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ABSTRACT

Polyphonic music presents unique technical and cognitive
challenges for performers, especially when it comes to
voice independence, finger coordination, and memoriza-
tion (Sweller et al., 2019). This study proposes an interac-
tive learning model that integrates Max/MSP gesture
recognition technology with Ableton Live sequencing to
enhance practice strategies for polyphonic repertoires,
with a focus on Bach fugues. In the proposed system, dis-
tinct hand gestures are mapped to different musical voices
and mapped to separate MIDI tracks to facilitate targeted
practice of motifs, counter-motifs, and episodes. The de-
sign aims to optimize memorization, expand hand-eye
span, reduce cognitive load, and support flow in perfor-
mance. Technical comparisons of various Max/MSP ges-
ture recognition approaches are discussed, alongside a de-
tailed account of the system’s architecture. Instead of
large-scale quantitative testing, initial consultation and
feedback were gathered from piano students and music ed-
ucators to assess the system’s usability and perceived ped-
agogical value. These expert insights suggest that technol-
ogy-assisted practice schemas, grounded in embodiment
and cognitive load theory, hold substantial promise for
supporting the acquisition of polyphonic works and offer
new avenues for future research and innovative pedagogy
in music education.

1. INTRODUCTION

The mastery of polyphonic music stands as a perennial
challenge for musicians, requiring advanced coordination,
auditory discrimination, and memory skills (Godey &
Leman, 2010). Works such as Bach fugues, and other
multi-voice compositions, exemplify these difficulties:
they demand the simultaneous management of independ-
ent melodic lines by both hands and stretch the limits of
traditional practice strategies, such as sectional repetition,
hands-separate drills, and slow practice (Sweller et al.,
2019). These conventional approaches often fall short
when confronting the cognitive complexity inherent in
polyphonic music.

Recent advances in digital music systems and interactive
technology now offer innovative ways to re-envision these

practice paradigms (Lyons et al., 2016). Gesture recogni-
tion platforms in environments such as Max/MSP, in com-
bination with controllers like Leap Motion or Myo, create
opportunities for linking bodily movement directly with
musical structure (Lyons et al., 2016; Gillian & Paradiso,

2014).

This paper introduces a conceptual framework for ges-
ture-based polyphonic practice, leveraging Max/MSP ges-
ture detection mapped to independently tracked voices in
Ableton Live. Rather than conducting quantitative user tri-
als, the current stage of research focuses on iterative de-
velopment and gathering expert feedback through consul-
tations with students and teachers. This approach enables
a critical examination of the technical, musical, and peda-
gogical implications of this technology-driven practice
model, and lays the groundwork for subsequent empirical
testing and refinement.

2. TECHNICAL BACKGROUND

2.1. Methods of Max/MSP Gesture Recognition

Gesture recognition in Max/MSP has evolved rapidly,
leveraging advances in both hardware and software to cap-
ture and interpret real-time user movements for musical in-
teraction. Among the most widely adopted solutions, the
Leap Motion controller provides low-latency, high-preci-
sion skeletal hand tracking, and is particularly valued
where precise spatial sweeping and movement in three-di-
mensional space are required—making it especially suita-
ble for intuitive “spatial sliding” gestures (Gillian & Para-
diso, 2014). In parallel, computer vision frameworks such
as MediaPipe enable robust, multi-modal hand and body
tracking via standard cameras, excelling in the recognition
of continuous and complex gesture sequences, which is
particularly beneficial for tracking nuanced, sustained mo-
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devices, such as Myo armbands and IMU-based gloves,
offer alternative low-latency sensing modalities and have
found success in event triggering and continuous control
applications. Max/MSP’s modular ecosystem—combin-
ing objects like jit.matrix, coll, and Node for Max—ena-
bles seamless routing and transformation of gesture data,
supporting rapid prototyping and flexible mapping strate-
gies suited to diverse musical contexts.

Each technology presents specific trade-offs in setup
complexity, accuracy, robustness, and extensibility. Leap
Motion and MediaPipe, in particular, are favored in the in-
teractive music community for their versatility, active de-
veloper support, and rich open-source resources. Critically,
when selecting or designing a gesture recognition platform
for musical purposes, practitioners must weigh not only
technical metrics (precision, latency, computational over-
head) but also musical relevance: the ability to reliably and
expressively map nuanced gestures—whether discrete
spatial sweeps or continuous tracked motions—to mean-
ingful musical actions in real-time performance (Gillian &
Paradiso, 2014).

2.2. Challenges of Practicing Polyphonic Music

Polyphonic music poses distinctive challenges for learners,
distinct from those encountered in homophonic styles. Un-
like homophonic music, which features a clear melody and
accompaniment, polyphonic works consist of multiple in-
dependent melodic lines intricately interwoven. This sim-
ultaneous interplay of independent voices places consider-
able demands on a performer’s cognitive resources. When
students practice Bach's fugues from the Well-Tempered
Clavier, for example, they must maintain independent
lines, recognize and differentiate subjects and countersub-
jects, analyze contrapuntal structure, master shifting tem-
pos, balance ensemble voices, and memorize lengthy se-
quences—each constituting a significant cognitive load
(Sweller et al., 2019). According to Cognitive Load The-
ory, working memory has definite limits, and tasks that ex-
ceed those limits can result in fragmented processing and
poor retention.

The risks of cognitive overload are exacerbated in poly-
phonic repertoire: the contrapuntal texture provides no
clear division between melody and accompaniment, but ra-
ther presents a "melody versus melody" scenario. In fugues
with three or more voices, the distribution of melodic con-
tent across both hands often makes separate hands practice
insufficient or even meaningless for achieving true inde-
pendence and fluency. Memory challenges are further
compounded by the need to integrate motor (muscle)
memory with analytic understanding. While muscle
memory allows fingers to "remember" embedded gestural
patterns even amid overlapping lines, it is insufficient for
passages involving wide leaps or complex fingerings; cog-
nitive strategies must supplement physical repetition.

The value of slow practice is emphasized in this context:
working through the interactions of subject and counter-
subject in small fragments, while integrating harmonic
progressions, supports a gradual discovery process.
Though this incremental approach fosters deep under-
standing, it requires significant time and patience. Ulti-
mately, effective mastery of polyphonic music demands a

nuanced integration of embodied (kinesthetic) and cogni-
tive faculties, as well as a flexible approach to chunking,
attention, and memory. Innovative technical solutions,
such as those enabled by gesture recognition and real-time
feedback, are needed to address these persistent learning
barriers and optimize the acquisition of polyphonic reper-
toire.

2.3. Benefits of this Proposed Method

Integrating gesture-controlled Max/MSP environments
into the polyphonic practice routine yields multiple educa-
tional and artistic advantages uniquely suited to the de-
mands outlined above. By leveraging the real-time, high-
precision tracking capabilities of tools like Leap Motion
for spatial gestures and MediaPipe for continuous, com-
plex motion capture, this method enables performers to in-
tuitively map bodily movement to discrete musical func-
tions. For polyphonic music, where cognitive resources are
taxed by concurrent melodic strands and traditional hands-
separate practice often fails to foster true voice independ-
ence, targeted gesture mapping offers critical scaffolding.
Assigning specific gestures to individual MIDI tracks—
such as motifs, counter-motifs, and episodes—not only al-
lows learners to isolate and sequentially engage with each
musical line, but also helps manage cognitive load by turn-
ing abstract polyphonic relationships into concrete, em-
bodied actions (Sweller et al., 2019).

The immediacy of gesture detection and visual or audi-
tory feedback in Max/MSP supports a virtuous cycle be-
tween movement and sound, actively reinforcing auditory-
motor associations and encouraging the development of
robust muscle memory as described by Leman (2008).
This multisensory feedback loop is particularly salient for
complex fingerings or passages involving rapid leaps,
where kinesthetic awareness must be consciously inte-
grated with analytic understanding. Moreover, the inherent
flexibility and modularity of Max/MSP environments al-
low instructors and performers to adapt and customize
mappings to personal ergonomic needs, skill levels, or rep-
ertoire, further supporting individual learning trajectories
(Gillian & Paradiso, 2014).

Perhaps most importantly, technology-assisted gesture
practice makes salient the Gestalt principles of grouping,
segmentation, and exploratory listening identified in re-
cent neurocognitive research (Mencke et al., 2022; Trujillo
& Holler, 2023). Real-time interaction with structural and
gestural features promotes moments of pattern discovery,
flow, and insight—foundational experiences for mastering
the intricacies of polyphonic repertoire. Thus, integrating
gesture recognition does not merely augment traditional
practice but fundamentally reconfigures the learning pro-
cess, allowing music students to more efficiently encode,
retain, and confidently execute complex, multi-voiced
works.

Having established these educational and cognitive ben-
efits, the next section details the specific materials and
methodologies by which this integrated system is imple-
mented and evaluated.



3. MATERIALS AND METHODS

3.1. MIDI Preparation

For this study, polyphonic works by J.S. Bach—specifi-
cally his fugues—were chosen as the primary experi-
mental material. This selection is motivated by several fac-
tors. First, fugues composed for a single instrument (piano)
offer a controlled testing environment: the sound source is
both realistic and reproducible, and the physical layout of
the instrument helps ensure that observations are not con-
founded by orchestration or ensemble performance varia-
bles. In contrast, other paradigmatic polyphonic works,
such as fourteenth-century Renaissance vocal music, often
span longer durations and involve multiple performers or
complex instrumentation, making them less practical for
detailed, gesture-based experimental protocols.

Each Bach fugue is imported into Ableton Live as a MIDI
file and carefully separated so that each independent
voice—whether in a three-voice or five-voice texture—is
assigned its own track. For example, a three-voice fugue
yields three MIDI tracks, while a five-voice fugue yields
five, mirroring the compositional structure. Figure 1 shows
a four-voice fugue programmed in Ableton Live labeled
indicated with analysis marks. This division is essential for
both analytical clarity and for mapping specific gestures to
discrete musical actions in the subsequent Max/MSP envi-
ronment.

Figure 1. An Example of MIDI Preparation. Bach: Fugue
No.1 from The Well-Tempered Clavier, Book 1, mm.1-6

To enhance both the learning experience and system
feedback, each MIDI track is meticulously annotated. Mo-
tives, countersubjects, and episodes are color-coded:
themes and imitative lines within the same key region are
assigned analogous hues, supporting the performer’s vis-
ual association between related musical material and phys-
ical gesture. When modulations or key changes occur, the
color assignation shifts accordingly—contrasting colors
are employed to visually signal increased harmonic dis-
tance and structural transitions. This systematic color-
mapping aids users in tracking polyphonic relationships
and anticipating musical changes during practice.

For larger musical sections and formal boundaries, cus-
tom tab markers are inserted in Ableton Live. Popularly
known as a “locator,” these markers enable efficient navi-
gation, allowing learners to jump directly to specific sec-
tions or isolate challenging passages for repeated, focused
practice. Practicing music in chunks helps performers fo-
cus on detail and build durable muscle memory.

This modular approach to MIDI preparation not only sup-
ports isolated voice work but also enables dynamic com-
binations and custom sequencing, further optimizing the
gesture-controlled practice workflow for individual learn-
ers.

3.2. Max/MSP Design

The Max/MSP component is built as a two-tiered patch,
explicitly designed to address the challenges of polyphonic
practice. The first module provides an interactive menu
that enables users to select repertoire and load the corre-
sponding pre-annotated MIDI tracks, where each inde-
pendent voice—differentiated by color and structural
markers as detailed in Section 3.1—appears as a discrete
entity. The second module implements flexible gesture
recognition, utilizing Leap Motion (preferable for spatially
expressive sweeps) and MediaPipe (optimized for contin-
uous, nuanced gesture sequences), based on prior analysis
(Section 2.1).

A rigorous mapping scheme links specific gestural vo-
cabularies—such as pointing, hand opening, pinching, or
multi-finger configurations—to distinct voice entrances
and structural events in the MIDI file. Users can choose
either to control a single line or navigate between combi-
nations, directly targeting the cognitive bottlenecks of pol-
yphonic learning highlighted in Section 2.2. Visual inter-
face elements within the patch provide real-time feedback
through color and iconography, helping users track both
which voice is currently engaged and how gestures map
onto musical gestures or transitions.

Max/MSP handles gesture-to-voice mapping logic,
seamlessly transmitting control data via MIDI or OSC to
Ableton Live to achieve precise synchronization, even in
complex multi-voice passages. All gesture-related
events—including accuracy, timing, and transition pat-
terns—are automatically logged for comprehensive analy-
sis, enabling both quantitative performance assessment
and qualitative studies of learner strategy and engagement.
This integrative design ensures that technical innovation
translates directly into pedagogical value, reinforcing em-
bodied memory, focused attention, and adaptive learning
for polyphonic mastery.

3.3. Supplemental Materials: Ableton Live and Score
Following

To further support and contextualize the gesture-based
practice workflow, dedicated modules within Ableton
Live are developed that reflect and extend the structure es-
tablished in Max/MSP. Within these modules, every motif,
counter-motif, and episode is color-coded and explicitly
labeled, allowing users to visually distinguish between dif-
ferent musical voices and formal sections at a glance. This
integration ensures that the mapping between gesture,
sound, and visual reference is consistent across both the
interactive patch and the sequencer environment.



Crucially, Ableton Live’s automation and looping func-
tions enable precise, hands-free repetition of challenging
segments. Learners can rehearse individual voices, motifs,
or entire sections in isolation or in combination with other
tracks, rapidly cycling through difficult passages without
unnecessary interruption. This modular system fosters tar-
geted, adaptive rehearsal—users can shift focus as needed
or experiment with different polyphonic configurations,
supporting the individualized, attention-guided rehearsal
advocated earlier.

For advanced users, the implementation of score-follow-
ing algorithms marks a further pedagogical enhancement.
By synchronizing score position, audio/MIDI playback,
and live gesture input, the system provides seamless, real-
time auditory and visual feedback. This feature not only
reinforces the mapping between physical gesture and mu-
sical structure, but also accelerates the transfer of embod-
ied, gesture-based skills to traditional keyboard perfor-
mance settings, bridging the gap between exploratory
practice and concert-ready fluency.

Collectively, these supplementary materials both rein-
force cognitive mapping of complex polyphonic relation-
ships and empower users to consolidate their learning
through interactive and multisensory engagement. With
the technical infrastructure established, the next section
will present the empirical results and discuss how these in-
novations impact technical stability, memorization, and
learning motivation among polyphonic music students.

4. EXPERT INSIGHTS AND PRELIMI-
NARY REFLECTIONS

4.1. Expert Perspectives on Mapping Strategies and
Gesture Triggering

Consultations with experienced piano educators and ad-
vanced students indicate that gesture-to-voice mapping
holds strong pedagogical promise for polyphonic music
practice. Experts observe that assigning intuitive, physio-
logically natural movements (such as finger spreading for
voice entry or hand closure for phrase termination) to spe-
cific motifs and counter-motifs could help learners isolate
and reinforce independent lines. These targeted mappings
are seen as a way to minimize cognitive interference be-
tween voices, supporting focused, repetitive practice with-
out overwhelming working memory resources (Sweller et
al., 2019; Leman, 2008). Participants note that, compared
to keyboard-only routines, such gesture integration may
facilitate a faster acquisition of voice independence and a
more accurate rendering of complex textures. Furthermore,
the real-time visual and auditory feedback afforded by the
system is believed to foster immediate error correction and
strengthen technical reliability. These impressions are con-
sistent with earlier research on embodied interaction for
music learning, suggesting that technology-mediated ap-
proaches can deepen engagement and efficiency (Gillian

& Paradiso, 2014). However, these findings remain provi-
sional and reflect the perceptions of consulted experts ra-
ther than outcomes from systematic experimental trials.

4.2. Views from Student and Teacher Consultations

Semi-structured interviews and informal usability feed-
back collected from piano students and music teachers
generally point to a favorable reception of the gesture-as-
sisted practice framework. Many users report that the de-
sign increases their confidence in identifying and memo-
rizing distinct voices, and some suggest it could help re-
duce anxiety when working through challenging poly-
phonic sections. The immediacy and intuitiveness of ges-
ture input are credited with making practice more engaging
and interactive, transforming repetitive tasks into playful
exploration. Additionally, the combination of visual
(color-coded tracks), auditory (live playback), and kines-
thetic (gesture) cues is viewed as supporting deeper learn-
ing and more robust retention. Criticisms mainly center on
initial system calibration and the learning curve, highlight-
ing needs for better interface customization and onboard-
ing materials. Participants also emphasize that real-world
classroom implementation would benefit from iterative re-
finement and further teacher input. While these insights
are encouraging, they primarily reflect qualitative percep-
tions and preliminary classroom observations, to be fol-
lowed by more rigorous empirical validation. Such find-
ings align with broader evidence indicating that technol-
ogy-assisted, interactive practice environments can en-
hance motivation and engagement—both crucial for long-
term musical development (Anglada-Tort et al., 2023;
Fink et al., 2021).

5. CONCLUSION AND FUTURE DIREC-
TIONS

This proof-of-concept study suggests that the integration
of gesture recognition technologies with modular MIDI
segmentation in a Max/MSP-based system may provide
significant pedagogical advantages for polyphonic music
learning. The platform enables precise, embodied mapping
between performer movement and musical structure, po-
tentially reducing cognitive load and supporting more ef-
fective memorization and technical development (Leman,
2008; Sweller et al., 2019). Expert and user feedback to
date affirms the conceptual and practical value of this ap-
proach, highlighting improvements in learner confidence,
motivation, and achievement. Nonetheless, some technical
challenges remain—notably, gesture calibration and the
need for enhanced user accessibility. As the research ad-
vances, emphasis will shift toward comprehensive pilot tri-
als, broadening hardware compatibility, refining gesture
vocabularies, and conducting systematic, large-scale in-
vestigations to further assess and strengthen the educa-
tional impact of this interactive approach.
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