, and using critical thinking to integrate music and 

coding into a cohesive presentation.  

The peer mentor identified that the student was growing restless doing a single 

activity. After building a rapport, the mentor and research team gave the student a 

challenge and asked him to design a project that engaged music and coding equally. Over 
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the course of the week, he responded and was engaged throughout the sessions, striking a 

compromise in both fields. 

 

Image 6: The peer mentor and student strategizing. 

The students defined their music production aspirations and selected from the 

provided tools to best serve their desired outcomes. Next, they actively created and 

audiated various sounds, lyrics, and musical timbres based on their formal and informal 

knowledge of music. Then, they planned their compositions using Soundtrap or within the 

block-based programming structure of Scratch. Their work in both platforms helped them 

establish their piece’s architectural form. Finally, they created the music. During the 

process, they engaged in computational thinking, mathematical calculations, and considered 

tradeoffs.  

Algorithmic thinking is increasingly studied from the perspective of engineering and 

STEAM education (Dolgopolovas and Dagienė 2021). For example, in Scratch, the duration 

of musical elements can be defined in milliseconds, and amplitudes need to be determined 

numerically. Likewise, while programming instrumental or drum loops in Soundtrap, 
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segmenting time into small subgroups and fitting notes within these subgroups requires 

mathematical thinking. Next, students analyze and improve their compositions. This 

represents a classical engineering dilemma in tradeoffs—where decisions have ripple 

effects that create both positive and negative outcomes. 

While composing, students actively evaluate their work. They must identify 

problems, critically analyze them, propose solutions, and re-create their work. This iterative 

process actively engages design and critical thinking while requiring students to manage 

tradeoffs. For example, students may want a fast percussive element in their song, but the 

percussion may ultimately overpower the melody. They must then think critically and 

design a new solution to meet their goals in imagining and planning. Lastly, after improving 

their pieces, they re-evaluate through an iterative process of active design and critical 

thinking. This all happens in an informal learning environment, where students have space 

for both technical and musical creativity. A rigid exercise would not provide the breadth of 

imagination or planning needed to create musical ideas effectively. Informal learning 

engages students in STEAM thinking by building, thinking, iterating, and designing musical 

compositions, and is most effective when tools and pedagogical structures meet students 

where they are (Kahn, Suero, and Voight 2018). 

Discussion  

Given the relatively short timeframe (approximately eight hours in total), the bulk of 

instructional activity focused on play, rather than providing the children with extensive 

tutorials. We found this to be the most pragmatic approach for two reasons. First, we had 

little information about each student's prior knowledge in Scratch and Soundtrap. As 

expected, skill levels varied across grade levels, with less experienced students requiring 

more support from the research team and peer mentors. Second, our mission was to 

provide curriculum and to build a friendly rapport with the children at the same time. We 

were supported by a staff member from the charter school, a former music teacher who had 

recently moved into an administrative role. With his guidance, we learned about the 

children’s interests, prior coursework, and the mission of the school itself. 
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After each session, the research team and peer mentors debriefed about the day's 

activities. It became clear that our mission emphasized two central themes: a) establishing 

short successes, and b) adopting a Just in Time teaching approach. Just in Time Teaching 

(Killi and Morrison 2015) describes an instructional approach where educators adapt their 

pedagogy to meet the diverse motivations of their students and adjust as needed. The fluid 

nature of each session challenged the team to quickly “read the room” and find solutions. 

Accomplishing this required a delicate balance of knowing when to answer student 

questions and when to step back and allow them to experiment. As such, we sought to 

include projects that were manageable, gave the students a goal for the day, and provided 

time to share at the end of each session. Informally, these “quick wins” were embedded 

within the structure intuitively. Based on feedback we received from the students, school 

staff, and our daily meetings, this method proved beneficial given the unpredictability of 

each day. 

Adopting a flexible, holistic approach to using music technology to foster creativity 

was helpful, especially for students at different grade levels. Here, the aim was to gently 

introduce students to basic concepts found in digital audio workstations and block-based 

coding while keeping the primary focus on making and creating. We found that students 

without formal music and programming backgrounds could draw, record, and edit sounds 

and compose songs based on their cultural interests (Pierard and Lines 2022; Walzer 

2020). Additionally, we found that brief tutorials followed by guided exploration, including 

time for “brain breaks,” and starting the day’s activities with an icebreaker activity sparked 

the children’s enthusiasm. 

Since its inception, we have continued to build on the framework established in the 

Music Technology Academy, and have expanded programming to include after-school 

activities and partnerships with community centers and campus organizations. Ultimately, 

we found that the personal connections forged by the research team with the children 

provided a safe, inclusive learning environment to explore STEAM concepts. Avoiding rigid 

and technocratic pedagogy allowed the students to use the tools that interested them. 

Supportive mentoring and culturally relevant curricular materials and pedagogy allowed 
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the students to experience STEAM through musical coding and creativity and for the MTA to 

“plant seeds” to inspire learning and meaningful connections in K-8 informal learning 

settings. 

A key element of the MTA is the diverse cohort of interdisciplinary 

underrepresented minorities (URM) and bilingual individuals from the Department of 

Music Technology and School of Education. Nieto (2003) emphasizes acknowledging 

learners’ cultural backgrounds when presenting content. Ignoring this can cause students to 

feel academically disenfranchised and disconnected from learning. Community engagement 

is a core MTA component. Working with charter school staff, we identified affordable 

resources that encourage children to express creativity and explore art-science connections. 

The Music Technology Academy aims to improve URM engagement and success in STEM 

settings by implementing Culturally Responsive Pedagogy (CRP) across the teaching 

curriculum, student expectations, communication, and faculty development. The curriculum 

incorporates diverse perspectives and culturally relevant models to link students’ prior 

knowledge with new concepts.  

For music educators considering similar options in their programs, our experience 

has taught us that open-source, accessible technology provides an excellent starting point 

for exploring interdisciplinary arts curricula in the classroom through informal learning. 

Chrome Music Lab has also proven useful in developing art and music projects that 

challenge students to explore sound through songwriting, painting, and instrument 

modeling (Killian 2019; Özer and Demirbatir 2023).  

Along with the CRP framework discussed earlier, we have sought to critically 

examine our roles as teacher-facilitators throughout the process. Notably, the activities 

during each year's summer camp were distinct in that they fell outside of normal class time 

and were overseen by university professors, graduate students, and teachers from the 

charter school. Considering this observation, we wish to acknowledge both the privilege we 

occupied as guests and collaborators with the charter school, and that our instructional 

roadmap was informed by our backgrounds as music technology and secondary education 

experts. Hendricks and McPherson (2023) challenge music educators to scrutinize biases 
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on what constitutes musicianship from a non-Eurocentric perspective, and how music 

educators might interrogate and move beyond a deficit model of teaching and learning. 

 

 

Image 7: Makey-Makey “Banana” Piano. 

 

Beyond using digital audio workstations and coding programs, educators may find some 

inspiration using Makey-Makey controllers and similar devices. These tools provide 

students with multiple entry points into STEAM thinking and creating and are used in music 

education, community music, and music therapy contexts (bell, Dasent, and Tshuma 2022; 

Greher 2016; Noone 2018).  

The MTA has provided valuable experiential and interdisciplinary collaboration 

experiences for our undergraduate and graduate students in music technology, music 

therapy, and secondary education. Learning to work as part of a team with a common goal 

of facilitating inclusive learning environments engages each person to think outside the box, 

collaborate on lesson plans, and work closely with the children and staff to create a 
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welcome atmosphere that inspires children to adopt algorithmic thinking in music and 

STEM subjects.  

In our multilingual classroom, teachers and students conversed and collaborated in 

languages beyond English. As we expand to reach more communities, potential limitations 

may arise from language constraints in music production software. Fortunately, both 

Soundtrap and Scratch are available in Spanish, and advanced digital audio workstations 

like ProTools and Ableton support multiple languages. 

 

Conclusion  

 The pedagogical strategies detailed in this article might best be framed as those 

found in an interdisciplinary STEAM club, where program offerings seek to carve out space 

for children to explore music and science in a way that gives them ownership over their 

learning (Dolberry 2015; Fitzgerald et al. 2020). Students composed songs in Spanish, 

created podcasts discussing strategies to solve their favorite games, and built instruments 

using art supplies, “found sounds,” and small microcontrollers. An advantage to informal 

STEAM learning in summer camps and after-school programs, and the common thread 

across the activities in the Music Technology Academy, is that students are given the space 

to be expressive and curious while designing (through code), playing (with MIDI 

controllers), and daily sharing, without the added pressure of high-stakes testing (Ritchie 

2019). The informal learning environment enabled students to engage in algorithmic 

thinking while creating compositions, podcasts, and other projects. This process-oriented 

creation utilizing technology employed analysis, evaluation, and iteration that led them to 

build, think about, and design musical projects with greater sophistication. 

Culturally responsive pedagogy took on two primary roles: allowing students to 

learn and create in their native languages and providing multiple access points for STEAM 

representation. Through near-peer mentoring, students and staff were exposed to multiple 

disciplinary approaches from multiple fields, including urban and secondary education, 

math education, music technology, and music therapy. The close supervision and peer-to-

student relationships allowed each learner to work individually and in small groups. More 
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than the subject matter, we found in this project that the relationships forged between 

teacher-facilitators, student workers, and the children were the most important part of the 

research.  
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