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Abstract
This paper introduces Plétude, a game engine-based score merging
music notation, gaming, and improvisation into a single artistic
experience. Building on the evolution of graphic scores and digital
notation, Plétude presents non-traditional musical notation in the
form of a video game where performers use acoustic instruments
to control an on-screen avatar. Players navigate a two-dimensional
game space to collect points, avoid enemies, and interact with allies
and power-ups. Its four-note control system, inspired by early ar-
cade games like Pac-Man, and its visual design, rooted in modernist
abstract art and visual music, fuse gaming and musical expression.
This paper situates Plétude and other game engine-based scores
within the broader history of music notation and its relationship to
the visual arts, examining how game elements such as goals, rules,
constraints, and conflict function as musical notation. It then delves
into the design, mechanics, and technical implementation of Plétude,
alongside its artistic influences. Finally, the paper discusses recent
performances and player experiences, emphasizing Plétude’s acces-
sibility and ability to foster improvisation and collaboration among
musicians of all skill levels. Plétude offers a paradigm for interactive
and participatory music-making, challenging traditional notions of
composition and performance while opening new possibilities for
interdisciplinary artistic practice.
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1 Introduction
Music notation is a centuries-old artform whose evolution reflects
the cultural, theoretical, and technological advancements of hu-
man history. From the earliest symbols used by ancient societies,
such as in the Seikilos Epitaph [6] or the Musica Discipline trea-
tise [2], to the intricate systems we use today, music notation has
served as a tool for communicating and preserving musical ideas
across generations. In its traditional form, music notation is a fixed
blueprint for performers, dictating specific pitches, rhythms, and
dynamics. In other forms it serves as a flexible guide–a tool that
structures spontaneous musical creation–and a musical forway into
the visual arts. The idea of improvisation in notation, with aleatoric
or chance-based instructions, has been a central feature of many
musical traditions, particularly in non-Western classical music, jazz,
and contemporary and experimental genres [29]. Here, notation
can display an ‘openness. . . an indefinite reserve of meanings’ as
performers are encouraged to continually reinterpret the music
[12].
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The development of graphic scores in the 20th Century afforded
new possibilities for notating music performance and improvisa-
tion. These early graphic scores often abandoned the conventions
of staff notation altogether, using abstract shapes, lines, and images
to convey musical ideas. The final products were both inventive
musical compositions and dynamic visual art works, many of which
drew on modern and abstract expressionist art [28]. Many com-
posers of this century were affiliated with contemporary visual
art movements of their time and challenged traditional Western
constructs of notation.

In the digital era, music notation has taken on a variety of iden-
tities, evolving far beyond its traditional role as a blueprint for
performance. Today, it encompasses everything from interactive
score systems [38] to animated music notation [18], pushing the
boundaries of what notation can be as a musical art, technologi-
cal tool, and visual artform. Cardew once described a music score
as ‘a logical construct inserted into the mess of potential sounds
that permeate this planet and its atmosphere’ [7]. This definition
resonates deeply with Varèse’s conception of music as simply ‘orga-
nized sound’ [34]. Both perspectives highlight the nature of music
notation today ‘as a field of possibilities, an explicit invitation to
exercise choice’, which extends beyond staff notation to embrace a
wide array of tools, techniques, and mediums [30].

From graphic scores that use original abstract visuals to con-
vey musical ideas, to real-time interactive systems that respond
to performers’ input, notation has become a fluid and adaptable
framework for organising sound. The progressive departure from
the fixed, prescriptive nature of Western notation signals a funda-
mental shift in how music is experienced and produced, where the
boundaries between composer, performer, audience, and artistic
disciplines blur.

1.1 Games and Music
More recently, advancements in game engine audio have allowed
for interactive musical composition games with acoustic instru-
ments. This turns game engines into tools where music notation
and structured gameplay coalesce. Gaming and music have many
of the same characteristics, and the symbiotic relationship between
them has spawned fields of study over the past several decades,
including ludomusicology [9]. Furthermore, the importance and in-
fluence of music and sound design on video games, and vice-versa,
is of increasing interest in commercial and academic spaces as an
established artistic discipline.

Goals in both games and music serve as guiding principles that
determine structure and direction. In games, goals often involve
achieving a win-state, completing optional tasks, or exploring open-
ended challenges [21]. Juul suggests that a goal in its simplest form
is ‘a specific achievable state of affairs’, with quantifiable outcomes
that are designed to be beyond discussion [20]. This emphasises a
fundamental distinction between musical compositions and games.
While games emphasize the attainment of predefined objectives,
rule-based music compositions often focus on the aesthetic and
interpretive process of notation. According to Smith and Saunders
Smith, ‘rules create a formal identity for a game’, defining permissi-
ble actions and constraints [37]. In the context of music notation
using game engines, these rules serve as compositional tools, and

the final product a form of music notation. Constraints, in both
domains, act as creative limitations that drive innovation. In games,
constraints can include time restrictions or movement boundaries,
while in music, they manifest as harmonic or rhythmic limitations.
These constraints encourage participants to explore creative so-
lutions and develop unique artistic expressions within the given
parameters.

However, key differences remain between games and rule-based
compositions. The presence of conflict, as Crawford suggests, is
intrinsic to games, where rule-based compositions may embrace
ambiguity and open-endedness, allowing for interpretive freedom
rather than definitive outcomes [10]. Many game pieces have been
created that feature qualities such as goals, rules, and conflict. Ian-
nis Xenakis describes the notion of ‘external conflict’ in the book
Formalized Music demonstrated by his compositions Duel(1958-59)
and Stratégie [41]. He also defines a ‘degenerate game’ as ‘one in
which the parties play arbitrarily following a more or less impro-
vised route, without any consideration for conflict, and therefore
without any new compositional argument. This is a false game.’
Many of these latter works center around notions of chance and
indeterminacy, rather than more explicit game elements defined
above.

These ideas have been applied in recent years to video gaming,
melding with ludomusicology in new ways. By leveraging game
elements such as goals, rules, and constraints, composers can create
new paradigms of musical notation that transcend current systems.
Huizinga describes games as ‘a temporary world within the ordi-
nary world, dedicated to the performance of an act apart’ [19]. This
notion aligns with the potential of game engines to serve as immer-
sive environments for musical exploration, where the interaction
between the player and the system constitutes both notation on its
own terms and an artistic discipline in its own right.

2 About Plétude
This section presents and documents a new work called Plétude, a
portmanteau of ‘play’ and ‘étude,’ a musical score and video game
that provides instructions by which to make music. Players can
produce pitches using any pitched instrument, though use of an
acoustic musical instrument is standard. Its feature extraction does
not distinguish the source of the pitch, so a guitar, a violin, or the
human voice can perform simultaneously using an external mono
or stereo microphone setup, or one internal to the device used to
play the game. For beginner musicians, it assists in the development
of rudimentary note recognition. For more advanced musicians, it
is a framework for improvisation and ensemble collaboration.

In his introduction to Music Video Games: Performance, Politics,
and Play, Michael Austin sets the parameters for a video game’s
inclusion in the ‘music video game’ category. Music video games
are games whose formal elements are ‘musical in nature’, including
forms of interactivity that involve matching rhythm, mixing audio,
making original music, allusions to music making or history, or a
mixture of these [3]. One view of Plétude is that it is a gamified piece
of music, using the definition by Deterding et al. as ‘use of game
design elements in non-game contexts’ [11]. However, rather than
gamifying music performance or improvisation, Plétude employs
game elements as compositional and notational tools within the
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context of a game engine. For the purposes of this paper, we employ
the term ‘game engine-based score’ in reference to Plétude and
works like it. While using a game-engine is not a prerequisite for
inclusion into this category, we feel that it helps address the growing
convergence of interactive media andmusical composition in recent
years.

In game engine-based scores, the inclusion of ludomusicology’s
aforementioned principles helps to distinguish this category of
works from animated notation and music-making software [1], or
music video games wherein the game itself is an instrument, like
Simon or Mario Paint [3]. Instead, the open-ended and improvisa-
tional nature of game engine-based scores like Plétude more closely
resemble Brian Eno’s conception of generative music, wherein com-
posers and performers are gardeners rather than architects [27].
Barrett proposes a similar idea he terms ‘seeded improvisation’ in
which a general musical framework (in some form of musical nota-
tion) integrates improvisatory passages that liberates a performer
to improvise in a way that ‘give[s] rise to musical phenomena that
are unlikely to come about as a result of either precise notation or
free improvisation’ [5]. In generative music and seeded improvi-
sation, freedom and uncertainty are the foundation of the musical
and creative outcomes.

Additionally, this freedom places increased significance on the
social aspects of music making, which Small refers to as musicking
[36]. Small states that the ‘essence of music lies not in musical
works but in taking part in performance, in social action.’ Music
notation that relies on visually intuitive and open-ended cues al-
lows for greater flexibility in performance, permitting musicians to
interpret or even create parts of the score without adhering to strict
predetermined structures [17]. It also aligns with the increasing
influence of non-Western musical traditions that value improvisa-
tion [26]. Rather than simply serve as a tool for reproducing the
composer’s intentions, notation has increasingly been seen as an
invitation to participate in the act of creation, and the role of the
composer has been increasingly decentralised.

2.1 Background
Most commercial music video games, such as Guitar Hero, use
structured systems ofmatchingmusical cues to imitate performance.
Players follow instructions or mock tablature and are judged on
accuracy rather than creativity. Even with games such as Rock
Smith that use a real guitar, they prioritize imitation over artistic
expression, penalizing improvisation and players’ creativity. Other
games focus more on musical expression by allowing players to
trigger musical events, such as Rez, Otocky, and Electroplankton,
but these events are often quantised to a grid and do not allow
deviation from it [22]. To use Austin’s term, Plétude is more like a
‘making’ game, where the key musical skill required to make music
is improvisation.

Juul describes three categories of goals in games: obligatory
goals, optional goals, and no goals [21]. Game engine-based scores
like Plétudemay involve any combination of these goals, and Plétude
specifically offers players the option to decide their own goals. The
resulting music is dependent upon the interaction between the
players and the game, mediated by the rules, goals, constraints, and
conflict present in the system. This includes a ‘no goals’ approach

in which the player sets a purely aesthetic goal for themself without
consideration for the measured goal of Plétude: a high score.

There are an increasing number of musical compositions and per-
formances that incorporate gamified elements. In 2022, theGamified
Audiovisual Performance and Performance Practice research project
presented almost twenty (20) works by composers and multimedia
artists that are "ludified" (also the name of the book documenting
these works) [8]. Prior to this, there are few known works that fall
under the category of game engine-based scores, and even fewer
that are commercially available. Games such as Wulfson’s LiveScore
feature software that allows network streaming of real-time no-
tation delivered to one of several client computers [4]. The piece
consists of this real-time notation system set up for audience con-
trol, and the resulting music is dependent upon the interaction.
Dongen’s Cello Fortress is a game played with up to four people
on cello that controls tanks and destroys objects by shooting them
[23]. In this game, consonance and dissonance, alongside timbre,
control many different aspects of the game. Similarly, Celestia is a
vocal interaction music game that detects pitches to trigger visual
events [35]. Paul Turowski has also made significant contributions
to the field with works such as Hyperions and Frontier [39]. These
games, using standard and pitch class notation (i.e. ‘A’ or ‘Bb’),
feature an additional explorative element, allowing players to move
and choose for themselves where they would like to go without
immediately failing an objective or losing points.

2.2 How to Play
Plétude resembles that of some of the earliest arcade video games,
like Pac-Man or Dig Dug. In these games, a joystick allows the
player to move an avatar around a two-dimensional game space in
an effort to win points. In the case of Pac-Man, the player navigates
a maze where Pac-Man eats dots representing points, eats fruit to
earn additional points, and avoids ghosts that take away one of Pac-
Man’s ‘lives’–or a limited number of chances to complete the game.
Plétude draws inspiration from Pac-Man’s four-way navigation. In
Plétude’s two-dimensional game space, players control an avatar
to collect points, avoid enemies, and interact with power-ups and
allies. A diagram of the user interface is shown in Figure 2.

The avatar’s movement is guided by four musical notes posi-
tioned like a D-pad: to move north, south, east, and west, players
must play the corresponding note on their instrument. To move
diagonally, the performer may alternate playing two notes that are
adjacent on the D-pad (for example, north and east) or play these
two notes them simultaneously. Plétude supports any number of
performers simultaneously, encouraging a ‘flexible score’ style of
performance [31]. The interactions between performers create rich
and engaging musical outcomes, as the game elements—such as
rules, goals, constraints, and conflict—manifest in the interplay be-
tween players. Game elements in Plétude, such as allies, power-ups,
and enemies, are shown in Figure 3 and Figure 4.

Performers collect orbs that are each worth 150 points. When
the performer comes in contact with an enemy, either by poorly
controlling the avatar, or because an enemy pursues and strikes
the avatar, the performer loses 50 points. Four (4) power-ups grant
the avatar temporary special abilities. One is growth, which makes
the avatar larger. This can be beneficial for collecting points more
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Figure 2: Plétude’s user interface showing pitch class and
spectral feature controls.

easily, but makes it more difficult to evade enemies. One is invin-
cibility, which makes the avatar impervious to enemies. Another
is the multiplier, which makes all points worth 300 points. The
final power-up is boost, which increases the top speed of the avatar.
The last game element is the allies (Figure 3). When collected, the
allies can do two (2) things to assist the avatar: first, they can move
independently to collect points that are near the avatar; second,
they can act as barriers between the avatar and enemies, protecting
players from losing points.

Figure 3: Allies and power-ups in Plétude.

An example of avatar movement is shown in Figure 4. To the
east is a G indicating that playing that note will move the avatar
east. In that direction is an orb worth 150 points. The performer,
in order to collect that orb, needs to produce a G note to move in
that direction and collect the orb. Perhaps they do this with a piano.
As long as the note G is produced, either by repeatedly striking

the key on the piano or by sustaining the note using the sustain
pedal, the avatar will continue moving in that direction. As the
performer moves around the game space, they may notice an orb
northeast that they want to collect. East of the screen is the note G,
and north is the note G#/Ab. To move diagonally toward the orb,
the performer may alternate playing the two notes or play them
simultaneously.

Figure 4: Avatar collecting orb worth 150 points in Plétude.

2.3 History of Plétude
Franklin developed Plétude (originally titled Orb) using Cycling
‘74 Max in early 2023. The first iteration relied on Jitter, Max’s vi-
sual programming language, which provides basic rendering and
physics capabilities but lacks features such as scene trees or file
hierarchy systems commonly found in game engines. Jitter was
selected due to its compatibility with PnP.Maxtools, a real-time
feature extraction library available through the Max Package Man-
ager [16]. By its debut at the Hodgkins Black Box at Louisiana State
University in July 2023, the game had been renamed Horde, with
game elements depicted as insects designed by Nick Barrett. Horde
was performed in a tournament at the Goodwood East Baton Rouge
Parish Library, featuring several ensembles of musicians—ranging
from library patrons to professionals—competing to achieve high
scores using instruments such as guitar, piano, kalimba, cello, elec-
tric saxophone, and more. Subsequent performances reverted to the
titleOrb and its design. These performances included a presentation
at the Cincinnati Conservatory of Music in 2024 and a performance
at the Royal College of Music in Stockholm in March 2024. The
game is now referred to under its current title, Plétude.

2.4 Technical Design
Fernández-Cortés suggests that in order to understand the nature
and values of video games, it is necessary to consider the technical
means by which they are reproduced and the restrictions or tech-
nical possibilities of the devices in which they are implemented
[15]. There are several potential methods for creating the kind of
interaction presented in Plétude. Real-time pitch detection generally
falls into two categories: time and frequency domain extraction.
For example, an FFT-based chromagram algorithm could be imple-
mented to detect the relative strength of pitch classes that could
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be used to move an on-screen avatar. A chromagram is a spectral
representation in which the frequencies are mapped onto a lim-
ited set of values in a ‘many-to-one’ fashion, such as the twelve
chromatic notes of an octave [32]. However, the efficacy of this
approach is a tradeoff between frequency resolution and latency in
a real-time context, given the linear nature of FFT-based analysis.
Autocorrelation is a well known method for time domain analysis.
Others operate in the time domain by using wavelets [25]. This list
is by no means an exhaustive one, and new, more efficient methods
are still being explored.

In Plétude, pitch detection uses four (4) resonant bandpass filters
[24]. These are implemented in Godot using the standard equation:

𝑦 [𝑛] = 𝑎0 ∗ (𝑥 [𝑛] − 𝑟 ∗ 𝑥 [𝑛 − 2]) + 𝑏1 ∗ 𝑦 [𝑛 − 1] + 𝑏2 ∗ 𝑦 [𝑛 − 2]

where r, b1, and b2 are parameters calculated from the input center
frequency fc and Q, where Q = fc/bandwidth. The center frequency
of each filter corresponds to the frequency of the notes that repre-
sent the cardinal directions on screen, within the fourth octave (C4
to B4). Given the single-octave scope of each filter, the bandwidth
can be adjusted anywhere from 12-24 per filter for best results.
From here, two (2) FFT-based pitch shifters are used to shift higher
and lower octaves into the range of the fourth octave. The absolute
amplitude value of each bandpass filter is calculated and used to
determine which direction the avatar will move. This means that
playing louder results in faster movement, and intonation, while
not explicitly measured, is still relevant to movement speed. In total,
Plétude works with sounds spanning four (4) octaves from C2 to
C6, making it compatible with most pitched instruments, such as a
guitar or clarinet.

This architecture is efficient enough to run on modern mobile
devices and computers, and the artifacts created by pitch shifting do
not reasonably affect the outcome of the analysis. In addition, onset
detection and spectral energy are used to control a number of differ-
ent operations in the game. Beyond this, other music information
retrieval techniques could be used to create new interactions.

Older versions of Plétude use the roughness and depth features
from the PnP.Maxtools library [16], which are based on the Vassi-
lakis and Fitz [40], and Pearce et al. [33] models, respectively. The
most current version is more simplified, displaying only amplitude
and spectral energy meters on the screen. Other features, such as
onset detection used to determine note density andmore that can be
computed from an FFT operate in the background. This change was
based on player suggestions, who quickly became confused if they
could not produce a sound that registered on the meter for a given
feature. The depth feature, which calculates the ratio of energy
between 30Hz and 200Hz compared to all energy up to the Nyquist
frequency, was especially difficult for certain mid- and high-ranged
instruments to activate, further contributing to confusion.

2.4.1 Musical Pitches. The pitch class sets used for Plétude com-
prise all qualities of seventh chords, and some sets featuring addi-
tional sonorities such as quartal, quintal, secundal, and whole tone.
The sets during the game change after a few orbs are collected,
keeping the players engaged and the music progressing throughout
the duration of the game. The pitch class sets change according
to very loose common-tone rules, meaning at least one pitch from
the previous set is preserved in the new set, creating a sense of

continuity between chords while allowing players to engage with
new patterns to which they have not been previously exposed. All
of the sets imply a scale that can be used to produce hidden notes.
For example, if the north pitch is C and the east pitch is E-flat, play-
ing a D can be used to move northeast and can help firmly ground
the tonality of this section as C minor. However, D-flat could also
be played, given the bandpass filter bandwidth, and could equally
imply an A-flat major scale. Players can toggle on and off specific
chord qualities in the settings, for instance, removing everything
except fully diminished 7th chords to practice playing minor 3rds.

3 Art and Visual Design
Zagal’s concept of ludoliteracy underscores the contextual rela-
tionships between games, both digital and analog, emphasising the
importance of understanding the conventions and design decisions
shaped by their influences [42]. These decisions are often informed
by mechanics borrowed from related video games or inspired by
analog games that serve as foundational references. In the case of
Plétude, its conventions and design elements are influenced by both
graphic scores and modernist abstract art.

As previously noted, Plétude’s gameplay mechanics are heavily
inspired by Pac-Man, which provides a useful analog for understand-
ing its basic functions and controls. However, Plétude’s minimalist
visual design draws on the aesthetic principles of early 20th-century
graphic scores, reflecting a connection to modernist visual art. For
instance, the first graphic scores of the 20th century were deeply
influenced by contemporaneous visual art movements. Morton Feld-
man’s Projection 1 (1950), for example, exhibits clear parallels to Piet
Mondrian’s Broadway Boogie Woogie (1942), as shown in Figure 5.
He was also known friends and associates with other contemporary
artists, the abstract expressionists, such as Mark Rothko.

Plétude’s design evolved organically to resemble early modernist
graphic scores and abstract art. Then, these works were deliberately
drawn upon to perfect the visual design of Plétude, including works
by Kandinsky and Klint (Figure 6). For example, the essential shapes
in Plétude’s design are circles and squares, and its color scheme
combines primary and tertiary colors to create a sense of vibrancy
and tension.

In 1968, John Evarts reflected on four decades of graphic scores,
noting the growing emphasis on their visual aesthetic [14]. He ar-
gued that some graphic scores represented a composer’s ‘fantasy. . .
exceed[ing] the extravagances of the music itself’ and questioned
their longevity. He pondered whether they would continue to pri-
oritise visual aesthetics, or eventually adopt a standardised form
‘understood equally well in Buenos Aires, Rome, Cleveland, or
Moscow’–a lingua franca akin to Western notation.

Decades after Evarts’ hypothesis, and over a century since the
emergence of the first graphic scores, scholars in music and art
history have extensively examined the relationship between vi-
sual imagery and music. Western music notation, understood by
musicians regardless of language, is itself a constructed system
of lines, points, and negative space. Its abstract symbols—clefs,
notes, rests, and so on—are described and defined in many ways by
many scholars. In their article ‘Visual Music,’ Smith and Saunders
Smith describe notation as an ‘alphabet’ of musical communication
[37]. They argue against the creation of another such alphabet for
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