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Abstract 

 

This paper is interested in the creative practices in video game production. More specifically, 

the research focuses on the ways in which the use of game engines --- a toolkit that offers a 

set of functionalities to automatize the handling of a range of processes (graphics, sound, 

game physics, networks, artificial Intelligence) --- make possible or impossible certain forms 

of emergences in video games production. The manipulation of objects in these game engines 

is done according to a certain programming paradigm. Two main programming paradigms 

currently govern the internal design of game engines: object-oriented/inheritance-based 

deep-class hierarchical design and component-based data-driven design. We will describe 

how different programming paradigms lend themselves to certain affordances to explore the 

ways in which game workers can interface with game engines. We will use the framework 

developed by Gilbert Simondon on the artisanal and industrial stage or mode of production. 

This will enable a better understanding of the technogenesis of different kind of game engines 

and the ways in which they can be conceptualized as technical individuals enduring through 

their associated milieus. This way of describing game engines emphasizes non-

anthropocentric forms of creativity and specific modalities of emergent techno-human 

processes that are too often underestimated in various accounts of cultural production 

processes.  
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Résumé 

 

Cet article s’intéresse aux pratiques créatives dans la production de jeux vidéo. Plus 

précisément, cette recherche se concentre sur les manières dont l’utilisation de moteurs de 

jeux video --- une boîte à outils qui offre un ensemble de fonctionnalités pour automatiser le 
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traitement d’un éventail de processus (graphismes, son, physique des jeux, réseaux, 

intelligence artificielle) --- rend possible ou impossible certaines formes d’émergence dans 

la production de jeux vidéo. La manipulation d’objets à l’aide de ces moteurs de jeu 

s’effectue suivant un certain paradigme de programmation. Deux principaux paradigmes de 

programmation gouvernent actuellement le design interne des moteurs de jeu : le design 

orienté objet et le design de programmation orientée composant basé sur les données. Nous 

décrirons les possibilités qu’offrent ces deux paradigmes de programmation pour explorer 

les différentes modalités suivant lesquelles les travailleurs du jeu vidéo peuvent s’interfacer 

avec les moteurs de jeu. Nous utiliserons le cadre développé par Gilbert Simondon sur le 

stage ou le mode artisanal et industriel de production. Cela permettra une meilleure 

compréhension de la techno-genèse de différents genres de moteurs de jeu et les façons dont 

ils peuvent être conceptualisés en tant qu’individus techniques se perpétuant à travers leurs 

milieux associés. Cette manière de décrire les moteurs de jeu met en évidence des formes de 

créativité non anthropomorphiques et les modalités spécifiques d’émergence de processus 

techno-humains  trop souvent négligés dans les descriptions des processus de production 

culturelle. 
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What defines the modes of creation specific to video games as an interactive medium? Video 

games do not constitute finished text presented to an audience, but a system or a world with 

which players interact. The creation of video games can be described as the building of a 

universe of possibilities relying more on systems and cybernetic principles than on aesthetic 

rules attached to the production of an object. Video game creation can be described as a 

process of metacreation where a certain number of possibilities are crafted and played upon 

by game developers and players. 

Studying video games as a cultural or aesthetic product used to be the privileged 

approach in video game studies, amounting to focus on the specific form of interactive 

narratives found in video games (Ryan, 2006), on the aesthetics of video games (Kirkpatrick, 

2011) or on the ludic qualities of video games (Aarseth, 2001). Some researchers are also 

interested in the practices of reappropriation of video games by the players, including the 

reconfiguration of game levels or game characters through the manipulation of the game 

engine (Kirkpatrick, 2013; Sotamaa, 2003). Many studies have dealt with the economy of 

video games (Castronova, 2005), video game industries and on the modes of production of 

video games (Kerr, 2006).  

Aware of the latest developments in software and interface studies that seek to 

overcome the traditional definition of interfaces as neutral mediation (Andersen & Pold, 

2011), the originality of our approach is to address the question of the specificity of video 

game creation through the study of its technological conditions of possibility rather than to 

focus on the influences of video game publishers, video game designers, economic 

constraints, or the ludic or narrative quality of video game as cultural artefact (Aarseth, 2001; 

Ryan, 2006). Indeed, video games are also defined by the affordances offered by game 

engines (hereafter GE) during the process of production of the video game. GE provide video 

game with a computational infrastructure from which the video game will draw its physics, 

animations, artificial intelligence, and manage its multiple players. GE are not comparable 

to simple tools that would be separated from the game once the latter is produced. The GE 

remains at the core of the game and constitutes its principle of functioning, defining the ways 

in which the players interact with the game system. Furthermore GE ‘define’ the way players 

play, but theoretically they could ‘define’ an ‘infinite’ number of ways to play the game. 

Even if we stay aware of the differences between the way game developers and players 

respectively interact with the GE, the processes through which the GE comes to be stabilized 

define the ways in which a game can endure as an interactive medium, from the production 

stage to the playing stage.  

GE operate at the junction of creative and engineering practices. This dual nature 

yields questions pertaining more generally to the understudied production mechanisms of 

interactive entertainment. Those mechanisms have to be differentiated from the aesthetic 

strategies attached to the production of ‘assets’, that is the objects populating a video game 

(characters, environments, vehicles). GE operate much like a grammar: a predefined set of 

linguistic rules from which enunciations can be produced. Although a grammar defines rules, 

and an enunciation cannot be produced in any kind of way, theoretically an infinite number 

of combinations is possible (infinite enunciations nonetheless obeying a set of predefined 

rules). GE are produced and influenced by a range of stakeholders, such as specialized 

software companies, enthusiast communities, and video game artists. The modes of 

circulation of an inherently programmable software technology impact the production of 
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video games and their mode of existence as an interactive entertainment form. In the context 

of video game production, game developers are users endowed with a certain power of 

reconfiguration of ready-made options embedded in GE and according to logics of object 

manipulation specific to the GE. Their agency depends on their programming skills and the 

ways those programming skills enable a certain manipulation of the GE. The relation 

between programming skills and manipulations possible with the GE is partly determined by 

the programming logic the GE relies upon. Our interest in this paper is to explore how the 

programming paradigms of GE establish a certain mode of functioning of the GE where 

humans and non-humans participate in the continual transformation of the GE. Different 

programming paradigms inform the relations between the manipulators of GE (hereafter 

called game workers)[1] and the GE itself. The programming paradigms define the 

modalities of integration of new object to the game, which opens up a range of expressive 

possibilities where expression is not the externalization of the intent of the game workers 

through the GE but rather the process through which GE and game workers let a specific 

event emerge.  

GE are used to automatized certain programming tasks that are recurrent in video 

game production. They can be specialized in a certain game genre where recurrent 

programming routines are performed. For instance the earlier versions of GE Unreal were 

intended mainly to assist the creation of First Person Shooter games (Gregory, 2014: 12). 

How can emergence, not defined as the product of a process but as the process itself, occur 

in video game production when the tools used are supposed to enable the iteration of 

recursive tasks? How can the manipulation of video GE yield an infinite number of effects 

rather than be considered only from the perspective of pre-existing functions embedded in a 

tool?  

The theories developed by Gilbert Simondon around the concepts of technical 

individual, concretization, techno- and ontogenesis and on the three stages of technical 

development (Simondon, 1969: 96--106) will help us to conceptualize the relation between 

programming paradigms in GE and the affordances offered by these GEs to external elements 

(including game workers). We will then have a better understanding on when emergences 

can occur in the process of becoming of GE.  

 

The centrality of the GE architecture 

 

GE as a system organizing content and game space 

 

Video game production is a complex process involving different technical and artistic 

expertise as well as a diverse range of technologies. Several tools can be used at the stage of 

prototyping (Manker, 2012). 2D software like Photoshop are used by 2D artists to create 

textures (from photographs sometimes), 3D software are used to produce 3D models to be 

put into the game environment at a later stage. 3D animation software (3DS Max, Maya, 

Blender) involves keyframing (a technic of animation based on smooth transition of 

movements) or motion capture data. Surfacing tools like Mudbox (Autodesk) enable 

characters artists to sculpt very fine details into the 3D models.  
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GE are a programming environment used to integrate those elements (called ‘assets’ 

in video game production) produced by different game workers with the help of the software 

described above: ‘GE allow artists to export their assets into a game environment with 

lighting and a camera set up. It also allows game designers to script and create how the game 

actually plays’ (Pickthall, 2012). If 3Ds Max or Blender allow the production of objects, the 

GE is going to govern the relations between these objects to build the game space. Now that 

we have very roughly explained how to situate the GE in the production of video games, let 

us explore in more detail the GE as a technical object. 

The complexity of game design and performance requirements of video games have 

grown to unmatched levels in the past twenty years (Anderson et al., 2008; Blow, 2004; 

Wilson, 2006). To handle this complexity, an assemblage of reusable software functionalities 

have gradually consolidated into an independent computational entity that have come to be 

called ‘game engine’. Until the end of 1980s most games were hard-coded from scratch by 

a small team of programmers and contained very few reusable components, an insignificant 

number of layers and tiny graphics content (Anderson et al., 2008: 228; Gregory, 2009: 698). 

With the advent of three-dimensional graphics, the computational requirement of the visual 

and interactive content of games grew exponentially, and core video game functions such as 

rendering, physics, AI and audio systems became so complex that they had to be managed 

independently from game prototyping and gameplay elements (Anderson et al., 2008; 

Gregory, 2009: 11).  

 

The term ‘game engine’ arose in the mid-1990s in reference to first-person shooter 

(FPS) games like the insanely popular Doom by idSoftware. Doom was architected 

with a reasonably well-defined separation between its core software components 

(such as the three-dimensional graphics rendering system, the collision detection 

system, or the audio system) and the art assets, game worlds, and rules of play that 

comprised the player’s gaming experience. (Gregory, 2009: 11)  

 

GE allow the management of graphic effects (3D graphics engine) or the 

management of process involving artificial intelligence (rendering, physics, artificial 

intelligence, animation, modelling, network, interface, audio, speech, video, security) (Evans 

et al., 2008). These applications are also used by non-professional enthusiasts for character 

animation, texturing a landscape or managing the processes of artificial intelligence 

integrated into a video game.  

The specification of core functionalities of video games architecture into separate 

computational packages --- what came to be defined as GE --- allowed the licensing of the 

GE to independent developers, artists, other game companies, architects, business companies 

or scientific teams, as well as the opening of new opportunities for players to modify layers 

of existing games or even create new games using the underlying GE. ‘Towards the end of 

the 1990s, some games like Quake III Arena and Unreal were designed with reuse and 

“modding” in mind’ (Gregory 2009, 11), and companies such as idSoftware and Epic 

released free toolkits and scripting languages to facilitate the customization of the core 

engine components into new games. With the expansion of video game production, from a 

software kernel embedded into a specific game, GE became independent computational 
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entities circulating between multiple games, genres and simulations outside the game 

industry (employed in artworks, business applications, architecture, educational and 

scientific research). Each GE becomes customized according to a situated context of 

production, which caters to the conceptualization of the GE as what Simondon calls a 

‘technical individual’. As Barthélémy explains:  

 

The machine is a ‘technical individual’ in so far as it ‘carries its tools’ and becomes 

capable even of doing without the human auxiliary ... But the individualization of the 

technical object is also this aspect of the process of ‘concretization’ through which 

the technical object calls forth an associated milieu that it integrates into its 

functioning ... Finally, in the order of the levels of analysis of the technical object, 

the technical individual is opposed to the element, which ‘does not have an associated 

milieu’ (Barthélémy , 2012: 213) 

 

Obviously customizing existing GE to build various new games proves to be more 

economically feasible, especially for independent developers or small companies, than 

building their own GE from scratch. However, apart from economic reasons, which can be 

considered external, we must look for the intrinsic logic that drives the gradual consolidation 

or concretization of GE as computational objects. 

After an explanation of the concepts of Simondon we are going to put to work in our 

understanding of game engines, we will outline the basic infrastructure of GE (GE’s 

architecture), which will allow us later on to explore how differences in one of the key 

elements of the GE’s infrastructure (programming paradigms) can inform the genesis of GE 

as ‘technical individuals’ (Combes & LaMarre, 2013: 58-59; Simondon, 1969: 65). 

 

Technogenesis, concretization, emergences 

 

For Simondon, ontogenesis ‘plac[es] the individual into the system of reality in which the 

individuation occurs’ (Simondon & Flanders, 2009: 4) without resorting to a principle 

existing prior to the individuation process. Hence the individual does not exist inasmuch as 

it is continuously maintained through a process of transformative individuation. In his 

writings, Simondon uses the concept of emergence to depart from mechanism (the living 

considered only as physic-chemical processes) or vitalism (the living considered from the 

point of view of an ‘élan vital’ (Barthélémy, 2012: 222). His goal is ‘to understand the 

individual from the perspective of the process of individuation rather than the process of 

individuation by means of the individual’ (Simondon, 1992: 300). Ontogenesis is a modality 

of individuation, a process through which things come into being through relations rather 

than through the mediation of pre-existing entities. Barthélémy contends that Simondon is 

the precursor of the philosophies of emergence in that he likens the physical and the living, 

as he considers they are taken in a similar process of polarization:  

 



 

 7 

The crystal is polarized, in the same way that the affectivity of the living animal is, 

and between the two there is a polarization of the cellular membrane, where the first 

difference between the physical and the living is marked. In the crystal on the path of 

formation, the limit that is in progress is the one that separates the past from the 

future. In the living cell, on the other hand, the membrane separates the interior from 

the exterior since the interior is not past but contemporaneous to the membrane. 

(Barthélémy, 2012: 222) 

 

In ontogenesis, the pre-individual field of potential pertaining to a given individual 

and in relation to which this individual is ‘stepping out of step with himself’ (se déphase par 

rapport à lui-même) continues to stick with the individual (Simondon, 1992: 300). The 

‘individuality’ of GE emerges from a process of individuation bringing together software 

and hardware, games programmers, game developers and players, human and non-human 

entities. As such it constitutes a process of technogenesis where the pre-individual field of 

potential in relation to which the GE is stepping out of step with itself separates past from 

the future. Hence technical individuals strive to become fully concrete, while living 

individuals are concrete from the outset:  

 

Technical individuation, like individuation in general, can be seen in terms of the 

emergence of a specific configuration of remarkable points, that is, a specific form 

or structure. In the case of technical individuation, Simondon calls attention to a 

passage from the abstract to the concrete, which he styles as concrétude, that is, 

concrescence or concretization. As we will see, however, such concretization is not 

a matter of making form or structure (the determinate) more concrete. Rather, it is 

the indeterminate that takes on concreteness; concrescence lies in the solidarity of 

openness. (Combes & LaMarre, 2013: 92) 

 

In the following paragraphs we will map distinct technogenetic stages in GE’s 

evolution. In this light, a GE is neither considered as a pre-existing substance, nor as the 

coming together of form and matter. In order to understand their technogenetic becoming, 

however, we need to explore the diverse modes of functioning of GE. To be able to trace 

what could be a GE’s technogenesis, involving both technicians (humans) and technological 

(non-human) components, we need to know what grants these extremely complex 

algorithmic-database configurations their individual integrity, that is, what is the overall 

software design of different GE. This will unravel the multiple modalities through which the 

human and the technical are produced through situated technogenetic processes.  

‘Software architecture encompasses the set of significant decisions about the 

organization of a software system including the selection of the structural elements and their 

interfaces by which the system is composed ...’ (Shaw & Garlan, 1996). As Anderson et al. 

point out: 

 

[as of 2008] there exists a surprisingly small body of literature on game engine 

design. The available research has mainly focussed on game engine subsystems, such 
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as rendering, AI (artificial intelligence) or networking. However, issues regarding the 

overall architecture of engines, which connects these subsystems, have merely been 

brushed over. (Anderson et al., 2008: 228) 

 

If we want to understand the process of technogenesis of GE, we must address the 

growing complexity of their software design, keeping in mind that this genetic perspective 

rejects the form/matter duality traditionally implied by the concept of design. Rather than 

relying on the structure of a form that would mould a pre-existing passive matter, ‘[a] 

transcending of limitations can only be arrived at by a leap, by the modification of internal 

disposition of functions, by a rearrangement of their system’ (Simondon, 1980b: 25). 

Therefore, we contend that GE design is achieved, beyond the traditional conceptions of 

design, through an intrinsic technogenetic process. The concretization occurring during this 

technogenesis involves ‘the augmentation of “internal resonance” between the elements that 

compose the GE (programming paradigm, game objects, game workers, etc.). Each element 

constituting the GE becomes organically linked to other elements, becomes more situated. 

The elements constituting the GE become plurifunctional, which according to Simondon 

means that they acquire several simultaneous functions (see Barthélémy, 2012: 208--209), 

developing organically the internal coherence of the GE: 

 

As the technical individual becomes more concrete, synthetic, and practical, its 

internal ground, the spacing between elements, ceases to be empty space; it ceases to 

rely on purely logical relations. The inventor begins to see that elements can be used 

with more than one function, for instance, thus tightening up the relations between 

elements as well as producing the possibility for internal circularity, feedback, 

reciprocity, or recurrence, and thus, ultimately, for self-regulation. (Combes & 

LaMarre, 2013: 93) 

 

By exploring GE’s architecture in some detail, we gain access to the generic process 

of their technogenesis/individuation from their birth as ‘technical elements’ of a particular 

game --- following Simondon an element which can be circulated from game to game without 

being modified by its associated milieu --- to their growth into independently active and 

circulating ‘technical individuals’, which are, according to Simondon, entities co-evolving 

with their own associated milieu. 

 

Game engines’ architecture 

 

GE’s infrastructure emerged around concepts such as reusability (a given GE is not tied to 

one game but can be used for different games), modularity (how an object can be accessed 

and modified in the GE) and extensibility (the possibility to add extra functionalities to a 

given GE). At the beginning (1980s), core elements of the video game began consolidating 

into partially reusable modules separated from each other and not yet completely 

independent from the game: the rendering engine, collision detection engine, audio engine, 

AI engine. However, gradually (1990s--2000s) these software components were detached 
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[2] from any specific game and consolidated further into a singular extremely complex 

system (the ‘game engine’), reusable for the development not only of other games but also 

of a variety of non-gaming applications. In order to circulate among different domains, GE 

became relatively self-sufficient and moveable systems of algorithms manipulating database 

content (video, images, sound, text) (Manovich, 2001: 30). Since most of this content is 

externally produced (with software such as Maya or 3D Max Studio) or enters as a real-time 

input data (by the player),[3] GE’s procedural modules need also to be extensible, i.e. able 

to handle new resources. In this regard, Gregory (2009) advises a rather specific definition 

of a GE: ‘We should probably reserve the term “game engine” for software that is extensible 

and can be used as the foundation for many different games without major modification’ 

(Gregory, 2009: 11). Gregory classifies GE according to the range of their reusability: (1) 

GE crafted for a specific game (e.g. Pac-Man), (2) GE that can be customized to make very 

similar games (e.g. Hydro Thunder Engine), (3) GE that can be modified to build various 

games but only in a particular genre (Quake III Engine and Unreal Engine 3), (4) Generic 

GE or what Anderson et al. (2008) call Ü berengine,[4] that can supposedly be used to build 

any game imaginable (Gregory, 2009: 12). 

A contemporary GE consists of an ecosystem of multiple intertwined layers of 

hardware and software: the hardware (PC, XBOX 360, PS3, other consoles), the drivers, the 

OS, 3rd-party SDKs, platform independent layer, core systems, rendering engine, profiling 

and debugging, collision and physics engine, human interface devices (HID), skeletal 

animation, online multiplayer, audio system, gameplay foundation systems, game specific 

subsystems (Gregory, 2009: 29). There is a dependency of the higher levels on the lower 

levels, but not vice versa (Gregory, 2009: 28). Further, Gregory specifies that:  

 

... a game engine is a complex, layered software system built on top of the hardware, 

drivers, and operating system of the target machine. (...) [L]ow-level engine systems 

provide services that are required by the rest of the engine; (...) human interface 

devices such as joypads, keyboards, mice, and other devices (...) allow a human 

player to provide inputs to the engine; (...) the rendering engine produces 3D images 

on-screen; (...) the collision system detects and resolves interpenetrations between 

shapes; (...) the physics simulation causes objects to move in physically realistic 

ways; (...) the animation [and AI] system allows characters and objects to move [and 

behave] naturally. (Gregory, 2009: 689) 

 

The algorithmic elements of the GE are designed and maintained by programmers or 

software engineers. The dynamic game assets (characters, body movements, weapons, 

landscapes, sounds, etc.) are produced by animators and artists in an external suite of 

software tools for digital content creation (Maya, Photoshop, ZBrush, 3Ds Max, and others). 

This content is then integrated into the GE for real-time manipulation by the rendering 

engine, animation engine, audio engine, physics engine, AI engine and so on. Being extrinsic 

to the algorithmic infrastructure of the GE, artist-created game assets cannot be manipulated 

by the algorithms directly without some alterations of their format (Gregory, 2009: 274). 

There is an analogue to these tools in the gameplay space of the GE: the world editor --- a 

software that allows players to define and populate game world levels with static and 
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dynamic elements (Gregory, 2009: 699). This establishes continuity in the becoming of GE 

from the stage of production to the stage of play, demonstrating that the GE is not just a tool 

but at the core of a game’s ongoing evolution. The metaphor of the game engines points to 

the idea of a conversion of one kind energy into another kind of energy. If we consider the 

GE as a technical individual enduring a continual ontogenesis, we cannot assume to trace 

back its ontology from the set of the disparate elements participating in its perpetual 

becoming:  

 

The concept of the individual completely changes; neither unified nor identical, it 

becomes relative, phased, perpetually putting into play a process of individuation and 

as associated milieu. The individual is thus never relative to a single order of reality 

but is always transducive, implying a disparation between different dimensions, 

arising as the resolution of a problematic, a tension between disparates. It appears as 

a response, as genetic as it is dynamic. In reality, the unitary individual does not exist; 

there are only multiple processes of individuation. Furthermore the individual 

invokes neither unity not identity, since it reclaims the heterogeneity of the phases 

from which it emerges through differentiation. (Sauvagnargues, 2012: 63-64) 

 

Different programming paradigms yield different expressive events in game engines 

 

Each GE’s architecture tends to be informed by a more general logic of organizing code --- 

what is called ‘programming paradigm’. Programming paradigm in GE defines the way in 

which the game workers (programmer, artist, game designer, player manipulating the GE) 

implement new features in a game. A programming paradigm is a specific way of organizing 

strings of code (programs). In the GE, the logic of the programming paradigm is expressed 

via the building of the game object, which serves as an integrating element throughout the 

multiple subsystems of the GE (Gregory, 2009: 46; Unity Technologies, 2015). That is why 

the technogenetic status of the game object in the resource database and the way it is 

manipulated by the engine’s algorithms provide an understanding of the overall dynamic of 

a given GE.  

The game object model is defined according to a set of language features, policies 

and conventions (Gregory, 2009: 46), and includes all entities of a game: an empty room, a 

landscape, a character, a special effect, a fog, a weapon --- all these are game objects. These 

entities are manipulated by the coordinated processing activity of the algorithms embedded 

in the sub-engines (3D rendering engine, physics engine, AI engine, audio engine, etc.). The 

collected game objects continuously produce the game world of a specific game. Therefore 

the game object model is what connects the general algorithmic structure of a GE and the 

individual game worlds (Gregory, 2009: 46).  

As we see, there is a double movement in the definition of a game object. On the one 

hand, it is defined in general terms by the GE (for instance large libraries of ‘assets’, objects 

produced by the GE, are available for each GE and can be used in different games).[5] On 

the other hand, however, each game strives to provide a set of game objects that are original 

and construct a unique game world specific for that game only. 
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We can outline the two prevalent programming paradigms in the logic of construction 

of game objects in different GE: object-oriented and inheritance-based deep-class 

hierarchical design and component-based data-driven design.[6] These paradigms emerge 

historically one after another but should not be regarded as replacing each other in a linear 

fashion.  

These paradigms define the ways game objects are represented, organized and 

manipulated by the GE, and are accessible for manipulation by the game workers, which 

defines the range of creative events giving way to the game world:  

 

The transductive aspect of a technogenetic individuation merges with the field of 

experience in the expressive event that is interaction. In other words, during the 

process of invention the self-conditioning attribute of the machine feeds into the field 

of experience by means of a shared associated milieu of the machine and the human. 

This relational nexus between associated milieus and their different individuations is 

particularly interesting if we deal with the question of how technologies designed to 

be interactive influence the way an experience actualises. This question can be 

explored by working with the relational bonds between transductive fields and fields 

of experience. Working with these, we continuously move along the threshold 

between the actual and the virtual of such events of experience. (Brunner & Fritsch, 

2011: 32) 

 

Further, Brunner and Fritsch, following Erin Manning (Manning, 2009: 72), call for 

digital technologies that can be felt affectively, so that the game worker will not be a labourer 

(Combes & LaMarre, 2013: 91) submitted to the necessities of the game engine but rather a 

‘pure individual’ (Simondon, 1989: 263) whose rhizomatic network of virtuality and 

actuality participates actively in the becoming of the GE. Hence we can realize that ‘the value 

of Simondon’s thought for the design of interactive environments lies in the inseparable 

relation between technologies and humans as part of a shared technogenesis’ (Brunner & 

Fritsch, 2011: 34). 

Therefore, we want to address here the possible limitations imposed by diverse 

programming paradigms attached to GE on the general description, accessibility and 

manipulation of a game object. These impinge on the potentialities for singularity of a game 

and allow more or less emergent processes to take place during the production of a game.[7] 

We will further draw a parallel between the object-oriented hierarchical design and the 

manual production stage or artisanal production stage described by Simondon, on the one 

hand, and between the component-based data-driven design and the industrial production 

stage (Simondon , 2009: 20--21). 

 

Monolithic hierarchy in game engines: Manual production stage (1990s) 

 

The most prevalent architectural paradigm in GE and historically the earliest (1990s) follows 

object-oriented programming, which traditionally builds a game object system as a deep-
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class hierarchy. Unreal Engine 2 is a paradigmatic example of this kind of paradigm 

(Gregory, 2009: 719). Once designed, the system is closed; we can introduce new objects 

but the system is limited in content. It works well with an insignificant amount of content, 

but the bigger and more complex the game database, the more discrepancies occur in the 

system: 

 

It’s natural to want to classify game object types taxonomically. This tends to lead 

game programmers toward an object-oriented language that supports inheritance. A 

class hierarchy is the most intuitive and straightforward way to represent a collection 

of interrelated game object types. So it is not surprising that the majority of 

commercial game engines employ a class hierarchy based technique. (Gregory, 2009: 

718)  

 

Object-oriented programming (OOP) organizes the database of all game assets into a 

tree-branching-from-a-single-root type of hierarchical structure of classes and objects 

(inverse pyramid). The objects are taxonomically categorized following semantic relations 

from the physical world. As an instance of a class, each object has specific ‘properties’ (data) 

and ‘behaviours’ (methods, functions). 

 

An object-oriented design views a system as a series of cooperating objects, instead 

of a set of routines or procedural instructions. Objects are discrete, independent, and 

loosely coupled; they communicate through interfaces, by calling methods or 

accessing properties in other objects, and by sending and receiving messages. 

(Microsoft Corporation, 2009) 

 

The fundamental OOP concepts are: data abstraction, inheritance, encapsulation 

(information hiding) and polymorphism. Objects are arranged in classes at several layers of 

abstraction. Encapsulation, polymorphism and abstraction ensure some degree of 

extensibility of the game system --- if new instances of a class are created they can be 

incorporated in the system without major changes. However classes are hard-coded into the 

systems and as a result engineers’ code pre-defines deep-seated details of the actual game 

content (Bilas, 2002: 4).  

The inheritance is in order not only when an object has been assigned the properties 

and behaviours characteristic of its class, but when it also inherits all properties and 

behaviours from the parent class(es). Thus, ‘virtually all classes in the game object model 

inherit from a single, common base class’ (Gregory, 2009: 719). As a result, 

 

[t]he deeper a class lies within a class hierarchy, the harder it is to understand, 

maintain, and modify. This is because to understand a class, you really need to 

understand all of its parent classes as well. For example, modifying the behavior of 

an innocuous-looking virtual function in a derived class could violate the assumptions 
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made by any one of the many base classes, leading to subtle, difficult-to-find bugs. 

(Gregory, 2009: 720) 

 

This dependency is called ‘deep-class’, ‘static’ or ‘monolithic’ hierarchy (Bilas, 

2002; Duran, 2003; Gregory, 2009) and leads to several consequences: First it limits the 

potentialities for the creation of new types of game objects with properties semantically 

distinct from those in the already existing taxonomy. Even when deviating object types 

manage to get infiltrated into the game, such a procedure needs additional hacking by a 

software engineer. As a result, the new objects or classes are externally forced onto the 

system, which breaks the logic of its intrinsic hierarchy (Bilas, 2002: 9; Gregory, 2009: 724). 

Second, in a similar fashion, the deep-class hierarchy poses limitations on the 

functionalities of the existing classes: 

 

One of the biggest problems with any hierarchy is that it can only classify objects 

along a single ‘axis’ --- according to one particular set of criteria --- at each level of 

the tree. Once the criteria have been chosen for a particular hierarchy, it becomes 

difficult or impossible to classify along an entirely different set of ‘axes’... In object-

oriented programming, this limitation of hierarchical classification often manifests 

itself in the form of wide, deep, and confusing class hierarchies. When one analyzes 

a real game’s class hierarchy, one often finds that its structure attempts to meld a 

number of different classification criteria into a single class tree. In other cases, 

concessions are made in the class hierarchy to accommodate a new type of object 

whose characteristics were not anticipated when the hierarchy was first designed. 

(Gregory 2009: 720) 

 

When different classification criteria are gathered mechanically into one game object, 

that object becomes multifunctional. However each function is analytically added to the 

object’s properties profile as part of the ‘class functionalities’ package. As a result, the object 

ends up with a cluster of unnecessary functionalities in addition to its proper functions in the 

game.  

In technogenetic terms object-oriented deep-class hierarchical GE is comparable to 

the manual production stage, described by Simondon, where the artisan conceptualizes, 

produces, and repairs the tool (Simondon , 2009: 20); the artisan being here the programmers 

or software engineers of the GE. The technical object in the manual production stage exists 

in its abstract form, which according to Simondon signifies that its elements are analytically 

added to each other and subjected to an external normativity embedded by the human 

inventors. ‘The made-to-measure object is one which has no intrinsic limits; its norms are 

imposed from without; it fails to achieve its own internal coherence; it is not a system of the 

necessary ...’ (Simondon, 1980b: 22). Considered across the same lines, hierarchically 

designed game object models are semantically organized after taxonomical relations between 

objects in the physical world (external normativity). According to Bilas, not only the 

structure of a static hierarchical database but also a significant amount of the content 

(property values) is hard-coded by the programmers and is dependent on their intervention 

when changes requested by artists and game designers need to be made (Bilas, 2002: 9--
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12). Such analytic logic of organization leads to discrepancies and inherent antagonism 

between the elements of the technical object (Simondon, 1980a: 46, 70). On the one hand, 

multifunctionality is not supported, and each element is fixated with a single or very few 

functions. On the other hand, there are inessential features mechanically attached to the 

elements as a side-effect of their production. In a similar fashion, the hard-coded rigidity of 

the game object system restricts the accumulation of new functionalities and, simultaneously, 

burdens each separate game object with inherited properties and behaviours that are not part 

of its own functionality in the game.  

Simondon further clarifies that the abstract stage of a technical object is composed of 

material unities, each of which is  

 

... treated as an absolute that has an intrinsic perfection of its own that needs to be 

constituted as a closed system in order to function. In this case, the integration of the 

particular unit into the ensemble involves a series of problems to be resolved, 

problems that are called technical but which, in fact, are problems concerning the 

compatibility of already given ensembles. (Simondon, 1980b: 20).[8] 

 

At this stage as abstract technical objects, the GE have evolved one step further from 

technical elements, but they are still not fully matured technical individuals, that is 

metastable entities filled with differential potential making them able to sustain further 

individuation (Simondon, 1992: 302). Static-hierarchical GE are instead closed systems, 

consisting of perfect units --- that is, the self-sufficient black-boxed game objects, which can 

be ‘fixed’ only by the engineers of the system. The content developers (artists, designers, 

animators) appear as users of the GE approaching this closed system as outsiders. They are 

not yet an integral part of the individuation process of the GE. At this abstract stage, the 

determination of the GE is high, which makes it less generic and flexible for circulation in 

different milieus (e.g. different gaming genres). 

 

Component-based data-driven design: Industrial production stage (2000s) 

 

Around the beginning of 2000s there seem to be ongoing discussions about a shift in GE 

design towards component-based construction of the game object model (Gregory, 2009: 

733), and by the mid-2000s some GE begin to loosen the static-hierarchy grip on their 

infrastructure and open towards incorporating more data-driven design. The most prominent 

example of an engine designed with such an approach in mind is Unity 3D (first announced 

in 2005). 

The component-based data-driven architectural paradigm does not cancel entirely the 

logic of object orientation, but instead loosens some of its restrictions. The static tree-like 

hierarchy is replaced with an unordered and unstructured collection of data objects, each of 

which is an aggregation of independent attributes (or properties). Any new functionality is 

implemented by adding a property value to the generic vessel, which now the object is. ‘The 

property values are keyed by the objects’ unique ids’ (Gregory, 2009: 730). The game object 
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turns into dynamic hub of multifunctionalities since there are no external restrictions on the 

number of attributes it can accumulate. 

 

... GameObjects are containers. They are empty boxes which can hold the different 

pieces that make up a lightmapped island or a physics-driven car. So to really 

understand GameObjects, you have to understand these pieces; they are called 

Components. Depending on what kind of object you want to create, you will add 

different combinations of Components to the GameObject. Think of a GameObject 

as an empty cooking pot, and Components as different ingredients that make up your 

recipe of gameplay. You can also make your own Components using Scripts. (Unity 

Technologies, 2015)  

 

By eliminating inheritance, the game objects are no longer loaded with unnecessary 

functionalities. Thus, while in static deep-class hierarchical databases the objects are the 

‘individuals’ and their ‘behaviour’ is black-boxed (encapsulated) as part of their individuality 

(see above), component-based data-driven engine design de-emphasizes the game objects’ 

individuality and distributes it among components (values), vessels (game objects) and 

APIs.[9] Thus distributed agency widens the margin of indetermination of the GE and opens 

it to a more fluent exchange with the non-programing part of the game developers (designers 

and artists).  

If OOP creates its hard-coded hierarchical databases, a component-based design is 

more compatible with relational database (Gregory, 2009: 730). As the term suggests, the 

ontology of relational database is built around dynamic relations rather than objects fixated 

in classes. In the relational database, the hard-coded classes consist not of ‘individuals’ but 

of ‘relations’ or ‘properties’. For example, health, position, orientation... Each object is an 

empty vessel with a nametag (id), which can contain as many relations as necessary for its 

function in the game. The relations are organized into rigidly coded schemas (tables), but 

their content could be infinitely altered.  

 

[Concrete technical object’s] relationship with other objects, whether technical or 

natural, becomes the influence which regulates it and which makes it possible for the 

conditions of functioning to be self-sustaining. The object is, then, no longer isolated; 

whether it becomes associated with other objects or is self-sufficient, whereas at the 

beginning it was isolated and heteronomous. (Simondon, 1980a: 41) 

 

Component-based design also empowers the construction of a more equally 

distributed data-driven architecture, where the content creators (designers, animators, artists) 

are the ones who, using a high-level scripting language, can introduce new types of objects 

into the game ‘without recompiling the game, because there are no game object class 

definitions to be changed’ (Gregory, 2009: 732). It introduces non-programmers as decisive 

factors into the technogenetic becoming of the GE. The GE becomes more independent from 

the programmer (its human ‘inventor’) and opens to spontaneous growth and self-integration 

(via an input of content by the designers and artists and by allowing the input of new 
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categories of objects into the game database unintended by the programmer). The designers 

and artists participate directly in the becoming of the GE as technical individual, rather than 

being an external cause indirectly influencing the building of the GE infrastructure in 

negotiating each change with the programmers:  

 

Fundamentally, data driven design and development just means that you put 

information in external storage, load that information at run time, and act on it. Your 

application code does what that external data tells it to, rather than you writing 

application code that directly does what you think the end result should be. (Game 

engine and data driven design, 2011)  

  

In Simondon’s terms, this could be seen as a shift from a hylemorphic definition of 

matter (in this case, data) as passive receiver of external formative power (the programmer 

hard-coding the performance of that data) towards a performative matter as an active factor 

in its own becoming (data which carries the information of its performance): 

 

[Data-driven architecture] can also lead to improved iteration times. Whether a 

developer wants to make a slight tweak to the game’s content or completely revise 

an entire level, a data-driven design allows the developer to see the effects of the 

changes quickly, ideally with little or no help from an engineer. (Gregory, 2009: 698) 

 

This process is analogous to the recurrent exchange of information between an 

associated milieu and a technical individual in their mutual process of co-evolution, as 

described by Simondon. ‘Recurrent causality’ and ‘feedback loop’ are indeed important 

concepts in describing the process of individuation: 

 

As the technical individual becomes more concrete, synthetic, and practical, its 

internal ground, the spacing between elements, ceases to be empty space; it ceases to 

rely on purely logical relations. The inventor begins to see that elements can be used 

with more than one function, for instance, thus tightening up the relations between 

elements as well as producing the possibility for internal circularity, feedback, 

reciprocity, or recurrence, and thus, ultimately, for self-regulation. I should add that, 

although I am presenting this transformation from the point of view of the inventor, 

it is clear that the invention, on its side, can be said to enable and suggest such 

concretization. It is not passively altered. Technical individuation proposes 

connections and new relations. Although it is too much to say that the machine is 

thinking for itself, it is clear that the inventor and invention are thinking with one 

another, and this thinking, insofar as it is a relation, is on both sides, and it is entirely 

real. (Combes & LaMarre, 2013: 94) 

 



 

 17 

The data-driven architecture manifests a higher level of differentiation, specification 

and multifunctionality in the elements of the GE, what Simondon calls the ‘industry 

production stage’ of the technical object’s ontogenesis (Simondon, 2009: 20--21). ‘The 

technical object improves through the interior redistribution of functions into compatible 

unities, eliminating risk of antagonism of primitive division’ (Simondon, 1980b: 13). At that 

stage of their technogenesis, GE’s reusable potentialities get self-integrated into a multiple 

connected system of coherent and independent layers (rendering engine, animation engine, 

physics engine, collision engine, audio engine, AI engine, etc.) with a whole external 

constellation of parties involved in the process of its creation, modification and usage. None 

of these parties fully controls this process of convergence. Instead, we witness a self-

integrating assemblage of forces --- both human and non-human: the layers of the GE, the 

software game model which integrates these layers, the hardware platforms, the external 

content creation tools (Maya, etc.), the programmers, designers, artists, animators, players, 

etc. The GE could be seen as stemming from its own ‘associated milieu’ and thus becoming 

a ‘technical individual’. 

Nideffer argues that developers’ and players’ socio-cultural frameworks are 

embedded into the infrastructure of the GE: 

 

Hopefully it has become clear that the game engine is not simply software, it’s 

software that reflects and embodies the cultural conditions symptomatic of the 

developers of the system, as well as the end users of that system. ... The database, 

and the aesthetic manifest through the game application in relation to the database as 

it gets rendered by the engine, consists not only of the more traditionally conceived 

content of the game --- the images, models, textures, sounds, interfaces, codebase --

- but of the cultural toolkits and frames of reference brought to bear on the design, 

implementation and play of the game as well. (Nideffer, 2007: 8) 

 

According to the logic of Simondon’s process of individuation, however, the 

technical object is not only invented but has itself an intrinsic agency in that it produces its 

own associated milieu in return: ‘the adaptation-concretization process ... causes the birth of 

an environment rather than being the result of an already established environment’ 

(Simondon, 1980a: 48). In the case of GE, the growing complexity of the software 

infrastructure brings new actors to co-becoming with its own formation. The process of 

concretization and differentiation applies not only to the becoming of the technical individual 

but also to the co-becoming of its associated milieu. At the beginning only programmers 

were working on games. ‘In the early days of video games (from the early 1970s to mid-

1980s) a game programmer also took on the job of a designer and artist. This was generally 

because the abilities of early computers were so limited that having specialized personnel for 

each function was unnecessary’ (wikipedia Game programmer, 2016). With the advancing 

concretization of GE’s as computational systems, the associated milieu of human developers 

grows and specializes into multiple distinguishable expertise. N 

owadays a typical development team is composed of highly specialized members: runtime 

programmers, tool programmers, rendering engineers, artificial intelligence programmers, 

audio engineers, and more, And since ‘the content is king’ (Gregory, 2009: 6) in data-driven 
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architecture, there are even more types of content creators: concept artists, 3D modellers, 

texture artists, lighting artists, animators, motion capture actors, gameplay designers, script 

writers and many more (Gregory, 2009: 5--8). Nideffer’s search for values embedded into 

the engine by the socio-cultural background of the human developers could be seen as 

heralding hylemorphic tendencies present in the earlier stage of the GE technogenesis, which 

imposes agency on the part of the human inventor and passivity on the part of the matter 

(computational object). In contrast, a more mature stage of concretization underlines 

materiality of the engine as an active component of its own technogenesis:  

 

In the concrete object [an advanced stage of technical object’s ontogenesis] each 

piece is not merely designed by its maker to perform a determined function; rather, 

it is part of a system in which a multitude of forces are exercised and in which effects 

are produced that are independent of the design plan. (Simondon, 1980b: 31)  

 

In this context, the GE as technical object not only absorbs values from the human 

inventors’ cultural framework but also generates its own sources of creation (new software 

infrastructures, extended databases, human factors) and its own value due to the growing 

phenomena of resonance and the growing intrinsic complexity of its design, its growing 

organicity (Barthélémy , 2012: 208--209).[10] 

 

Conclusion 

 

Throughout this article, we have explored the differences between various GE programming 

paradigms based on their technogenesis, that is, on their regimes of functioning. We traced 

the technogenetic evolution of GE from the manual analytic stage where the programmer is 

the ‘technical individual’ and the engine’s functionalities are hard-coded in the source code 

towards an industrial synthetic stage where the computational object (here the GE) becomes 

the ‘technical individual’ proper, and many of its functionalities are easily modified by non-

programmers in a high-level scripting language. 

Simondon helped us to conceptualize GE as technical individuals undergoing a 

process of concretization through their associated milieus. In this light, the question of the 

creativity enabled by GE no longer revolves around the ways humans can ‘freely’ manipulate 

them as tools. It becomes an inquiry into the modes of concretization of GE as technical 

individuals enduring through diverse associated milieus (of which human video game 

workers are only one element). From this perspective, more attention has to be paid to how 

the situated context of production --- the associated milieus (multiplicities of human and non-

human elements ranging from cultural, political and normative contexts) --- enables the 

endurance of a given GE through the ingression of a plurality of elements. Non-

anthropocentric forms of creativity have to be accounted for in those transductive processes.  

Further studies could explore the situated ways in which game workers (especially 

non-programmers such as content developers, artists, animators, game designers) interface 

with different GE. Do they need to dig cognitively into the source code and modify it in order 
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to yield the full potential of a GE or are there other ways to cater to the expressive potential 

of GE? Those questions could be further explored from the vantage point of the differences 

between physical and biological polarizations, in relation to the question of affectively felt 

technologies opening the field of amodal experience (Manning, 2009). 
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Notes 

1. The expression ‘game workers’ encompasses both programmers and players (at 

least those competent enough to modify the GE). 

2. This process of autonomization of the GE from tools built around a specific game 

to a tool franchised to numerous different game developers was informed by the technical 

specificities of the GE themselves, but also by software engineers, pressure from hardware 

development, and other various non-software conditions. 

3. Which corresponds respectively to the ‘programmed structures’ and to the 

‘cybernetic structures’ pointed out by Schöffer and through which an infinite number of 

effects are achieved (Schöffer, 1985). 

4. According to Gregory, Ü berengine does not exist, but we might assume that 

emerging game engines such as Unity 3D are aiming in this direction. 

5. See for instance https://www.assetstore.unity3d.com/en/  

6. A third programming paradigm, the most recent, functional multithreaded design, 

will be discussed in a separated paper. It can be linked to the postindustrial stage described 

by Simondon (Simondon, 2009: 24). 

7. We are aware that the general logic of representation of a game object by the game 

engine is a reflection of deeper structures of representation, which comes from social and 

cultural practices and value systems. Both programmers who build a game engine and the 

game designers and artists using the game engine as a tool for creativity are limited by this 

representational logic. It is important in further research to consider what kind of social 

values are embedded in different game engines by analysing the structure of the game object. 

Cf. the conclusion of this paper. 

8. See the concept of encapsulation in video game production (Gregory, 2014: 98). 

9. For Application Program Interface, tool to build software applications. 

https://www.assetstore.unity3d.com/en/
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10. ‘[W]hat can it mean to think the genesis of technics? Here, as elsewhere, he does 

not speak of technics in general, but of technical objects, of a multitude of beings resulting 

from a range of technical operations ... although the fabricational intention deposited in the 

technical object must not be confused with the utilitarian intention that is essentially exterior 

to it, we cannot explain the mode of being of a technical object in terms of the fabricational 

intention that gave rise to it. Insofar as any technical individual is a system of elements 

organized to function together and characterized by its tendency toward concretization, we 

must distance ourselves from human intentionality and enter into the concrescence of 

technical systems in order to understand the mode of existence of technical objects’ (Combes 

& LaMarre, 2013: 58). 
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