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Abstract—Indie start-up studios often have very limited
resources to produce games. Audio production is a field with
few specialists compared to the other critical disciplines, and
as such are an expensive investment for development. There
is some research into automatic music generation, but it is
limited to very specific use cases. Tools built specifically
to assist small studios in music composition are limited
and not feasibly available, requiring significant tailoring
to make suitable for a game. Most deep-learning models
for general music generation do not have an automatic
evaluation method, as such a set of data to evaluate melodies
is not readily available. The experiments for this research
were conducted at Falmouth University to gather data to
help provide a step towards an evaluation method. This
study found that monophonic melodies with shorter steps
between notes were generally more effective than those with
larger pitch differences, appealing to a wider audience and
being more viable as a musical line. Melodies with greater
proportions of rests were found to have the opposite effect
of reducing the appeal of a melody line. Such data is
valuable when weighing what a melody requires from music
generation AI, and could lead to an independent fitness
function. This led to the conclusion that a gamified product
could be distributed to many users and could lead producing
a larger data set which could evaluate melodies with human
character. Such a data set could be used to improve any AI
model relying on a procedural set of rules.

I. INTRODUCTION

MUSIC production for indie studios is often a diffi-
culty, with little professional and academic devel-

opment in the field[1]. A survey from 2014 found that
per-project for indie studios, audio production cost $9,830
(£5,996.30 in 2014) [2]. Despite music production being a
critical part of game production, it has remained inacces-
sible for developers without a background or developed
skills in music or audio. This paper explores the use of
an artefact which can assist in producing music for games
and developing a data set for future evaluation methods.
Machine generated art content has met a boom in recent
years, and is proving to be an incredibly versatile tool
[3]. Despite not receiving the same level of academic and
industrial depth as AI image generation [4], AI generated
music content is growing steadily [5], so it becomes much
more possible to produce a reliable and viable music
generation AI for new video game studios. The study takes
place at Falmouth University, interacting with students
on games courses to understand a link between musical
intervals and the appeal of a monophonic melody through
creative listening exercises with participants, tested by
accumulating and analysing data from the use of a music
generation algorithm. The results found that some melodic

traits influence the appeal of it more than others. This
study proposes a method to provide data towards an
evaluation process that music generation models could
benefit from when analysing their produced melodies and
iterating upon them to make overall stronger results.

II. LITERATURE REVIEW

Algorithmic generation of music is a widely expanding
field of study. Recent papers published explored the uses
of such tools in improving quality of life for the elderly
by providing an accessible way of producing one’s own
music[6] or supplementing the music composition process
for users with a background or occupation in music [7].
Isolated music generation is also a topic of interest as it
measures the similarity of purely computer driven music
to human crafted music [8]. The findings in Liu et al [9]
suggest that algorithmic music based on a human motif
is met with positive responses from audiences interacting
with these products. Such studies expand on the range of
possibility in this area, and provide a tangible reference
to the scope and progress into this subject. Music is
an easily overlooked part of game production, and it is
most likely linear and looping. The boundaries of graphics
are constantly being pushed to achieve greater results.
To further push away from traditional composition is to
build a procedural tool which relies on live input from
a player’s actions and create novel tracks which accom-
pany the game’s progression [10]. The most appropriate
models for this task are often debated and usually not
discussed in depth together. In 2012, Mazurowski studied
two different methodologies with different algorithms and
explored them with accompanying artefacts. He concluded
that reinforcement based learning like those of genetic al-
gorithms was suitable as the path forward to investigating
algorithmic composition [11].

A. Interactive Generation

The effectiveness of methods used for generation of
musical phrases are a matter of debate. Genetic algorithms
are a common approach to such a task, but are criticised
due to a lack of reliability and being too resource intensive
[12]. Genetic algorithms are also praised for their ability
to produce appropriate and original works when used in
conjunction with other techniques [13]. One particular
study found favourable results in supplemental generation.
The machine took in a melody in MIDI format as a base,
and it took popular songs as an exemplar to produce a
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variety of accompanying chords. This is useful in compo-
sition procedures as it allows for fast experimentation and
selection, and a small sample of amateur and professional
audiences found that the generated results were enjoyable
by both [14].

B. Isolated Generation

The usage of more automated methodology for gener-
ating pieces of music has been criticised by Masuda and
Iba for producing pieces with very little control over them,
suggesting that the research into this was less effective
as a result [15]. A study supporting isolated generation
was also produced, arguing that it would provide more
inspiration for composers and that it would produce more
pieces much faster [16]. Games relying on a procedural
music system are also much more reliant on analysis
and parameters rather than user input. A study in 2012
investigated music generation at run-time based off of the
player’s experiences and it concluded that: this process
is rare and underdeveloped; that when developed further
could produce a non-linear music model during play for a
player [17]. Independent generation has been criticised,
however, as machines currently not considered to be
capable of thinking and therefore not capable of critical
thought. Art is a subjective field, and requires a process
AIs are not considered to possess [18]. Another study from
2018 has found as similar result, in that there is not yet
an AI which can critically appraise music or an algorithm
which can analyse a good piece [19] and must rely on a
set of hard-coded rules set by a human. This is one of the
gaps in data which this study aims to take a step towards
filling.

C. State of Genetic Algorithms

Genetic algorithms are a type of evolutionary algorithm.
Its character is attributed to the process of natural selec-
tion; an iterative method composed of selecting the best
solutions and generating upon them [20]. These character-
istics led to common use in optimisation problems, where
resource use could be too intensive, such as The Travelling
Salesman Problem. It reduces the need for many stages
in brute-force testing [21]. Genetic algorithms, however,
have some criticisms: the absolute best solution may
not be found; the algorithm may also tend towards the
wrong solution if it has marginally better performance
than the other solutions in the right direction [22]. Genetic
algorithms have a place in video game content generation.
Such methods are useful in producing similar yet distinct
level designs for games and often used at run-time to
produce an evolving experience for the player [23].

D. Procedural Generation in Games

Procedural generation is an excellent example of AI
generated content that is used in a games setting. It can
be used as an offline or online tool for producing novel
content for each player with minimal design input [24].
Such techniques are flexible, and can often be joined with
other AI methods to produce new and interesting results;
these tend to be more suitable for online generation due

to their ability to adapt [25]. Each procedural generation
function is usually bespoke - it must be tailored to each
studio and often requires extensive research to achieve
successful results [26]. Nevertheless, AI generated content
is a powerful tool in game production with a solid place in
the industry. Procedural music is much less common, but
the clear pattern of increased use in procedural techniques
suggests that an increase in interest is also emerging [27].

III. RESEARCH QUESTIONS

A. Do shorter intervals make up a better monophonic
melody?

Procedural generation relies on a set of rules and
processes to achieve a desired result. This set of rules
may be set by machine learning or by a person. Machine
learning generates its own understanding of how to achieve
a desired result by analysing a large data set. Such a
data set is difficult to acquire, and so the focus will be
on finding a possible set of rules that could be used as
a reasonable starting point for an independent evaluation
function.

This study will investigate how a melody’s intervals af-
fect how appealing it is for listeners, and how that data can
be applied. This will collect a viable criteria for generating
melodies for algorithms by having participants rate each
melody that is produced. Unlike machine learning from a
series of examples, this would give the algorithm a degree
of novel creation and immediate user input. By analysing
the data from melodies created by users via the use of
the artefact, it would provide an insight into what makes
an effective melody in a vacuum for use in procedural
generation.

B. Is there a particular ratio of notes to rests that is
effective for melodies?

Rhythm is a critical part of music, and it is often created
by varying the duration of notes in specific patterns.
Rhythm is also supplemented by having moments of
silence in the melody. An effective use of a rest is just as
powerful as a strong swell in music [28]. This statement is
only true if there is nuanced thought behind the decision
to include a rest, but the music generation algorithm isn’t
capable of knowing the correct place of placing silence.
This research question is posed to figure out if there is a
specific proportion of rests which benefits the music, as it
is an important part of evaluating a melody.

Using a similar process for the intervals question, this
study will analyse the number of rests within the melody
and plot it against the rating of the melody. The intervals
are ignored for this test, as they do not have an effect on
the rests.

C. Hypotheses

1) There is a positive relationship between short music
intervals and the quality of a melody: The structure of
a melody can be represented as a set of intervals - the
distances between notes. The study focuses on these in-
tervals as a way to measure the effectiveness of a melody.
The data collected from the experiment provided a large
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Hypothesis
Number

H0 H1 Statistical Test

1 There is no relationship between the
length of intervals and the quality of a
melody

There is a positive relationship between
the length of intervals and the quality of
a melody

Spearman’s R test

2 There is no relationship between the
amount of rests in a melody and its quality

There is a positive relationship between
the amount of rests in a melody and its
quality

Spearman’s R test

Fig. 1. Hypothesis table

quantity of melodies and ratings to correlate a relationship
between intervals and fitness. It is expected that shorter
intervals would make a better melody, as it would be easier
to sing and have a more natural flow. Wang et al [29]
suggest that shorter steps between notes leads to a more
effective melody, as it leads to a more natural melody for
singing.

The chosen statistical test for this was Spearman’s R
test, which would gauge the correlation between the num-
ber of given intervals and their corresponding rating. It was
selected because it accepts the discrete ordinal predictor
variable in this data set and can assess the relationship
between two variables. For the purpose of simplifying the
process of testing this hypothesis, the intervals have been
grouped into groups of short (less than a tritone/half an
octave) and long (tritone/half an octave or more) intervals.
The desired p-value for accepting this hypothesis would
be 0.05 or lower to indicate strong enough evidence.

2) There is a relationship between musical quality and
the proportion of silence within it: A melody is composed
of several beats, some of which are notes and some of
which are rests - moments of silence. The number of rests
within a melody can be plotted against its rating received
to gain an insight into the relationship between silence
and quality. Much like intervals, rests are a component of
rhythm as they can change the way the beat is delivered
in the melody. It can produce a syncopated feeling if it
breaks up the notes in a poly-rhythmic way.

Spearman’s R test has been chosen again for this, as we
are comparing ordinal discrete data against more discrete
data and want to learn of the relationship between them. A
p-value of 0.05 is desired for the purpose of establishing
evidence to support or refute the hypothesis.

IV. METHODOLOGY

The product is based on John Holland’s genetic method
[30], where chromosomes exchange genes to produce
new items. Using the two-point genetic merge function,
the melodies would be changed each generation, whilst
maintaining some character from before. The experiments
were all practical sessions involving participants to gather
data. The genetic algorithm approach was chosen as it is
useful as an evolutionary approach to music composition;
allowing participants to develop melodies over a series of
generations. This leads to a set of related melodies that
users can enjoy the growth of in a manner that mimics
melodic improvisation.

A. Agile Methodology

This study loosely worked as an Agile project; much
of the work was divided into features and was added
in specific phases. A time-bound plan was not solidly
constructed, as there were gaps in the development from
resource division. However, the primary features of this
product were delivered in sprints. Despite not being part
of a team project, the flexibility of Agile benefited the
project when gaps in development were encountered as the
incremental delivery and testing of features would prevent
stagnation and the overall development cycle was managed
more effectively [31]. The study was expected to change
over time as new discoveries were made and work escaped
scope, so this development lifecycle was also chosen as a
measure to prevent the loss of efficiency as the study took
form over time, with features gaining or losing priority.

B. Experimental Design

The purpose of this experiment was to collect data
on the traits of a good melody. Letting participants have
free use of the artefact will provide honest data because
they are trying to achieve a result which is pleasing,
rather than having to rate elements of the product. The
process collected observational data in the form of integer
arrays from continued generation of melodies without
being intrusive for the participants, who would provide
ratings for each melody in the form of integers from 0-
100. The method proved to be engaging for participants,
as they enjoyed trying to make better and better melodies.
The experiment was designed to spur creative thought
in participants, but there was not an expectation of any
strong interaction between users and the artefact. Those
participants who engaged the most provided more data
than those who engaged less, and also enquired most into
the research.

C. Artefact

The artefact1 is an open-ended product designed to
produce or assist in musical composition. The user can
listen to melodies generated by the algorithm and assign
to them a numbered rating. When the user regenerates
the melodies, the assigned ratings are the genetic fitness
for the purpose of breeding. Participants very quickly
understood the product, and engaged well with it.

1Artefact repository available here: https://github.falmouth.ac.uk/
MG246981/MG246981-Dissertation

https://github.falmouth.ac.uk/MG246981/MG246981-Dissertation
https://github.falmouth.ac.uk/MG246981/MG246981-Dissertation
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Fig. 2. Example of a one-point merge

The generation algorithm has an innate set of rules that
it must use to produce a basic melody and avoid atonality.
Its set of notes will only ever come from a configurable
music key and its duration will never exceed two bars.
This ensures that the first melody is, at a minimum, clean.
If the notes were completely random pitches, it would lose
sense and character. The tempo of the melodies can also
be adjusted to change the character of the melody. For the
duration of the experiments, the melodies were locked to
the key of C major and 120 BPM (beats per minute), so
that every test was controlled and does not discredit the
experiment conditions.

Each melody begins as an integer array, stored in button
object which can play back the melodies for users. Integer
arrays were the choice to store the body of the melody as
they would be much easier to manipulate with a genetic
algorithm and simpler to store. Maestro - Midi Player
Toolkit does not accept integer arrays for playback, so a
function with an adapter design pattern [32] was produced
to interpret it into a format which was usable by the
playback tool.

In use, this artefact presented six melodies with corre-
sponding sliders. These sliders would be used to rate the
melody from 0 to 100 by the user to give it a fitness rating.
Figure 3 shows an example of the user interface, with three
melodies and corresponding sliders. At start, six random
melodies are generated, and depending on the given rating,
will be paired with another and bred. The breeding is done
by John Holland’s method, which involves one-point and
two-point merges.

A slight bias may have been introduced as participants
were expecting better results each generation, and such
may falsely believe their later generations were better.
Very few participants chose to create a new generation
after listening to the initial population, and would often
develop the melodies from low scores (0-20) to higher
scores (50-80) when using the artefact. Participants would
also report, however, that the quality of their melodies
would drift after extended use of the product.

Fig. 3. Example of a two-point merge

Fig. 4. Example of user interface

D. QA and Testing

This study operated with a V-shaped testing model
[33]. This led to a sequential process of designing and
implementing features alongside testing in an Agile man-
ner. This model was selected as the thorough testing and
clear definition of requirements was beneficial to the way
the study was conducted. The design was abstracted first
and checked against the requirements of the study. If a
function failed during the testing phase, it would return
to the design phase, as problems within the architecture
are found and resolved, typically with a refactor. Each
primary function was tested on a per-feature basis, so
that development would not continue until the new code
would be sufficiently tested and functioning. The unit tests
as shown in the appendices were performed by manual
calculation and comparison.

An informal pilot study was conducted with some
colleagues to gain an informal appraisal of the suitability
of the prototype artefact for testing without collecting any
data. Multiple flaws were found with the initial design and
this led to refactoring and re-evaluating the experiment
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Fig. 5. The test plan model used for development

process. The non-deterministic nature of the algorithm led
to a non-linear set of manual unit tests for the primary
algorithm, and manual unit testing on the data collection
and analysis functions. Once ethical approval was secured,
some formal end-user testing was performed to ensure the
artefact was deployable to a larger group of participants.
Any input fields were either removed or changed for
discrete inputs, so that erroneous values were impossible to
input to improve the reliability of the artefact. By giving
participants access to only that which is relevant in the
artefact it removed any chance of accidental errors or
unexpected problems arising.

E. Refactoring

The product has undergone multiple refactors, iterating
upon the process to improve its capabilities and optimisa-
tion. The first attempt at the artefact was unsuccessful; the
attempt was to produce the entire product and capabilities
from scratch was too large a task in the space of time
that was available. The second attempt was logged in
the repository, and used Maestro - Midi Player Toolkit2

to sequence and produce sound. This package was a
challenge to implement with the algorithm, as the data
structure used for the notes was not well suited for the
genetic function of the product. This method of sequencing
and playing relied on a hard-coded set of notes and beats,
and was played in the Update() function in Unity. The
first refactor had the set of notes be selected from an
initial note, relying on the structure of a traditional natural
major or minor key [34]. The first set of genetic methods
was also implemented, and the product was usable outside
of a testing environment. It still had several issues with
playback and the architecture of the algorithm. The final
refactor saw the playback be reworked into coroutines,
which improved the potential of the artefact as it could
more robustly handle and play back melodies. The capa-
bility of multiple notes became available. As part of the
final refactor, the artefact environment limited user input
to very discrete options relevant only to the experiment.

F. Data Collection

The data collected from the first experiment is a usage
log of user melodies. It is headed by the user ID and the
date, then followed by the saved melodies and their respec-
tive rating. The participants are aware that the process is
there, but it is not intrusive and acts as a ”black box” for

2Maestro - Midi Player Toolkit available here: https://assetstore.unity.
com/packages/tools/audio/maestro-midi-player-tool-kit-free-107994

the user experience. This timeline of melodies was then
read by a function which could arrange the data in a format
which would make it possible to run statistical tests in
R. These formats were the rests within the melodies and
the intervals which made up the melodies. The bespoke
saving function stores the data in a way that is easy to
understand when glanced at even without additional data,
and provides a quick expectation of preliminary results
before more sophisticated data analysis.

The power analysis for this project was calculated
through GPower 3.1, and was used to calculate sample
size. Cohen’s effect size for Spearman’s r test was taken
as 0.3 - a medium-size effect in GPower [35], [36]. With
a value of α = 0.05 and β = 0.95, this gave a result of
115 in total sample size. The total sample of participants
was 24, and each participant gave a differing number of
observations. The total number of observations recorded
was 624. A larger group of participants was desired, but
an online deployment of this artefact would have required
a secure method for data collection which was out of scope
for resources and time.

G. Research Philosophy

This study took a positivist approach to the task. The
experiments were observational in nature; by allowing
participants to produce the melodies that they enjoyed, it
permitted this study to observe and analyse only what has
happened in an objective way. By applying a mathematical
approach to the music found in this study, it became pos-
sible to analyse patterns and possibly predict how people
appraise the appeal of a melody line. The quantitative data
allowed for a more grounded approach to the hypothesis
testing for the purposes of this study.

V. DATA ANALYSIS

A. Hypothesis 1

The statistical process for the hypothesis There is a
positive relationship between short music intervals and
the quality of a melody involved a careful distribution of
data. The collection of short intervals (less than a tritone)
and long intervals (tritone or longer) are plotted against
the rating they received. The grouping of short intervals
and long intervals ensures greater reliability as it reduces
the group sizes significantly. Major and minor variants of
intervals exist [37], but it is important to mitigate the large
number of possible groups in the data to reduce the spread
of data. This measures the quality of melodies with groups
of a particular proportion of intervals.

For hypothesis 1, the intervals must by collected from
each melody. Each melody is stored as an array of integers
with length 16. The difference between two notes is the
distance in semitones and that can then be interpreted as an
interval. Rests are ignored during this process. The interval
occurrences are the independent variable, and the rating is
the dependent variable.

B. Results

From the first experiment, all short intervals and long in-
tervals were compiled into groups and plotted them against

https://assetstore.unity.com/packages/tools/audio/maestro-midi-player-tool-kit-free-107994
https://assetstore.unity.com/packages/tools/audio/maestro-midi-player-tool-kit-free-107994
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Fig. 6. The group of short intervals plotted against rating received

Fig. 7. The group of long intervals plotted against rating received
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Fig. 8. The total number of rests per melody plotted against rating received

rating. With a LOESS line of best fit, a slight relationship
is visible between the number of short intervals and the
rating received in figure 6. Using Spearman’s r test, the
short intervals graph gave a p-value of 4.65e-10, and an
r value of 0.246. The long intervals graph gave a p-value
of 0.401, and an r value of -0.0337.

C. Hypothesis 2

The analysis process for the hypothesis There is a
positive relationship between the amount of rests in a
melody and its quality was similar to the one used in
hypothesis 1. It was simpler as it only involved one group
of data, and the relationship was surprisingly strong and
in the opposite direction to what was expected as seen in
figure 8. When tested for Spearman’s R, the p-value was
given as 2.28e-07, and the r-value was given as -0.205.
The LOESS line of best fit shows a strong downward
relationship and the low p-value suggests strong evidence
to the fact that there is a negative relationship between
the number of rests and the quality of a melody. With
the evidence leaning far against the hypothesis, it must be
refuted, as it is much more likely that there is a negative
relationship.

VI. DISCUSSION

A. Findings of intervals

The experiment for hypothesis 1 produced two scatter
plots, see figure 6 and 7, which model a scatter plot
of the sums of short and long intervals. The LOESS
line of best fit shows that on figure 6, there is a slight
positive relationship between the total occurrences of short
intervals within a melody and its rating. The gradient
coefficient is 0.246, which suggests a small to medium

effect relationship. The p-value was incredibly small at
4.65e-10, which suggests very strong evidence that there
is a non-zero relationship between short intervals and the
quality of the melody. The strength of this relationship
is about the level which was expected - the steps in a
melody are only a single factor in the total success of a
melody. The main components of a melody are: rhythm,
pitch, timbre, texture and dynamics [38], and the findings
from this experiment fall under pitch in that regard. This is
not to say that a large number of short steps in the melody
always tends towards the best fitness, as a melody would
vary by the tone which it is trying to achieve, especially
where top-quality music is required. The rating variable in
this experiment only illustrates a participant’s enjoyment
of listening to the melody, but does not illustrate its
suitability in other criteria, such as tone or setting.

Figure 7 finds that the number of long intervals has a
very weak relationship. The high p-value of 0.401 indi-
cates very weak evidence towards a relationship between
the amount of long intervals and the quality of the melody.
This was an unexpected result, as the number of long
intervals is linked to the number of short intervals too. The
graphs were expected to have opposite relationships, but
that did not occur. The low average score throughout the
graph, however, was expected in the long interval groups,
as most effective melodies should be sung comfortably
[29]. Melodies with higher jumps require greater technical
skill to land effectively [39] so it would not fit one of the
conditions for an appealing melody. There is, however,
a slight increase in melodies where three occurrences of
long intervals were found, suggesting that there may be an
optimal amount of long intervals within a two-bar melody,
but it is not possible to determine conclusively without a
better data set.
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Fig. 9. Interval groups in the lower rating quartile

Spearman’s R test is also not completely ideal, as it is
non parametric and does not deal well with repeat values.
This weakens the evidence it provides somewhat, but the
supplementary graphs and pie charts should help establish
the relationship between the intervals and the appeal of
the melodies.

In figure 9 and figure 10, we can see the proportions
of occurrences of interval groups in the top and bottom
25% of the melody groups. The bottom quartile has 226
melodies, and the upper quartile has 79 melodies. In the
bottom quartile, long intervals make up 35% of the total
intervals found across the melodies. In the upper quartile,
long intervals make up only 26.5% of the total intervals
found in the melodies. This suggests that long intervals
have a slight negative relationship with the appeal of a
melody, as there is a 8.5% difference in their presence.
Short intervals make up 65% of the total intervals found
in the lower quartile of melodies, and 73.5% of the upper
quartile. This can be attributed to the fact that they are the
most common occurrence due to the random generation
process of the artefact, but the positive relationship is in
line with the statistical test from earlier. Unfortunately the
data sets have a large difference in samples, making this
comparison weak.

With the evidence found towards the effect of shorter
intervals on melodies, it becomes clear that hypothesis
1 can be accepted with a decent level of confidence.
While the sample size is small and constrained by location
and resources, the amount of observational data was
large and the p-value was low enough to provide strong
enough evidence. The visibility of the effect suggests
that machines may be able to collect a data set with
which to train themselves to appraise melodies much like
people, supporting the future works of Lopez-Rincon et al
[19] as the data found here could model how a machine
understands a melody.

B. Findings of rests

In figure 8, we can see that there is a clear negative
correlation between the number of rests within a melody.
Whilst this led to the refutal of hypothesis 2, it shows that
there is a general consensus when judging a monophonic
melody and its proportion of rests. This further supports

Fig. 10. Interval groups in the upper rating quartile

the idea of a tangible data set used by a machine to
mimic human judgement of a melody and grant it an
overall rating when paired with other data sets representing
desirable and undesirable melodic traits. The negative
relationship could also be attributed to the fact that the
artefact places the rests randomly on the first generation,
so the chance of a truly impactful rest is quite slim. It
may not be entirely representative of the highest quality
of melodies.

C. Potential applications

Using the data collected from this study to construct
such a function would be flawed, as the data is incredibly
bespoke and narrow for this study’s purposes. However,
the potential applications of a method similar to this one
could provide a large enough data set when distributed
amongst users and made into an gamified product. Such an
artefact could be a game where users compose their own or
generate random melodies, and these would be exchanged
with other users who may rate them from all around the
world. This would enable a large data set on the desirable
traits of music to begin being collected. Once completed,
an evaluation function using this data set could provide
indie developers with the option of having appealing music
be composed for their game without the large investment
of an audio specialist. The music would not be especially
powerful, but it would at least be pleasant to listen to by
a larger audience and fill the gaps which would otherwise
be replaced by less effective melodies.

VII. ETHICAL CONSIDERATIONS

A. Informed Consent

The safety and rights of participants was a priority when
conducting this study. Participants must be fully aware
of the research they are participating in and that their
participation is completely voluntary, as set out in the
Declaration of Helsinki and Nuremberg Code [40], [41].
The information sheet produced for participants had a clear
description of the research, the purpose of the research and
what their participation meant. It described what data was
gathered and for what it would be used for. The form also
detailed how participants would provide consent and how
to withdraw from the study.
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The consent form was a part of the artefact, which pre-
vented any use unless the participant has understood and
agreed to the information sheet and had the opportunity
to ask questions, agreed that they understand they may
withdraw from the study at any time without giving a
reason, and that they agreed to take part in the study. The
user must tick all the boxes before the use of the artefact
is unlocked.

B. Data Handling and Withdrawal

The data collection process was designed to reduce any
potential risk of confidentiality breaches. Users were never
asked to share any contact information. Upon opening the
artefact, the user is given a unique 8-character hash which
they are advised to write down for their record. No iden-
tifying or personal data is stored, so this hash is required
for anonymous differentiation of data. Should a participant
want their data destroyed, they may contact the researcher
or Falmouth university research team requesting their
withdrawal and provide their hash. All data associated
with that individual would then be destroyed immediately.
All data which was collected was saved locally to the
device with the artefact, but transferred personally by the
researcher onto a secure Microsoft OneDrive under the
University domain. No personal data was collected, and all
other data was stored securely on GDPR-compliant cloud
storage, so all GDPR regulations [42] were followed for
the duration of this study.

C. Ethical Review Process

In order to secure ethics approval, this study underwent
the medium risk ethics assessment by Falmouth University.
The project was categorised and described in detail on its
goals how it was going to be conducted. Risks to health,
safety and reputation were assessed and listed explicitly
with methods to mitigate any risks to participants, the
research team and the university. There was a small chance
of eye, ear and wrist strain, so the product was designed to
be as safe as possible to use, with user-friendly design, dull
colours and was prepared by the research team to have low
volume. It was stated that participants could take a break
at any time should any discomfort arise. The information
and consent forms were developed in line with Falmouth
University’s code of conduct, then reviewed and approved.

D. Ethical Standard

In accordance with Falmouth University’s Research and
Knowledge Exchange integrity and ethics policy [43], this
research has:

• Maintained transparency of data use with participants
• Underwent thorough ethical risk and ethics reviews
• Conformed to ethical, legal and professional obliga-

tions
The British Computer Society’s code of conduct [44] was
guide used for maintaining a high ethical and professional
standard. To maintain a valuable contribution to computer
science, this research has:

• Worked in the public interest
• Worked with professional competence and integrity

• Worked with duty in accordance with Falmouth Uni-
versity

• Upheld reputation and duty of computer science

E. Ethical Criticisms of AI Art

There have been debates on AI replacing human-
sourced jobs and how it effectively removes the need for
some professions [45]. Journalism has been influenced
by the invention of AI news-writing algorithms. These
algorithms are currently not much more than an assistance
tool for journalists, but with constant developments on AI,
their performance is improving rapidly. The efficiency and
low cost of AI makes it a prime candidate for replacing
much more expensive human workers in this field. AI is
already superior to people in many tasks that involve logic
or thinking with strict rules: such is the case especially
with chess bots [46]. AI was put to the test by having it
play against chess champion Garry Kasparov in 1997, with
only a marginal success. It didn’t take long for chess AI
computing power to completely overtake human skill only
some years later [47]. Despite AI being much better than
people at playing chess, the community has remained very
active and measures exist which prevent chess engines
from being exploited for competitive success. Human abil-
ity has not been made obsolete despite initial objections
from critics [48]. The objective of this research is not to
replace any human jobs or outdo human ability but rather
supplement and stimulate creative potential.

VIII. LIMITATIONS

This study had resource limitations when conducting
experiments with participants. The population of this study
is biased because the participants all came from the same
location. Contacting external participants with unbiased
sampling methods was too difficult to achieve, so the bias
was not mitigated. The study also had a resource divi-
sion limitation as it was conducted alongside other large
projects. This constrained the complexity of the artefact
and the experiment procedures. Much of the intended work
that was cut is mentioned in the future work section, as it
may be a worthwhile venture in future studies.

The music generation artefact was also limited in sound-
playing potential as the free version of Maestro - Midi
Player Tool Kit has limited features. The lower-quality
MIDI sound banks which reduced the value of the second
experiment, due to the mechanical sound of the notes.
Ideally a more realistic MIDI sound bank would have been
used to play back the melodies so that the playback wasn’t
dry and better reflected the intended conditions for these
melodies.

IX. FUTURE WORK

A. Difference between human-composed and machine-
composed music

The human character of music is unique and difficult to
replicate in most AI generated mediums. Hong et al [49]
suggests that presenting computer-generated music with
humanlike qualities is a primary factor in the perception
of its melodies, as that study found that those who ac-
cepted the AI as a musician enjoyed its music more than
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those who did not. This study originally wanted to also
understand the difference in perception between human-
composed and machine-composed music through a blind
experiment where participants are asked to identify the
melody as human or AI. This would help to understand
what traits in melodies help make believable music, rather
than just a pleasant tune which is enjoyable to listen to.
It would also provide evidence towards the viability of
an evaluation function as proposed earlier in this paper.
The human character is also critical to the enjoyment of
music, as the nature of people is imperfect and causes
music to have its beauty, and replicating the mistakes or
differences in timbre are just as important in producing a
strong melody [50].

B. Application of a prototype fitness function

As proposed in the discussion and application section, a
potential follow-up study could involve the creation of an
evaluation algorithm relying on wider data set of melodies
appraised by participants. This would help identify the true
value of such a product for game developers if it could
be tested within development environments or live game
sessions. Pushing the boundaries of what is available as a
tool for game development is a valuable and worthwhile
contribution to the industry.

X. CONCLUSION

Despite the evidence being weak in some regards to
the hypotheses presented in this study, there is a clear
relationship between the appeal of a melody and some of
the data produced in the experiment. The data set showing
clear relationships from the experiment has provided an
image of what could be expected if this method is applied
when seeking a data set for an evaluation function. This
study has found that monophonic melodies tend to be more
effective when shorter intervals make up the majority of
the steps in the melody, falling in line with other studies
finding similar traits in effective melodies. However, the
opposite was found for rests, and that the higher the
proportion of silence within the melody, the less appealing
it was to listeners. Whilst the data found in this study
should not be used for such a function in its current state,
it shows what such data may look like. This provides
direction for a future iteration of such an artefact for
more effective generation of melodies; one which excludes
results which would be very unlikely to be successful,
whilst encouraging candidates with a higher chance of
success. Despite not being designed as an entertainment
product, many participants found the experience engaging
and involving, so a game with similar processes to this
project could gather valuable data from a larger quantity
of users.
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APPENDIX A
PERSONAL REFLECTION

This task was one of my largest academic undertakings.
The process of having to think of research questions to
answer and then design and deliver an experiment to
collect data for analysis and write-up proved to be a
stimulating challenge. The project was a fascinating task
for me and I felt proud that I could delve into original
research in an area which is less known. I found that there
was integrity and value to the experiments conducted by
me. I learned many useful lessons over the course of this
project, and could see that there was always something to
improve on at every stage of the study. The artefact was
well received by my peers and it garnered some interest
from those who were not musically or computer science
minded. I did face several weaknesses during this project
which became very clear: time management, experimental
design and test planning.

A. Resource Division

One of the greatest challenges I had with this project
was having to balance it alongside other projects. My
group game project took up a great deal of my time as
I took on many responsibilities throughout that project,
applying myself to a great deal of parts within that project.
The time I wished to spend on this project would often
get funneled into one of the tasks required for the group
game project. The work on that project was also much
more inviting, as there was a greater variety of work which
was more creatively stimulating; this would often draw me
away from wanting to work on the study. After having
to offset a lot of work over the weeks leading up to the
deadline, I learned how important it was to properly keep
time and divide it. After having timetabled my days, I
found that my time was being spent more efficiently when
working on this. I understand now how critical it is to plan
a solid timeline of ”soft deadlines” from the beginning of
a project to work more consistently over a longer period.

B. Experimental Design

This project would have benefited from more robust
supplementary qualitative data. The subject of music is
deeply subjective, and questionnaires to gain a worded
insight into participants’ opinions would have offered a
valuable set of additional information which could have
been used to supplement the data provided here. The data
collected from the experiment was unfortunately limited to
an extent as it was only a collection of two-bar melodies
rated from 0-100, and was locked to the key of C major,
120BPM. The design could have been improved by having
the algorithm favour specific numbers of intervals over a
longer time to produce a better selection of data which
would have be more representative of the intervals found
in melodies.

C. Over-scoped experiment

I found myself wanting my experiment to work, without
necessarily having it be fully supported by similar studies.
The artefact was a culmination of my work for this

specific subject on which I’ve worked on for months.
The original plan I had for the project was out of scope,
but I wanted to attempt to produce it, as it would have
been a great personal step forward and contribution to
this area of study. I was attached to the nature of the
research and I was determined to make truly independent
and original research; it was a personal ambition. This was
an unrealistic goal for an undergraduate study and because
it was my first attempt at a proper study. I realised over
the course of my study that many experiments relied on
other experiments that came before them, and that research
is often a slow building process off of other studies. I
could have improved my practice by conducting more
thorough research on appropriate experimental designs and
statistical plans with reference to other relevant studies in
the field, and asking for peer or supervisor reviews of my
design before progressing any further.

D. Disposition towards research

The project was incredibly demanding, even during the
proposal stage. Having to familiarise myself with the state
of the art in my chosen field and surrounding information
was a tall task as there was so much information available
but not all of it was relevant. Having to read through so
many and accurately pick out relevant information proved
to be a job which was difficult to focus on, as I was
incredibly excited to produce my work and talk about it. I
found my dedication to the project waxing and waning
throughout its duration, especially as I took on more
responsibilities in my other module. I realise now that my
workload was badly balanced and coordinated for myself,
which was detrimental to the quality of this project.

E. Test Plan

The project had challenged the way I approach software
development as there was a very big emphasis on the
reliability and validity of the artefact. I had to readjust the
way I applied testing techniques because I had to provide
proof. This was alien to me as I hadn’t practiced such
strict validation and verification methods before. Whilst I
operated by good practice naturally and tested every time
new code was added, I was still not used to having to keep
a tight record of the tests I took. After having left some
features later than I’d hoped, I realised the importance
of incredibly thorough testing. It would have saved me
some time as I wouldn’t have had to fix bugs that I
spotted right before deploying the artefact in my testing
environment, then going home to fix the bugs. I was too
used to my standard practice of light testing as I went
along, rather than having a bulletproof test plan ready from
the start. I could have improved my practice by researching
multiple testing techniques more thoroughly and writing
an exhaustive test plan before engaging with writing the
code for the artefact.

F. Sophistication of the Algorithm

The algorithm itself was simpler than I’d liked, and
would have benefited from implementing elitism. Melodies
with low ratings would often persist through the gener-
ations, which participants would notice and mention and
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this principle in genetic algorithms would have helped with
that. There was a great deal of new principles I had to learn
and it was difficult to learn in a short span of time for the
particular task I needed, and the process actually turned
out a little more shallow than I had intended.

G. Concluding remarks

In the end, I am proud to have finished this study
and underwent the academic process as it challenged the
way I think and structure arguments, the way I approach
software development and the way I manage my time. The
experience was valuable in learning how to seek out new
information and collate it. I have set out a collection of
SMART objectives to help me prepare for my next study
or project, which contain my greatest weaknesses during
this project: time management, experimental design and
test planning. I will do my best to improve my practices
as I continue to work in computer science and keep learn
about this field.
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S M A R T
I will produce a plan
in advance of the
tasks which need to
be completed

There will be a goal
for each week of the
project timeline, as
evidenced in a plan-
ner or calendar app

I have some expe-
rience in producing
plans for projects,
but need to make
them towards the be-
ginning of projects

This will enable me
to manage my time
more effectively and
produce more con-
sistent work on the
project

I anticipate comple-
tion in the first two
weeks of the next
project

S M A R T
I will produce a more
sophisticated and
robust experimental
design before
undertaking research

I will ask for col-
league and supervi-
sor reviews of my
experimental design
before producing any
artefact

After having
performed one
study, I have greater
experience in
the requirements
and design of
experiments

This will ensure that
my next study will
be more reliable and
robust

I expect that my next
experimental design
will be completed
within one month of
starting a project

S M A R T
I will produce a thor-
ough and compre-
hensive test plan for
the artefact before
actually writing any
part of it

I will have
colleagues and
my supervisor
review my test plan
before deploying it
and beginning the
artefact

After having
produced one
study, I understand
the requirements
and importance of
test plans and have
enough experience
to write one next
time

This will ensure that
my next study is ex-
haustively validated
and verified so that
the study is more
solid

The test plan should
be completed in the
first month, during
the experimental de-
sign, of the project
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APPENDIX B
STATISTICAL ADDENDUM

A. R code

library(ggplot2)
library(ggpubr)
library(reshape2)
library(matlib)
library(tidyverse)
library(dplyr)
#Get matrix of all intervals
allIntervals <− as.matrix(intervals[,1:9])
#Get matrix of short intervals (less than a tritone)
shortIntervals <− as.matrix(intervals[,1:4])
#Get matrix of long intervals (more than a tritone)
longIntervals <− as.matrix(intervals[,5:9])

#Get sum of short intervals in each melody line
shorts <− rowSums(shortIntervals)
#Get sum of long intervals in each melody line
longs <− rowSums(longIntervals)

#Get all ratings as a matrix
rating <− as.matrix(intervals)[,10]

#Tibble of short intervals columns and rating
intervalsTable <− tibble(shorts, rating)
#Tibble of long intervals columns and rating
longIntervalsTable <−tibble(longs,rating)
#Spearman’s R Test on short interval data set
spearShort <− cor.test(shorts, rating, method=c(”spearman”),

exact=FALSE)
#Spearman’s R Test on long intervals data set
spearLong <− cor.test(longs, rating, method=c(”spearman”),

exact=FALSE)
#exact was turned off for both spearman tests because of

repeated data points found in the data set

#Plots short interval group against rating as points with a
loess line of best fit

shortPlot <− ggplot(data = intervalsTable, aes(x = shorts, y =
rating)) +

geom point() +
geom smooth(method = ”loess”) +
labs(title = ”Groups of Short Intervals”, x = ”Total Number

of short intervals in melody”, y = ”Rating Received”
)

#Plots long interval group against rating as points with a
loess line of best fit

longPlot <− ggplot(data = longIntervalsTable, aes(x = longs,
y = rating)) +

geom point() +
geom smooth(method = ”loess”) +
labs(title = ”Groups of Long Intervals”, x = ”Total Number

of long intervals in melody”, y = ”Rating Received”)

#print the plots
print(shortPlot)
print(longPlot)

#prepare all intervals groups and their rating for pie charts
pieIntervals <− tibble(cbind(allIntervals,rating))
#filters all columns fitting into upper and lower quartile
highRatings <− pieIntervals %>% filter(rating>=75)
lowRatings <− pieIntervals %>% filter(rating<=25)
view(lowRatings)
#Prepare labels in same order as data
labels <− c(”Unison”,”Second”,”Third”,”Fourth”,”Tritone”,”

Fifth”,”Sixth”,”Seventh”,”Octave”)

#sum the total of each interval group in the two quartiles

highRatings <− colSums(highRatings)
lowRatings <− colSums(lowRatings)
#Calculate the percentage proportions of the upper quartile pie
piepercent <− paste0(round(100*highRatings[1:9]/sum(

highRatings[1:9]),1),”%”)
#pie chart for upper quartile ratings
pie(highRatings[1:9],labels = piepercent,

main = ”Interval groups in melodies with ratings 75+”,
col=rainbow(length(highRatings[1:9])))

#print legend for upper quartile pie
legend(”topright”,labels, cex=1.2, fill = rainbow(length(

highRatings[1:9])))

#Calculate the percentage proportions of the lower quartile pie
piepercent <− paste0(round(100*lowRatings[1:9]/sum(

lowRatings[1:9]),1),”%”)
#Pie chart for lower quartile ratings
pie(lowRatings[1:9],labels = piepercent,

main = ”Interval groups in melodies with ratings less
than 25”,

col=rainbow(length(lowRatings[1:9])))
#print legend for lower quartile pie
legend(”topright”,labels, cex=1.2, fill = rainbow(length(

lowRatings[1:9])))

#plot number rests against rating
restsPlot <− ggplot(data=rests, aes(x = rests$Rests, y = rests$

Rating)) +
geom point() +
geom smooth(method = ”loess”) +
labs(title = ”Effect of rests on a melody rating”, x = ”Total

number of rests in a melody”, y = ”Rating Received
”)

#print plot
print(restsPlot)
#do spearman correlation of rests against rating
spearRest <− cor.test(rests$Rests, rests$Rating, method = ”

spearman”)

B. Data stored by the artefact

Participant ID:b92d59ff Date:23/03/2023
11:55:31

Date: 23/03/2023 11:58:02 | Generation
1:

65 -1 -1 64 65 -1 -1 62 65 62 -1 -1 -1
62 64 72 | Rating: 25

72 -1 64 -1 60 65 71 67 -1 67 60 72 62
62 -1 60 | Rating: 40

62 67 71 -1 67 62 -1 69 62 71 62 72 60
64 60 -1 | Rating: 45

72 -1 71 69 67 62 72 67 -1 60 69 -1 67
65 67 71 | Rating: 35

64 67 62 60 60 65 72 62 67 72 67 69 72
62 69 72 | Rating: 50

72 60 65 71 65 64 60 -1 65 60 72 62 64
-1 71 65 | Rating: 40

Date: 23/03/2023 11:59:28 | Generation
2:

62 67 71 -1 67 62 -1 69 62 71 62 72 72
62 69 72 | Rating: 25

72 -1 64 -1 67 65 71 67 -1 67 60 72 62
62 -1 60 | Rating: 40

72 60 65 71 65 64 60 -1 65 67 60 72 62
62 -1 60 | Rating: 40

72 -1 71 69 67 62 72 69 -1 60 69 -1 67
65 67 71 | Rating: 50
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64 67 62 60 60 65 72 65 67 72 67 69 72
62 69 72 | Rating: 30

72 -1 71 69 67 -1 -1 62 65 62 -1 -1 -1
62 64 72 | Rating: 10

Date: 23/03/2023 12:00:24 | Generation
3:

72 -1 64 -1 67 65 71 67 -1 60 69 -1 67
65 67 71 | Rating: 50

-1 -1 64 -1 67 65 71 67 -1 67 60 72 62
62 -1 60 | Rating: 10

64 67 62 60 60 64 60 -1 65 67 60 72 62
62 -1 60 | Rating: 30

72 60 65 71 65 65 72 65 67 72 67 69 72
62 69 72 | Rating: 10

72 -1 71 69 67 -1 -1 69 62 71 62 72 72
62 69 72 | Rating: 10

62 67 71 -1 67 62 -1 62 65 62 -1 -1 -1
62 64 72 | Rating: 10

Date: 23/03/2023 12:01:36 | Generation
4:

72 -1 64 -1 67 65 71 67 -1 60 69 -1 67
65 -1 71 | Rating: 10

72 -1 64 60 60 64 60 -1 65 67 60 72 62
62 -1 60 | Rating: 50

72 60 65 71 65 65 71 67 -1 67 60 72 62
62 -1 60 | Rating: 25

-1 -1 64 -1 67 65 72 65 67 72 67 69 72
62 69 72 | Rating: 40

62 67 71 -1 67 62 -1 62 65 62 -1 -1 -1
62 64 72 | Rating: 10

72 -1 71 69 67 -1 -1 69 62 71 62 72 72
62 69 72 | Rating: 10

Date: 23/03/2023 12:03:21 | Generation
5:

72 -1 64 -1 67 65 60 67 -1 60 69 -1 67
65 -1 71 | Rating: 5

72 -1 64 60 60 64 60 -1 65 72 67 69 72
62 69 72 | Rating: 75

72 -1 64 -1 67 65 71 67 -1 60 69 -1 67
65 -1 60 | Rating: 25

72 60 65 71 65 65 71 67 -1 67 60 72 62
62 -1 71 | Rating: 50

72 -1 71 69 67 -1 -1 69 65 62 -1 -1 -1
62 64 72 | Rating: 25

62 67 71 -1 67 62 -1 62 62 71 62 72 72
62 69 72 | Rating: 20

Date: 23/03/2023 12:04:00 | Finished
melody: 72 -1 64 -1 67 65 60 67 -1
60 69 -1 67 65 -1 72

Fig. 11. Example of the rest data set
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Fig. 12. Example of interval data set

APPENDIX C
TESTING ADDENDUM

Each unit test was performed manually before commit-
ting the feature. Some tests failed later during development
and were noted in the commit log, but promptly fixed.
Features not listed in the tables were still tested before
deployment.
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Fig. 13. Table of unit tests performed

Fig. 14. Unit test of melody generation
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Fig. 15. Unit test of interval analysis

Fig. 16. Unit test of rest analysis
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APPENDIX D
ADDITIONAL MATERIAL

This section holds any additional miscellaneous appendices

Fig. 17. The primary user interface as seen in the artefact
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Fig. 18. Consent form as seen in the artefact
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