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Abstract
As commercial music technology and AI-assisted tools become
increasingly accessible, more students enter higher education
with substantial experience in digital music making. For NIME
educators, this creates a new challenge: teaching physical proto-
typing to students who are already experienced users of digital
music tools. While existing NIME pedagogy research primarily
addresses novices, musicians familiar with traditional instru-
ments, or engineering students, targeted approaches for students
transitioning from proficiency with commercial tools to custom
instrument design remain underexamined. This paper presents
an undergraduate course specifically designed for this population,
based on a full-cycle approach that integrates research, hardware
prototyping, composition, public performance, and academic
documentation. Analyzing outcomes from 16 students across
2 semesters, we observe that approximately half continued to
iterate after the build phase, highlighting how interconnecting
building, composing, and performing may foster thoughtful, ex-
tended engagement with instruments. The full-cycle structure
was also within reach, with a strong majority of students complet-
ing all phases. We document the specific institutional conditions,
student prerequisites, and resource dependencies under which
this approach operates, thereby supporting educators in applying
the proposed model in their own contexts.
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1 Introduction
Digital musical instrument (DMI) design education faces a re-
curring challenge: bridging the gap between musical knowledge
and technical implementation [25]. This challenge manifests dif-
ferently across student populations. Engineering students may
lack musical context for their technical work; art students may
struggle with electronics and programming fundamentals; and
students from mixed backgrounds require differentiated scaffold-
ing [48].

A less-examined population comprises students who are al-
ready experienced users of commercial digital music tools, such
as grid controllers, digital audio workstations (DAWs), and syn-
thesizers, but lack the technical skills to design custom instru-
ments. These students may possess sophisticated mental models
of signal flow, sound design, and performance practice, yet can-
not translate their musical ideas into physical interfaces. This
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Table 1: The emerging student profile: students enter
higher education with digital music skills but no physical
prototyping experience. The distinction between exposure
(secondary) and operational fluency (higher education)
reflects accumulated practice rather than novel skill acqui-
sition.

Skill Do-
main

Secondary Edu-
cation (Increas-
ing Technol-
ogy)

Higher Educa-
tion (Paper’s
Context)

Skills
Present

Digital
Produc-
tion

GarageBand,
BandLab, Sound-
trap

DAW Profi-
ciency

Yes

Hardware
Inter-
faces

Exposure to
MIDI controllers
and grid inter-
faces

Operational
fluency with
commercial con-
trollers (e.gl,
Push, Launch-
pad, and MPC)

Yes

Music
Creation

Beat-making
Composition

Sound Design
Skills

Yes

Physical
Comput-
ing

— (Not Typically
Covered)

Physical Proto-
typing Skills

No

paper addresses the research question: How can NIME design ped-
agogy be structured for students who are already experienced users
of commercial digital music tools but lack technical prototyping
skills?

1.1 Why This Matters Now
The student population documented in this paper, experienced
users of commercial digital music tools who lack prototyping
skills, may represent a profile that becomes increasingly com-
mon in music technology education. While students taking NIME
classes are musically curious and sometimes accomplished musi-
cians, the change emerges from their familiarity with digital tools
rather than traditional acoustic instruments. We identify three
contextual trends that suggest this evolution. We acknowledge
that these trends vary in strength and that current data cannot
tell us how common this profile will become.

First, commercial music technology has become increasingly
accessible at the secondary level. A systematic review spanning
1993-2025 documents that DAWs have become "prevalent" in
secondary music classrooms, with platforms like GarageBand,
Ableton Live, and Logic Pro appearing regularly in K-12 contexts
[21, 45]. A scoping review of technology-enhanced creativity
in K-12 music education similarly documents the expansion of
technology integration, though it notes variation across contexts
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and implementation quality [39]. The COVID-19 pandemic may
have accelerated adoption in some settings; one study found
that teachers who had not previously used DAWs adopted them
during the pandemic and intended to continue afterward [22].
Taken together, this evidence suggests a trajectory of increasing
technology adoption, though the extent to which students enter
higher education with substantial production experience likely
varies by region, school resources, and individual interests.

Second, AI-assisted music tools may further lower barriers to
digital music-making. Researchers and developers are actively
integrating AI capabilities into music production workflows, in-
cluding generative systems for composition [16] and AI-based
plugins designed to democratize production techniques [61]. As
these tools become embedded in DAWs and production envi-
ronments, students interested in digital music-making may en-
counter them early, potentially accelerating the development of
production skills.

Third, given the current trend toward the adoption of off-the-
shelf music technology, educators may increasingly encounter
students with proficiency in sound design and fluency with tools.
For such students, the pedagogical challenge shifts from teaching
music technology fundamentals to bridging the gap between
digital fluency and physical prototyping.

Table 1 illustrates the student profile we address by situating
skill development along a pipeline from secondary to higher ed-
ucation. Educators who encounter students with some of these
characteristics may find specific elements of our approach adapt-
able, even if wholesale transfer is not feasible.

1.2 Contributions
We present a course, titled Prototyping Electronic Digital Instru-
ments, at Berklee College of Music, designed specifically for this
population [13]. Our contribution is threefold:

(1) Documentation of a specific student population: Our
target population presents pedagogical challenges distinct
from those faced by novices or engineering students.

(2) Application of full-cycle pedagogy to this popula-
tion: While full-cycle approaches integrating building,
composition, and performance exist in the literature [32,
62], these have not been applied to students transitioning
from commercial tool expertise, nor have they reported
on iteration patterns within the structure.

(3) Preliminary empirical observations: We report out-
comes from 16 students across 2 semesters based on grad-
ing records and Git commits, including evidence that iter-
ation occurs during the interconnected composition and
performance phases.

2 Related Work
NIME pedagogy has been documented across diverse institutional
contexts since the field’s emergence. A systematic review on
NIME education reveals that only one study explicitly addresses
students who are "proficient sound programmers" with existing
DAW experience [30]. Most NIME education research targets
complete novices or students without electronic engineering
backgrounds [3, 28, 62].

2.1 Existing Pedagogical Models
NIME pedagogy encompasses diverse approaches with different
emphases. To situate our course, we identify three common ped-
agogical priorities, illustrated schematically in Figure 1, while
acknowledging that many programs combine elements of both.

Design/Build approaches, common in engineering and inter-
disciplinary art-technology contexts, emphasize the acquisition
of technical skills through instrument construction [40, 41].
Prototyping-focused NIME courses have been documented since
the field’s inception [69], with continued iterations at the same
institution over two decades [42]. The primary outcome is a
functional artifact; musical demonstrations, when included,
typically serve to verify technical success rather than as extended
practice in their own right.

Perform approaches integrate DMIs into existing performance
curricula, emphasizing expression and musical practice over de-
sign and construction [55]. Students may work with existing
instruments or interfaces to develop performance techniques and
repertoire.

Full-cycle approaches that integrate building, composition,
and performance exist in the literature. Jordà and Mealla [32]
describe curricula that connect mapping and expressiveness to
performance outcomes; Tomás [62] documents practice-based
methods that link instrument construction to artistic exploration.
Prior full-cycle courses have served cohorts ranging from non-
musician art students [62] to mixed music-and-cognitive-systems
graduate students [32].

Our course draws on these precedents while addressing a spe-
cific gap: none of the documented approaches report quantitative
data on whether students iterate on hardware after initial con-
struction, nor do they address students with pre-existing digital
music expertise. The contribution of this paper is not the full-
cycle structure itself, but its application to this emerging student
population and the preliminary evidence we report on iteration
patterns within that structure.

Figure 1: Schematic comparison illustrating different ped-
agogical emphases in NIME education. Design/Build ap-
proaches prioritize technical skill acquisition with demon-
stration as outcome; Perform approaches prioritize musi-
cal practice, often with existing instruments; Full-Cycle
approaches integrate building, composition, and perfor-
mance with explicit iteration. These are not mutually ex-
clusive categories; many programs combine elements but
represent different pedagogical priorities.
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Several transferable strategies emerge from the broader litera-
ture: using visual programming environments that mirror signal
flow concepts [46], providing working examples that students
modify rather than build from scratch [3], implementing phased
curricula with progressive difficulty [30], incorporating perfor-
mance requirements that connect technical learning to musical
goals [18, 30], and using restrictive tool sets to reduce cognitive
overload [32].

These strategies inform the design of our course, though their
application to students with existing digital fluency requires
specific adaptations, which we detail in §5.

2.2 Evolving Student Profile
Research on secondary music education documents a clear tem-
poral trajectory of increasing technology adoption. Early studies
(1990s) examined composition programs as novel interventions;
by the 2000s, technology integration was increasingly common
but unevenly distributed; the 2010s saw technology described
as prevalent and commonplace; and recent studies (2020-2025)
document technology as foundational to music education trans-
formation [21, 39, 49, 51, 56].

The COVID-19 pandemic accelerated this trajectory. Dockan et
al. [22] found that teachers who had not previously used DAWs
adopted them during the pandemic and intended to continue
afterward, suggesting that external pressures can rapidly shift
adoption patterns. The shift from desktop-based software to mo-
bile and cloud platforms (BandLab, Soundtrap, GarageBand for
iPad) represents a technological trajectory toward greater acces-
sibility.

This evidence suggests that students entering higher educa-
tion increasingly arrive with DAW experience, composition skills,
and familiarity with commercial controllers: the profile that char-
acterizes the targeted students in this paper. This analysis treats
our institutional program as a specialized case and does not seek
to generalize prevalence. Rather, the documented trends are used
to identify structural conditions that may give rise to compara-
ble populations in other music technology education settings as
secondary-level technology adoption expands.

2.3 Gap in the Literature
The gap between musical knowledge and technical implemen-
tation is consistently identified as a central challenge [25, 38].
However, existing recommendations largely derive from studies
of adjacent populations, such as novices, engineering students,
or mixed cohorts. Targeted research on students transitioning
from commercial digital music expertise to physical prototyping
remains limited.

Our institution’s context differs from most documented NIME
programs. As a large, specialized institution dedicated to contem-
porary music education, it is neither a conservatory specializing
in classical performance nor an engineering school. Students in
our major arrive with substantial experience using commercial
controllers (e.g., Ableton Push, Novation Launchpad, and Akai
MPCs). Our course addresses their specific transition from con-
troller user to instrument designer. While full-cycle approaches
exist in NIME pedagogy, documented applications have not ex-
plicitly targeted this population or reported on iteration patterns
within full-cycle structures for students with this profile.

3 Institutional Context
3.1 Student Profile and Prerequisites
The student profile described in this paper emerges from two
institutional mechanisms: program admission requirements and
prerequisite course completion.

Admission to the Electronic Production and Design (EPD) pro-
gram at Berklee College of Music requires applicants to demon-
strate existing proficiencywith DAWs andmusic production tools,
typically developed through introductory coursework [10]. Many
students apply because they aspire to be electronic musicians
and producers, bringing experience with commercial controllers.
Once enrolled, students complete required coursework in modu-
lar signal flow, programming environments for interactive audio,
and digital audio production before reaching our course. Prereq-
uisites for both reported semesters included prior coursework in
either visual programming for audio systems [12] or introductory
text-based programming [9]. The course is typically taken by
upper-level undergraduates who have completed the program’s
core curriculum.

Given this curricular pathway, the typical student in the pro-
gram possesses proficiency with commercial DAWs, experience
with commercial controllers, understanding of signal flow and
MIDI routing, experience with visual programming (Max [20])
or text-based programming (Python [54] and JavaScript [23]),
and performance experience in electronic music ensembles. Cru-
cially, students lack fundamental electronics concepts (voltage,
resistance, circuit construction), microcontroller programming,
sensor integration, and physical prototyping skills. This profile,
substantial digital fluency combined with absent hardware skills,
defines the pedagogical challenge our course addresses.

As for prior NIME design exposure, students arrive with sus-
tained experience in existing musical interfaces through prior
coursework on modular synthesis [11], DAWs [14], and MIDI
controllers [6]. Many also complete a Max programming course
in which they build UI-based controllers and encounter mapping
fundamentals: scaling sensor or MIDI ranges to synthesis param-
eters using objects such as [scale] and [zmap]. Students coming
from a text-based programming course encounter mapping con-
cepts via working with Processing [52] and Processing.py [53]
via functions such as map() and constrain(). This prior exposure
constitutes implicit design vocabulary: students arrive familiar
with how existing systems map control to outcomes, even if they
have not encountered NIME design as a named theoretical activ-
ity. The course builds on this baseline rather than introducing
mapping concepts from first principles.

One institutional factor shaping the course’s performance em-
phasis is Berklee’s recognition of digital performance systems as
legitimate instruments of study (titled Electronic Digital Instru-
ment), equivalent to traditional instruments [8]. This recognition
means public performance requirements align with existing pro-
gram culture rather than introducing unfamiliar expectations.

3.2 Course Materials and Starter Kit
Every student in the course is providedwith a standardized starter
kit ($94) containing electronic components used throughout both
laboratory exercises and project phases. The kit includes a Teensy
4.0 microcontroller [50], an accelerometer with a digital interface,
an audio adaptor board, breadboards, resistors, LEDs, sensors
(force-sensitive resistors, photocells, potentiometers), buttons,
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and basic wiring components. A complete bill of materials, in-
cluding model numbers, quantities, and sourcing information, is
available in the course repository1.

This standardized kit serves multiple purposes: it ensures all
students have consistent materials for lab exercises, constrains
initial project complexity to reduce cognitive overload, and estab-
lishes a baseline component vocabulary that the course materials
support. Students typically supplement the starter kit with addi-
tional components (a recommended budget of $100) specific to
their instrument designs during the building phase. All source
codes and program files for the course are publicly available in
the same repository.

Standardization of the kit underwrites the lab-phase toolchain
constraint described in §5: every student works through identical
hardware and software during the first five weeks, which keeps
lab instruction efficient and enables peer troubleshooting across
a cohort with no prior prototyping experience.

4 Course Design
EPD’s program-level goals emphasize developing graduates who
can both produce contemporary electronic music using existing
tools and design new technical systems for music [5]. This course
advances the latter by introducing physical prototyping as a com-
plement to the digital production fluency students develop earlier
in the curriculum. Intended learning outcomes are: (i) integrate
sensors, microcontrollers, and audio synthesis to produce func-
tional digital musical instruments; (ii) apply mapping strategies
to translate gestural input into musical parameters; (iii) compose
original musical material that exploits a custom instrument’s
affordances; (iv) deliver public performance with appropriate
technical preparation; and (v) document technical and creative
work to professional standards. Achievement is assessed through
phase-specific rubrics described below.

The course carries three credit hours, against a minimum
full-time undergraduate load of 12 credits per semester at the
institution. The course meets weekly for a single 170-minute ses-
sion combining lecture and laboratory work; lab exercises during
weeks 1–5 are started during class time with instructor support,
then extended, refined, and submitted as assignments via GitHub
pull request by the following week. Project-phase weeks include
intermediate submissions at proposal, review, and demonstration
milestones (§4.1); each milestone receives formative feedback
through pull-request review before contributing to summative
assessment.

4.1 Five-Phase Structure
Our course implements a full-cycle structure, drawing on prece-
dents in NIME pedagogy [32, 62] while adapting the approach
for students with commercial digital music experience. Students
complete five integrated phases across 15 weeks (see Figure 2):

Phase 1: Research (Weeks 1–6) Students analyze five contem-
porary DMIs, including at least two from NIME, documenting
sensor technologies, processing platforms, interaction paradigms,
and musical applications. A presentation synthesizes findings
and proposes implementation approaches.

Phase 2: Instrument Building (Weeks 7–9) Students design and
construct proof-of-concept prototypes of original DMIs. Using
the starter kit, supplemented with project-specific components,
students develop functional prototypes that demonstrate their
1https://github.com/EP-361/EP-361

core interaction concepts. Weekly milestones include proposal,
materials review, and functional demonstration. During the
project phase, students were encouraged to draw on NIME
practices introduced in class, exploring directions such as
augmented [37, 44], assistive [26, 34, 35], or educational instru-
ments [60, 65], voice-based interfaces [33, 36, 58], participatory
platforms [15, 64, 66], AI-driven systems [17, 68], and rhythm-
or timbre-focused designs [57, 63, 67].

Phase 3: Composition (Weeks 10–11) Students compose origi-
nal music for their specific instrument, exploring the reciprocal
relationship between instrument affordances and compositional
choices.

Phase 4: Performance (Weeks 12–14) Students prepare technical
riders, conduct dress rehearsals, and perform publicly at an end-
of-semester showcase.

Phase 5: Documentation (Concurrent, Week 15) Students main-
tain documentation on GitHub throughout the semester, culmi-
nating in a NIME-format paper. The NIME-format paper is scaf-
folded undergraduate technical writing rather than a peer-review-
ready research paper. It documents the instrument, mapping de-
cisions, compositional process, and performance outcomes using
the NIME template, primarily to develop technical writing skills
and produce portfolio material; students interested in publication
are encouraged to develop the paper further outside the course.

4.2 Pedagogical Rationale
The course was designed to enable students to experience the full
cycle of building a musical instrument as a NIME practitioner, an
approach documented in prior NIME pedagogy [32, 62], but here
adapted for students transitioning from off-the-shelf tool expe-
rience. Building a DMI requires interdisciplinary thinking that
spans engineering and artistic expression. The course also en-
sures students produce substantial portfolio material for job and
graduate school applications. All instrument-building, composi-
tion, and performance work is individual; each student designs,
builds, performs with, and documents their own instrument. Peer
feedback through in-class review is collaborative, but assessment
is individual.

Requiring original composition and public performance to-
gether forces students to engage deeply with their instrument’s
affordances over extended periods. This extended engagement,
in which students move among refining hardware, developing
musical material, and preparing for performance, may help reveal
interface limitations that are invisible during brief demonstra-
tions. For example, when a gesture fails to reliably produce con-
sistent sound, students revisit their sensor conditioning or code;
when a mapping does not yield expected musical results, they
refine their sound design and parameter ranges. The phases are
intentionally intertwined rather than strictly sequential: prepar-
ing for performance necessitates revisiting both instrument and
composition.

Requiring a public performance helps create authentic stakes
that motivate technical reliability. Berklee students are accus-
tomed to performance requirements in other coursework; the
showcase aligns with the program culture while demanding a
professional presentation. The public nature of performance in-
creases pressure on students to produce high-quality work.

The choice of NIME paper formatting for the final documenta-
tion helps develop professional writing skills and creates portfolio
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Figure 2: Semester timeline. Laboratory exercises (weeks 1-5) precede project phases. The dashed arrow indicates the
student iteration loop. We observed that 47% of students modified hardware after the build phase concluded, during the
interconnected composition and performance phases. Documentation runs concurrently via GitHub.

Table 2: Laboratory topics and associated skill development

Lab Topic Skills Developed
1 GitHub & NIME Analysis Version control, technical

writing
2 Electronics Voltage dividers, sensor

conditioning
3 Microcontroller Digital/analog I/O, PWM,

timing
4 MIDI Protocol implementation,

state management
5 Audio Teensy Audio Library,

synthesis

materials. For students interested in publishing, it provides a foun-
dation that can be developed toward conference submission after
the semester, which is valuable for graduate school applications.
For example, students from the course have subsequently devel-
oped their documentation into conference submissions [31, 70].

4.3 Laboratory Exercises
Five laboratory exercises, conducted during weeks 1-5, scaffold
technical skills before project phases begin (Table 2). These ex-
ercises systematically address the ’Physical Computing’ skills
identified as absent in Table 1. Labs use standardized starter
kit components and provide working code templates that stu-
dents modify rather than build from scratch. Example code and
program files are shared through the class materials GitHub
repository.

4.4 Design-Pedagogy Content
Design pedagogy in the course is concentrated rather than course-
spanning. A dedicated lecture in Week 10 (Mapping and Scoring)

covers mapping classifications: one-to-one, one-to-many, many-
to-one, and many-to-many [29]; the relationship between map-
ping choice and expressive identity; response curves and noise
conditioning; phrasing and the distinction between note-based
and sound-object-based control; audience perception of gesture-
sound relationships; and notation strategies including graphic
scores and visual music. The lecture is deliberately timed to co-
incide with the start of the composition phase, where students
directly confront the mapping decisions the lecture addresses. No
standalone assignment accompanies the lecture; instead, map-
ping content is applied immediately in the composition project’s
iterative refinement of gesture-to-sound relationships.

This allocation differs from courses where design theory an-
chors the curriculum. Jordà & Mealla structure an entire term
around mapping and expressiveness using a deliberately con-
strained technical platform [32], and Tomás dedicates weekly
practice-based assignments to embodiment, conceptualization,
and gestural design [62]. The narrower design-pedagogy foot-
print here reflects a tradeoff: students with strong production flu-
ency but limited hardware experience often require more instruc-
tional time for prototyping scaffolding than peers with balanced
or beginner skill profiles, leaving less time for explicit design
theory. Student feedback after the first cohort identified mapping
as a specific area for expanded coverage; the Week 10 lecture
was correspondingly expanded for the second cohort (§6.4). The
framing of design pedagogy as ’concentrated’ therefore describes
a trajectory rather than a fixed allocation (§7.4).

5 Bridging Strategies
Our course employs several bridging strategies informed by prior
research on NIME pedagogy [3, 18, 30, 32, 46]. We do not iso-
late the effects of individual strategies; rather, we report them as
design decisions whose collective contribution to observed out-
comes cannot be separated in this study. These strategies may be
relevant to other contexts where educators encounter students
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with similar profiles: substantial digital music experience but
limited physical prototyping skills.

Visual Programming Environments. Students leverage existing
Max experience for synthesis engine development. Most students
implement MIDI control from Teensy to Max patches or Max for
Live devices within Ableton Live. Some students run synthesis
engines directly on the microcontroller using the Teensy Audio
Library for embedded instruments. The course remains open-
ended regarding software choice in the project phase; students
have also used SuperCollider [59] and Csound [19].

Working Examples and Templates. Laboratory exercises pro-
vide functional code templates that students modify incremen-
tally. Example code is shared through a class materials GitHub
repository organized by weekly topics. This approach parallels
how students learn commercial tools: by modifying presets rather
than building from scratch.

Phased Curricula with Progressive Difficulty. The five-phase
structure implements progressive disclosure. Students encounter
electronics and microcontroller programming (unfamiliar) before
composition and performance (familiar), with familiar phases
creating motivation and evaluation contexts. The emphasis is on
the instrument-building phase, as students cannot compose or
perform without functional instruments.

Performance Requirements. Public performance connects tech-
nical learning to musical goals that our students already value.
Technical reliability becomes meaningful when the stakes are
authentic. The public nature of performance increases pressure
on students to produce high-quality work.

Constrained Tool Sets. The course operates a two-tier toolchain
policy. During the laboratory phase (weeks 1–5), all students
work with a single shared stack: Teensy 4.0 microcontrollers, the
standardized starter kit, Fritzing [27] for circuit documentation,
the Arduino IDE [1] for microcontroller code, and Max for audio
synthesis. All instructional materials, such as lab handouts, code
templates, circuit schematics, and example patches, are built
around this stack. No deviation is permitted in the lab phase,
which keeps cognitive load manageable for students with no
prior prototyping experience and ensures peer troubleshooting
is possible across the cohort.

During the project phases (weeks 6–14), scoped extensions
are permitted where a project requires a capability the lab stack
lacks, and the alternative platform preserves conceptual continu-
ity with prior lab work. In practice, observed extensions include
Bela [2] (which supports Arduino-style code structure compatible
with Teensy programming patterns), ESP32 [24] (which supports
Arduino code and adds wireless capability that the Teensy lacks
out of the box), and SuperCollider and Csound (used by stu-
dents who completed the program’s prior SuperCollider [4] and
Csound [7] courses and could translate Max concepts directly).
Teensy was selected as the lab platform partly because of this
transferability: students switching to Bela or ESP32 retain the
Arduino programming model, and the Teensy Audio Library re-
mains relevant when students choose to embed synthesis on the
microcontroller. The constraint is therefore on initial learning,
not on final implementation.

Reflective Documentation. Continuous documentation via
GitHub serves multiple functions. Writing maintains critical
thinking amid AI assistance: students are encouraged to use AI
tools, but must articulate their intent through documentation.

The shared GitHub repository facilitates peer learning, as
students can view and contribute to one another’s work. GitHub
repositories store all project artifacts: README documentation,
project proposals, Arduino sketches, synthesis patches, Fritzing-
format circuit schematics, links to externally-hosted video and
audio documentation, and reflection notes. The repository
serves as both a working project space and a portfolio artifact at
semester’s end.

6 Results
6.1 Course Outcomes
We report course outcomes from 16 students across 2 semesters
derived from two sources. First, completion rates, post-build
modification, and project costs were collected through grading
records for both semesters (n=16). Second, Git commit activity
was analyzed only for the most recent semester (n=8) due to
repository access constraints.

6.1.1 Grading Records
94% of students (15/16) completed all five project phases, in-

cluding public performance and NIME paper submission. One
student withdrew during the instrument-building phase (Week
7–9). We report completion as a feasibility indicator: the full-
cycle structure is completable within a single semester, rather
than as evidence of pedagogical effectiveness. Students who find
the workload incompatible with their goals typically drop during
the add/drop period; the completion rate among students who
remain enrolled may reflect this self-selection rather than course
design. We lack baseline data on completion rates for compa-
rable courses at the institution that would enable meaningful
comparison.

Among the 15 completed instruments, students employed di-
verse input modalities: pressure/force sensing (5 projects, 33%),
gestural/accelerometer input (4 projects, 26%), capacitive touch
(4 projects, 26%), proximity sensing (1 project, 7%), and hybrid
approaches (1 project, 7%). See Figure 3 for examples of student
projects completed in the class. The diversity of input modalities,
with no single approach dominating, suggests that students lever-
aged starter kit components in varied ways rather than converg-
ing on a single design pattern. This may reflect the open-ended
project structure or students’ diverse musical backgrounds.

Regarding project costs, students submitted detailed bills of
materials (BOMs) during the instrument-building proposal phase,
documenting vendor part numbers, quantities, and unit costs.
This requirement served dual purposes: teaching professional
documentation practices for reproducibility, and enabling cost
tracking. From these BOMs, the mean project cost was $113.54,
and the median was $93.80. The recommended budget of approx-
imately $100 proved realistic for most students.

Assessment is structured through phase-specific rubrics pub-
lished in the course repository. Composition-project rubrics eval-
uate functional gesture-to-sound mapping refinements with tech-
nical justification, evidence of compositional material develop-
ment through sketches, recordings, and patches, preliminary
score concepts, and iterative refinement of mapping decisions
across hardware, software, and musical material. Performance-
project rubrics evaluate the development of a coherent perfor-
mance concept, building on composition work, the integration
of peer feedback with specific action items, evidence of the re-
hearsal process, and the delivery of polished performance-ready
work. These rubrics target design and musical-expression criteria
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Figure 3: Student instruments from the class (2 semesters, n=16). Projects demonstrate diverse input modalities including
pressure/force sensing, gestural/accelerometer control, capacitive touch, and proximity sensing. All instruments were
performed publicly at the end-of-semester showcases.

rather than purely technical functionality; the 94% completion
rate reported above reflects students meeting these criteria, not
merely producing operational hardware.

6.1.2 Commit Activity
We report commit data for a single semester (n=8) because

repository access and a consistent folder structure were available
only for the most recent offering. While both semesters used
GitHub for documentation, the earlier semester’s repository was
not accessible for analysis, and folder organization was less stan-
dardized. We therefore present commit patterns as illustrative of
one offering rather than as representative of the full sample.

For the analyzed semester, students were required to organize
submissions into phase-specific folders as part of the grading
policy; this structure enabled the instructor to monitor progress
and detect early signs of technical difficulties. We categorized
commits by matching file paths against these folder patterns
using regular expressions. Commits that modify files in multiple-
phase folders were counted toward each relevant phase.

Total commits were 663 (mean 82.9 per student, median 88).
Distribution across project phases: lab exercises (33.0%), perfor-
mance (22.7%), composition (17.6%), research (14.8%), instrument
building (11.9%). The relatively high proportion of performance-
phase commits may indicate substantial file activity in that folder
during the final weeks, thoughwe cannot determine from commit
data alone whether this reflects iteration on instrument design,
performance preparation, documentation, or some combination
of these.

6.2 Post-Build Hardware Modification
A key motivation behind the full-cycle design, informed by prior
work on practice-based composition and instrument develop-
ment [43, 47], is that extended musical engagement with an
instrument, through composition and performance preparation,
may reveal interface limitations that brief demonstrations do
not expose. In our class, the composition phase (Weeks 10–11)
and performance phase (Weeks 12–14) are intentionally inter-
twined: students preparing for public performance must revisit
their instruments as they discover that certain gestures do not
reliably produce consistent sounds, or that mappings do not yield
expected musical results. This creates ongoing iteration between
hardware, software, and musical material. We characterize this
as hardware or code modifications to the instrument after the
build phase concluded (Week 9).

47% of students who completed the build phase (7/15) modified
their hardware design afterward, including circuit modifications,
sensor additions, fabrication changes, or substantial code changes
to mapping systems. The student who withdrew during the build
phase is excluded from this calculation. Post-build modifications

were identified through grading records, Git commits, and in-
structor observation of students’ updated project documentation
submitted during the composition or performance phases that
differed from their Week 9 instrument-building deliverables.

This observation is consistent with the hypothesis that
full-cycle pedagogy creates conditions for iteration that
build-and-demo models may not provide. However, we cannot
isolate which aspect of the full-cycle approach, compositional
exploration, performance pressure, peer feedback, or their
combination, drove specific modifications. The phases are
deliberately interconnected; attributing iteration to a single
cause may misrepresent the pedagogical design.

We present this finding as preliminary evidence warranting
further investigation with comparison conditions.

6.3 Commercial Controller References
As supplementary evidence for the student profile established
through prerequisite analysis (§3.1), we examined project pro-
posals for references to commercial controllers.

63% of students (10/16) explicitly referenced commercial con-
trollers, such as Ableton Push, Launchpad, and Akai products,
in their proposals, either as inspiration, for comparison, or for
design contrast. This figure includes all students who submitted
proposals, including the one who subsequently withdrew during
the build phase.

6.4 Student Feedback and Inter-Cohort
Iteration

Anonymous end-of-semester surveys yielded six written
responses across the two cohorts (response rate 38%). The
volume is too small for systematic thematic analysis; we report
it as informal triangulation. Three signals emerged from the first
cohort. General reception was positive: respondents described
the course as exceeding expectations and explicitly valued in-
structor support across heterogeneous skill levels. Workload was
repeatedly salient: students described the course as demanding.
One respondent identified mapping as an area where additional
instructional support would have been welcome, particularly for
students with weaker programming backgrounds.

This last comment directly informed the revision of the second
cohort’s curriculum: the Mapping and Scoring lecture (Week 10)
was substantially expanded, with additional time allocated to
mapping classifications, response curves, and worked examples
that connect sensor input to synthesis parameters. Second-cohort
feedback indicated continued positive reception and acknowl-
edged workload demands, but did not flag mapping as a specific
concern. We note that the two cohorts therefore received non-
identical curricula; the outcomes reported in §6.1–§6.3 aggregate
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across this difference, which the small sample size precludes us
from disaggregating meaningfully.

7 Discussion
7.1 Lessons Learned
The observations below emerged from our specific institutional
context. We offer them as potentially useful considerations for
educators rather than as generalizable principles. Their relevance
to other contexts will depend on local conditions, student popu-
lations, and available resources.

Sound design proficiency enables controller focus. Because stu-
dents arrive with excellent sound design and music-making skills,
instructional time can emphasize controller design, mapping
strategies, and physical interface considerations rather than syn-
thesis fundamentals. This represents a different allocation of
instructional time than courses serving novice populations.

Peer discussion accelerates iteration. In-class "speed dating"
activities in which students briefly paired to discuss problems
and progress were highly effective. The shared GitHub repository
enables code sharing and collaborative troubleshooting.

Composition vs. performance sequencing. Some students sug-
gested reversing the composition and performance phases, ar-
guing that performance practice should precede composition.
The composition phase may need to explicitly state that students
should explore their instrument through jamming before formal
composition begins. Another approach to address this might be
to incorporate 2 performance stages, as described in [32], the
first occurring at the end of the instrument-building phase.

Stage plots and technical riders matter. Professional documen-
tation requirements proved essential for the public showcase,
where technical staff needed clear specifications. These artifacts
also develop professional skills transferable to industry contexts.

Student feedback. Anonymous end-of-semester surveys had
low response rates. Inter-cohort curricular changes (§6.4) intro-
duce a confound that the small sample size precludes us from
analyzing; future iterations should standardize curriculum across
cohorts when reporting comparative outcomes, or formally doc-
ument curricular evolution as part of the methodology.

7.2 Limitations
This work is limited by issues in commit categorization and
context specificity. Commit categorization relied on file path
matching against required folder structures. While this approach
is objective and reproducible, it has the limitation of assuming
that each commit is built equally. For example, commits that mod-
ify hardware or synthesis code during performance preparation
may reflect iteration driven by compositional insight, deadline
pressure, or peer feedback. Another instance is where commit
data cannot capture physical hardware modifications that do not
correspond to code changes.

This paper documents one pedagogical approach; whether
alternative structures would yield different outcomes remains
unexplored. Berklee’s EPD program represents a specialized con-
text with specific institutional affordances. The student profile
is inferred from program admission requirements and prereq-
uisite course completion rather than direct intake assessment.
While this approach is standard in curriculum design, future work

could incorporate diagnostic instruments to more precisely char-
acterize incoming competencies. Although the number of target
students appears to be increasing, there remains a wide range
of profiles within the population that educators must consider
when designing curriculum.

7.3 Resource Dependencies and Adaptation
Considerations

Implementing a full-cycle prototyping course requires resources
and institutional conditions that should be assessed early in the
planning process. The course requires dedicated lab space with
electronics workbenches and soldering equipment, a budget for
starter kits and project components, and small class sizes enabling
individualized feedback. Students are all expected to have prior
knowledge in visual programming for audio or text-based pro-
gramming, experience with commercial DAWs and controllers,
and familiarity with performance culture and public showcases.
The instructor must possess interdisciplinary competency span-
ning electronics, embedded programming, and music technology,
as well as strong familiarity with NIME research and practice.

Educators lacking these conditions may consider adaptations:
institutions without lab space might partner with engineering
departments or makerspaces; programs without prerequisites in
visual programming might extend laboratory exercises; contexts
without a performance culture might substitute portfolio docu-
mentation for public showcases. The five-phase structure can be
compressed or expanded depending on term length, though we
have not tested alternative configurations.

7.4 Future Directions
Planned curriculum developments include formalizing fabrica-
tion instruction, continuing to expand mapping labs with ma-
chine learning tools (Wekinator, ML packages for Max), and
requiring both visual programming for audio systems and intro-
ductory text-based programming as prerequisites. We also plan to
establish tiered instrument-building milestones to accommodate
variability in component delivery.

Most student instruments currently remain at the breadboard-
and-housing stage with computer-dependent synthesis; formal-
izing fabrication instruction with soldering, enclosure design,
and standalone instrument architecture is a planned curriculum
development that would require either dedicated lab facilities or
a partnership with the institution’s existing makerspaces.

Future work should also examine how students’ increasing
familiarity with AI-assisted music tools affects their approach to
NIME design: whether AI-mediated production fluency transfers
productively to physical instrument design or creates expecta-
tions that require specific pedagogical intervention.

8 Conclusion
This paper documents the application of full-cycle pedagogy,
integrating research, building, composition, performance, and
documentation, to a specific underexamined student population:
experienced users of commercial digital music tools who lack
physical prototyping skills. Our preliminary observation that
47% of completing students modified hardware after the build
phase concluded is consistent with the hypothesis that full-cycle
pedagogy, where building, composing, and performing are inter-
connected, creates conditions for technical iteration.
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In response to our research question, we identify several struc-
tural features that address this population’s specific needs. Front-
loading prototyping scaffolding through constrained-toolchain
labs addresses the primary skill gap, while students’ existing
production fluency allows instructional time to shift toward con-
troller design and physical interface considerations rather than
synthesis fundamentals. Concentrating explicit design-theory
instruction at the composition phase, where students directly
confront mapping decisions, proved more effective for this cohort
than introducing it abstractly early in the semester: a finding
reinforced by inter-cohort curricular iteration (§6.4). Requiring
composition and public performance created conditions under
which approximately half of the students continued to modify
their instruments after the nominal build phase, suggesting that
extended musical engagement with custom instruments fosters
iteration that demonstration-oriented structures may not pro-
vide.

More broadly, we suggest that the student profile documented
here may become increasingly common in some music tech-
nology education contexts as commercial tools and AI-assisted
systems continue to expand accessibility at the secondary level.
For educators who encounter students with this profile, the ped-
agogical challenge shifts from motivating musical engagement
to bridging digital fluency and physical prototyping, a different
problem than that faced with novice or engineering populations.

We encourage NIME educators to consider how trends in sec-
ondary music technology adoption may shift the populations
they encounter and to share their approaches, including adap-
tations to varying resource constraints, so that the community
can develop a richer understanding of effective pedagogy across
diverse institutional contexts.

9 Ethical Standards
This study reports on educational practices conducted in an es-
tablished undergraduate course. The research involved analysis
of pre-existing, de-identified course records and student artifacts
produced as part of normal instructional activities. No new data
were collected for research purposes, and no interaction with stu-
dents occurred for research. Students were informed at the start
and end of the course that de-identified, aggregated outcomes
might be used for research publication, and each student individ-
ually provided verbal consent. The dataset was fully de-identified;
no names, student IDs, or email addresses were accessed or re-
tained at any stage of analysis. This project was reviewed by the
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