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Abstract 
 
Historically, game audio has been a peripheral feature in game development that has 
significantly evolved in recent years. Music as a meaningful emotional and narrative conveyor 
has become a central element in contemporary video games. Dynamic music, sound that is able 
to flexibly and smoothly adapt to the game state and interact with the player’s in-game actions, 
is at the forefront of a new era of music composition in games. This survey paper examines the 
experiential nature of games and the effect of dynamic music on the player’s audial experience. 
It looks at game design theory, immersion, the function of game music, sound perception, and 
the challenges of game music. Then, it presents compositional methods of dynamic music and 
practical insights on FMOD Studio as a middleware. Furthermore, current research on how 
dynamic music affects the player experience and future adaptations are explored. It concludes 
that the increasing need of dynamic music producers will precipitate innovation and research 
in novel domains such as biometric feedback systems and augmented/virtual reality. As 
dynamic music expands outside of the gaming sphere, it is likely to become a ubiquitous form 
of media that we will interact with in the future. 
 
 
 
Keywords: interactive music, adaptive music, dynamic music, emotion, game music, 
generative music, music, player experience, video games. 
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1 Introduction 
 
Audio in video games continues to play a secondary role in game production with composers 
and audio designers often being hired externally and brought in late in the course of a project’s 
development. This is an unfortunate reality as audio plays a highly significant role on a player’s 
game experience (H. Klein et al., 2007). A rich soundscape meaningfully enhances the 
experience while meager audio design decreases a player’s sense of immersion. 
 
Dynamic audio is audio that reacts and changes based on the game state in real-time. This could 
be triggered by player actions, randomized game events, or an interaction of game objects for 
example. The live adaptation of audio to game is controlled by a music system that uses 
parameter inputs it receives from the game engine. This dynamic computer interaction between 
audio and game is designed in a “middleware”. A middleware, also known as “software glue”, 
is “computer software that enables communication between multiple software applications” 
(Encyclopedia Britannica). Middleware in dynamic audio production allows audio designers to 
create sound events and music systems that are triggered and controlled by the game engine. 
 
Current dynamic audio middleware such as FMOD and Wwise empower sound designers to 
sculpt an elaborate and interactive auditory environment as well as integrate music that 
seamlessly reflects the game state. The purpose of this thesis is to demonstrate the versatility 
of dynamic music, its effect on the player experience, and why it may be beneficial to allocate 
more attention to sound in games. This survey paper aims to answer the question: how does 
dynamic music affect the emotional player experience? 
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2 Background 
 
The video game industry generated US$135 billion worldwide in 2018 eclipsing the film 
industry (US$42 billion) and the music industry (US$19 billion) by a wide margin. How did 
this relatively new industry become such a massive market in the few decades of its existence? 
Unlike movies or music, video games offer a non-linear experience where the player is able to 
input actions and affect the outcome of in-game events. The combination of actions directly 
affects how the game unfolds before the player’s eyes, each play-through almost guaranteed to 
be a unique experience for players. This interaction between human and computer engenders a 
level of interactivity that linear media has not been able to match. Enabling the player with such 
a degree of control in a virtual world is likely to increase their engagement with the medium 
where one can spend hours upon hours developing their unique narrative. Building an emotional 
attachment to the environment, story, in-game characters, or even other online players is a 
common phenomenon because of the way games are able to engross one to the point of 
extending their identity to that of an in-game avatar (Swink, 2009). Comprehending how and 
why games produce a level of engagement that other forms of media are not able to contend 
with is an elaborate and multi-faceted topic that requires rigorous observation, study, and 
introspection from a variety of angles. This section will provide the basis for understanding 
how one aspect of modern video games – dynamic music – contributes to elevated levels of 
emotional engagement in players. 
 
 
 
2.1 Game Design 
 
Game design theory is a relatively new area that lacks well-established theories and frameworks 
so it is often appropriate to view game design from an array of lenses. What makes games so 
compelling is the experience players have during the complex human-computer interaction. As 
Jesse Schell (2015) puts it in his book The Art of Game Design, “The game is not the experience. 
The game enables the experience, but it is not the experience.” (p.11). Other forms of media 
are of course no different in this aspect but games deal with a deep level of interaction. This is 
possibly a double-edged sword since the designer can create a virtual playground with endless 
possibilities but as a direct result, will struggle to produce a specific desired experience for each 
player. A book or movie on the other hand is relatively predictable with how the experience 
flows for each consumer. As a game designer, it is crucial to strive for cohesiveness so that all 
elements within a game work together to enforce a theme, emotion, or experience. As a result, 
the “player-centric design” approach where the player’s experience is at the center of the 
iterative design process has been a common approach to creating games. Fullerton (2014) 
elaborates that the designer should “[keep] the player experience in mind and [test] the 
gameplay with target players through every phase of development”. Receiving this crucial 
feedback throughout development from your actual audience affirms that what you are building 
is what they desire. 
 
In Less Talk More Rock (2010), Boyer presents his view on “synaesthetics” and how many 
games do not use the full spectrum of audiovisual communication. In this context synaesthetics 
refers to the “native language of video games” where amounts of text or spoken words to 
communicate to the player are minimized. Boyer states that games are “clogged with menus 
and text, spammed with awkward cutscenes, choked by voice acting, [and] mangled by 
incongruent narrative” all of which “undermine the aesthetic cohesion of the work”. He 
attributes this phenomenon to a three-step design process that designers use. First, we have an 
idea, then we discuss, and finally we build it. Boyer theorizes that in the second step, where we 
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talk, discuss, and plan the idea, it becomes “diluted, compromised, transformed”. Instead, Boyer 
argues, we should switch the last two steps. Designers should start building as soon as they 
have the idea and talk later. Following Boyer’s logic, it can be inferred that audio design should 
be part of the early stages of development to ensure aesthetic cohesion. That way 
communication stays in the audiovisual realm and once we move to the talk phase, there is 
something tangible to explore. That which is written or spoken, is speaking to our intellect while 
the rest, is speaking to our whole mind. Text requires us to draw from their memories and 
construct an image while audiovisual input directly speaks to our feelings and emotions, which 
is powerful. Games are interactive media so by all means they should take advantage of the 
whole human experience. As designers, communicating efficiently is crucial to reduce noise 
and avoid player burn-out. Games that excel synaesthetically are decluttered and cohesive, they 
do not need to tell the player what is happening because the player experiences it. 
 
The process of designing a compelling game experience is an iterative and cross-disciplinary 
undertaking requiring the designer to continuously perceive the game from an array of 
perspectives. These approaches and frameworks indicate that a game is a means of 
communication for the designer to elicit an emotional experience within the player. Games are 
a fusion of several forms of communication (art, sound, mechanics, systems, narrative, etc.) 
that at their best complement each other and effectively engender a desired experience. 
 
 
 
2.2 Immersion in Games 
 
As discussed in the previous section, games are a medium to evoke an experience and without 
the player do not yield any value. It is all about the player’s emotional experience created by 
the interaction. It is what makes some games feel so good and intuitive and others disjointed 
and confusing. To enhance the temporary believability of an in-game world experienced by a 
player, designers often aim to create an “immersive” experience, which occurs when the game 
elements successfully work together and engross the player. The term “immersion” is used by 
game designers and gamers alike to describe the state of being fully absorbed in a game, 
however, it has not been concretely defined in academia. Jennett et al. (2008) describe 
immersion as “an experience in one moment in time” with varying degrees of intensity which 
“involves a lack of awareness of time, a loss of awareness of the real world, involvement and a 
sense of being in the task environment”. Generally, this is a desirable state for both designers 
and gamers as it enables players to profoundly experience the gameplay. However, there are 
instances where a designer may want to “break” immersion as a means to have the player 
distance themselves from and reflect on their experience. For consumers, extremely immersive 
games may lead to addiction, negatively impacting their lives but at the same time, it is seen as 
a crucial attribute to have a positive experience (T. A. Wood, D. Griffiths and Parke, 2007). 
Most popular video games heavily focus on this aspect to enhance the player experience and 
generally, immersive games are considered to be well-designed. 
 
If immersion is a desirable effect of designers and gamers, what can they do to increase its 
effect? Audio, as previously discussed, has a profound effect on our emotional state as well as 
immersion. It helps players situate themselves in an enormous virtual environment and 
remember characters and locations. Performing a sequence of actions is also often associated 
with auditory cues and as a result is sometimes crucial for the player to carefully listen to in 
order to successfully react to the in-game challenges (Collins, 2007). All of these attributes 
contribute to the player’s immersive experience which is why playing with earphones as 
opposed to without increases levels of immersion amongst players (Zhang and Fu, 2015). 
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However, audio may also negatively influence immersion depending on if the player likes or 
dislikes the music (Sanders and Cairns, 2010). Furthermore, any interruption in gameplay – for 
example a frame rate drop or any delay in input to output – may seriously detract the player 
from immersion. Having music abruptly fade out or transition may have the same undesirable 
effect on immersion (Collins, p.134, 2008). Clearly, dynamic audio has an active function in 
encompassing the player into an immersive environment through a seamless and fluid 
soundscape which is highly rewarding for the player yet terribly complex to design well for the 
composer. 
 
 
 
2.3 Audio in Games 
 
Music may be regarded as the “language of emotions” (Cooke, 1959) and its effect on our 
emotional state has intrigued philosophers since ancient Greece (Budd, 1985). Its ubiquity in 
our daily lives shows its uncanny ability to tap into our emotions that is easily observable to 
ourselves. It may make us feel mellow whilst listening to a beautiful classical piece played by 
a live orchestra, annoyed while standing in line at a store, ecstatic dancing to our favorite song 
in a club, or distressed while playing a horror game. The power of music is used by all forms 
of media (movies, advertisements, games, etc.) to induce emotional states and even as a form 
of therapy to ease symptoms of various mental disorders such as schizophrenia, autism, and 
ADHD for example (Stegemann et al., 2019). Emotion is a core part of creating music and 
many musicians become musicians partly because of their emotional experiences (Juslin, p.5, 
2010). Just how one associates experiences in their past with emotions, the game experience is 
interlinked with an emotional journey. Music as a potent emotional conveyer is thus a 
quintessential tool for enriching the player experience. 
 
 
 
2.4 Emotions, Games, and Sound 
 
In Sonic Virtuality: Sound as Emergent Perception, Grimshaw and Garner (p.79, 2015) state 
that “the capacity to perceive sound positions and immerses us within our existence and 
provides significant opportunities to understand and relate to the world”. Sound has the ability 
to convey significant emotions in our real-world environment as well as our virtual 
environments such as computer games. Not only can it increase immersion and emotional 
engagement but it can also influence the audience’s perception of a visual scene (Grimshaw 
and Garner, p.80, 2015). This relationship mediated by sound between humans and 
environment is called acoustic ecology or ecoacoustics which is the study of soundscapes. 
Similarly, to what Swink (2009) said about games only being a medium to experience, 
Grimshaw and Garner state that “every sound wave is inherently meaningless” and that 
“representational information from various contextual, environmental, and physical sources is 
essential for the formation of meaningful sound” (p.80, 2015). Furthermore, they describe 
sound as emergent perception arguing that sound is not a sound wave but a formation of our 
mind’s cognitive contextualization of a sound. Conversely, the presence of a sound wave does 
not entail perception of the sound within one’s mind. One does not need a sound wave to 
perceive sound. This is observable from the sounds one hears in dreams or auditory 
hallucinations for example. Understanding sound from this perspective enables sound designers 
to intentionally craft rich soundscapes with the nuances of the acoustic ecology in mind. 
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In Making Gamers Cry, Collins (2011) suggests how designers may create emotional responses 
through “mirror neurons” and audio. A mirror neuron is a neuron that fires when one observes 
an action performed by another, where the observer neurally “mirrors” the behavior of the 
performer as if they had performed the action themselves as well (Knoblich and Sebanz, 2014). 
Bresin and Friberg (2001) discuss how the expressiveness of a live musician affects our own 
emotions and how this can be used to make computer synthesized audio carry the same 
emotions of a performer by adjusting for “performance principles [including] how to render 
phrasing, repetitive patterns and grooves, harmonic and melodic tension, articulation, accents, 
intonation and ensemble timing”. Essentially, by mimicking the subtleties of a live performer 
in computer audio, the listener can pick up on these nuances and “mirror” their emotion. Collins 
elaborates that by having audio semantically tied to in-game actions may have this effect. An 
example of this is found in Tomb Raider (Eidos Interactive, 1996) where Lara Croft gasps for 
air after being under water for an extended period of time. Mirror neuron theory suggests that 
we experience relief from this moment because of the personal association we have to the sound 
of gasping for air after holding it for an experienced amount of time. 
 
 
 
2.5 The Function of Game Music 
 
Morton (2005) argues that music serves two purposes in games: to evoke emotion and to convey 
a narrative arc musically. The narrative arc that connects all the musical elements are more 
important as they can express a deeper meaning to the whole. Conveying a narrative arc through 
music is standard in films but becomes complex in games because of non-linearity and 
unpredictability. Collins (2007) concurs with Morton that music can augment the overarching 
structure of a game through “direct structural cues, such as links or bridges between two scenes” 
or indicating “the opening or ending of a particular part of gameplay. A cue is an entire musical 
piece with a beginning, middle, and ending which “[is] written for a specific scene or group of 
scenes that relate to one another” (Sweet, 2014). In games, a cue is often associated with an 
emotional state, character, place, or object. For example, when the player is in an exploration 
mode one may have a cue that complements that emotional state, peaceful and inquisitive, 
whereas a battle mode will be accompanied by a frantic and aggressive cue. “Leitmotifs”, which 
are short musical phrases that allude to a certain theme, can be a powerful way to tie a narrative 
arc together throughout a game. For example, when the in-game character feels sorrow, a 
leitmotif could be tied with that feeling so the player is affected similarly. In Peter Jackson’s 
film trilogy The Lord of the Rings (2001-2003), there is a leitmotif for whenever the ring is 
shown or referred to, creating a strong association for the audience with the emotions of the 
musical phrase to the ring. A leitmotif may also be associated with a certain character, so every 
time that character is present or alluded to, the leitmotif associated with them is played. 
 
Having music play at all times, however, may lead to diluting the effectiveness of the music. 
Intentional musical silences may indicate a change in narrative as well as convey powerful 
emotions. For example, only having ambient sound play during low-intensity gameplay may 
make the player feel calm and at ease, while thematic scores triggering at narrative peaks 
strongly juxtapose the silence with vehement feelings (Collins, 2007). Collins argues that a 
crucial part of music and sound effects is as a “preparatory function”, for example, to 
foreshadow an event, to alert a player of incoming enemies, or to guide them to an interactive 
object. So-called “acousmatic” sounds are sounds without a visual representation that incites 
us to explore the direction of the sound which can be an important aid to help players identify 
their goals (Collins, pp.129–130, 2008). Tying together the narrative arc into a cohesive 
auditory experience with regards to the emotional effect on the player is the challenge of game 
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composition. As a result, the need for non-linear music compositions in games has created a 
new interdisciplinary role, the “dynamic music producer” (Redhead 2018). 
 
 
 
2.6 The Challenges of Game Music 
 
Non-linear or dynamic music has essentially become a requirement in contemporary games as 
players have become weary of looping soundtracks and their demands for a high-quality aural 
experience has increased (Collins, p.140, 2008). The concept of “listener fatigue” occurs as a 
result of lacking musical variability in games where the player can become exhausted by the 
repetitiveness of music. This can be especially irritating when a player is stuck in a certain zone 
of a game and the musical repetitiveness feeds into their frustration. An obvious solution to 
extinguish listener fatigue would be variability in the music through a dynamic music system. 
However, making music “too dynamic” may be counterproductive as it loses its independence 
to speak to the player on a different emotional level than the game state (Morton, 2005). If the 
music always reflects exactly what the player is experiencing, it loses its effectiveness to convey 
an array of emotions and may result in unwanted “mickey mousing”. Mickey mousing is a 
technique where music is synchronized with the actions on screen originating from early 
production Walt Disney films. This may be desirable if the game intends to convey a humorous 
theme but also detrimental to the aesthetics if unintended. According to Morton, game 
composers need to find the balance between aesthetic musical expressiveness and musical 
reflection of the game state. 
 
 
 
2.7 Dynamic Music 
 
In Game Sound: An Introduction to the History, Theory, and Practice of Video Game Music 
and Sound Design (2008), Karen Collins defines dynamic music as “audio that is changeable, 
a broad concept that encompasses both interactive and adaptive audio. It is audio that reacts 
both to changes in the gameplay environment and/or in response to the player” (p.139). 
Redhead (2018) and Collins (2008) both discriminate between interactive audio, which is audio 
that is controlled in real-time by the player and adaptive audio, which is sound that reacts to 
and supports the game state and actions of the user. In interactive audio, the player is in a sense 
the performer of an instrument while adaptive audio responds to what the player is experiencing 
in-game. An example of interactive audio would simply be the player firing a gun and a gunshot 
sound being triggered. Adaptive audio on the other hand would be, for example, music in a 
game becoming more hectic as the time to complete a challenge runs out. Another type of 
dynamic music is generative music which “is created by a system and is ever changing” 
(Redhead, 2018). Generative music is flexible and often adaptive. A form of generative music 
is algorithmic music, which “[uses] mathematical approaches for example Markov chains, 
stochastic algorithms, automata and Fourier analysis” to create music (Redhead, 2018). 
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3 Purpose 
 
The technological advancements in the area of game audio production have rendered innovative 
solutions to creating sophisticated auditory soundscapes. Literature and studies on dynamic 
music have demonstrated how music – a crucial component of the gestalt of games – can 
seamlessly be embedded to the non-linear format of games. Dynamic music has become an 
essential attribute to modern video games and composers and sound designers alike should be 
properly equipped to adapt to this inevitable change. Sound designers and dynamic music 
producers should be included early on in the design cycle in order to produce a coherent and 
consistent musical system that effectively complements the game. Furthermore, there is a need 
of proper education to train the next generation of dynamic music producers. 
 
By delineating how dynamic music is produced, the challenges of dynamic music production, 
and presenting the newest research in this area, this survey paper elucidates the merits of 
dynamic music. The purpose of this thesis is to demonstrate the effect of dynamic music on the 
player experience and hopefully instigate deepened interest in this domain both academically 
and professionally. 
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4 Compositional Methods of Dynamic Music 
 
Since its infancy, dynamic music has naturally become more sophisticated in its production 
techniques in order to bring about the immersive qualities of music in games. Adding dynamism 
and variability to a music system is becoming increasingly intricate as the technology advances 
and producers having a great deal of options at their disposal. There are two main methods to 
producing dynamic music systems: horizontal re-sequencing and vertical re-orchestration. 
Games are increasingly giving the player more control through emergent gameplay requiring a 
combination of both methods as well as other techniques to match the increasing 
unpredictability of games. 
 
 
 
4.1 Horizontal Re-Sequencing 
 
The first method is horizontal re-sequencing which queues up “individual music cues 
dynamically based on player decisions and outcomes” (Sweet, 2014). For example, the player 
leaves exploration mode and enters into battle (see Figure 1). The game recognizes this change 
in game state and the music will continue playing the exploration music until it reaches a certain 
marker point where it can transition. Once that marker point is reached, usually there is a short 
transitional phrase to the next cue. This is different from cross-fading where music is instantly 
faded out and the following piece faded in. Horizontal re-sequencing allows music to transition 
smoothly and stay intact. A limitation of this technique is that if the game state changes 
instantly, it might take a couple of seconds for the transition to actually play as it needs to first 
reach a marker point. If a marker point is put every 4 seconds and the game state changes as 
soon as a marker point has passed, it needs to wait the whole 4 seconds before it can start the 
transitional phrase, which in most cases is too slow. To avoid this delay, marker points need to 
be placed frequently within a cue or the change in game state needs to be anticipated so that the 
musical transition occurs at the same time as the gameplay transition. However, it is nearly 
impossible to have it transition perfectly all the time due to the unpredictability of the player’s 
actions and the need to reach a marker point. 

 
Figure 1: A simplified example demonstrating horizontal re-sequencing. 

 
Where game states change all of a sudden and unpredictably, it may be more useful to use a 
“stinger” (a quick shock chord) accompanied by a sound effect to mask any disjointed musical 
effects that result by the sudden change in music (Collins, p.146, 2008). It is crucial for adaptive 
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music to move smoothly from one cue to the next as it assists the “continuity of a game, and 
the illusions of gameplay, since a disjointed score generally leads to a disjointed playing 
experience, and the game may lose some of its immersive quality” (Collins, p.145, 2008). 
Games tend to have more states than “exploration” and “combat” of course, requiring music to 
adaptively switch between many different cues, exponentially increasing the number of 
transitions needed. Game composers therefore need to delineate and anticipate all possible 
interactions between cues to create harmonious transitions (M. Fay, p.406, 2004). Horizontal 
re-sequencing is an extensively time-consuming process thus at risk of listener fatigue by 
becoming too repetitive if it is simplified. If well-executed, adaptive music plays like film 
music, reflecting what is happening on screen in real-time with the player not even perceiving 
the adaptivity while being emotionally carried by the piece. 
 
 
 
4.2 Vertical Re-Orchestration 
 
The second technique is called vertical re-orchestration which “uses different musical layers 
(or tracks) to alter the overall musical intensity” (Sweet, 2014). The term vertical re-
orchestration originates from how digital audio workspaces (DAW) display tracks where 
simultaneously playing tracks are located above and below each other. Vertical re-orchestration 
controls which tracks play at which intensity depending on game parameters. For example, if 
the player’s in-game avatar is in a battle and more enemies swarm the battlefield the music 
could adapt. With vertical re-orchestration, the composer can add a layer of percussion when 
the player faces a certain number of enemies. The more enemies, the more percussion, the more 
intense (see Figure 2). An advantage of this technique is the seamlessness of adding and taking 
away a layer without sounding like the music is changing. Because of this track layering, the 
tempo and harmonic framework of the music need to be static and cannot change based on 
game states. Vertical re-orchestration allows a great deal of subtle changes and parameter 
control to the composer that horizontal re-sequencing does not enable. Most games feature a 
combination of both techniques where horizontal re-sequencing is mainly used for noteworthy 
game state changes and vertical re-orchestration for more subtle and evolving changes. 
Combing both techniques is more complex than either on their own but can yield the more 
immersive and natural auditory experience. 

 
Figure 2: A simplified example demonstrating vertical re-orchestration. 
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4.3 Adding Variability 
 
In a GDC talk, Koji Kondo (2007), a music composer and sound director at Nintendo, made a 
presentation on how music should exhibit the interactivity of games by adding variability to the 
music depending on the player’s actions by changing the tempo based on the character’s 
movement, adding instrument layers in certain areas, or changing the source of the music 
depending on location. Collins (p.147, 2008) presents ten different approaches to adding 
variability in game, namely by: 

 
1. Tempo 
2. Pitch 
3. Rhythm/meter 
4. Volume/dynamics 
5. Digital Signal Processing (effects, timbres) 
6. Melodies (algorithmic generation) 
7. Harmony (chordal arrangements, key or mode) 
8. Mixing 
9. Form, open 
10. Form, branching parameter-based music 
 

Variable tempo has been present in video games for a relatively long time. For instance, the 
sound effects in Space Invaders (1978) speed up as the game progresses. Composers also use 
it tied with other parameters such as how healthy the player is or how many enemies are left. 
Adjusting tempo in real time has the affective ability to make a player feel more or less tense. 
There is a risk however of having the music synchronize too much with the game, resulting in 
a potentially undesirable comedic effect. Variable pitch may have a similar effect on tension. 
Having the music transpose an octave at a critical moment in a battle for example is a potential 
way to induce suspense. Pitch is also a parameter that can be randomized for sound effects that 
are often heard by the player like the sound of footsteps or the firing of a gun. Meter or rhythm 
changes are a powerful way to affect the player’s emotions. Having a leitmotif vary in rhythm 
depending on where the player is situated in the narrative, could complement the emotions they 
might be feeling. Digital signal processing refers to adding variability to dynamic music 
through effects such as reverberations when a player is walking through a cave to replicate the 
natural “echoey” effect of caves and give a feeling of hollowness and mystery. Or, the drums 
in battle music could become “crunchier” by adding an audio effect called “overdrive”, making 
the music more aggressive. 
 
Generative music, which will be discussed in more detail later, has become more sophisticated 
and can use various parameter inputs from the game to create music in real-time. Furthermore, 
generative content could be a part of sound effects so that a player never hears the same exact 
footstep or gunshot. Keys and chords are probably most strongly associated with emotions and 
are a powerful way to adaptively react to the game state. Major scales are generally perceived 
to be happier and minor sadder (D. Webster and G. Weir, 2005) but each mode has the ability 
to convey a unique emotional state from gloomy, to mysterious, to hopeful. Variable mix refers 
to increasing or decreasing the volume of layers or instruments in the sound mix. Perhaps the 
drums become louder as intensity in a battle increases or the whole music mix might shortly 
decrease in volume (known as “ducking) as an important sound effect is triggered. This can be 
an effective way to communicate emotion and important information to the player through 
sound and music. Open form or aleatoric music is when the order of segments in a composition 
is not predetermined and is dictated by the performer or an external variable. A simple example 
would be the player being situated in a house that plays ambient music and each room having 
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its own distinct melody. Depending on which room the player is situated in at which time, the 
music will be different. As a result, aleatoric music may form distinct musical associations for 
the player within the game space allowing the player to more easily navigate their environment. 
It is also an effective method to decrease the repetitiveness of music but can be restrictive to 
the composer since the musical segments need to be compatible. Additionally, as complexity 
of the open form system increases the harder it becomes to express a musical arc, with the risk 
that the music becomes undramatic and uninteresting.  
 
Lastly, “branching state-based music” relates to the transition matrix approach to composition. 
This technique was briefly outlined in the paragraph describing horizontal re-sequencing. 
Branching state-based music refers to cues that have transition markers where the music system 
checks whether parameter conditions are met and changes depending on the parameters that 
have been met. Actions only occur if the music reaches a transition marker and the conditions 
to transition are fulfilled. Each transition marker could have multiple transitions that lead to 
differing musical cues, resulting in a great deal of compatible precomposed transitions. This 
technique allows the composer to have a large amount of control over the musical arch yet 
becomes increasingly complex to develop as the number of possible transitions increases. When 
well-executed, the player may not even notice the transition to another musical cue as they 
advance through the game. Music that is effectively able to match the on-going action may have 
an immersive effect on the player (Collins, p.147–163, 2008). 
 
 
 
4.4 Generative Music 
 
Generative or procedural music creates “ever-different and changing musical structures based 
on formalized computational methods” (Bernardes and Cocharro, p.1, 2019). Dynamic music 
generation receives input parameters from an external source (like a game engine) and outputs 
musical content from those parameters. It seems that dynamic music generation is the perfect 
fit to the non-linear and unpredictable nature of video games as it can adapt in real-time to the 
player’s actions. As of yet, procedural music struggles to effectively accompany the narrative 
and functions of music in games which include “anticipating action, drawing attention, serving 
as leitmotif, creating emotion, representing a sense of time and place, signaling reward, and so 
on” (Collins, p.7, 2009). Musical cues should have a rapport with one another, to the gameplay, 
to the narrative, to the game state, and many other elements. As a result, procedural music must 
follow strict logic to meet all these requirements which often do not fulfill the musical 
eloquence that human-composed music can convey. Among other reasons for the lack of 
procedural music in video games may be the CPU cost, which is often allocated towards 
graphics. The future for dynamic procedural music in games looks bright however, as the 
technology becomes more mature and computers are better able to handle the load, games will 
increasingly feature procedural content. Most likely, it will be a blend of composed music with 
generated elements to it to keep the music interesting and immersive. 
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5 Dynamic Music in Practice 
  
There are various tools that exist to create dynamic music systems in games like FMOD 
(Firelight Technologies), Wwise (Audiokinetic), and Elias (Elias Software AB). This section 
will focus on FMOD Studio as it is an established middleware that has been used in a large 
number of modern video games. It has been used to create the sound systems in games such as 
World of Warcraft (Blizzard Entertainment), Just Cause 2 (Avalanche Studios Group, Eidos 
Interactive), and Celeste (Matt Makes Games) to name a few. 
 
FMOD Studio is an audio creation tool for games that is designed like a digital audio 
workstation. Digital audio workstations are software to record, edit, and produce audio files. 
They all share a central user interface that allows the sound designer or composer to mix 
multiple files into a final track or sound effect. FMOD resembling the interface of a digital 
audio workstation facilitates the learning process for traditional composers transitioning to the 
non-linear format of game music. FMOD Studio enables sound designers and composers to 
design complex auditory and sound interactions within the middleware. Beyond creating 
compelling music systems controlled by parameters and conditional logic, it eliminates most of 
the dependencies audio designers faced in the past with programmers. Once implemented and 
properly set up in a game project, the sound designer is able to create and iteratively test their 
systems in real-time without leaving the software. 
 
In FMOD Studio, the sound designer creates “events” where sound effects or musical cues are 
found. It is “an instance-able unit of sound content that can be triggered, controlled and stopped 
from game code” (Firelight Technologies Inc.). Everything that produces a sound in game is 
associated with an event. Within this event, the sound designer can create conditional logic and  
determine parameters that define how an audio asset behaves and sounds. Say the sound 
designer wants to create the footsteps sounds for a player running in a game. In the example 
below (See Figure 3), there are four separate footstep sound files. These are grouped together 

Figure 3: Creating a footstep sound event in FMOD Studio. 
 



	 17 

 in a “multi-instrument” which is a collection of sound assets that can be randomly shuffled or 
cued to trigger in a specific order. In the case of footsteps, the designer would want to have 
these trigger in a random order to avoid repetition. To add more variability, they could also add 
a pitch shifter that randomizes the amount that the pitch is shifted for each trigger. Depending 
on the theme of the game, the single footsteps may also be matched with the tempo of the music 
in the game to integrate the sound effects with music. Without any code, they have created a 
simple system for the sound of footsteps that will never repeat. All that is required for 
implementation is programing the FMOD event to the in-game action. These may be obvious 
functionalities that you would expect from an audio engine but are actually revolutionary 
considering how audio engines in the past required an audio engineer as a middle man. Dynamic 
audio middleware is eliminating the dependency of the programmer a huge problem sound 
designers faced in the past. Middleware provides the user interface for sound designers to create 
and test their productions without having any knowledge of code.  
 
When creating a music system that flows with the level, the game composer will want the music 
to transition properly and reflect what is happening on screen. An example in FMOD Studio, 
would be to add multiple layers that are faded in and out depending on what is happening in 
game (vertical re-orchestration). This is controlled by a parameter, which is visible in the 
example Figure 4 at the top of the screen (see “progress, fade, and escape”). Depending on the 
values that the game engine inputs, the corresponding layers will fade in or out. The sound 
designer can also manipulate these variables manually to test the system within FMOD Studio.  

Figure 4: Music of Celeste (Matt Makes Games) in FMOD Studio 
 
In Figure 4, the composers have added “transition regions” labelled “to clean 1”, to “clean 2”, 
and “to clean 3”. Transition regions are areas where the music will automatically transition to 
the next cue if parameter conditions are met. For example, if the “progress” parameter is set to 
2.0, the music will transition to corresponding destination: “clean 2”. Through parameter 
control and conditional logic, game composers are able to create and test music systems within 
FMOD Studio. Evidently, a middleware like FMOD Studio entails an extensive variety of 
functionalities for sound designers but these are some of the core features.  
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The challenges of audio engines like FMOD Studio is the lack of resources there are to properly 
learn how to make use of the full functionality of these programs. As of yet, there is no formal 
education on these programs. The expertise in dynamic music creation lies mostly in sound 
departments of the most successful game companies. Online resources are limited, with 
newcomers resorting to a trial and error learning process. Besides the lack of resources to learn 
this software, the complexity of composing a plethora of musical cues that are interconnected 
and dependent is a relatively undiscovered field in music production that is almost exclusively 
related to game composition. This massive amount of work is usually a collaboration of 
multiple composers that require a deep understanding of music, games, and the software itself 
to effectively communicate with one another. With each additional composer on a team, it 
naturally becomes more difficult to create a cohesive music system. On the other hand, working 
on a music system on your own is a large undertaking. With the passing of time as more research 
and education materialize, conventions and best practices will be established and dynamic 
music terminology will become familiar enabling smoother and more effective communication 
between composers. 
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6 Current Research and the Future of Dynamic Music 
 
The current research on dynamic music is limited when it comes to how it may affect the player 
experience. This chapter presents those papers which tested for the emotional player experience 
with dynamic music as the independent variable. Subsequently, it discusses the effect that novel 
technologies like biometric feedback or “emotion detectors” might have on the future of 
dynamic music and how we may interact with this new form of media. 
 
 
 
6.1 Dynamic Music and Affective States 
 
Dynamic music has the potential to meaningfully increase the believability of the virtual space 
in games and thus more effectively emotionally affect players. Eladhari, Nieuwdorp, and 
Fridenfalk (2006) developed an adaptive music system (Mind Music) that can reflect the 
affective state of game characters dynamically. Mind Music uses research on affective science 
such as personality, mood, and sentiment as input and has in-game characters musically reflect 
their affective state as output. They outline possible benefits of such a system, including relying 
less on visuals symbols as a means to affective communication and possibly increasing 
immersion through mood induction. Furthermore, as game characters are able to express a 
wider emotional range, they may become more believable agents and allow the player to 
recognize nuanced differentiations between characters’ affective states. These benefits however 
assume that the player perceives the music the way the composer intended it to be perceived. 
 
The dissertation Adaptive Music Generation for Computer Games by Antony Prechtl (2016) 
describes a study of the effect of an adaptive music generation system on the player experience 
of a horror game. Prechtl hypothesized that players will prefer dynamic music to static and no 
music as well as rank dynamic music as more tense, exciting, and fun. Furthermore, he 
hypothesized that dynamic music would elicit a larger skin conductance response than the 
controlling variables. Players who enjoyed horror games tended to rank dynamic music as most 
preferable and most fun. However, those who did not like horror games rated the three 
conditions similarly. There was a consistency between groups when they rated for tension and 
excitement, for which dynamic music was highly rated. The skin conductance responses of 
players were statistically significantly higher for the dynamic music condition than its 
counterparts. Prechtl states that the dynamic music was the most emotionally arousing and that 
it can be “attributed to the music’s dynamic behavior rather than its overall amount of tension” 
(p.92, 2016). Interestingly, there was no statistical significance of tension ranking between 
static music and no music contrasted to dynamic music. 
 
Scirea (2017) developed an affective music generation system (MetaCompose) which was 
tested on players in a game of checkers. MetaCompose uses valence (how averse/attractive an 
event, object, or situation is) and arousal as input to generate music. Testing for arousal, Scirea 
(2017) found that listeners were able to correctly detect the emotion but were not able to yield 
the same results for valence. He hypothesized that a feature that is associated with arousal also 
had an effect on valence explaining the weaker results for valence. When testing the player 
experience during a game of checkers, Scirea had participants play two games of checkers with 
two of three setups by MetaCompose: static expression (no adaptivity to music and no affective 
expression), consistent affective expression (adaptive music), and random affective expression 
(random generation). He found that the music that was affectively consistent with the game 
state was generally perceived as having “better overall quality” as well as “lead to a more 
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engaging experience, and to a better match for the perceived excitement in the game (Scirea, 
p.117, 2017). 
 
Plut and Pasquier (2019) studied the effects of adaptive music on experience and player affect 
in Music Matters. They found that “adaptive music can significantly increase a player’s 
reported experienced feeling of tension, that players recognize and value music, and that players 
recognize and value adaptive music over linear music” (Plut and Pasquier, 2019). They used 
tension as their variable of interest as both “musical and game tension are grounded in literature 
and theory”. Along the lines of the work cited above, they used research on affective science 
and used a modified version of the 3-Dimensional “Model of Affect”. Measuring for tension, 
which they define as a “temporal emotion that arises from a lack of resolution over time”, they 
found that as the game tension increased and the music tension dynamically adjusted, the 
reported perceived player tension also increased. Static music decreased the perceived tension 
whereas music which was inversely tense to the game state increased tension. Plut and Pasquier 
conclude that their research suggests adaptive music is valued by the player and strengthens the 
affective impact of a game. 
 
The studies suggest that dynamic music can significantly impact the affective state of player 
experience. However, the few papers that are available show the lack of research in this field. 
This may be due to the complex interdisciplinary nature of dynamic music. Dynamic music 
composers require a unique set of skills to create effective music. They need to have an 
understanding of game design, music composition, and the specific software required to create 
dynamic music. Dynamic audio has essentially become a must for AAA games and even indie 
studios are investing in their game music. Redhead (2018) proposes that the “dynamic music 
producer” is becoming an emerging role that will advance the proliferation of dynamic music 
in games. Dynamic audio tools such as FMOD and Wwise are becoming more uniform in their 
user interface, easing the learning curve for aspiring game composers. Standardization in 
software and file formats means more cross-software compatibility and thus interactivity. Game 
systems are continuously becoming better at handling dynamic music systems and studios are 
allocating more resources to music, poising dynamic audio in an influential position. This 
technological advancement means that audio will be capable of seamlessly processing effects 
in real-time, reducing storage needs, and increasing flexibility. 
 
All of these papers measured for the same emotional experience within the player: tension. The 
papers state to use this metric as it is a well-researched concept in music as well as in 
psychophysiology. Unanimously, they indicate that dynamic music is likely to increase tension 
within the player. Drawing conclusions on how this may affect other emotional states is not 
possible based on current research but it is likely that well-designed dynamic music positively 
affects the emotional player experience. 
 
 
 
6.2 Future Applications 
 
Biometric feedback in games is soon becoming a commercial viability which will also have a 
significant effect on the capabilities of dynamic audio to fully immerse the player. Young 
(2012) suggests that game systems could have “emotion detectors” with “cameras that track 
posture, jitters, and eye movement, controllers that sense heart rate and perspiration changes, 
microphones that detect vocal reaction, and game data that show differences in player reaction 
times and movement techniques could all be used to inform dynamic music engine on what 
specific emotional state a user is in” (p.43). All this data can be used to manipulate the music 
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in real-time and tailor it to the player’s emotional state. Music in games will increasingly 
become a personalized experience. Virtual and augmented reality will also impel a variety of 
novel ways to play and interact with music through a player’s physical movement for example. 
Music in games will become more of a tool or instrument than simply something that is heard 
in the background. We all have different music tastes, so certain game music will cater to us 
differently. In the future, players may be able to set personalized music preferences before 
starting a game to have a more compelling audial experience. Music will “play” the player just 
as much if not more than the player plays the game. Game composers will not be able to 
compose this amount of unique music, so generative music will become a necessity to fill gaps 
where needed. It is unlikely that game composers will become redundant; however, the required 
skill set of game musicians will continuously evolve. 
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7 Conclusion 
 
The increase in functionality and flexibility that dynamic music provides will naturally 
stimulate the professional field. As the number of dynamic music producers increases, music 
systems will only become more complex, nuanced, and meaningful. Undoubtedly, this will 
generate more research in the field of dynamic music composition, which is only now starting 
to flourish. Dynamic music will probably extend outside of games, where consumers can play 
with the input parameters in real time and interact with the music. Given how humans enjoy 
being in control of narrative storytelling (for example: games or non-linear movies), it is not 
unlikely that we will enjoy controlling music. The possibilities with this new technology are 
seemingly endless and only the future can tell what producers will create and how consumers 
will interact with it. The lack of research in this field may stem from the fact that dynamic 
producers at the forefront are too busy applying their expertise in their field of work. It may 
also be a result of the absence of institutional dynamic audio education. Furthermore, the 
interdisciplinary nature of this domain, which includes the fields of psychology, game research, 
aesthetics, and music theory, which to varying degrees struggle to establish concrete theories 
in their respective fields, presents a plethora of research challenges. Most likely, it is a 
combination of all of these factors. Hopefully, an increase in academic institutions offering 
dynamic audio courses will propel research in this field. Historically, game audio has long been 
in the backseat of game development and clearly the engrossing capabilities of dynamic music 
will necessarily become a central feature in games. 
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