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ABSTRACT

Rhythmic sight-reading forms a barrier to many musi-
cians’ progress. It is difficult to practice in isolation, as it
is hard to get feedback on accuracy. Different performers
have different starting skills in different styles so it is hard
to create a general curriculum for study. It can be boring
to rehearse the same rhythms many times. We examine the-
ories of motivation, engagement, and fun, and draw them
together to design a novel training system, RhythmTrain.
This includes consideration of dynamic difficultly, gamifi-
cation and juicy design. The system uses machine learning
to learn individual performers’ strengths, weaknesses, and
interests, and optimises the selection of rhythms presented
to maximise their engagement. An open source implemen-
tation is released as part of this publication.

1. INTRODUCTION

Sight-reading is the ability to understand and perform a
piece of written music without having seen it prior [1].
All instrumentalists need skill at rhythmic sight-reading,
and an analysis of errors in sight reading [2] suggests that
‘more than half of errors made by performers were er-
rors in rhythm’, which is the task addressed by the present
study. Practicing sight-reading can often be dull and time
consuming, so many individuals find it difficult to stay mo-
tivated and engaged [1]. It is thus important to find new
ways to increase motivation to practice rhythmic sight-reading.

RhythmTrain is an open-source mobile game, aiming to
aid users in their practice of sight-reading rhythms in clas-
sic western music notation. RhythmTrain builds on, col-
lates, and embodies existing research to include game fea-
tures that aim to motivate users and eliminate some of the
tedium that can often come with practicing sight-reading.
To cater to different users, a probabilistic approach has
been taken to adjust the difficulty of the rhythms on a user-
by-user basis.

2. DESIGN CONSIDERATIONS

2.1 Concepts

The main barrier to learning sight reading is motivation to
practice it, so we assume that there is a strong correlation
between learning and time spent [3]. Motivation has been
studied in the following theories:

Intrinsic and extrinsic motivation [4] are two forms of
motivation. Intrinsic motivation is doing something for its
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Figure 1. Images from RhythmTrain showing the landing and game
screens

inherent satisfaction, such as practicing sight reading be-
cause you’re interested in being better at it; Extrinsic mo-
tivation is doing an activity as a result of external factors
and rewards, such as practicing sight reading in order to get
paid more for performances. Intrinsic and extrinsic mo-
tivation may have complex interactions rather than addi-
tive effects [5]. For example, introducing extrinsic rewards
may have a negative effect on intrinsic motivation if they
make individuals feel incompetent and don’t feel an inter-
nal locus of causality (whether someone feels the cause for
an event is internal or external). Goal-Setting Theory [6]
of motivation suggests that task performance is increased
when intermediate goals are set which are specific, chal-
lenging but attainable.

Flow is a state where a player is having an optimal expe-
rience [7]. They may lose track of time and self and show
a high engagement [8], something desirable for practicing
sight-reading. Flow is associated with challenging activ-
ities requiring skills, a merging of action and awareness,
clear goals for the player, immediate feedback on actions,
the need for concentration on a task. Fun has been argued
[9] to arise in games from mastering a series of problems
at the margin of ability.

2.2 Tools

The following techniques when used appropriately can be
used to apply the above concepts in game design. Most
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musicians lack intrinsic motivation for sight reading prac-
tice and tools can add extrinsic motivations to compensate.

Challenge, when offered at the correct level, is an im-
portant to flow, fun and motivation. An internal locus of
causality is likely to be lost if the player feels their suc-
cess or failure is due to incorrect difficulty. If something
is too hard, they won’t feel competent. If it’s too easy,
they don’t learn. Low difficulty [10] may result in bore-
dom and extreme difficulty, anxiety and ‘switching off’.
Dynamic difficulty adjustment (DDA) is a means to com-
bat this. For it to be successful [11], a game must track
the player’s ability and adapt to it quickly, be able to bal-
ance in accordance with the players skill and not be clearly
perceived by a player, with previous game states being co-
herent with successive ones.

Gamification is the application of engagement-increasing
and extrinsic motivation techniques found in games – espe-
cially video games – to serious tasks such as skill training.
Games have been defined [9] as ‘exceptionally tasty pat-
terns to eat up’, with sight-reading an ideal candidate to
gamify because this definition may apply equally well to
musical patterns. Points (scores) are often a numeric rep-
resentation of a players performance to provide feedback
and draw attention to a task [12]. The immediate feedback
on actions will help with flow. Leaderboards rank play-
ers in relation to one another (usually based on points) in
a table like structure. A player will compare to those per-
forming better which can motivate individuals to improve,
though for some this may induce feelings of incompetence,
or those performing worse making players feel more com-
petent and lifting their self-esteem [13]. A study found
that neither comparisons would reliably decrease players
enjoyment. Badges (achievements) have a name, comple-
tion requirements and a visual reward [14] as an extrinsic
motivator providing users with the ability to set themselves
structured goals to facilitate some of the benefits afforded
by Goal-Setting Theory. A study was conducted [15] to
ascertain whether badges increase the use of an interna-
tional peer-to-peer trading service and demonstrated that
users were more likely to use the service after badges were
introduced.

Juicy design [14] is the idea that positive player expe-
rience can be induced via large amounts of audio-visual
feedback (Visual Embellishments, VE’s) caused immedi-
ately by the player’s actions. For example, in a space in-
vaders game, the player is rewarded for firing a shot by
a flash and a bang, regardless of whether the shot hits an
alien. Juicy design has been shown to improve players’
perceived competence despite no change in performance
and can contribute to flow while offering positive feedback
on actions that will help with motivation. [16].

2.3 Related work

It has been suggested that games can provide a ‘spoonful of
sugar’ for musical exercises that might otherwise be dull.
Tone Deafener [17] allows players to control a game us-
ing an acoustic musical instrument, using pitch detection
to establish whether a player is playing the correct notes.
Informal user reports suggested they felt it improved their
sight-reading skills. PracticeCactus [18] is a mobile app
used by piano players to support practice. It uses acous-
tic analysis to detect when a student is playing piano and

records how many minutes an individual has played for
over a 24 hour period. If a student meets their self-set
daily target for practice, then the application generates a
notification on the community page for all users to see to
demonstrate an individual’s efforts. A study reports that
notifications elicited positive responses.

3. DESIGN

RhythmTrain, shown in fig. 1, runs as a mobile app. It
plays an mp3 song and presents users with a series of pro-
gressively harder rhythms in classical notation, which they
must tap in time with the music until they become too dif-
ficult and the user fails. A session is divided into stages
that increase in difficulty as a user performs rhythms cor-
rectly to provide immediate feedback when a player per-
forms consistently well. The game also offers training
rhythms selectable by the user, for example they may want
to work specifically on common baroque, romantic, or jazz
rhythms as occurring in the canon for their particular in-
strument. The above tools of flow, gamification, and juicy
design are applied to increase engagement, fun, and learn-
ing as follows.

3.1 Dynamic Difficulty Adjustment

Define the difficulty of rhythm R for user U by pR,U =
P (S|R,U), the probability that they will succeed (S) at
performing it. Success is defined as U performing more
than 70 percent of notes and rests of R correct. A note
performance is defined as correct if tapped within approx-
imately 1/10 of its duration from its score position, and
a rests performance is defined as correct is its left silent
within similar bounds.

We cannot know a difficulty exactly, but we can infer be-
liefs over it, modelled as a Beta (β) distribution [19]. We
do this by fusing three distributions, which are also Betas.
It is useful here to consider Beta distributions as parame-
terised by N , the number of real or virtual observations,
and K, the number of these observations which are suc-
cesses.

First, we assume that each user has an overall skill level
which contributes a rhythm-independent prior,

P (pR,U |U) = β(Ns,Ks)

We assume that skill can change over time, including within
a game, due to training. Indeed improving skill is the
whole purpose of the system. Ns and Ks are obtained as
actual counts of the user’s performance over all rhythms,
over recent historical games and the current game.

Second, we assume that each rhythm has an inherent and
unchanging complexity which contributes a user-independent
prior,

P (pR,U |R) = β(Nc,Kc),

where Nc and Kc are psuedo-counts which may be esti-
mated for each rhythm using any simple heuristic function.
We currently fix Nc = 10 which controls the strength of
the prior (found to work well empirically) and score Kc

heuristically from 0-10 for each rhythm by considering the
number of notes and their average locations relative to beat
positions.



Third, we may have actual recent observations of the user’s
performance on the rhythm: No andKo the observed num-
bers of attempts and successes respectively. These con-
tribute the likelihood,

P (pR,U |No,Ko) = β(No,Ko).

The difficulty posterior is then given by the Bayesian fu-
sion (⊗),

β(Ns,Ks)⊗ β(Nc,Kc)⊗ β(No,Ko)

= β(Ns +Nc +No,Ks +Ks +Ko).

The form of the Beta distribution and choice of parame-
terisation makes this especially simple and fast to compute,
as fusion can be performed by keeping a running total of
N and K. This is important for real-time updating.

Recency is important in both the rhythm observations and
the skill level. Heuristically, we make use of only the lat-
est 10 performances of a rhythm as its observations, and
the latest 5 full games’ data for user skill. This is because
both user overall skill and performance at each particular
rhythm are assumed to increase over time.

Rhythm selection is performed according to the theories
of flow and fun which suggest that users will be most en-
gaged when working within the margin of their skill. To
enable this, we choose a high but non-unitary target prob-
ability of success, such as 0.95. After each bar, we update
the posterior belief for each rhythm’s difficulty. Usually,
we select the next rhythm as the one whose expected dif-
ficulty (mean of the posterior) is closet to the target. This
works well to ‘exploit’ [20] good inferences about the dif-
ficulty of each rhythm for the user, once they are available.
But an additional ‘explore’ mechanism is needed to obtain
these inferences. Currently, a heuristic annealing schedule
is used at the start of the game which chooses whether to
exploit or explore. To explore, the rhythm with the widest
Beta belief is greedily selected in order to learn more about
it. After the annealing schedule completes, all selections
are exploits. New rhythms continue to be selected as the
user’s skill increases from the training, bringing previously
too-hard ones closer to the target difficultly.

3.2 Gamification

RhythmTrain implements a badge system (referred to here
as challenges). These challenges can be undertaken at any
time and progress toward challenges will happen passively
as a user plays. A menu accessible via the landing screen
shows progress on unlocking badges and the ability to check
the requirements for completion. Players can show off
their achievements by choosing a badge to display next to
their name on the leaderboard.

The game is divided into numbered levels with different
songs and different color backgrounds, these act as an ad-
ditional form of achievement as they are unlocked in series.

Points are earned through hitting notes successfully and
are used to rank players on the leaderboard. The leader-
board implementation in RhythmTrain facilitates both up-
ward and downward comparisons in almost equal measure.
Players will be placed at position 5 of 10 on the leader-
board where possible. It was decided that players should
not be able to scroll through the leaderboard: this shields

Figure 2. Images from RhythmTrain showing the badges (called ‘tro-
phies’ in game) and requirements for achievement screens

players from demotivation from comparison of their abil-
ity to those who are higher, whilst encouraging motivation
from competition with nearby players who are beatable.

The game features a health bar (fig. 1, below ‘stage 2’)
which rises on successful performance and falls with failed
performance. The game is over when this bar reaches zero.
The duration of play thus acts as an additional, intuitive
form of points system.

Additional features include a star rating system for each
song, the progressive unlocking of new music via play, a
levelling and XP system, a series of call and repeat prac-
tice exercises for those new to rhythm sight-reading and a
read assist mode that spaces notes proportionally to their
duration.

3.3 Juicification

We have taken care to ensure feedback elements increase
immersion and feelings of competence. Audio cues con-
vey the state of the game to the player when they hit a
note successfully. A bass drum sound effect plays (inspired
by Guitar Hero’s cutting of the guitar track for missed
notes), rewarding players for success. This provides feed-
back for actions and involvement with what’s coming from
the speakers while showing users how close they are to the
beat. Notes react when either hit or missed to bring at-
tention to actions (fig. 3). As the progress bar drops low, a
low pass filter is applied to the music, suggesting the player
beginning to drown in water.

3.4 Software implementation

Implementation is based in Godot, an open-source game
engine with Python-like syntax and automatic packaging
for platforms including Android and iOS. New rhythms
and songs can be added via the creation and modification
of JSON files. A line spacing algorithm [21] is used to po-
sition notes on the stave but one limitation of the system is



Figure 3. Juicy animation frame sequences from a hit and missed notes.

a lack of algorithm for calculating beams between groups
of notes which must be defined in the JSON. All user per-
formance data is transmitted to and logged in a central Su-
pabase server [22], with only recent data used for the Beta
updates but all stored for future analytics.

Listing 1. Json Rhythm Sample
1 { "name": "Half and Rest",
2 "difficulty": 9, "id": 1,
3 "notes": [ {
4 "time": 0.5,
5 "name": "E4",
6 "beaming": "n" },
7 { "time": 0.5,
8 "name": "r",
9 "beaming": "n" }]}

4. DISCUSSION

While still a prototype and being relatively narrow in scope,
RhythmTrain offers a wide range of features and provides
a solid foundation for building upon. Though not experi-
mentally controlled, testing within the team and those around
them has been positive, with members of the team with
no prior sight-reading skill picking up the ability to under-
stand and tap out rhythms from playing and others noting
progression systems have positively affected their engage-
ment and player experience. Most report that unlocking
songs, and peer comparison of this progress, are important
to engagement.

Additional usability and work with onboarding is needed,
outside of a text screen when first creating an account, lit-
tle instruction is offered how on to play, and anecdotal ev-
idence suggests that the game would benefit greatly from
an interactive tutorial.

The game can support most common time signatures and
note and rest types. The current explore/exploit approach
to selecting a rhythm is heuristic and can result in rhythms
chosen that don’t fully maximise player enjoyment, though
internal testing reports that the current annealing schedule
is far more enjoyable than either a totally random set of
rhythms or a linear set of rhythms that increase in difficulty.

Future work could conduct empirical studies to evalu-
ate the systems for different types of user, also gathering
data on the relationship between rhythms to establish how
rhythms correlate with one another across a wide range of
users. This will allow us to make more accurate correlation-
based beliefs about rhythms previously unseen to new users.

For example, if a single funk rhythm is presented and suc-
ceeded this may be informative about the user’s likely skill
at simple funk rhythms and perhaps anti-correlated with
their performance at classical rhythms.

We invite the community to explore more detailed ma-
chine learning models here and to add them to the open
source system, and to analyse user data to study human
learning. The full source code and installable Android apk
for the project are available at: gitlab.com/HaMM4R/
RhythmTrainGodot.
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