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Abstract

This paper presents a project-based, research-oriented graduate
course in Interactive Music Systems delivered to a multidisci-
plinary cohort at the University of Oslo, grounded in a strong
NIME perspective and constructive alignment among intended
learning outcomes, teaching and learning activities, and assess-
ment tasks. A flipped-classroom model and a Bela + Pure Data
toolchain scaffold eleven workshops, progressing from founda-
tional electronics and mapping to a standalone, performable dig-
ital musical instrument prototype showcased in a final course
concert. Portfolio-based assessment combines open documenta-
tion with a short NIME-style academic paper. Analysis of student
data and feedback from 2022 to 2024 indicates high engagement
and strong outcomes, successful research integration, several
projects accepted in the NIME paper track, and robust deliver-
ables. Student feedback highlights hands-on strengths and high
satisfaction, while persistent challenges remain around fabri-
cation and time constraints, which in turn inform actionable
guidance for NIME pedagogy.
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1 Introduction

Higher-education offerings focused on NIME—often framed as in-
teractive music systems (IMS), digital musical instruments (DMI),
or computer music—span engineering, design, and music pro-
grams and vary widely in emphasis, format, and outcomes. No
universal curriculum exists because NIME is inherently inter-
disciplinary, drawing from computer science, signal process-
ing, HCI, artificial intelligence and machine learning, perfor-
mance/composition, and perception/cognition. Program context
typically shapes emphasis: engineering-led offerings foreground
real-time systems and sensing; design programs center embod-
ied interaction and mapping; arts and music academies priori-
tize performance and practice-based inquiry; cross-disciplinary
programs blend instrument craft, system design, and creative
practice. Nonacademic workshops and DIY/maker communities
further expand access and methods.
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Designing effective NIME pedagogy is challenging. Differences
in institutional traditions, diverse student backgrounds, and the
breadth of required skills complicate alignment among aims, ac-
tivities, and assessment. Few instructors learned NIME through
formal coursework, amplifying variability in course design. This
paper presents a project-based, research-oriented graduate course
in IMS with a strong NIME perspective, delivered to a diverse
cohort within a multidisciplinary master’s program. We outline
intended learning outcomes (ILOs), teaching and learning activi-
ties (TLAs), assessment tasks, syllabus, tools and infrastructure,
and underpinning pedagogy, and we summarize student feed-
back. Our aim is to document a replicable, research-led approach
that integrates technical competence, performative practice, and
aesthetic reflection, offering actionable guidance for instructors.

2 NIME Education

NIME-related education spans long-running courses, intensives,
and cross-institutional modules, revealing common practices and
persistent tensions. Across the literature, project- and performance-
centered learning, iterative prototyping, and accessible toolchains
are foregrounded, while challenges recur around beginner-friendly
texts, balancing technical and artistic aims, heterogeneous co-
horts, and performance readiness.

Seminal offerings established a blueprint that blends lectures,
labs, and group projects within carefully configured prototyp-
ing environments, using interaction-design methods to scaffold
ideation and implementation [21, 33]. Other programs distribute
NIME themes across multiple modules to cultivate performance
craft and professional practice beyond functional prototypes, ex-
tending into concert and installation contexts [19]. Where no
music technology program exists, multidisciplinary teamwork
has bridged arts and engineering via complementary groups
spanning music theory, sensors, protocols, and programming
[20].

Inclusive strategies attend to diverse backgrounds. To em-
power non-musicians, playful, practice-led activities—such as
an “unplugged interface orchestra”—decenter technical mastery
and build confidence through embodied experimentation [32].
Embodied “action-sound” approaches similarly prioritize bodily
movement and performability, moving from acoustic-object ex-
ploration to analog/digital builds, with live performance as a ped-
agogical anchor [16]. With intentionally constrained toolchains,
rotating designer/performer/listener roles sharpen attention to
gesture-to-sound mapping and expressiveness, while structured
peer evaluations make progress traceable [17].

Several formats and communities broaden access and learn-
ing trajectories. Short-format, cross-campus workshops leverage
networked classrooms, physical computing, improvisation, and
reflective blogging to build STEAM competencies and distributed
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communities of practice [36]. Broader frameworks situate instru-
ment building as “musicking,” integrating DIY/maker culture and
accessible fabrication to couple tool-making with musical expres-
sion [6]. Survey-style offerings at venues such as SSIGGRAPH have
distilled NIME design principles and case studies for wider audi-
ences [9]. Beyond higher education, initiatives targeting youth
employ scaffolded toolkits and craft-based practices (e-textiles,
everyday-object instruments) to foster inclusion, agency, and
progression from building to sharing and focusing [1, 13, 14, 29].
Research-through-art-and-design residencies—treating teachers
and learners as peers—foreground frugality, raw processes, and
shared authorship to cultivate resilient NIME communities [5].
Together, these strands articulate design trade-offs and strate-
gies—constructive alignment, authentic assessment, constrained
yet expressive toolchains, rehearsal for performance readiness,
and reflective critique—that inform our course’s alignment, work-
shop structure, feedback practices, and technical infrastructure.

2.1 Trends and Challenges in NIME Pedagogy

Across reported offerings, several trends recur. Courses are
project-based and practice-led, with students iteratively pro-
totyping DMIs and culminating in performance-centered out-
comes that require rehearsal and stage-readiness. Toolchains
emphasize accessibility (e.g., visual programming + microcon-
trollers/sensors), sometimes intentionally constrained to focus
attention on mapping and expressiveness; rotating roles (de-
signer/performer/listener) and peer critique support reflective
practice. Multidisciplinary collaboration is common, leveraging
complementary skills across arts and engineering, and STEAM
framing (including blogging and making) is used to build com-
munity and confidence.

Persistent challenges mirror this breadth. Instructors face a
lack of beginner-oriented texts, ongoing toolchain maintenance,
and the need to balance artistic/aesthetic goals with engineering
rigor. Heterogeneous cohorts complicate pacing: non-technical
students may lack foundations in electronics, audio program-
ming, and fabrication, while technically strong students may
need support in performance craft and aesthetics. Short formats
compress reflection and iteration, and performance readiness
demands robust prototypes and time for practice. Teamwork can
expand scope but may dilute individual mastery; conversely, in-
dividual projects can limit ambition. Evaluating expressiveness,
embodiment, and musicality remains difficult to standardize. At-
titudes toward nontraditional instruments and default interface
conventions (buttons/knobs/faders) can constrain imagination.
Finally, instructional breadth (hardware, software, interaction
design, composition, improvisation) strains staffing and contact
hours, creating a recurring trade-off between foundational cov-
erage and available time.

3 Course Design and Delivery

This section describes the course Interactive Music Systems
MCT4054!, offered by the Department of Musicology at the Uni-
versity of Oslo (UiO). The course carries 10 ECTS credits; 1 ECTS
corresponds to approximately 25-30 hours of student work, in-
cluding classes, independent study, and examinations.

3.1 Course Description and ILOs

On the UiO website, the course description and intended learning
outcomes (ILOs) are as follows:
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The aim of the course is to develop knowledge of and practical
experience with the design and implementation of systems intended
for real-time sonic or musical interaction. This may be in the form
of a performance-oriented musical instrument or various types
of interactive sonic systems that explore collaborative physical or
virtual music-making.

Having completed the course, the student will:

be familiar with principles for the design and evaluation of
musical human—computer interaction (ILO1);

have knowledge of different types of sensors and input de-
vices, and strategies for acquisition, filtering, and mapping
of sensor data (ILO2);

be able to design and prototype hardware and software com-
ponents of a complete musical instrument or other interactive
sonic system (ILO3);

have hands-on experience with sensor data acquisition and
the mapping of sensor data to sound synthesis/processing
engines (ILO4);

be able to reflect on the aesthetic qualities of interactive
music systems (ILO5).

3.2 Program Context and Student Profile

Interactive Music Systems is an elective course in the interna-
tional Music, Communication and Technology (MCT)? master’s
program (120 ECTS, two years), which educates “technological
humanists” through research-led teaching and four macro-areas:
networked performance, machine learning for sound/music, mo-
tion capture, and IMS. The program integrates methods from the
sciences and the arts and emphasizes advanced skills in analysis,
design, development, communication, and ethically grounded
research. Admissions span arts/humanities, social sciences, infor-
matics, and engineering; applicants must document competencies
in both music and technology, yielding diverse, international co-
horts that include recent graduates and professionals. Typically
taken by all MCT students, the MCT4054 course is also open to
master’s and PhD students from other departments, with most
external enrollments coming from the Department of Informatics.
There are no formal prerequisites; familiarity with visual pro-
gramming for sound and music and basic electronics is highly
recommended.

3.3 Pedagogical Approach

The course integrates complementary principles. Constructive
alignment [3] links ILOs, TLAs, assessment, and program aims;
because assessment drives learning [3, 7], tasks are authentic,
promote functioning knowledge and soft skills, and reduce mis-
conduct [26, 30]. Project-based learning [30] draws on problem-
based methods [2]; students define their own projects, integrating
prior and new knowledge for deeper understanding [18]. Our
approach also aligns with constructionism [12]: students learn by
creating public, shareable artifacts—digital musical instruments,
performances, and documentation—around which critique and
discussion unfold, with workshops supporting iterative “brico-
lage” through accessible toolkits and incremental, working solu-
tions .

Assessment balances formative and summative components.
Formative feedback is timely and actionable [15, 31], with
follow-up activities closing the feedback loop [4, 35]. Summa-
tive, criterion-referenced evaluation uses a concise rubric to sup-
port self-assessment [25]. In class, active learning predominates
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