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Abstract: Similar to the music investment of movies is the composition of audio effects and 

music for the escalating industry of video gaming. Gamification has been endorsed as an 

interdisciplinary factor for promoting entertainment along constructivist learning. As a result, 

the production of music for games has been promoted as a state-of-the-art research field in 

computer science. Apart from its business sense it also provides a developmental journey that 

promotes sets of different expectations and attracts new groups of vendors. Since the production 

of games is characterized by maximum activity in terms of complication and cost (the 

production of a 3-D multiplayer game can sum up to millions of dollars), the role of sound 

engineer/composer/programmer becomes crucial. This research describes how sound 

investment can endow stimulating musical compositions. State of the art systems and techniques 

that develop algorithmic music composition for this specific audiovisual activity are analyzed. 
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I. INTRODUCTION 

The frenzy for gamification cannot be explained only in sociologic terms: it is clearly a predominant 

technological advancement that powerfully attracts, with its multimedia gizmos, masses of youngsters 

into undeniably beautiful trajectories exhibiting the marvels of the computer hidden underneath.   No 

matter the (simulation or programming) bugs and the sociopathic or psychoneurotic behavior the 

futuristic features of gamification may enclose within their framework [1], they nevertheless constitute 

an affordable trip to the highlighted world of very expensive technological promises [2].  

How often do youngsters have the opportunity to drive an expensive sports car? What alternatives 

are offered to kids squeezead in mega-city urban developments to play cricket with style [3][4]? How 

evident is the potential of a schoolboy in becoming a champion in chess [5]? 

Gamification sustains the dreams of a new generation, in terms of HCI metaphors, to handle sensors 

and pricey components of a working environment that is currently unavailable, to the most, but seems 

to be a forerunner of really stunning worlds to come [6][7]. 

Furthermore, in scientific terms, games are conceived as integral tools of creative activity exercises 

aiming to develop via simulation-based training precious mental skills and awareness [8][9].  

In terms of synaesthesia, gaming experience cannot be perceived as complete without audio stimulus 

and investment (the synaesthetic metaphor). By the term audio we signify all the sound elements that 

make up a game: sound effects, dialogues, songs, background music and interface sounds. In these 

environments, sound and more effectively music, act as a dipole: sonic sensation is a modality 

experienced by the gamer, triggered by the gaming algorithm or the impressions relating to the bodily 

functions of the gamer, in coupling conjunction with another stimulated modality, like the visual 

impression of the virtual worlds the game offers [10][11].  

Depending on the nature or the type of the game, different relationships develop between these 

elements as users dip into understanding and utilization of the game’s strategic planning [12]. All these 

elements, alongside excitement and contest, contribute to the experience enjoyed by the player when 
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playing a game. Quite recently, scientists have dipped into mood and chromoaesthesia, i.e. the 

experience of color sensations as non-visual stimulations [13]. 

Overall, gaming either as recreational activity or a learning methodology is rivaling entertainment 

options like going to the movies, watching television or listening to music. Therefore, it is a fruitful 

industrial activity, within the digital economy, that already by 2013 had cropped up $93 billion 

worldwide [14]. In 2017 it is estimated to surpass, amidst economic crisis, the $110 billion threshold. 

 

II. THE SYNAESTHETIC BACKGROUND FOR MUSICAL DEPLOYMENT 

In video gaming sound responses are referred to as “interactive”, “adaptive” and “dynamic”. 

Interactive is the sound that attempts to contemporize with the player’s bodily functions. When the 

player presses a button, the avatar, for example, will shoot and then a certain sound will be heard, 

which is going to happen each time the player shoots. While “interactive” sounds occur as interplay, 

“adaptive” sounds do not interfere with the player’s moves; they rather follow up the scenario changes 

that occur in the game. For example, in the emblematic video game “Super Mario Brothers” (Nintendo, 

1985), music is accompanying play with a steady rhythm, and changes according to the time lapses of 

every stage. The term “dynamic” sound includes the above two conditions. Such is the sound that 

interacts on player’s actions, but also according to the flow of the game [10]. 

In a video game, players react in proportion to the sounds they hear apart from the images they see. 

There are games that are based on sound, and are ideal for players with visual impairments. Such 

games create an environment in the player’s mind, which uses different sounds to assist navigation   

through the game. One such example is the game Papa Sangre (2010). It is a sound game in which the 

player moves in 5 castles trying to avoid monsters in order to collect musical keys. Monsters react to 

sounds invoked by the player, producing noises when they run or push an object, so the player learns to 

listen carefully as he moves in the game, paying much attention to all sounds. 

Contrariwise, in games that combine sounds and images, an inseparable relationship is created: 

sound makes us see a picture through another prism, and this in turn makes us perceive the sound 

differently, etc. The console Atari 2600, released in the late 1970s, had very poor graphics and audio 

capabilities. The pictures looked like large pixel collections, having as result that if someone that was 

out of the game saw them, he would be unable to make sense. On the other hand, most sounds were 

very hard and had nothing to do with natural sounds. Overall, however, when images were combined 

with sounds, a meaningful game plot was acquired. Accordingly, in the game “Combat” (1977) one 

could sense that the short bursts were actually meant to be cannon blasts, and the hollow noise that was 

heard continuously signified a moving tank. 

There are two types of sounds in such games: the ones that are generated by the player when he 

presses a button and the ones that are based on the algorithm of the game; the latter include sonic 

events that are heard at certain points of the game and are build on timers within the code. The sounds 

created by the player are always interactive, while the ones based on events of the game can be either 

interactive or non-interactive. The rationale for interactive sounds is to be consistently repetitive, i.e. 

when the player makes the same move, the same sound will be heard. This helps the player to associate 

the sound with certain motions and essentially assists him to ameliorate his performance while playing 

the game. Of course, this can work negatively, when a sound is heard too many times, especially when 

the player faces difficulties at some point in the game and is forced to spend a lot of time on it. 

Consequently, sometimes there are different sounds stored on the soundtrack of the game, which are 

selected randomly and are related to the same player’s move. When it comes to music that is heard in 

the background of the game, there is provision for not repeating endlessly the same piece: there are 

built-in timers to turn it off after a certain time period.  

How does the player interact sonically in a video game? The events, actions and timings are usually 
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unpredictable, and occur in real-time as the player moves through the game. Therefore, all the elements 

that arrange the music will also have to evolve in real time. But then, how can the designer of the game 

predict the duration of the sound if the movements of the player are unpredictable? For this reason, 

many designers believe that a viable solution to this problem is the composition of music and not 

simply a compilation of fragmented melodic segments. 

Before the methodology for producing game sonifications is deployed [15], the human attitude 

towards the gaming experience will be presented, in an attempt to reveal the “hidden” user 

characteristics that affect the discourse of game musification. 

 

III. GAMING: ACTIVITY ANALYSIS AND PERFORMANCE  

Whether offered as recreation, as learning tools in [virtual] parlors or as networks that diffuse social 

capital, games promote melodic spectacles. Although they have not reached yet the creativity level of 

music for cinema productions, they offer melodic investments with unprecedented realism in 

accompanying the flow of images, in accordance with the action and biasing that multi-spectacle 

attributes exert. Some characteristic attributes are presented:  

A. Gaming as a Social Skill  

As it was presented in Section II, although the technological status-quo was somewhat “naïve” and 

“cartoonish”, the computer gaming culture has its roots planted in late 1970s. The authors carry their 

own experience, enhanced by their social habitat's findings, that the contemporary highly interactive 

multimedia environments provide such an appealing gaming experience which makes it plausible for 

contemporary students to have already played more than 100 computer games on average and have 

spent thousands of hours playing them.  

Gaming, however, does not only profoundly influence the social environment. It shapes a tendency 

towards introspection, understanding motivation, knowledge acquisition, skills, habits, etc. It has 

diachronically directed psychologists in developing the concept of multiple intelligences [16]. Indeed, 

new generations appear to have developed media literacy and interaction skills with technology that 

makes older people gaze amazed. 

The profiles of intelligences and their basic description defined by the Multiple Intelligence theory 

are [17]: 

• Verbal/linguistic – represents the primary means of communication amongst humans. It is 

reflected in symbolic thinking, language, reading, and writing; 

• Logical/mathematical – is used for data processing, pattern recognition, working with numbers 

and geometric shapes; 

• Visual/spatial – navigation, map-making, visual arts, architecture, and perspective;  

• Bodily/kinaesthetic – reflects the precise self-body motion control, non-verbal emotion 

expression, dance, and fine hand-eye coordination;  

• Musical/rhythmic – recognition and use of rhythmic and tonal patterns, recognition of sound, 

speech, and music instruments. It is used to interpret and create music; 

• Natural – recognizing patterns in nature, classification of objects and types of wildlife;  

• Interpersonal – the possibility of cooperation in small groups, communication with other people, 

the individual’s ability to recognize other people’s intentions, mood, motivation, non-verbal 

signs;  

• Intrapersonal – recognizing own abilities, capacities, feelings, emotional reactions, 

self-reflection, and intuition. 

 

Concludingly, gamification is not only an undeniable reality for children and students, but it is also a 

http://www.ijntse.com/


Dionysios Politis et. al. / International Journal of New Technologies in Science and Engineering 

Vol. 4, Issue. 1, Jan 2017, ISSN 2349-0780 

 

Available online @ www.ijntse.com                                                                      17 

potential where technologists and musicians can participate in its expansion. Whether promoting 

commercial or educational use, music investment is an integral part of its development.  

A certain thing is that the whole environment of a virtual world in an interactive video game has to 

trigger certain feelings and emotions on the player to enhance the experience of gaming. One tool to 

achieve this goal is, of course, sound. Theories on psychoacoustics and research findings on music 

perception can be applied in order to have the desirable auditory result. 

Each player understands the game’s world in his/her own way, and lots of factors contribute to this. 

According to the theory of multiple intelligences, the player’s experience, memories and 

expectations are some of the factors that shape his performance, excitement and involvement with 

gamification. But the game itself should lead them to certain feelings, according to the interaction, the 

events occurring at a certain time, the communication with other players, and the environment itself.  

 

B. Gaming as a Learning Literacy  

A plethora of learning applications has emerged with the advent of mobile technologies. The 

extended use of portable computing machinery and their enhanced ability to reproduce, record, and 

distribute audiovisual happenings, even when users are working on the move or within assemblies, 

vastly promotes self-paced learning and live e-learning. This is especially true for learning foreign 

languages: extended sonification is used [10][18]. 

Even though the educational potential of digital games seems promising, the academic community is 

well aware of the negative influence that poorly or inadequately designed games can have for school 

achievement or increased self-alienation [19]. Therefore, students’ guidance and support for using 

gamification as part of their educational arsenal should be mandatory.  

As Prensky [20] has pointed out at the beginning of the multimedia learning era, the combination of 

games with educational goals does not merely motivate learners, but additionally, it provides a surplus 

of prospects for interactive learning. He even comes to the conclusion that educational gamification 

seems to be one of the most natural forms of learning. Some other researches have pointed out, that for 

instance when teaching high school history, gamification has a way to present vivid video based facts 

in such a manner, that an indifferent course turns to a highly esteemed learning experience [21].  Most 

important, the traditional learning environment changes drastically towards a student-centered model. 

It seems to be a common practice for educators to use digital games as tools that can significantly 

influence knowledge retention and increase the educational value of the normal, class centered, 

instructor - centered learning procedures. Students even demonstrate a boosted state problem solving 

performance when the game-based learning model is applied to their instruction.  

It is evident that Game-Based Learning has been successfully promoted to an equal partner into 

modern school teaching practices, alongside electronic tests and streamlined video lessons. All of 

these tools narrow the gap between the traditional “low tech” learning environment and the new 

“digital” student generation, which is inherently literate in using high-end technologies in their every 

day habitat.  

Some examples demonstrate with facts the diverse influences that learners carry with them from the 

early stages of their development: A pupil born in 2002, the year the “Grand Theft Auto III”, 

“Battlefield 1942”, Tom Clancy’s “Splinter Cell”, “Mafia” and “Hitman 2: Silent Assassin”, 

“Warcraft III: Reign of Chaos”, “Resident Evil”, were released, when he started schooling 6 years later 

came to think all these legendary games as “history”. It is plausible to think all these games had already 

created groups of loyal users that could gradually show the newcomer how to play these games and 

actively participate in their virtual spaces. Therefore, for the newer generations, computer games 

(along all other modern ICT achievements that come constantly in waves) always existed and were 

used as an integral part of their everyday routine.  
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C. User Styles, Experiences and Intelligences used for Gamification 

The survey about student video games and HCI preferences, and verbal/linguistic and 

musical/rhythmic intelligence assessment was conducted at Aristotle University of Thessaloniki on 

June 15, 2016, on a sample of 51 Greek students. Students had one hour to complete the 

e-questionnaire at the Department of Informatics premises. 

The questionnaire consisted of four parts: 

 Digital games preferences (14 items) 

 Verbal/linguistic (13 items) and Musical/rhythmic (10 items) intelligences self-assessment 

 Essay questions about playing video gameplay, interaction, gamification and learning chromatic 

scales. The first group was given four and the second had nine essay questions in total. 

 Language proficiency self-assessment 

The valid sample consisted of N = 45 students that correctly completed questionnaires according to 

the instructions. The students were 21.5 years old (SD = 0.98) on average. In total, N = 34 (75.6 %) 

were males.  

When students were queried about the type of device they usually play video games, most of them (N 

= 28; 62.2 %) preferred home computer/laptop and about every fifth (N = 8; 17.8 %) preferred playing 

on the mobile phone. As for favorite game genre, about half of students preferred Action 

(Shooting/Platform) (N = 10; 22.2 %) and Strategy (N = 10; 22.2 %) games, following Adventures (N 

= 6; 13.3 %) and Logic/puzzle games (N = 6; 13.3 %). Students usually play about 105 minutes in 

continuance. Three students (6.7 %) have reported that they do not play games.  

Most of the population (N = 34; 75.6 %) has been playing games longer than five years. One-way 

ANOVA analysis presented statistically significant gender differences in the length of the period that 

students have been playing games (F (1, 43) = 8.04; p = 0.007; η2 = 0.16). Males reported that they 

have been playing games for more than two years on average, while females have been playing games 

for about 14 months on average. 

The assessed level of Verbal/Linguistic intelligence (M = 60.4; SD = 9.10) was higher than 

Musical/Rhythmic intelligence (M = 56.3; SD = 14.7), as presented on Fig. 1. An independent samples 

t-test was conducted to examine whether there was a significant gender difference between students in 

relation to their assessed levels of Verbal/Linguistic and Musical/Rhythmic intelligences. The test 

revealed no statistically significant difference between male and female students in Verbal/Linguistic 

intelligence (t = -0,21; df = 43; p = 0.834) nor Musical/Rhythmic intelligence (t = 0.08; df = 43; p = 

0.937). 

One-way ANOVA analysis presented statistically significant differences in the assessed level of 

EFL (English as a Foreign Language) knowledge by the assessed level of Verbal/Linguistic 

intelligence (F (1, 21) = 2.1; p = 0.043). 

The independent samples t-test revealed statistically significant difference between male and female 

students in number of foreign languages they speak (t = -2.64; df = 43; p = 0.011). Females (M = 2.36; 

SD = 0.92) reported significantly higher number of foreign languages spoken than did males (M = 

1.65; SD = 0.73). One-way ANOVA analysis presented no statistically significant differences in the 

number of foreign language spoken by the assessed level of Verbal/Linguistic (F (1, 21) = 0.79; p = 

0.703) nor Musical/Rhythmic (F (1, 21) = 0.92; p = 0.570) intelligences. 
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Fig. 1. Assessed average levels of Musical/Rhythmic (left) and Verbal/Linguistic (right) 

intelligences by gender 

 

 

IV. COMPOSING MUSIC FOR VIDEOGAMES 

Video games in our days have been promoted into a whole new scientific field of computer science, 

which involves several different scientific disciplines. Especially, the interactive 3D games of the last 

decade meet all the standards of a movie-film (even actors participate either for the modeling of the 

animated characters or the recording of their voices), plus the programmers and the game-play 

designers.  

Consequently, a super production game can well be compared to the creation of a Hollywood movie, 

except that in the case of the game, the budget for the production would rather be more limited. 

Therefore, a crucial question regarding the music soundtrack of the game can be discussed here: “Is it 

possible for the music of a video-game to automatically be created in real time according to the game 

flow?” If this issue can be computationally resolved with satisfactory auditory results, then this can 

give a vital solution for the video games producers, since the option of a professional music composer 

for such kinds of productions is of minor importance for the producer, but of major importance for the 

game itself (hence very expensive). 

Video games are rather an ideal means for algorithmic real-time music composition, since a lot of 

game play elements (timings, events and actions) are unpredictable and occur in a non-linear way. It 

could be said that soundtracks in new generation games are actually procedural, since the elements that 

they consist of (music, ambient sounds, dialogs, effects, background accompaniment etc.) occur in 

real-time, according to a sequence of rules that exists in game’s software. Algorithmic music 

composition for video games is a current research area by many scholars [22][23].   

As it has been discussed by Margounakis and Politis [24], an image can be converted into a 

chromatic melody, depending on the image’s dominant colors. Parts of this theory are used in the 

present discussion about algorithmic music production in video games.  

For exemplification purposes the world famous game Super Mario Bros will be used (Fig. 2). This is 

a perfect illustration of a game with “dynamic” sound.  According to Collins [25], dynamic sound 
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interacts with both player’s actions and the game flow. In the rest of this proposal, basic theories and 

principles that an automatic algorithmic music composer for video games could use are demonstrated.  

 

 

 
 

Fig. 2.  A screenshot of the famous game Super Mario Bros 

 

 

Unlike static images, a video game consists of an image sequence alternating in an unspecified 

manner (depending on the game’s evolution). In order to create a base melody, the overall picture of 

the game should be evaluated, e.g. is it happy? Is it dark? Is it colorful? What is the overall impression 

that the flow of images creates? It would make sense to connect this overall picture to the scale the 

melody should be written. Using the TinEyeLabs tool (Fig. 3), we can observe that the dominant color 

of our example is cornflower blue [RGB (97,133,248)] in a 64.1% percentage.  

This color bears a value of χ ≈ 1.3 (see [26][27]). Have we accepted that the game is going to have 

western-oriented music, the advisable scale for its theme is the major one (χ0 = 1.286).  

For the main chromaticism of the melody, the rest of the dominant colors of the image will be used. 

These are (apart from blue) the two hues of brown (Fig. 3). These three colors occupy a total of 88.3% 

of the screenshot.  

So, apart from the major scale, our music theme will bear some basic western music chromaticism 

(chromatic intervals) by a percentage of 24.2 % (almost 1 out of 4 intervals). Some additional 

parameters that need to be configured are shown in Table I.   
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Table I. Configuration of variables for 

brick-driven synthesis in a parameterized 

environment [24]. 

Configuration Values a 

 
a.Configuration of variables for brick-driven synthesis in a parameterized 

environment 

 
 

 

Fig. 3. The color palette for Super Mario Bros 

 

 

The chosen parameters for the conversion of Super Mario are:  

Ni Factors: 11 - 15 

Size of Intervals: Random 

Direction of Intervals: Alteration per Meter 

Repetitions of Phrases: wherever possible.  

Thus, a possible motive can be produced. Fig. 4 shows such an excerpt consisting of 8 meters, which 

complies with the above.  
 

 

 

Fig. 4.  The produced theme for Super Mario Bros  

 

 

For the music tempo, the movement of the main character should be taken into account (in our case 

Mario’s speed). Beyond that, two sound parameters can be distinguished: the events that trigger some 

sound effects (the melody is not affected), and the events that affect melody in real time. According the 

screenshot in our analysis, the events that may occur and their auditory result are presented in Table II.  
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  Table II. Events and auditory result 

Event Triggers 

1. jump_on_enemy Sound FX 

2. jump_on_questionmark Sound FX 

3. bonus_on_screen Change in Melody 

4. eat_bonus_and_grow_up Sound FX 

5. double_speed Change in Melody Tempo 

6. kill_Mario Change Melody and Terminate Melody 

 

As seen in Table II, only events 3 and 6 are suitable for changing the melody. In the case of a bonus 

existing on screen (waiting for Mario to get it), the proposed algorithm acts by adding embellishment 

notes and extra chromatic notation to enrich the melodic line (Fig. 5). In the case of losing the game (by 

getting Mario killed), the melody is chromatically distorted (with chromatic phenomena) in order to 

produce higher tension and gradually decreasing in speed to an end (game over). This is obvious in Fig. 

6.  

 

 

Fig. 5. The effect of event No. 3 in the first meters of the melody 

 

 

Fig. 6. The effect of event No. 6 in the first meters of the melody 

 

It should be noted that in the case of event 6, even smaller intervals than semitones (quarter-tones) 

are used in order to reach higher level of chromaticism. 

In any case, Figs. 5 and 6 demonstrate how affective computing is expressed in musical terms, i.e. 

how it is possible to improve human-computer interaction by orienting machines to adapt as more as 

possible to their users’ understanding [28]. Within this framework, the generic notion of emotional 

intelligence is applied into the sector of music investment for gamification purposes.  

 

V. EVALUATION OF THE PRODUCED MELODIES 

In order to evaluate the produced music result from our automated process, we asked two 

independent composers to produce one minute of actual music, inspired from the image (Fig. 2) of the 

Super Mario game, as well as the game’s walkthrough at this level. The auditory results, depicted in 

scores from MIDI files are shown in Fig. 7 and Fig. 8.  
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Fig. 7. First 13 meters of Super Mario composition from independent composer #1 

 

 

 
Fig. 8. First meters of Super Mario composition from independent composer #2 

 

 

As it is obvious from Fig.6, the first composer chose to create a purely melodic track, based on a 

certain motive (meters 1-4). The harmony of the second voice creates certain dissonances in some 
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points to stress the emotional state of the game. At meters 9-12, the main motive is replaced by a faster 

and more playful melody. 

The second composer had a far different approach by creating a strongly auditory effect, fully 

orchestrated in five voices. Although the melody is only a repeated loop in the fourth voice with no 

worth to mention musical phenomena, the instruments used in the audio file create the tension. The 

audio result is a “dirty” electronic sound loop, well adapted to the game’s needs.  Moreover, pitch 

bends are used in certain points to further distort the game’s sound.        

Comparing the algorithmic production with the composers’ manual projects, several aspects can be 

discussed. First of all, all three pieces were written in major scale, which proves the acceptance of the 

bright and happy side of the game by all projects. The approach of the first composer is closer to the 

automatic chromatic production, since it deals mostly with melodic patterns and melodic alternations. 

Moreover, the first composer handled the events of the game in the same manner as the automatic 

chromatic production, e.g. he created a different melody in tempo and intervals. However, no 

chromatic phenomena at all were used in the first composer’s work. 

On the other hand, the second composer chose to chromatically tense his work by using pitch bends, 

which comes to a point of convergence with the automatic melody. As he chose a totally different 

approach (timbre moderation – not melodic effects), no other common music elements were 

discovered.  

Finally, an important point that should be pointed here is that the two composers followed two totally 

different composition methods (without being asked to), so as their results have no similarities at all.     

VI. CONCLUSION 

Computer assisted composition of music investment for computer games or game based learning 

does not substitute composers. It sets, though, the conceptual bases for creating music repositories, 

based on their chromatic index correspondence with images. These repositories may decisively 

support a thematic and motivistic plot in music terms for an exciting deployment of a game's strategy. 
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