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1. Introduction and Contextual Overview
The ongoing evolution of digital musical instruments (DMIs) has precipitated a profound shift in 
how musicians interact with sound-generating algorithms. The migration of complex synthesis 
engines from dedicated physical hardware to multi-touch mobile devices, such as the iPad, has 
unlocked unprecedented computational power and sensor integration. However, this 
transition has also exposed fundamental friction points in user interface (UI) design, ergonomic 
interaction, and cognitive accessibility. This exhaustive research report surveys the current 
landscape of performance-oriented touchscreen synthesizers, specifically tailored to support 
the development of SensorSynth FM—a conceptual iPad application designed to reside flat on 
a table, utilizing built-in sensors for passive environmental modulation while entirely eliminating 
skeuomorphic rotary knobs in favor of touch-native alternatives. Furthermore, this research 
supports a UX graduate thesis at Kent State University, exploring how passive environmental 
context can bridge the accessibility gap inherent in complex audio synthesis.
To construct a comprehensive theoretical and practical foundation for such an instrument, this 
report investigates three deeply interconnected but underexplored domains. First, it maps the 
state of parameter control design in touchscreen music applications, dissecting the persistent 
debate between skeuomorphic emulation and touch-native paradigms through the lens of 
Human-Computer Interaction (HCI) and New Interfaces for Musical Expression (NIME) 
research. Second, it explores the rich history and modern application of environmental and 
passive sensing in interactive sound, detailing how ambient data (room acoustics, ambient 
noise, physical vibration) can be successfully mapped to musical parameters without 
overwhelming the performer's agency. Third, the report addresses the notorious cognitive 
barriers of Frequency Modulation (FM) synthesis, surveying historical and contemporary 
hardware and software synthesizers to identify UI strategies that successfully reduce the 
cognitive load of multi-operator routing, algorithmic selection, and index relationships. 
Throughout this analysis, key researchers, academic laboratories, and prominent conferences 
are identified to anchor the theoretical discourse.

2. The Landscape of Parameter Control Design in 



Touchscreen Music Applications
The graphical user interface of a digital synthesizer serves as the primary mediator between 
human intent and algorithmic execution. In the context of touchscreen devices, the design of 
this interface is fraught with ergonomic and psychological challenges. The central tension lies 
in the industry's historical reliance on skeuomorphism versus the gradual emergence of post-
WIMP (Windows, Icons, Menus, Pointer) touch-native interaction models.
2.1 The Historical Persistence and Psychological Function of 
Skeuomorphism
Skeuomorphism—the design practice wherein digital elements are crafted to emulate the 
appearance, texture, and presumed function of physical objects—was instrumental in the early 
adoption of graphical user interfaces and touchscreen devices. When Apple popularized the 
multi-touch interface with the iPhone and iPad, skeuomorphic design served as a critical 
cognitive bridge for a population transitioning from analog tools and traditional mouse-driven 
environments.1 By rendering digital interfaces with hyper-realistic materials—such as wooden 
side panels, brushed metal faceplates, and textured rotary knobs—designers successfully 
reduced the intimidation factor of new technology, encouraging exploration through 
metaphor.1

In the broader software industry, graphical trends eventually transitioned toward "flat design," 
a minimalist approach championed by Microsoft’s Metro interface and Apple’s iOS 7, which 
stripped away three-dimensional affectations to prioritize typographical hierarchy and scalable 
ecosystem unification.2 More recently, interface design has begun anticipating augmented and 
virtual reality paradigms through aesthetics like "Liquid Glass," which utilizes reactive 
components, z-axis depth, and transparency rather than literal physical imitation.3

Despite these macro-level shifts in UI design, skeuomorphism remains stubbornly persistent 
within the specific niche of professional music applications and software synthesizers. 
Applications such as Magellan for iOS and various classic Virtual Studio Technology (VST) ports 
prominently feature visually striking retro interfaces that meticulously replicate the hardware 
panels of vintage synthesizers.2 The justification for this persistence is complex and 
multifaceted. Primarily, it operates on nostalgia and the simulation of established studio 
workflows. Professional musicians are historically accustomed to the spatial layout of physical 
equipment, where the logic of music production is inextricably linked to the physical 
ergonomics of distinct hardware units.7 Furthermore, within the audio production community, 
there is a documented psychological phenomenon wherein a software synthesizer featuring a 
highly realistic, hardware-accurate graphical interface is frequently perceived by users to 
sound "warmer," "fatter," or more authentic than an identically coded DSP engine wrapped in a 
sterile, flat UI.8



2.2 The Ergonomic Failure of the Virtual Rotary Knob
While skeuomorphism may provide psychological comfort and aesthetic appeal, the literal 
rendering of a rotary knob on a flat capacitive glass surface represents a severe functional and 
ergonomic mismatch. In physical hardware, rotary potentiometers provide critical tactile 
feedback, allowing for eyes-free operation reliant entirely on muscle memory and 
proprioception.7 A musician can reach for a physical filter cutoff knob while looking elsewhere, 
feeling the absolute position of the knob and its physical resistance.
Conversely, a touchscreen knob provides a uniform, flat surface devoid of physical landmarks.9 

Interaction with a virtual knob typically requires placing a finger on the graphic and dragging 
vertically to adjust the underlying value—an interaction pattern born out of early desktop 
software where vertical mouse dragging became the standard mapping for circular graphical 
elements.9 Some interfaces attempt to implement circular tracking, requiring the user to trace 
the circumference of the knob, but this frequently results in tracking errors, finger occlusion, 
and joint strain.11

This ergonomic failure forces the user to look at the screen continuously to monitor the 
parameter value visually, dividing their attention and disrupting the embodied flow of musical 
performance.7 The cognitive burden of managing interface mechanics detracts from the 
creative process, rendering the virtual knob a fundamentally flawed mechanism for live, 
expressive parameter control.12

2.3 The Emergence of Touch-Native Paradigms
In response to the limitations of skeuomorphic simulation, forward-thinking developers and 
digital luthiers are pioneering touch-native alternatives designed specifically to exploit the 
unique affordances of capacitive multi-touch glass. Rather than attempting to emulate the 
resistance and rotation of a mechanical potentiometer, these interfaces utilize vector 
manipulation, multi-point mapping, dynamic geometric shapes, and direct waveform 
interaction.

Design 
Paradigm

Core 
Interaction 
Model

Prominent 
Examples

Primary 
Affordance

Inherent 
Limitations

Skeuomorphi
c Emulation

Vertical 
dragging on 
virtual rotary 

Magellan 6, 
iSEM, classic 
VST ports, 

Immediate 
cognitive 
familiarity; 

High visual 
demand; poor 
ergonomic 
translation to 



knobs; 
simulated 
patch cables.

AudioKit Synth 
One.14 leverages 

existing mental 
models of 
vintage 
hardware 
workflows.

flat glass; 
finger 
occlusion 
issues.9

Hybrid / Pop-
up Modals

Tapping a 
dense 
parameter 
node to reveal 
a large, touch-
optimized 
fader or 
expanded 
view.

Logic Pro for 
iPad 9, FabFilter 
Pro-Q/Volcano
, 
ToneBoosters.1
5

Balances high 
parameter 
density with 
accurate touch 
manipulation; 
efficient use of 
screen real 
estate.

Requires 
multiple 
discrete 
actions (tap, 
adjust, close), 
which severely 
inhibits rapid, 
multi-
parameter live 
performance.

Direct Multi-
point Vector

Interacting 
directly with 
the synthesis 
engine via 
2D/3D visual 
spaces, 
bypassing 
traditional 
widgets 
entirely.

Animoog Z.17 Maximizes the 
expressive, 
multi-touch 
capabilities of 
the screen; 
organic 
continuous 
modulation.

Requires the 
user to learn a 
completely 
novel 
interaction 
language; 
abstracts 
specific 
numerical 
values.

Intangible / 
Controller 
Mapping

The screen 
acts as an 
empty canvas; 
performance 
relies entirely 
on 
programmable 
multi-point 
gestures linked 

TC-11.20 Complete 
freedom from 
visual 
metaphors; 
turns the 
tablet into a 
purely gestural 
surface.

Extremely 
steep learning 
curve; 
completely 
breaks 
traditional 
subtractive 
and FM 
synthesis 



to a synthesis 
pipeline.

paradigms.

The evolution toward touch-native design is best exemplified by applications like Animoog Z. 
Instead of presenting a static panel of knobs, Animoog Z utilizes an Anisotropic Synthesis 
Engine (ASE), where the user controls a glowing comet navigating a two-dimensional X/Y grid, 
with additional Z-axis control via three-dimensional wave cubes.17 This approach leverages the 
iPad's touchscreen as a fluid, expressive surface rather than a rigid control panel, transforming 
sound design into an act of spatial navigation.18

Taking this philosophy further, the TC-11 synthesizer completely abandons traditional virtual 
widgets.20 It is described as an intangible interface, where performance exists entirely in the 
virtual space of the display through direct multi-touch controller mapping.21 The user’s multi-
touch gestures (e.g., the distance between two fingers, the speed of a swipe, the absolute 
position of a touch) are directly connected to the synthesis engine.21 This absence of buttons 
and sliders shifts the interaction from the "direct manipulation" of discrete UI elements to an 
embodied, continuous flow of multi-touch data streams.21

2.4 Human-Computer Interaction Research on Tablet Ergonomics
The academic communities of HCI and NIME have rigorously analyzed the ergonomics and 
accuracy of tablet-based musical performance. A pivotal finding in this domain is the frequent 
breakdown of established predictive interaction models, most notably Fitts' Law. Fitts' Law is a 
predictive model of human movement primarily used in HCI, dictating that the time required to 
rapidly move to a target area is a mathematical function of the ratio between the distance to 
the target and the width of the target.23

However, researchers have demonstrated that Fitts' law often fails to accurately predict 
movement times in touchscreen musical interaction.26 In a traditional desktop environment, 
targets (like icons or menus) are static and known ahead of time, allowing for rapid ballistic 
movements. In a complex, touch-native synthesizer interface, the location of musical targets 
(such as specific nodes in a dynamic modulation matrix or evolving visual elements) is not 
always known prior to movement initiation. Consequently, the interaction becomes an 
exploratory, continuous process rather than a discrete targeting task.23 The interaction speed 
becomes linearly dependent on the distance, suggesting a constant maximum scrolling or 
tracking speed as the user visually hunts for the correct interaction zone.26

Furthermore, the lack of haptic feedback on tablets severely impairs absolute control 
accuracy. Studies have shown that while trained musicians can achieve an auditory pitch 
discrimination accuracy of 0.1% on acoustic instruments, performing fine-tuning gestures on 
digital touch devices poses a major barrier to accuracy.27 Without the tactile grooves, 



resistance, or detents of physical hardware, the uniform flat texture of a screen forces 
absolute reliance on visual feedback, which divides attention and increases extraneous 
cognitive load.12 To mitigate this, researchers suggest that touch interfaces should minimize 
the required absolute spatial precision for continuous parameters, instead relying on relative 
gesture trajectories, multi-finger geometric ratios, or employing external vibrotactile feedback 
tokens to reinstate haptic cues.10

2.5 Gesture Disambiguation in Multi-Touch Ecosystems
As touchscreen synthesizers adopt complex, touch-native multi-point controls, the 
engineering challenge of gesture disambiguation becomes paramount. When multiple fingers 
interact with a single sheet of capacitive glass, the operating system and the application must 
rapidly differentiate between a chord progression, a parameter sweep, a menu navigation 
swipe, or an accidental palm rest. Ambiguity arises when gestures corresponding to different 
physical interactions produce similar or conflicting data streams.30

Significant research into this area has been conducted by institutions such as the Universitat 
Pompeu Fabra (UPF) in Barcelona, heavily influenced by the development of the Reactable.31 
Traditional tabletop and tablet interfaces historically suffered from a lack of concurrent 
multitasking support and robust disambiguation for complex, overlapping gestures. To solve 
this, advanced software frameworks like "GestureAgents" were developed. Described as a 
content-based, distributed, application-centric disambiguation mechanism, GestureAgents 
solves the multitasking problem by fundamentally changing how touch events are routed.35

Rather than assigning rigid, rectangular "dumb" zones on a screen to specific functions, 
disambiguation is handled through a concept called Agent Exclusivity.35 When a user initiates a 
complex multi-finger gesture, various "recognizers" (or agents) within the software actively 
compete to claim exclusivity over the input events in real-time. The system manages 
competing hypotheses simultaneously, evaluating the geometric and temporal properties of 
the touch points to determine the user's true semantic intent.35 For a project like SensorSynth 
FM, which is intended to rest flat on a table, implementing a hierarchical gesture 
disambiguation system is critical. The system must ensure that a two-finger pinch intended to 
modulate an FM operator ratio is not falsely interpreted as a dual-note trigger or an OS-level 
application-switching gesture.
2.6 Key Researchers, Laboratories, and Conferences in Touch 
Interaction
The theoretical and practical advancement of touchscreen musical interaction is anchored by 
several key institutions, researchers, and academic conferences:
● Sergi Jordà and Carles F. Julià (Universitat Pompeu Fabra - Music Technology 



Group): Pioneers in tangible and tabletop interaction, best known for the Reactable 
project.31 Their extensive work on the Musical Tabletop Coding Framework (MTCF) and 
the GestureAgents architecture heavily influences modern multi-touch disambiguation 
and collaborative flat-surface instrument design.35

● Andrew McPherson (Queen Mary University of London - Centre for Digital Music): 
McPherson's research spans accessible DMIs, the ergonomics of augmented instruments, 
and the critical importance of performer experience and "dialogic design" in digital 
lutherie.36 His work emphasizes the need to understand how the physical constraints of an 
interface dictate the musical outcomes.

● Ge Wang (Stanford University - CCRMA): As the creator of the ChucK programming 
language and the designer of highly successful touch-native mobile applications like 
Ocarina and Animoog (through collaborations with Smule and Moog), Wang's research 
defines the aesthetics of mobile music interaction and post-WIMP interface desig

● Conferences: The discourse is primarily driven by the International Conference on New 
Interfaces for Musical Expression (NIME), which focuses heavily on the expressivity, 
mapping strategies, and performer experience of novel instruments.28 The ACM 
Conference on Human Factors in Computing Systems (CHI) provides the foundational 
research on generalized touch accuracy, Fitts' law, and cognitive ergonomics.7 The 
International Computer Music Conference (ICMC) and the Sound and Music 
Computing (SMC) conferences frequently address the underlying digital signal 
processing and algorithmic frameworks required to support these interfaces.22

3. Environmental and Passive Sensing in Interactive 
Sound
The development of a synthesizer that resides flat on a table and modulates sound via passive 
environmental detection—utilizing built-in accelerometers, gyroscopes, cameras, and 
microphones—represents a distinct paradigm shift in digital lutherie. It transitions the 
musician's role from a purely active, micro-managing controller to a collaborative curator of an 
evolving acoustic ecology.
3.1 Historical Precedents and the Philosophy of Incidental Interaction
The conceptual utilization of environmental data as a valid musical modulation source traces its 
lineage to the mid-20th-century avant-garde. The philosophies of John Cage, which famously 
advocated for the interpretation of ambient environmental sounds as the sounds of musical 
instruments themselves, laid the vital conceptual groundwork.48 This philosophy was 
subsequently materialized in the 1960s and 70s by artists such as Max Neuhaus, whose 
pioneering sound installations were provoked by social phenomena and environmental 
acoustic topographies, establishing interactive public spaces where sound was shaped by the 



passive presence and movement of the public.48

In contemporary Human-Computer Interaction and ubiquitous computing, this paradigm is 
formalized under the concepts of "incidental interaction" or "background sensing." Incidental 
interaction occurs when a computational system senses an action that a user, or the 
environment itself, performs naturally without any explicit intention to control or command the 
system.49 In generative and interactive music systems, sound that is shaped by environmental 
sensors (such as ambient light fluctuations or structural vibrations) operates entirely on this 
passive, incidental engagement.49

While highly engaging conceptually, designers must carefully navigate the psychological 
boundary between "enticing" interactivity and "intrusive" surveillance. If a system reacts too 
aggressively to passive presence, it can evoke adverse feelings of being monitored or lured in 
by the technology.52 Furthermore, from a technical standpoint, designers must mitigate 
unwanted sonic chaos caused by false-positive sensor readings (mistaking random 
environmental noise for a meaningful gesture) and false-negative failures (failing to recognize 
a legitimate shift in the ambient state).50

3.2 The Design Space of Ambient Data Modalities
Ambient environmental data provides a remarkably high-dimensional control source that can 
be harnessed to bypass the ergonomic limitations of flat touchscreen interaction. The design 
space encompasses several modalities that are native to the modern sensor suites found in 
tablet devices:
● Room Acoustics and Ambient Sound: Utilizing the tablet's built-in microphone array, the 

system can continuously sample the ambient noise level, calculate the reverberation time 
(RT60), and map the spectral profile of the room.54 Psychoacoustic models, such as 
analyzing critical bands and utilizing auditory scene analysis, allow the instrument to 
intelligently adapt its synthesized output to either complement or contrast the existing 
acoustic environment.57 For example, the instrument could passively measure the ambient 
low-frequency resonance of a specific room and seamlessly map this data to govern the 
decay time of an FM operator's envelope, ensuring the synthesizer sounds specifically 
"tuned" to the architecture it resides within.57

● Vibration and Micro-Movement: The high-resolution accelerometers and gyroscopes 
inherent in tablets can detect microscopic vibrations from the table surface, footsteps 
resonating through the floorboards, or low-frequency ambient rumble.59 While IMUs are 
typically utilized for active orientation tracking (e.g., tilting the device to sweep a filter), 
allowing the device to rest flat transforms the IMU into a highly sensitive, passive 
seismograph capable of driving complex low-frequency oscillators.59

● Visual Data (Luminance and Motion Density): Utilizing the front-facing camera, passive 
sensing algorithms can track ambient light fluctuations, the movement of shadows cast 



by nearby performers, or the overall density of kinetic movement in the room. This optical 
flow tracking effectively acts as an invisible, contactless, and continuous modulation 
wheel, translating the room's visual energy into auditory complexity.

3.3 The Mapping Problem: Translating Raw Data to Musical Meaning
The most formidable technical and aesthetic challenge in environmental sensing is the 
"mapping problem"—the complex translation of raw, often noisy, sensor data streams into 
musically meaningful and controllable parameter ranges. A direct, one-to-one mapping 
strategy (for instance, mapping raw lux values directly to a filter cutoff frequency, or raw 
ambient decibels to a modulation index) almost invariably results in erratic, unpredictable, and 
ultimately unmusical behavior due to the chaotic nature of real-world data.49 Consequently, 
sophisticated NIME research relies heavily on "indirect mapping" and semantic abstraction.

Mapping Strategy Technical Mechanism Prominent Application 
Example

Direct Mapping One-to-one translation of a 
raw physical quantity (e.g., 
temperature, light) to a 
specific synthesis 
parameter.

Historically common but 
often yields unmusical 
artifacts; now used 
primarily for simple 
threshold triggers or glitch 
aesthetics.61

Semantic Abstraction 
Layer

Raw data is passed through 
an intermediate algorithmic 
layer to generate a 
normalized "semantic" 
value (e.g., a 0-128 scale 
based on subjective 
concepts).

The SensorChimes project 
converts complex 
combinations of humidity 
and temperature into a 
unified semantic concept 
like "aridity," which then 
reliably modulates a 
specific timbre.62

Multivariate Gaussian Mix Multiple independent 
sensor inputs feed into a 
probability distribution to 
govern the smooth mixing 
of pre-defined algorithmic 
states.

Utilized in SensorChimes to 
seamlessly crossfade 
between complex acoustic 
soundscapes based on a 
matrix of real-time 
environmental deviations.62



Machine Learning / 
Gesture Recognition

Complex sensor streams 
(audio features, raw IMU 
data) are analyzed via ML 
frameworks (e.g., 
Wekinator, Dynamic Time 
Warping) to recognize 
specific environmental 
patterns or poses.

The Elemental project 
utilizes ML to classify 
discrete gestures (like a 
clenched fist via EMG 
sensors) to trigger specific 
thunder synthesis events.63

Positional/Angular Scaling 
(Potential Energy 
Metaphors)

Mapping IMU data 
exclusively to Euler angles 
to create strictly bounded 
control ranges, preventing 
the erratic runaway of 
continuous acceleration 
streams.

Elemental maps simulated 
rain density strictly to the 
pitch angle of an arm, 
ensuring a logical, silent 
zero-point when the arm 
rests.63

To successfully solve the mapping problem for an iPad resting flat on a table, the incoming 
environmental data must be heavily smoothed, scaled, and abstracted. For instance, rather 
than mapping the raw optical flow from the camera to the FM modulation index, the software 
should compute a rolling average of motion density over a 500-millisecond window. This 
processed data stream creates a slow-moving, organic low-frequency oscillator that 
"breathes" in tandem with the room's activity level.
This sophisticated approach to abstraction is vividly demonstrated in the "SensorChimes" 
project developed by the Responsive Environments Group at the MIT Media Lab. 
SensorChimes utilizes both historical and real-time data from a massive 577-acre wetland 
restoration site to control an immersive electronic sonic environment.62 By employing spatial 
variation mapping and semantic layers, the system ensures that the composer retains high-
level artistic intent over inherently unpredictable environmental data streams.62 Similarly, the 
Elemental project utilizes IMU sensors to control meteorological sound synthesis, relying on a 
"potential energy metaphor" where sounds naturally descend to zero based on physical 
positioning, thereby bounding the chaos of the mapping.63

3.4 Blending Passive Input with Active Performance
A successful performance instrument must strike a delicate balance between the autonomy of 
generative, sensor-driven modulation and the direct agency of the human performer. The 
"Ambiguous Devices" project, researched extensively by the Sonic Arts Research Centre 
(SARC), proposes the theoretical concept of a "distributed musical ecosystem." In this model, 



agency is shared fluidly between the performer, the interconnected instruments, and the 
surrounding environment.64 This philosophical position actively challenges the traditional HCI 
goal of providing performers with 'absolute control' over their tools, instead recognizing and 
embracing the inherent agency and unpredictability of the instrument and its environment.64

In the context of a flat-table tablet synthesizer, effectively blending these modes requires a UI 
that dynamically and visually represents the passive modulations occurring in the background, 
while simultaneously offering touch-native intervention points. The performer should be able 
to touch a visual node representing the "ambient noise" modulation and temporarily override it, 
scale its influence, or invert its mapping to an FM parameter. This creates a dialogic interaction 
model where the performer acts as a conductor, "steering" rather than micromanaging the 
synthesis engine, allowing the environment to provide the micro-articulations.37

3.5 Prominent Laboratories and Figures in Environmental Audio
The exploration of environmental sensing in musical contexts is championed by several leading 
researchers and laboratories:
● Joe Paradiso (MIT Media Lab - Responsive Environments Group): A seminal figure in 

environmental sensing, Paradiso's extensive work explores how ubiquitous sensor 
networks can augment acoustic ecosystems. Projects like SensorChimes demonstrate 
the large-scale, mathematically rigorous mapping of raw environmental variables 
(temperature, light, humidity) into semantic, emotionally resonant musical parameters.62

● Alexander Lerch (Georgia Tech - Center for Music Technology): Lerch focuses on 
Music Information Retrieval (MIR) and Audio Content Analysis (ACA). His research is 
crucial for the underlying technology required to teach a passive microphone how to 
accurately extract meaningful musical features (tempo, density, spectral centroid) from 
chaotic ambient room noise.71

● Sonic Arts Research Centre (SARC - Queen's University Belfast): Institutions like SARC 
explore distributed performance ecologies and the role of the physical space in 
composition. Their research emphasizes the aesthetics of "feedthrough" and shared 
agency, providing the theoretical framework for systems where the environment acts as a 
legitimate co-performer.64

4. FM Synthesis Accessibility and Interface Design
Frequency Modulation (FM) synthesis, mathematically formalized for audio by John Chowning 
at Stanford University in 1967, irrevocably revolutionized the landscape of electronic music.77 
However, it is universally acknowledged within the audio engineering community as one of the 
most intellectually hostile and unintuitive synthesis methods for non-expert users. Creating an 
accessible FM synthesizer on an iPad requires dismantling decades of entrenched UI 
conventions that have historically obscured the inherent musicality of the algorithm.



4.1 Cognitive Load Theory and the Historical Burden of FM Synthesis
The profound difficulty of FM synthesis lies in its reliance on mathematical abstraction rather 
than intuitive acoustic mimicry. Traditional subtractive synthesis operates on a highly intuitive, 
physical metaphor of carving away sound—taking a harmonically rich waveform and filtering it 
down. In stark contrast, FM synthesis relies on pure sine wave oscillators, termed "operators." 
These operators function either as "carriers" (generating the fundamental audible pitch) or as 
"modulators" (altering the frequency of the carrier at audio rates to mathematically generate 
complex harmonic and inharmonic sidebands).79 The relationship between these operators is 
strictly defined by "Algorithms" (the architectural routing pathways), "Ratios" (the tuning 
relationships that determine the harmonic series), and "Indices" (the depth of modulation 
governed by complex multi-stage envelopes).79 A minuscule adjustment to a modulator's index 
can result in a massive, non-linear explosion of harsh sidebands, making cognitive prediction 
incredibly difficult for the user.
When Yamaha successfully commercialized FM synthesis with the release of the DX7 in 1983, it 
inadvertently exacerbated this conceptual difficulty. Yamaha packaged an incredibly deep six-
operator synthesis engine behind a minimalist interface consisting of a tiny two-line LCD 
screen and a grid of membrane buttons.79 This design choice required tedious, linear menu-
diving and forced the user to conceptualize complex multi-dimensional timbral spaces entirely 
through abstract numerical entry.80

Viewed through the lens of Cognitive Load Theory (CLT), human working memory possesses a 
strictly limited capacity. When an interface requires a user to simultaneously memorize 
operator routing charts, navigate nested menu locations, and compute abstract ratio 
mathematics in their head, it imposes a massive "extraneous cognitive load".12 This attentional 
fragmentation consumes the vital mental resources required for creative synthesis. 
Consequently, a vast majority of users historically abandoned sound design entirely, relying 
strictly on the factory presets provided by the manufacturer.12

4.2 Comparative Analysis of FM Usability: From the DX7 to the Opsix
Over the past decade, hardware and software designers have made significant strides in 
reducing the extraneous cognitive load of FM synthesis. A survey of the commercial landscape 
reveals several distinct evolutionary strategies for managing dense FM parameter sets.
The Emulators: Dexed, FM8, and Arturia DX7 V The initial wave of software synthesizers 
primarily sought to accurately replicate the architecture of the original DX7. Digital Suburban's 
Dexed is a widely used, utilitarian, and mathematically accurate clone. It improves upon the 
original hardware by providing a flat visual layout of all operators simultaneously, effectively 
eliminating menu-diving. However, it makes no attempt to soften the learning curve of 
operator relationships; its non-resizable interface prioritizes historical correctness and CPU 



efficiency over usability.83

Native Instruments' FM8 modernized the workflow z in MM significantly by replacing the DX7's 
fixed algorithm charts with an open FM routing matrix. This allows users to freely draw 
connections between operators, visualizing the signal flow directly. While incredibly powerful 
for precise sound design, its glossy UI remains highly analytical and imposing.84 Arturia DX7 V 
bridges the gap between emulation and modernization by maintaining the core DX7 structure 
while drastically improving the UI with a modern modulation matrix, the inclusion of alternative 
waveforms, and, crucially, clear visual graphing of complex envelopes.83

The Innovators: Elektron Digitone and Korg Opsix
Hardware manufacturers have achieved the most significant breakthroughs in FM usability by 
fundamentally hybridizing the synthesis method and physically embodying the math.
● Elektron Digitone: The Digitone makes four-operator FM synthesis accessible by 

wrapping the complex math within a familiar subtractive workflow.79 Elektron drastically 
reduced the overwhelming parameter count by pre-configuring certain operator 
relationships and utilizing carefully curated preset algorithms. Crucially, they added a 
traditional analog-style resonant multi-mode filter and a post-synthesis overdrive circuit. 
This architectural choice allows users to generate complex, chaotic FM harmonics quickly, 
and then intuitively "tame" them using familiar subtractive filter sweeps.83 The UI is highly 
groove-focused, making FM synthesis immediate and viable for live electronic music 
production.83

● Korg Opsix: Widely regarded by the synthesizer community as the current pinnacle of 
modern FM UI design, the Opsix introduces an "Altered FM" architecture.81 Its major 
innovation is the "Operator Mixer." By providing dedicated physical sliders and rotary 
knobs for each of its six operators, and crucially color-coding them to indicate whether an 
operator is currently acting as a carrier (red) or a modulator (blue), the Opsix physically 
visualizes the abstract algorithm.89 Pulling down a red slider reduces the volume of a 
fundamental pitch; pulling down a blue slider reduces the modulation index, effectively 
acting as a harmonic brightness control. This physical, color-coded visualization 
transforms abstract mathematics into an immediate, tactile sound manipulation 
experience.89

Synthesizer FM Architecture Primary UI 
Strategy for 
Reducing 
Cognitive Load

Usability Verdict



Yamaha DX7 
(Hardware)

6-Operator, 32 
Fixed Algorithms

None; relies on 
membrane buttons 
and a 2-line LCD.79

Extremely high 
cognitive load; 
heavily reliant on 
presets.79

Dexed (Software) 6-Operator, DX7 
Clone

Flat visualization of 
all parameters 
simultaneously to 
eliminate menu-
diving.85

Utilitarian; improves 
access but 
maintains the steep 
mathematical 
learning curve.84

Elektron Digitone 
(Hardware)

4-Operator, 
Curated Algorithms

Hybridization: 
wraps FM 
generation in a 
traditional 
subtractive 
filter/overdrive 
workflow.87

Highly accessible; 
allows familiar 
subtractive 
techniques to tame 
complex FM 
harmonics.83

Korg Opsix 
(Hardware/Softwar
e)

6-Operator, 
Altered FM

The Operator 
Mixer: Color-coded 
sliders/knobs 
visually distinguish 
carriers 
(red/volume) from 
modulators 
(blue/harmonics).89

The current gold 
standard for 
intuitive FM 
visualization and 
tactile control.81

4.3 Touch-Native Strategies for Navigating Dense Parameter Sets
For a flat-panel tablet synthesizer committed to eliminating skeuomorphic rotary knobs, 
adapting the core logic of the Korg Opsix's operator mixer is highly effective. Touchscreens 
inherently excel at rendering and manipulating vertical sliders, and color-coding touch zones 
to reflect carrier versus modulator status instantly reduces the cognitive load of algorithmic 
routing.9

Furthermore, the interface can leverage high-level "semantic control." Instead of labeling a 
parameter with its mathematical function (e.g., "Modulator 2 Envelope Decay Rate"), the UI can 
present a touch-native X/Y pad labeled with perceptual descriptors, such as "Harmonic 
Brightness" versus "Pluck Dynamics." Moving a finger across this space uses macro-controls to 
adjust multiple underlying FM indices and envelope rates simultaneously under the hood. By 
utilizing the tablet's multi-touch capability, a user could physically draw a multi-stage envelope 



shape directly onto the glass rather than adjusting numerical ADSR values, transforming a 
tedious mathematical data-entry task into an intuitive, continuous geometric gesture.91

4.4 Advanced Timbral Remapping and Machine Learning 
Interventions
The absolute forefront of synthesis accessibility research leverages Machine Learning (ML) to 
circumvent the traditional parameter interface entirely, shifting the burden of mathematical 
computation from the human user to the algorithm. Recent groundbreaking research 
presented at NIME 2025 highlights the use of genetic algorithms (GAs) and neural networks to 
navigate non-differentiable "black-box" synthesizer parameter spaces through a concept 
called "timbre analogies".92

Instead of forcing a musician to intellectually understand how a complex 4-operator FM 
algorithm mathematically generates a specific bell-like tone, the system utilizes audio feature 
representation (extracting data such as spectral centroid, MFCCs, and spectral rolloff) to 
compute a "timbre trajectory".92 The user provides an acoustic input—such as tapping a 
physical drum, rustling leaves, or vocalizing a sound into a microphone—and the genetic 
algorithm automatically searches the vast, multi-dimensional parameter space of the FM 
synthesizer to find the exact ratio and index settings that match the timbral characteristics and 
morphology of the input.92

For a tablet synthesizer heavily reliant on passive environmental sensing, this strategy is 
profoundly revolutionary. The iPad's ambient microphone can passively capture the continuous 
acoustic signature of the room (e.g., the rhythmic clatter of a cafe, the drone of an HVAC unit, 
or the resonance of a large hall). The application’s internal machine learning model can 
continuously extract the spectral shape of this ambient noise and use a genetic algorithm to 
automatically map those changing timbral features directly to the FM index and ratios.92 In this 
paradigm, the environment itself actively programs the synthesizer. The user interface then 
only needs to provide high-level morphological controls—such as adjusting the overall 
interpolation timescale, providing loudness compensation, or steering the overarching timbre 
space—freeing the performer entirely from the cognitive paralysis of manual FM 
programming.92

4.5 Key Contributors to Synthesis Accessibility Research
● John Chowning (Stanford University): The recognized father of digital FM synthesis. His 

pioneering early work analyzing the acoustic correlation between attack intensity and 
bandwidth growth in brass instruments laid the foundational theory for using FM as a tool 
for dynamic, expressive timbral control.78

● Jordie Shier and NIME '25 Researchers: Researchers aggressively exploring percussive 
timbre remapping, demonstrating how modern genetic algorithms can successfully 



translate physical and acoustic gestures into complex synthesizer parameter spaces, 
thereby obliterating the traditional cognitive barriers to entry for synthesis.92

● Human-Computer Interaction (HCI) Auditory Display Researchers: The broader field 
of HCI continuously explores the psychological mechanisms of how auditory displays, 
sonification, and multimedia learning tools can be structured to minimize extraneous 
cognitive load, providing principles that are directly applicable to DMI graphical interface 
design.12

5. Synthesis and Implications for Digital Lutherie
The mandate to develop an iPad-based FM synthesizer that resides flat on a table, leverages 
passive environmental sensing, and completely eschews skeuomorphic rotary knobs sits at the 
precise, highly complex intersection of several cutting-edge disciplines in digital lutherie. The 
insights gleaned from this exhaustive survey provide a definitive blueprint for navigating the 
design challenges inherent in such a project, directly supporting the UX graduate thesis 
objectives at Kent State University.
The eradication of the skeuomorphic knob is not merely a subjective aesthetic choice, but a 
fundamental ergonomic necessity when interacting with flat glass. Touch-native paradigms—
such as direct multi-point vector spaces, color-coded macro sliders representing operator 
status, and direct geometric envelope drawing—must replace traditional widgets to 
successfully bypass the heavy visual demands and cognitive friction of simulated hardware.9 
To combat the inevitable ambiguity of multi-touch gestures on a unified, borderless surface, 
the software architecture must incorporate sophisticated, content-based disambiguation 
frameworks like GestureAgents, ensuring that expressive, multi-finger musical gestures are 
strictly isolated from system-level commands or accidental palm strikes.35

By effectively utilizing the device's built-in array of sensors (microphone, accelerometer, 
gyroscope, camera), the instrument transcends its role as a passive sound generator, 
becoming an active participant in the acoustic ecology of the room. Passive environmental 
sensing introduces the powerful paradigm of "incidental interaction," where the room's 
ambient noise, floorboard vibrations, and shifting luminance serve as continuous, generative 
modulation sources.49 The critical design challenge here is mastering the "mapping problem." 
Raw sensor data must be heavily processed and passed through semantic abstraction layers 
or multivariate Gaussian distributions to ensure the resulting modulation is musically coherent, 
intentional, and emotionally resonant, rather than purely chaotic.62 This approach successfully 
creates a distributed musical ecosystem, where the performer is no longer the sole dictator of 
sound, but rather is actively collaborating with the ambient physical environment.65

Finally, the notorious inaccessibility of Frequency Modulation synthesis must be aggressively 
dismantled through fundamental UI restructuring and algorithmic assistance. Drawing crucial 



lessons from the successes of the Elektron Digitone and the Korg Opsix, the dense, abstract 
mathematics of FM must be visually decoded for the user through explicit color-coded 
operator status, and functionally hybridized with familiar, intuitive subtractive elements like 
resonant filters.83 At the highest level of technological abstraction, incorporating machine 
learning techniques to map incoming environmental audio features (such as spectral centroid 
and loudness) directly to FM timbre trajectories can completely abstract the underlying math, 
allowing the synthesizer to literally "listen" to the room and program itself.92

When synthesized, these three core elements—touch-native post-WIMP ergonomics, 
semantic environmental data mapping, and machine-learning-assisted FM control—forge a 
fundamentally new type of musical instrument. The performer no longer wrestles with 
programming a mathematical machine; rather, they intuitively sculpt an evolving, living timbral 
space that breathes in continuous, symbiotic dialogue with the physical environment around it.
Works cited
1. Why Apple's Interfaces Will Be Skeuomorphic Forever, And Why Yours Will Be 

Too - The Interactivist, accessed March 6, 2026, 
https://www.theinteractivist.com/home/why-apples-interfaces-will-be-
skeuomorphic-forever-and-why-yours-will-be-too

2. Flat and Skeuomorphic Design: The User's Point of View | Skilla, accessed March 
6, 2026, https://www.skilla.com/en/blog/flat-and-skeuomorphic-design-the-
users-point-of-view/

3. The Trend Against Skeuomorphic Textures and Effects in User Interface Design, 
accessed March 6, 2026, 
https://daringfireball.net/2013/01/the_trend_against_skeuomorphism

4. What Apple learned from skeuomorphism and why it still matters - Reddit, 
accessed March 6, 2026, 
https://www.reddit.com/r/apple/comments/10yk6zy/what_apple_learned_from_s
keuomorphism_and_why_it/

5. Why you're looking at Apple's Liquid Glass UI the wrong way | by Si digital | NYC 
Design, accessed March 6, 2026, https://medium.com/nyc-design/why-youre-
looking-at-apple-s-liquid-glass-ui-the-wrong-way-990648b0f25d

6. 23 of the best iPad/iPhone iOS synth apps - MusicRadar, accessed March 6, 2026, 
https://www.musicradar.com/news/tech/23-of-the-best-ipad-iphone-ios-synth-
apps-571053

7. Affordances and Constraints in Screen-Based Musical Instruments - University of 
Sussex, accessed March 6, 2026, 
https://users.sussex.ac.uk/~thm21/thor/pdfs/instrumentAffordances.pdf

8. Opinions on skeuomorphic music apps? - Loopy Pro Forum, accessed March 6, 
2026, https://forum.loopypro.com/discussion/24359/opinions-on-skeuomorphic-
music-apps

https://www.theinteractivist.com/home/why-apples-interfaces-will-be-skeuomorphic-forever-and-why-yours-will-be-too
https://www.theinteractivist.com/home/why-apples-interfaces-will-be-skeuomorphic-forever-and-why-yours-will-be-too
https://forum.loopypro.com/discussion/24359/opinions-on-skeuomorphic-music-apps
https://forum.loopypro.com/discussion/24359/opinions-on-skeuomorphic-music-apps
https://users.sussex.ac.uk/~thm21/thor/pdfs/instrumentAffordances.pdf
https://www.musicradar.com/news/tech/23-of-the-best-ipad-iphone-ios-synth-apps-571053
https://www.musicradar.com/news/tech/23-of-the-best-ipad-iphone-ios-synth-apps-571053
https://medium.com/nyc-design/why-youre-looking-at-apple-s-liquid-glass-ui-the-wrong-way-990648b0f25d
https://medium.com/nyc-design/why-youre-looking-at-apple-s-liquid-glass-ui-the-wrong-way-990648b0f25d
https://www.reddit.com/r/apple/comments/10yk6zy/what_apple_learned_from_skeuomorphism_and_why_it/
https://www.reddit.com/r/apple/comments/10yk6zy/what_apple_learned_from_skeuomorphism_and_why_it/
https://daringfireball.net/2013/01/the_trend_against_skeuomorphism
https://www.skilla.com/en/blog/flat-and-skeuomorphic-design-the-users-point-of-view/
https://www.skilla.com/en/blog/flat-and-skeuomorphic-design-the-users-point-of-view/


9. Disucssion: Is it time for soft synths to enter into the touchscreen world? - Reddit, 
accessed March 6, 2026, 
https://www.reddit.com/r/synthesizers/comments/18590tf/disucssion_is_it_time_
for_soft_synths_to_enter/

10.Multi-sensory design, physical computing and experimental validation of virtual 
buttons and knobs for professional appliances - UNIUD, accessed March 6, 2026, 
https://air.uniud.it/retrieve/e27ce0c9-d0c1-055e-e053-6605fe0a7873/
DePra_PhD_thesis_final_pdfa.pdf

11. How Apple designs a virtual knob (2012) | Hacker News, accessed March 6, 2026, 
https://news.ycombinator.com/item?id=45506748

12. Full article: An empirical study of cognitive load and constraint-driven innovation 
in the early phase of product design within a digitally mediated medium - Taylor & 
Francis, accessed March 6, 2026, 
https://www.tandfonline.com/doi/full/10.1080/21650349.2026.2617533

13. User-centred process for the definition of free-hand gestures applied to 
controlling music playback - ResearchGate, accessed March 6, 2026, 
https://www.researchgate.net/publication/220460830_User-
centred_process_for_the_definition_of_free-
hand_gestures_applied_to_controlling_music_playback

14. Ten Of The Best: iOS Synths - Attack Magazine, accessed March 6, 2026, 
https://www.attackmagazine.com/reviews/the-best/ten-of-the-best-ios-synths/

15. iPad Music Apps - Page 333 - General Discussion - Elektronauts, accessed March 
6, 2026, https://www.elektronauts.com/t/ipad-music-apps/31997?page=333

16. Best filter plugins: We count down our favourite frequency shapers - MusicRadar, 
accessed March 6, 2026, https://www.musicradar.com/news/best-filter-plugins

17. Animoog Z Manual - Webflow.io | PDF | Synthesizer | Ios - Scribd, accessed March 
6, 2026, https://www.scribd.com/document/962522777/Animoog-z-Manual-
webflow-io

18.Moog's iPad Synth Arrives, Looks Great, But is iPad (and Moog) Hype Crossing a 
Line? [Editorial], accessed March 6, 2026, https://cdm.link/moogs-ipad-synth-
arrives-looks-great-but-is-ipad-and-moog-hype-crossing-a-line/

19.Music Interaction Design - Billy Bennett, accessed March 6, 2026, 
https://billybennett.tv/music-interaction-design

20. TC-11: A Programmable Multi-Touch Synthesizer for the iPad, accessed March 6, 
2026, https://www.nime.org/proc/nime2012_schlei/index.html

21. TC-11: A Programmable Multi-Touch Synthesizer for the iPad, accessed March 6, 
2026, https://www.nime.org/proceedings/2012/nime2012_230.pdf

22. TC-Data: Extending Multi-Touch Interfaces for General- ized Relational Control - 
Joint ICMC - SMC 2014, accessed March 6, 2026, https://www.icmc14-
smc14.net/images/proceedings/PS2-B04-TC-Data.pdf

23. DynamicTactileFeedback in Human Computer Interaction - Aaltodoc, accessed 
March 6, 2026, https://aaltodoc.aalto.fi/bitstreams/d912c4c3-9e88-4fa7-82e0-
00a40fea0eba/download

https://aaltodoc.aalto.fi/bitstreams/d912c4c3-9e88-4fa7-82e0-00a40fea0eba/download
https://aaltodoc.aalto.fi/bitstreams/d912c4c3-9e88-4fa7-82e0-00a40fea0eba/download
https://www.icmc14-smc14.net/images/proceedings/PS2-B04-TC-Data.pdf
https://www.icmc14-smc14.net/images/proceedings/PS2-B04-TC-Data.pdf
https://www.nime.org/proceedings/2012/nime2012_230.pdf
https://www.nime.org/proc/nime2012_schlei/index.html
https://billybennett.tv/music-interaction-design
https://cdm.link/moogs-ipad-synth-arrives-looks-great-but-is-ipad-and-moog-hype-crossing-a-line/
https://cdm.link/moogs-ipad-synth-arrives-looks-great-but-is-ipad-and-moog-hype-crossing-a-line/
https://www.scribd.com/document/962522777/Animoog-z-Manual-webflow-io
https://www.scribd.com/document/962522777/Animoog-z-Manual-webflow-io
https://www.musicradar.com/news/best-filter-plugins
https://www.elektronauts.com/t/ipad-music-apps/31997?page=333
https://www.attackmagazine.com/reviews/the-best/ten-of-the-best-ios-synths/
https://www.researchgate.net/publication/220460830_User-centred_process_for_the_definition_of_free-hand_gestures_applied_to_controlling_music_playback
https://www.researchgate.net/publication/220460830_User-centred_process_for_the_definition_of_free-hand_gestures_applied_to_controlling_music_playback
https://www.researchgate.net/publication/220460830_User-centred_process_for_the_definition_of_free-hand_gestures_applied_to_controlling_music_playback
https://www.tandfonline.com/doi/full/10.1080/21650349.2026.2617533
https://news.ycombinator.com/item?id=45506748
https://air.uniud.it/retrieve/e27ce0c9-d0c1-055e-e053-6605fe0a7873/DePra_PhD_thesis_final_pdfa.pdf
https://air.uniud.it/retrieve/e27ce0c9-d0c1-055e-e053-6605fe0a7873/DePra_PhD_thesis_final_pdfa.pdf
https://www.reddit.com/r/synthesizers/comments/18590tf/disucssion_is_it_time_for_soft_synths_to_enter/
https://www.reddit.com/r/synthesizers/comments/18590tf/disucssion_is_it_time_for_soft_synths_to_enter/


24. Estimating Interaction Time in Music Notation Editors | Request PDF - 
ResearchGate, accessed March 6, 2026, 
https://www.researchgate.net/publication/396400317_Estimating_Interaction_Ti
me_in_Music_Notation_Editors

25. Developing an Interaction Concept for a Touchscreen Incorporating Tactile 
Feedback - Elektronische Hochschulschriften der LMU München, accessed 
March 6, 2026, https://edoc.ub.uni-muenchen.de/13899/1/Yuanting_Liu.pdf

26. Ph.D. Dissertation Interaction with Sound and Pre-Recorded Music: Novel 
Interfaces and Use Patterns, accessed March 6, 2026, 
https://di.ku.dk/forskning/Publikationer/tekniske_rapporter/tekniske-rapporter-
2005/05-05.pdf

27. Design and Assessment of Digital Musical Devices Yielding Vibrotactile Feedback 
- MDPI, accessed March 6, 2026, https://www.mdpi.com/2076-0752/12/4/143

28. Papers Proceedings - New Interfaces for Musical Expression, accessed March 6, 
2026, https://www.nime.org/papers/

29. Navigation of Pitch Space on a Digital Musical Instrument with Dynamic Tactile 
Feedback, accessed March 6, 2026, 
https://www.researchgate.net/publication/311491449_Navigation_of_Pitch_Space
_on_a_Digital_Musical_Instrument_with_Dynamic_Tactile_Feedback

30. Exploring the (un)ambiguous Guitar: A Qualitative Study on the use of Gesture 
Disambiguation in Augmented Instrument Design, accessed March 6, 2026, 
https://nime.org/proceedings/2023/nime2023_61.pdf

31. Towards a taxonomy for video analysis on collaborative musical tabletops - 
ScienceOpen, accessed March 6, 2026, 
https://www.scienceopen.com/document_file/30df3e70-1580-4192-8342-
723ca9dfdaac/ScienceOpen/001_Xamb%C3%B3.pdf

32. The reactable: tangible and tabletop music performance, accessed March 6, 
2026, http://mtg.upf.edu/files/publications/reactable_music_performance.pdf

33. ReacTable: Interactive Music Instrument | PDF - Scribd, accessed March 6, 2026, 
https://www.scribd.com/document/812280517/reacTableKickOff2003

34. The reacTable: Exploring the Synergy between Live Music Performance and 
Tabletop Tangible Interfaces - ResearchGate, accessed March 6, 2026, 
https://www.researchgate.net/profile/Sergi-Jorda/publication/221308523_The_re
acTable_Exploring_the_Synergy_between_Live_Music_Performance_and_Tableto
p_Tangible_Interfaces/links/0fcfd50db51788332c000000/The-reacTable-
Exploring-the-Synergy-between-Live-Music-Performance-and-Tabletop-
Tangible-Interfaces.pdf

35.Making Tabletops Useful with Applications ... - PHENICX - UPF, accessed March 6, 
2026, https://phenicx.upf.edu/system/files/publications/thesis-Julia-Carles-
F.compressed.pdf

36. Understanding music interaction, and why it matters - Open Research Online, 
accessed March 6, 2026, https://oro.open.ac.uk/59436/1/Holland_Understanding
%20Music%20Interaction.pdf

https://oro.open.ac.uk/59436/1/Holland_Understanding%20Music%20Interaction.pdf
https://oro.open.ac.uk/59436/1/Holland_Understanding%20Music%20Interaction.pdf
https://phenicx.upf.edu/system/files/publications/thesis-Julia-Carles-F.compressed.pdf
https://phenicx.upf.edu/system/files/publications/thesis-Julia-Carles-F.compressed.pdf
https://www.researchgate.net/profile/Sergi-Jorda/publication/221308523_The_reacTable_Exploring_the_Synergy_between_Live_Music_Performance_and_Tabletop_Tangible_Interfaces/links/0fcfd50db51788332c000000/The-reacTable-Exploring-the-Synergy-between-Live-Music-Performance-and-Tabletop-Tangible-Interfaces.pdf
https://www.researchgate.net/profile/Sergi-Jorda/publication/221308523_The_reacTable_Exploring_the_Synergy_between_Live_Music_Performance_and_Tabletop_Tangible_Interfaces/links/0fcfd50db51788332c000000/The-reacTable-Exploring-the-Synergy-between-Live-Music-Performance-and-Tabletop-Tangible-Interfaces.pdf
https://www.researchgate.net/profile/Sergi-Jorda/publication/221308523_The_reacTable_Exploring_the_Synergy_between_Live_Music_Performance_and_Tabletop_Tangible_Interfaces/links/0fcfd50db51788332c000000/The-reacTable-Exploring-the-Synergy-between-Live-Music-Performance-and-Tabletop-Tangible-Interfaces.pdf
https://www.scribd.com/document/812280517/reacTableKickOff2003
http://mtg.upf.edu/files/publications/reactable_music_performance.pdf
https://www.scienceopen.com/document_file/30df3e70-1580-4192-8342-723ca9dfdaac/ScienceOpen/001_Xamb%C3%B3.pdf
https://www.scienceopen.com/document_file/30df3e70-1580-4192-8342-723ca9dfdaac/ScienceOpen/001_Xamb%C3%B3.pdf
https://nime.org/proceedings/2023/nime2023_61.pdf
https://www.researchgate.net/publication/311491449_Navigation_of_Pitch_Space_on_a_Digital_Musical_Instrument_with_Dynamic_Tactile_Feedback
https://www.researchgate.net/publication/311491449_Navigation_of_Pitch_Space_on_a_Digital_Musical_Instrument_with_Dynamic_Tactile_Feedback
https://www.nime.org/papers/
https://www.mdpi.com/2076-0752/12/4/143
https://di.ku.dk/forskning/Publikationer/tekniske_rapporter/tekniske-rapporter-2005/05-05.pdf
https://di.ku.dk/forskning/Publikationer/tekniske_rapporter/tekniske-rapporter-2005/05-05.pdf
https://edoc.ub.uni-muenchen.de/13899/1/Yuanting_Liu.pdf
https://www.researchgate.net/publication/396400317_Estimating_Interaction_Time_in_Music_Notation_Editors
https://www.researchgate.net/publication/396400317_Estimating_Interaction_Time_in_Music_Notation_Editors


37. Dialogic Design of Accessible Digital Musical Instruments: Investigating 
Performer Experience - QMRO Home, accessed March 6, 2026, 
https://qmro.qmul.ac.uk/xmlui/bitstream/handle/123456789/88930/Mcpherson
%20Dialogic%20Design%20of%20Accessible%20Digital%20Musical
%20Instruments%3A%20Investigating%20Performer%20Experience
%202022%20Published.pdf?sequence=2

38.Musical Instruments for Novices: Comparing NIME, HCI and Crowdfunding 
Approaches - QMRO Home, accessed March 6, 2026, 
https://qmro.qmul.ac.uk/xmlui/bitstream/handle/123456789/55134/Mcpherson
%20Musical%20Instruments%20for%202019%20Accepted.pdf?sequence=1

39.Ge Wang - Stanford Profiles, accessed March 6, 2026, 
https://profiles.stanford.edu/ge-wang

40. Tinkering Tinkerer: Ge Wang | Exploratorium, accessed March 6, 2026, 
https://www.exploratorium.edu/tinkering/tinkerers/ge-wang

41.Ge Wang - CHM - Computer History Museum, accessed March 6, 2026, 
https://computerhistory.org/profile/ge-wang/

42.Ge Wang - Department of Music, accessed March 6, 2026, 
https://music.stanford.edu/people/ge-wang

43.Mixed Reality Musical Interface: Exploring Ergonomics and Adaptive Hand Pose 
Recognition for Gestural Control, accessed March 6, 2026, 
https://www.nime.org/proc/nime2022_44/index.html

44. A User-Developed 3-D Hand Gesture Set for Human–Computer Interaction - 
CDC Stacks, accessed March 6, 2026, 
https://stacks.cdc.gov/view/cdc/202076/cdc_202076_DS1.pdf

45. Foundational Issues in Touch-Surface Stroke Gesture Design — An Integrative 
Review, accessed March 6, 2026, 
https://www.emerald.com/fthci/article/5/2/97/1324735/Foundational-Issues-in-
Touch-Surface-Stroke

46. Proceedings - CHI 2019 - ACM, accessed March 6, 2026, 
https://chi2019.acm.org/for-attendees/proceedings/

47. The Design of UrMus as a Meta-Environment for Mobile Music, accessed March 
6, 2026, https://www.jcms.org.uk/article/id/514/

48. Interactive Sound Installation as an Implementation of Contemporary 
Communication Models - LUMEN Publishing, accessed March 6, 2026, 
https://lumenpublishing.com/journals/index.php/po/article/download/
4930/3767/17935

49. Inverse and indirect mappings in embodied AI systems in everyday environments 
- Frontiers, accessed March 6, 2026, 
https://www.frontiersin.org/journals/computer-science/articles/10.3389/
fcomp.2025.1603769/full

50. Foreground and Background Interaction with Sensor-Enhanced Mobile Devices - 
Microsoft, accessed March 6, 2026, 
https://www.microsoft.com/en-us/research/wp-content/uploads/2016/11/

https://www.microsoft.com/en-us/research/wp-content/uploads/2016/11/Foreground-Background-Sensor-TOCHI-2005.pdf
https://www.frontiersin.org/journals/computer-science/articles/10.3389/fcomp.2025.1603769/full
https://www.frontiersin.org/journals/computer-science/articles/10.3389/fcomp.2025.1603769/full
https://lumenpublishing.com/journals/index.php/po/article/download/4930/3767/17935
https://lumenpublishing.com/journals/index.php/po/article/download/4930/3767/17935
https://www.jcms.org.uk/article/id/514/
https://chi2019.acm.org/for-attendees/proceedings/
https://www.emerald.com/fthci/article/5/2/97/1324735/Foundational-Issues-in-Touch-Surface-Stroke
https://www.emerald.com/fthci/article/5/2/97/1324735/Foundational-Issues-in-Touch-Surface-Stroke
https://stacks.cdc.gov/view/cdc/202076/cdc_202076_DS1.pdf
https://www.nime.org/proc/nime2022_44/index.html
https://music.stanford.edu/people/ge-wang
https://computerhistory.org/profile/ge-wang/
https://www.exploratorium.edu/tinkering/tinkerers/ge-wang
https://profiles.stanford.edu/ge-wang
https://qmro.qmul.ac.uk/xmlui/bitstream/handle/123456789/55134/Mcpherson%20Musical%20Instruments%20for%202019%20Accepted.pdf?sequence=1
https://qmro.qmul.ac.uk/xmlui/bitstream/handle/123456789/55134/Mcpherson%20Musical%20Instruments%20for%202019%20Accepted.pdf?sequence=1
https://qmro.qmul.ac.uk/xmlui/bitstream/handle/123456789/88930/Mcpherson%20Dialogic%20Design%20of%20Accessible%20Digital%20Musical%20Instruments%3A%20Investigating%20Performer%20Experience%202022%20Published.pdf?sequence=2
https://qmro.qmul.ac.uk/xmlui/bitstream/handle/123456789/88930/Mcpherson%20Dialogic%20Design%20of%20Accessible%20Digital%20Musical%20Instruments%3A%20Investigating%20Performer%20Experience%202022%20Published.pdf?sequence=2
https://qmro.qmul.ac.uk/xmlui/bitstream/handle/123456789/88930/Mcpherson%20Dialogic%20Design%20of%20Accessible%20Digital%20Musical%20Instruments%3A%20Investigating%20Performer%20Experience%202022%20Published.pdf?sequence=2


Foreground-Background-Sensor-TOCHI-2005.pdf
51. Focused and Casual Interactions: Allowing Users to Vary Their Level of 

Engagement, accessed March 6, 2026, 
https://www.dcs.gla.ac.uk/~rod/publications/PohMur13.pdf

52. The Participant Journey Map: Understanding the Design of Interactive 
Augmented Play Spaces - Frontiers, accessed March 6, 2026, 
https://www.frontiersin.org/journals/computer-science/articles/10.3389/
fcomp.2021.674132/full

53.Workspace and Productivity: Guidelines for Virtual Reality Workplace Design and 
Optimization - MDPI, accessed March 6, 2026, https://www.mdpi.com/2076-
3417/12/15/7393

54. Assessment of indoor ambient noise level in school classrooms - ResearchGate, 
accessed March 6, 2026, 
https://www.researchgate.net/publication/278410688_Assessment_of_indoor_a
mbient_noise_level_in_school_classrooms

55. Improving Intelligibility of Airport Terminal Public Address Systems - Process 
Documentation, accessed March 6, 2026, https://crp.trb.org/acrp0715/wp-
content/themes/acrp-child/documents/201/original/acrp_r175.pdf

56. A room acoustics measurement system using non-invasive microphone arrays - 
University of Birmingham, accessed March 6, 2026, 
https://etheses.bham.ac.uk/891/1/Roper10Phd.pdf

57. The Psychoacoustics of Modulation | SoundGirls.org, accessed March 6, 2026, 
https://soundgirls.org/tag/psychoacoustics/

58. Virtual Acoustic Environment Rehearsal and Performance in an Unknown Venue - 
MDPI, accessed March 6, 2026, https://www.mdpi.com/2813-2084/4/3/35

59. Leveraging Audio Representations for Vibration-Based Crowd Monitoring in 
Stadiums, accessed March 6, 2026, https://arxiv.org/html/2503.17646

60. (PDF) Mapping Through Listening - ResearchGate, accessed March 6, 2026, 
https://www.researchgate.net/publication/265747150_Mapping_Through_Listeni
ng

61.Movement to Music - School of Electrical and Computer Engineering, accessed 
March 6, 2026, 
https://people.ece.cornell.edu/land/courses/ece4760/FinalProjects/s2007/
njw23_abg34/index.htm

62. SensorChimes: Musical Mapping for Sensor Networks, accessed March 6, 2026, 
https://www.nime.org/proceedings/2016/nime2016_paper0028.pdf

63. Elemental: a Gesturally Controlled System to Perform ..., accessed March 6, 2026, 
https://www.nime.org/proceedings/2020/nime2020_paper90.pdf

64. (PDF) Ambiguous Devices : Improvisation, agency, touch and feedthrough in 
distributed music performance - ResearchGate, accessed March 6, 2026, 
https://www.researchgate.net/publication/354025232_Ambiguous_Devices_Impr
ovisation_agency_touch_and_feedthrough_in_distributed_music_performance

65. Ambiguous Devices: Improvisation, agency, touch and feedthrough in distributed 

https://www.researchgate.net/publication/354025232_Ambiguous_Devices_Improvisation_agency_touch_and_feedthrough_in_distributed_music_performance
https://www.researchgate.net/publication/354025232_Ambiguous_Devices_Improvisation_agency_touch_and_feedthrough_in_distributed_music_performance
https://www.nime.org/proceedings/2020/nime2020_paper90.pdf
https://www.nime.org/proceedings/2016/nime2016_paper0028.pdf
https://people.ece.cornell.edu/land/courses/ece4760/FinalProjects/s2007/njw23_abg34/index.htm
https://people.ece.cornell.edu/land/courses/ece4760/FinalProjects/s2007/njw23_abg34/index.htm
https://www.researchgate.net/publication/265747150_Mapping_Through_Listening
https://www.researchgate.net/publication/265747150_Mapping_Through_Listening
https://arxiv.org/html/2503.17646
https://www.mdpi.com/2813-2084/4/3/35
https://soundgirls.org/tag/psychoacoustics/
https://etheses.bham.ac.uk/891/1/Roper10Phd.pdf
https://crp.trb.org/acrp0715/wp-content/themes/acrp-child/documents/201/original/acrp_r175.pdf
https://crp.trb.org/acrp0715/wp-content/themes/acrp-child/documents/201/original/acrp_r175.pdf
https://www.researchgate.net/publication/278410688_Assessment_of_indoor_ambient_noise_level_in_school_classrooms
https://www.researchgate.net/publication/278410688_Assessment_of_indoor_ambient_noise_level_in_school_classrooms
https://www.mdpi.com/2076-3417/12/15/7393
https://www.mdpi.com/2076-3417/12/15/7393
https://www.frontiersin.org/journals/computer-science/articles/10.3389/fcomp.2021.674132/full
https://www.frontiersin.org/journals/computer-science/articles/10.3389/fcomp.2021.674132/full
https://www.dcs.gla.ac.uk/~rod/publications/PohMur13.pdf
https://www.microsoft.com/en-us/research/wp-content/uploads/2016/11/Foreground-Background-Sensor-TOCHI-2005.pdf


music performance | Organised Sound | Cambridge Core, accessed March 6, 
2026, 
https://www.cambridge.org/core/journals/organised-sound/article/ambiguous-
devices-improvisation-agency-touch-and-feedthrough-in-distributed-music-
performance/1D3E53F9553B11CA25F9A32CEEA39DA3

66. Interactive Sound in Performance Ecologies: Studying Connections among 
Actors and Artifacts - UNL Repository, accessed March 6, 2026, 
https://run.unl.pt/bitstream/10362/150120/1/Masu_2022.pdf

67. Events ‹ Joseph A. Paradiso - MIT Media Lab, accessed March 6, 2026, 
https://www.media.mit.edu/people/joep/events/

68. Publications ‹ Joseph A. Paradiso - MIT Media Lab, accessed March 6, 2026, 
https://www.media.mit.edu/people/joep/publications/

69. Professor Joe Paradiso named Academic Head for Program in Media Arts and 
Sciences, accessed March 6, 2026, https://www.media.mit.edu/posts/professor-
joe-paradiso-named-academic-head-of-mas/

70. Tales from Virtuality – Research under quarantine at the MIT Media Lab, accessed 
March 6, 2026, https://www.media.mit.edu/posts/tales-from-virtuality-research-
under-quarantine-at-the-mit-media-lab/

71.Music Performance Analysis, accessed March 6, 2026, 
https://musicinformatics.gatech.edu/wp-content_nondefault/uploads/2019/11/
MusicPerformanceAnalysis-lerch-ISMIR2019.pdf

72.MUSIC PERFORMANCE ANALYSIS: A SURVEY, accessed March 6, 2026, 
https://musicinformatics.gatech.edu/wp-content_nondefault/uploads/2019/06/
Lerch-et-al.-2019-Music-Performance-Analysis-A-Survey.pdf

73. (PDF) Parameter-Efficient Transfer Learning for Music Foundation Models - 
ResearchGate, accessed March 6, 2026, 
https://www.researchgate.net/publication/386335753_Parameter-
Efficient_Transfer_Learning_for_Music_Foundation_Models

74. arXiv:2101.00132v1 [eess.AS] 1 Jan 2021, accessed March 6, 2026, 
https://arxiv.org/pdf/2101.00132

75. DIY electronic musical instruments - editions, versions, and physical remixing - 
Queen's University Belfast, accessed March 6, 2026, 
https://pureadmin.qub.ac.uk/ws/portalfiles/portal/470629625/DIY_Electronic_Mus
ical_Instruments_Editions_Versions_and_Physical_Remixing_.pdf

76. Research — Spatial Audio, accessed March 6, 2026, 
https://www.sebastiandeway.com/research

77. Real-time Human Interaction with Supervised Learning Algorithms for Music 
Composition and Performance - cs.Princeton, accessed March 6, 2026, 
https://www.cs.princeton.edu/techreports/2010/891.pdf

78. John Chowning, accessed March 6, 2026, 
https://homepages.abdn.ac.uk/d.j.benson/pages/html/Chowning.html

79. FM Synth Programming with Digitone - Perfect Circuit, accessed March 6, 2026, 
https://www.perfectcircuit.com/signal/fm-synthesis-elektron-digitone

https://www.perfectcircuit.com/signal/fm-synthesis-elektron-digitone
https://homepages.abdn.ac.uk/d.j.benson/pages/html/Chowning.html
https://www.cs.princeton.edu/techreports/2010/891.pdf
https://www.sebastiandeway.com/research
https://pureadmin.qub.ac.uk/ws/portalfiles/portal/470629625/DIY_Electronic_Musical_Instruments_Editions_Versions_and_Physical_Remixing_.pdf
https://pureadmin.qub.ac.uk/ws/portalfiles/portal/470629625/DIY_Electronic_Musical_Instruments_Editions_Versions_and_Physical_Remixing_.pdf
https://arxiv.org/pdf/2101.00132
https://www.researchgate.net/publication/386335753_Parameter-Efficient_Transfer_Learning_for_Music_Foundation_Models
https://www.researchgate.net/publication/386335753_Parameter-Efficient_Transfer_Learning_for_Music_Foundation_Models
https://musicinformatics.gatech.edu/wp-content_nondefault/uploads/2019/06/Lerch-et-al.-2019-Music-Performance-Analysis-A-Survey.pdf
https://musicinformatics.gatech.edu/wp-content_nondefault/uploads/2019/06/Lerch-et-al.-2019-Music-Performance-Analysis-A-Survey.pdf
https://musicinformatics.gatech.edu/wp-content_nondefault/uploads/2019/11/MusicPerformanceAnalysis-lerch-ISMIR2019.pdf
https://musicinformatics.gatech.edu/wp-content_nondefault/uploads/2019/11/MusicPerformanceAnalysis-lerch-ISMIR2019.pdf
https://www.media.mit.edu/posts/tales-from-virtuality-research-under-quarantine-at-the-mit-media-lab/
https://www.media.mit.edu/posts/tales-from-virtuality-research-under-quarantine-at-the-mit-media-lab/
https://www.media.mit.edu/posts/professor-joe-paradiso-named-academic-head-of-mas/
https://www.media.mit.edu/posts/professor-joe-paradiso-named-academic-head-of-mas/
https://www.media.mit.edu/people/joep/publications/
https://www.media.mit.edu/people/joep/events/
https://run.unl.pt/bitstream/10362/150120/1/Masu_2022.pdf
https://www.cambridge.org/core/journals/organised-sound/article/ambiguous-devices-improvisation-agency-touch-and-feedthrough-in-distributed-music-performance/1D3E53F9553B11CA25F9A32CEEA39DA3
https://www.cambridge.org/core/journals/organised-sound/article/ambiguous-devices-improvisation-agency-touch-and-feedthrough-in-distributed-music-performance/1D3E53F9553B11CA25F9A32CEEA39DA3
https://www.cambridge.org/core/journals/organised-sound/article/ambiguous-devices-improvisation-agency-touch-and-feedthrough-in-distributed-music-performance/1D3E53F9553B11CA25F9A32CEEA39DA3


80. "Basking in the insanity" just about sums it up. It's remarkably difficult to cr... | 
Hacker News, accessed March 6, 2026, https://news.ycombinator.com/item?
id=29211854

81.Modern Approaches to FM Synthesis - Perfect Circuit, accessed March 6, 2026, 
https://www.perfectcircuit.com/signal/modern-fm-synthesis

82.Guidelines for cognitively efficient multimedia learning tools: educational 
strategies, cognitive load, and interface design - PubMed, accessed March 6, 
2026, https://pubmed.ncbi.nlm.nih.gov/16501261/

83. Yamaha DX7: The Digital Synthesizer That Defined the 80s | Equipboard, 
accessed March 6, 2026, https://equipboard.com/posts/yamaha-dx7-the-
synthesizer-that-defined-the-80s

84. Best FM Synth Plugins: From Classic DX-Style to Modern FM [Free & Paid] - 
Internet Tattoo, accessed March 6, 2026, 
https://www.internettattoo.com/blog/best-fm-synth-vst-plugins-free-paid

85.What's the best 6-operator FM synth plugin? - Instruments Forum - KVR Audio, 
accessed March 6, 2026, https://www.kvraudio.com/forum/viewtopic.php?
t=620386

86. ARTURIA issued the DX7 V, an emulation which captures charm and pushes the 
envelope. ;) Thoughts? : r/synthesizers - Reddit, accessed March 6, 2026, 
https://www.reddit.com/r/synthesizers/comments/7hzduk/arturia_issued_the_dx
7_v_an_emulation_which/

87. Digitone FM Synthesizer Guide | PDF | Harmonic | Frequency Modulation - Scribd, 
accessed March 6, 2026, 
https://www.scribd.com/document/789822102/Digitone-Notebook-1v40

88.Moving from subtractive to FM synthesis : r/synthesizers - Reddit, accessed 
March 6, 2026, 
https://www.reddit.com/r/synthesizers/comments/8siawj/moving_from_subtracti
ve_to_fm_synthesis/

89.Gforce Software Halogen FM review and sound demo: the zero programming FM 
Synthesizer - SYNTH ANATOMY, accessed March 6, 2026, 
https://synthanatomy.com/2025/06/gforce-software-halogen-fm-review-and-
sound-demo-the-zero-programming-fm-synthesizer.html

90. Korg Opsix SE and Korg Wavestate Se Worth buying? : r/synthesizers - Reddit, 
accessed March 6, 2026, 
https://www.reddit.com/r/synthesizers/comments/1lr2urv/korg_opsix_se_and_kor
g_wavestate_se_worth_buying/

91.GrainTrain: A Hand-drawn Multi-touch Interface for Granular Synthesis, accessed 
March 6, 2026, 
https://www.nime.org/proceedings/2018/nime2018_paper0034.pdf

92. Designing Percussive Timbre Remappings: Negotiating Audio ..., accessed March 
6, 2026, https://nime.org/proceedings/2025/nime2025_66.pdf

93. 5. Auditory Interfaces, accessed March 6, 2026, 
https://www.cmu.edu/dietrich/psychology/shinn/publications/pdfs/2007/2007au

https://www.cmu.edu/dietrich/psychology/shinn/publications/pdfs/2007/2007auditoryinterfaces_peres.pdf
https://nime.org/proceedings/2025/nime2025_66.pdf
https://www.nime.org/proceedings/2018/nime2018_paper0034.pdf
https://www.reddit.com/r/synthesizers/comments/1lr2urv/korg_opsix_se_and_korg_wavestate_se_worth_buying/
https://www.reddit.com/r/synthesizers/comments/1lr2urv/korg_opsix_se_and_korg_wavestate_se_worth_buying/
https://synthanatomy.com/2025/06/gforce-software-halogen-fm-review-and-sound-demo-the-zero-programming-fm-synthesizer.html
https://synthanatomy.com/2025/06/gforce-software-halogen-fm-review-and-sound-demo-the-zero-programming-fm-synthesizer.html
https://www.reddit.com/r/synthesizers/comments/8siawj/moving_from_subtractive_to_fm_synthesis/
https://www.reddit.com/r/synthesizers/comments/8siawj/moving_from_subtractive_to_fm_synthesis/
https://www.scribd.com/document/789822102/Digitone-Notebook-1v40
https://www.reddit.com/r/synthesizers/comments/7hzduk/arturia_issued_the_dx7_v_an_emulation_which/
https://www.reddit.com/r/synthesizers/comments/7hzduk/arturia_issued_the_dx7_v_an_emulation_which/
https://www.kvraudio.com/forum/viewtopic.php?t=620386
https://www.kvraudio.com/forum/viewtopic.php?t=620386
https://www.internettattoo.com/blog/best-fm-synth-vst-plugins-free-paid
https://equipboard.com/posts/yamaha-dx7-the-synthesizer-that-defined-the-80s
https://equipboard.com/posts/yamaha-dx7-the-synthesizer-that-defined-the-80s
https://pubmed.ncbi.nlm.nih.gov/16501261/
https://www.perfectcircuit.com/signal/modern-fm-synthesis
https://news.ycombinator.com/item?id=29211854
https://news.ycombinator.com/item?id=29211854


ditoryinterfaces_peres.pdf

https://www.cmu.edu/dietrich/psychology/shinn/publications/pdfs/2007/2007auditoryinterfaces_peres.pdf

