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Abstract—This research explores a paradigm shift in interactive media, specifically video games,
arguing that the convergence of two key artificial intelligence (AI) implementations — Al-driven
rendering and Al-driven procedural generation — is the primary catalyst for change. This “Al
Symbiote” provides a systematic solution to the twin crises facing modern real-time applications: the
computational crisis of photorealistic rendering and the content scalability crisis of manual creation.
Employing a mixed-methods approach, this study combines a systematic literature review, a
quantitative meta-analysis of performance metrics from graphically intensive video games, and
qualitative case studies of procedural generation. The results demonstrate that Al-driven upscaling
has evolved from an optional optimization into an essential technology, required to achieve playable
frame rates for path-traced rendering, consistently delivering performance gains exceeding 100%.
This reclaimed computational headroom, in turn, enables the deployment of advanced Al-driven
procedural systems, which addresses the content scalability crisis. In conclusion, the synthesis of
advanced rendering and procedural AI technologies represents a fundamental shift. It effectively
decouples graphical fidelity from hardware limitations, paving the way for hyper-realistic,
computationally efficient, and dynamically generated interactive worlds.
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I. Introduction: The Twin Crises and the AI Symbiote

1.1. The Metamorphosis of Interactive Media

Interactive media are in a deep metamorphosis, driven by the deep and pervasive integration of artificial
intelligence (Al) into the building blocks of content creation and delivery (Lauk, 2024). This transition is
not only an evolutionary growth but also a fundamental reformation of the bond between the hardware
capability with the software to enhance user experience. The industry is moving away from a long followed
traditional production archetype built on a linear relationship between the power of a particular hardware
and the fidelity that can be achieved by that hardware. The paradigm that held that the continual increase in
raw processing power would allow ever-increasing graphical complexity and that content demands could be
met by development teams working to scale, has come to an end. The current change is marked by an
emerging philosophical paradigm that separates fidelity and scale from underlying hardware capability, with
artificial intelligence serving as the key driver of such a paradigm.

1.2. The Interlinked Crises
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This paradigm shift has been called for by two concurrent and growing crises that have marked the last
decade of high-fidelity interactive media development. The first crisis is the Computational Crisis of
Photorealism. This performance bottleneck is a direct result of the unbelievably large computational cost of
physically accurate, real-time rendering, mostly the path traced Lighting like the Reflections and Global
illumination. The computational cost of Ray traced lighting techniques are magnitude higher than that of
conventional rasterization, hence, the performance gap between the two is wide enough so that flagship
hardware is unable to support playable frame rates at high native resolutions (Tatarchuk, 2003; Vasiou &
Luebke, 2018). This limitation is not purely theoretical, as such it forms part of an empirical reality as
evidenced in leading edge titles like Alan Wake 2, and Cyberpunk 2077 where native 4K path-traced
performance on top-tier GPU is well below the thirty-framing threshold (TechPowerUp, 2023; The FPS
Review, 2023).

The second crisis is the Scalability Crisis of Content Creation. This economic and logistical bottleneck is
caused by the unsustainable cost and manpower needed to physically create the massive, detailed and
dynamic virtual worlds that modern audiences now demand (Hendrikx et al., 2013). As the reach of
interactive experiences like video games has grown, the content bottleneck has grown from one that absorbs
15 to 20 percent of AAA development budgets (between twenty million and over one hundred and fifty
million dollars), to a bottleneck consuming thirty to forty percent (Hendrikx et al., 2013). The exponential
increase in the demand for content cannot be met by the linear scale of human artistry — a problem that has
been well-documented in surveys of the domain (Hendrikx et al., 2013; Summerville et al., 2018).

1.3. The AI Symbiote

This paper makes a significant contribution to the symbiotic union of two disparate but converging
streams of artificial intelligence by methodically resolving the twin crises that currently prevent further
development. The “Al Symbiote” works on two complementary fronts:

1. AlI-Driven Rendering (The “Look™): The computational crisis can be tackled by deep
learning-based image reconstruction, super-resolution restoration and frame generation methods
used in this stream. By rendering a lower-resolution version of an image and then intelligently
upscaling the image representation using the Al models, these technologies separate visual fidelity
from the computational cost of native rendering. The main technologies in this field are Deep
Learning Super Sampling (DLSS) provided by NVIDIA, FidelityFX Super Resolution (FSR)
provided by AMD and Xe Super Sampling (XeSS) provided by Intel (NVIDIA, n.d.; AMD, n.d.;
Intel, n.d.).

2. Al-Driven Proceduralism (The “Feel”): The solution to the scalability problem provided by this
stream is to use generative models such as Generative Adversarial Networks (GANs), Large
Language Models (LLMs), and Diffusion Models — in combination with sophisticated algorithms
to automate and augment content creation. This includes the generation of environmental assets,
textures, animations, as well as dynamic Non-Player Character (NPC) behaviors, as represented by
technologies such as NVIDIA’s Avatar Cloud Engine (ACE) (NVIDIA, n.d.).

The symbiotic relationship creates a positive feedback loop. The computational budget saved with
Al rendering is therefore transferred over to enable more complex AI proceduralism, realistic
simulations and higher-fidelity assets. In return, the need for diverse and authentic content to fill
these photorealistic worlds fuels more innovation in generative Al and therefore, strengthens the
need for both components. This symbiosis is a new, underlying paradigm of production that is
essentially transforming the nature of interactive media experience.
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I1. Systematic Literature Review: Crises and Convergent Solutions

2.1. The Computational Crisis of Photorealism

The evolution of 3D graphics is recorded as a series of attempts to overcome computational limitations,
going from rasterization techniques to programmable shaders to Physically Based Rendering (PBR) to an
industry wide obsession with real-time ray tracing, which works by simulating the physical behaviour of
light (Tatarchuk, 2003). The ultimate realization of this quest is path tracing, a rendering technique which
approximates the global illumination rendering equation as a Monte Carlo integration (Kajiya, 1986).
Although capable of generating photorealistic effects such as soft shadows, diffuse inter-reflections and
caustics, it is constrained by convergence rates of O(1/¥n) where n is the number of samples per pixel,
hence at the low sample counts which real time budgets allow, significant visual noise remains and the
approach is therefore computationally infeasible for interactive applications in the absence of aggressive
acceleration (Roth, 2015).

Academic investigations have established that the key performance limitation is not just instruction count
but data movement (Vasiou & Luebke, 2018). As rays traverse acceleration structures (e.g. Bounding
Volume Hierarchies, BVHs), they require access to large amounts of geometric and texture data scattered
across the system memory, and thus frequent memory stalls result, accounting for up to 65% of the overall
render time on current architectures (Vasiou & Luebke, 2018). This dire overhead led to what has been
called the “Crisis of Photorealism,” a situation in which the native resolution rendering of path-traced
scenes is rendered technically unviable in terms of being able to get interactive framerates. Initial
mitigations included dedicated hardware ray-tracing cores and software optimizations such as foveated
rendering (McWilliams, 2020). Nevertheless, a more universal and powerful solution was needed, leading
to the development of a solution that relied on artificial intelligence — image reconstruction.

2.2. The Scalability Crisis of Content Creation

In addition to the rendering crisis, an economic crisis evolved as a result of the unscalable nature of
manual content creation. The explosion in the size and density of playable game spaces has quickly
rendered studios unable to generate content using traditional manual methods, causing a serious production
bottleneck (Hendrikx et al., 2013). The lack of a “content scalability solution” has been one of the main
drivers for the adoption of PCG (Hendrikx et al., 2013). Historically PCG has been based on rule-based
systems and stochastic algorithms such as Perlin noise or L-systems to produce content, like the large-scale
galaxies presented in the game Elite (1984) and the endlessly replayable dungeons of roguelike games
(Hendrikx et al., 2013). These techniques proved to be effective for building large-scale structures or getting
the most replayability within tight memory constraints (Hendrikx et al., 2013).

The current solution is to switch paradigms to Procedural Content Generation via Machine Learning
(PCGML), in which models are fitted to existing content to create new, stylistically consistent content
(Summerville et al., 2018). Generative Adversarial Networks (GANs) are being used to generate 2D level
maps and even 3D models, while Large Language Models (LLMs) and Diffusion Models are disrupting
narrative and quest generation, as well as character dialogue and textures (Liu et al., 2021; Dorrigiv et al.,
2024). Such progress makes generative Al a holistic solution that can populate large virtual worlds with
high quality, diverse and contextually aware content that is not possible to scale through manual efforts
alone.

2.3. Convergent Al Solutions: The Rendering Symbiote’s Arsenal
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The response of the industry to the rendering crisis is a textbook example of convergent evolution: three
major GPU hardware vendors — NVIDIA, AMD and Intel — separately invented Al-based image
reconstruction and super-sampling as the ultimate answer.

NVIDIA DLSS (Deep Learning Super Sampling) itself started with per-game-training; it has since
become a generalized temporal solution based on a Convolutional Neural Network (CNN) and accelerated
by the dedicated Tensor Cores on the RTX GPUs (Walton, 2020). The new version replaces the CNN with a
stronger vision transformer-based model, enabling the network to better handle global context and
long-distance dependency across frames, leading to better detail preservation, ghost removal and more
accurate denoising for ray-traced effects. DLSS also brings Frame Generation, where a high-performance
Al model is used to generate new frames with the result of a massive performance boost.

AMD FSR (FidelityFX Super Resolution) was designed as an open-source hardware agnostic solution.
FSR started as a spatial upscaler, but with FSR 2 and 3 it turned into a more advanced temporal algorithm
that came closer to competing with DLSS (Hardware Unboxed, 2023). Although not historically utilizing its
own dedicated neural network, recent iterations are using ML acceleration to enhance image reconstruction
quality and reduce the fidelity gap between it and its rivals.

Intel XeSS (Xe Super Sampling) uses a hybrid approach where XeSS employs on-chip Xe Matrix
Extensions (XMX) cores to allow for a larger and more complex Al model to run on its dedicated Arc
GPUs, providing the highest possible image quality. For increased compatibility with other vendors’
hardware, it provides a fallback path to the more common DP4a instruction set, which uses a simpler model
that maintains a decent quality-to-performance balance but is noticeably softer than the XMX-accelerated
model (Digital Foundry, 2024).

This convergence has fixed Al reconstruction as the new industry standard for high-performance
rendering.

Comparative Analysis of AI-Driven Super-Sampling Technologies

Feature NVIDIA DLSS AMD FSR Intel XeSS
Core Principle Al-based temporal image Initially spatial, now Al-based temporal
reconstruction and frame ML-accelerated temporal upscaling | reconstruction using
generation. and frame interpolation. neighboring and
motion-compensated pixels.
Al Model Deep learning neural network Initially algorithmic; newer Trained neural network.
(evolving to Transformers). versions are ML-accelerated.
Hardware Requires NVIDIA RTX GPUs with [ Hardware-agnostic, runs on a wide | Two-tier: XMX cores on
Acceleration dedicated Tensor Cores. range of GPUs. Intel Arc GPUs; DP4a
instruction support for broad
compatibility.
Development Model | Proprietary SDK, widely available | Fully open-source via GPUOpen Open-source SDK.
via plugins. initiative.
Key Strengths Highest image quality and Broadest hardware compatibility; | Good balance of quality and
temporal stability; mature feature | fully open-source. compatibility.
set.
Key Weaknesses Limited to NVIDIA RTX Historically lower image quality DP4a mode is less
hardware. (e.g., ghosting). performant than XMX

mode.
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I11. Theoretical Framework: Presence, Agency, and Social Actors

3.1. From Photorealism to Presence: The Psychology of the “Look”

The technical quest for photorealism is irreversibly paired with a question of psychic motivation; the
induction of a state of presence, understood as the subjective sensation of “being there” in a virtual
environment. High frame rates enhanced by artificial intelligence upscaling, along with crisp, high-fidelity
visuals provide original games with a level of immersion that is an enhancement. There is empirical
evidence that photorealistic graphics can significantly modulate the emotional response that participants
have to virtual characters and environments, which can help boost their experiences (Zibrek et al., 2019).
However, this effort has to compete with the Uncanny Valley phenomenon. First proposed by Masahiro
Mori (1970), this phenomenon refers to a strong decrease in user affinity that occurs when the artificial
human is in a state of near but not complete humanness that can evoke sensations of eeriness or disgust
(Ratajczyk, 2019). The psychological mechanism behind these results is often ascribed to a perceptual
mismatch: mismatched sensory information (i.e. realistic skin texture and unnatural motion) results in a
negative reaction (Kétsyri et al., 2015). The AI Symbiote is putting forward a plan to get through this valley
by using Al powered rendering to ensure an always high-fidelity representation of the characters, while Al
powered animation systems such as NVIDIA’s Audio2Face ensure that character behaviour conforms to the
visual representation, which lessens the uncanny effect.

3.2. From Proceduralism to Agency: The Psychology of the “Feel”

Player agency — the ability for the player to make choices that matter in a meaningful way within the
interactive context of the world and a game narrative — defines a lot of how a world will feel. Al-driven
proceduralism is a powerful tool for increasing agency, by changing game worlds from static, pre-authored
backdrops into dynamic, responsive systems (Shaker, 2014). Player-centric procedural content generation
(PCPCQG) delves into the exploration of how Al is able to learn from player behaviour and subsequently
produce custom content in real-time specific to individual preferences and playstyles (Holt, 2025; Yu, 2020)
— challenges, environments and narratives are all produced on-the-fly. This results in a feedback-loop,
where the actions of the player directly influence the shape of the world the game inhabits, which represents
a profound step up in increased perceived agency.

3.3. The Media Equation in Hyper-Realistic Worlds

The psychological effect that the Al Symbiote has can best be explained by using the combination of
Media Equation Theory and Computers Are Social Actors (CASA) paradigm. Media Equation Theory
suggests that people have an inherent, unconscious tendency to engage with media — and computers — as
if they were people and places and therefore to respect social rules and expectations automatically (Reeves
& Nass, 1996). This process is thought to be ‘mindless’, meaning that the user automatically retrieves
familiar social scripts (Kapp, 2007). The CASA paradigm goes further by explaining that the social
response is most effectively provoked when a system displays human-like cues such as the use of natural
language, the demonstration of emotion, and interactivity (Nass and Moon, 2000). The Al Symbiote creates
tremendous synergy that increases these effects:

. The photorealism, frame rates and visual stability delivered by Al-driven rendering increase
environmental realism cues, thereby reinforcing the underlying “realness” which triggers the Media
Equation.

. Simultaneously, the responsive, adaptive and conversational NPCs produced via Al-aided
proceduralism (e.g., NVIDIA ACE) provide powerful social cues — language, personality and
reactivity

— that provoke the CASA response (Lee and Nass, 2010).
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Combined, these convergence effects create an experience that not only looks real, but also feels socially
embodied, creating psychological engagement and immersion of unprecedented proportions.

IV. Research Methodology: Empirical Analysis of the AI Symbiote

The current study takes a two-phase and mixed methods research design, by using a curated cohort of
publicly released and benchmarked titles to empirically investigate the two components of the AI Symbiote
thesis. Part I is a quantitative performance meta-study of Al-driven rendering technologies, and Part II is
qualitative case studies focusing on the deployment of Al-driven proceduralism.

Game Cohort Selection

A set of video games was selected according to the following inclusion criteria: recency (released in the
period from 2022 to 2024), graphical intensity (ray-tracing or path-tracing technique manifestation), and
technology support (DLSS, FSR, XeSS).

Game Cohort and Technical Specifications

Game Title Developer Game Engine Release Supported Upscaling Tech
Year
Alan Wake 2 Remedy Northlight Engine 2023 DLSS 3.5 (RR), FSR 2
Entertainment
Cyberpunk 2077 CD Projekt Red REDengine 4 2020 DLSS 3.5 (RR), FSR 3, XeSS
(Updated)
Avatar: Frontiers of | Ubisoft Massive Snowdrop Engine 2023 DLSS, FSR 3
Pandora
Senua’s Saga: Ninja Theory Unreal Engine 5 2024 DLSS 3, FSR 3, XeSS
Hellblade 11
Starfield Bethesda Game Creation Engine 2 | 2023 DLSS 3,FSR 3
Studios
STALKER 2: Heart | GSC Game World | Unreal Engine 5 2024 DLSS, FSR, XeSS
of Chornobyl
Black Myth: Game Science Unreal Engine 5 2024 DLSS, FSR
Wukong
Indiana Jones and MachineGames idTech 7 2024 DLSS 3, XeSS
the Great Circle

Part I: The Rendering Symbiote — A Performance Meta-Analysis

The compilation of the dataset was done by merging the results of credible, peer-reviewed technical
analyses in order to provide a standardized corpus. The main metric used is the average frames per second
(FPS) at 4K resolution (3840%2160), recorded using the maximum graphic configuration on a canonical
high-end GPU, the NVIDIA GeForce RTX 4090, to reduce this to constituting the rendering bottleneck.

Empirical Proof of the Crisis of Photorealism
Analyses of the native 4K performance for native titles that use path tracing confirm that playable 60
FPS performance is quite often unattainable, even on flagship hardware.
. In Alan Wake 2 with full path tracing activated, an RTX 4090 has a difficult time achieving
anything above 25 FPS on average (Wccftech, 2023), which is nowhere near being interactive.
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. Similarly, Cyberpunk 2077 with its “RT Overdrive” path tracing mode has its performance
regularly falling into the low 20s, thus becoming unplayable without assistance (The FPS Review, 2023;
TechPowerUp, 2023).
Another sign that the traditional 60 FPS native target is no longer the dominant design target is the
release of graphical presets by several developers that are known to be non-viable under native rendering.

Comparative 4K Performance Analysis of Native vs. Al Upscaling (Max Settings)

Game Title Native 4K FPS Al Upscale FPS % Uplift | Notes

(Avg) (DLSS/FSR Q)
Alan Wake 2 ~25 ~80 +220% Path Tracing (PT)
Cyberpunk 2077 ~20 ~75 +275% Path Tracing (PT)
Avatar: Frontiers of ~48 ~78 (DLSS Q) +63% Ray Tracing (RT)
Pandora
Starfield ~59 ~80 (DLSS Q) +36% Rasterized
Senua’s Saga: Hellblade ~41 ~63 (DLSS Q) +54% Lumen RTGI
I
STALKER 2 ~35 ~60 +71% Lumen RTGI
Black Myth: Wukong ~23 ~41 +78% Path Tracing (PT)
Indiana Jones and the ~30 ~55 +83% Path Tracing (PT)
Great Circle

Note: FPS figures are synthesized averages from multiple technical reviews for a high-end GPU (e.g., RTX 4090). Sources: (Wecftech, 2023, TechPowerUp,
2023; TechPowerUp, 2024).

The performance gain is stunning for the most demanding path-traced titles with gains of up to 78% to
275%. This finding is in line with academic analyses of deep learning based super resolution, which report
performance boosts in the 150-360% range at 4K resolution (Walton, 2020). Even in games that don’t use
more sophisticated ray tracing or use rasterized rendering, performance improvements of 36—71% are very
important in enabling performance to enter a comfortable target range.

Part I1: The Procedural Symbiote — Qualitative Case Studies

This section presents empirical support for the latter portion of the thesis, namely, that Al-driven
procedure is a solution to the content scalability crisis. It should be noted, however, that the two
components of the Al Symbiote are at different maturity points. While Al driven rendering is a widespread
and base-level technology, the procedural component is a relatively new one.

The engine market highlights this dual pressure. Analysis of games sold on Steam in 2024 reveals a
dichotomy:

Game Engine Market Share on Steam (2024)

Game Engine % of Games Released % of Units Sold
Unity 51% 26%
Unreal Engine 28% 31%
Proprietary Engines 9% 42%
Other (Godot, etc.) 12% 1%

Unity leads in terms of the number of releases, which is a testament to its popularity among independent
developers. On the other hand, proprietary engines and Unreal Engine are the market leaders at 73 percent
of units sold. This branching is critical to the Al Symbiote thesis because while the high-end market
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(Unreal/Proprietary) pushes the innovation of Al rendering, the volume market (Unity) creates a pressure to
resolve the content scalability issue, thus pushing the acceleration of Al-driven proceduralism.

Case Study 1: Starfield — The Hybrid Proceduralism Model

Starfield by Bethesda Game Studios is an example of a hybrid approach to world-building. Procedural
generation was used to create a cosmic expanse consisting of over 1000 planets, solving the issue of
prodigious scale (Biemer, 2023). The resulting algorithmic territory was further injected with a hybrid of
vast hand-crafted cities, along with a library of smaller authored objects algorithmically spread across
planetary lands. This hybrid approach blends algorithmic efficiency with artisanal creativity, and it is
through this combination that a small development team is able to create a universe of great scope.

Case Study 2: Generative Al in Modern Asset Pipeline

The current approach to solve the content bottleneck is to natively incorporate generative Al utilities into
the development workflow to accelerate asset production. Art assets are estimated to make up between
30-40% of the aggregate game budget and are therefore a focus of cost-saving efforts. Professional
developers now use text-to-image models such as Stable Diffusion and Midjourney to create textures and
concept art much faster than humans would be able to do. These generative tools can be easily incorporated
into 3D modeling suites such as Blender, allowing artists to create tile-able, viewpoint-consistent textures
from limited textual queries. At the same time, Al-based voice synthesis is being used to recreate
high-fidelity character dialogue, which reduces the massive financial and logistical burden of
commissioning and recording voice actors. This process, wherein human artists refine an initial draft
supplied by Al, would accelerate production speeds significantly and help to address the scalability crisis.

Case Study 3: The Final Frontier — Generative NPCs and the Believability Gap

The thrilling final piece of the content puzzle is the so-called ‘believability gap’, which is the
discrepancy between the photorealistic visual fidelity of a game world and the more invariable,
stereotypical behaviour of its virtual inhabitants. NVIDIA’s Avatar Cloud Engine (ACE) is a good example
of nascent technologies trying to address this gap. ACE consists of an assembly of generative Al-based
models that use Automatic Speech Recognition (Riva), a large language model (LLM) for generating
intelligent, unscripted responses, and Audio2Face to synthesize expressive facial animations from audio
inputs (NVIDIA, 2024). Through this confluence, ACE goes far beyond traditional dialogue trees, allowing
truly interactional exchanges and emergent character behaviours. Although not widely implemented, its
development by a leading industry player highlights a strong dedication towards the use of generative Al to
bring the experiential ‘feel” of a virtual world in line with its photorealistic visuals.

V. Discussion: The Upscaling-First Paradigm and Its Implications

5.1. The Symbiotic Feedback Loop and the “Upscaling-First” Paradigm

The empirical evidence proves that a symbiotic feedback loop is present, which is the central tenet of the
Al Symbiote theory. This relationship is not a chance phenomenon but represents the implementation of a
well-planned engineering strategy. According to NVIDIA’s technical leadership, the main goal of DLSS has
always been to “help GeForce RTX cards provide playable frame rates for high resolutions while working
with demanding ray-tracing effects” (Edelsten, 2019). This assertion supports the position that the
performance headroom generated by Al rendering is explicitly dedicated to enabling computationally
intensive features such as path tracing. These developments have led to a new “upscaling-first” paradigm.
Developers are now designing graphical targets with the clear expectation that end users are going to use an
Al upscaler. Native resolution rendering has become a sort of legacy mode designed for diagnostic and
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testing purposes rather than part of the expected gameplay experience. Thereby, the production philosophy
changes drastically: the rendering pipeline is no longer aiming at the final image to be displayed on the
screen, but more importantly creates high-quality input data for an Al reconstruction model.

5.2. The Risk of De-Optimization and the New Digital Divide

The new paradigm, however, comes with material disadvantages. Primarily, widespread reliance on
upscaling techniques can be perilous for de-optimization of performance, because if the developers know
they can depend upon artificial intelligence to address the performance shortcomings after shipments have
been produced, then the motivation to carefully optimize the native rendering pipeline might be diminished.
This risk has already materialized in problematic PC releases in which players have been encouraged to use
upscaling as a first line remedy against substandard performance rather than an optional visual
enhancement. Such a trend heralds the advent of a new type of digital divide. Historically, the digital divide
was a term used to describe various levels of access to technology and the internet (U.S. Department of
Commerce, 1995). The nascent divide is appearing within the enthusiast community to separate those
players with hardware that can take advantage of Al acceleration (NVIDIA RTX GPUs with Tensor Cores
or Intel Arc GPUs with XMX cores) from those whose systems cannot, essentially creating a multi-tiered
game ecosystem of accessibility.

5.3. Ethical Frontiers of Generative Content
As for the technical aspect of the Al Symbiote, a new set of ethical dilemmas ensues that the industry has
just started to deal with. While Al removes the labor of content creation, it brings new types of opacity —
“black box” systems into the creative pipeline that produce new forms of unpredictability and ethical
ambiguity.
. Authorship and Originality: A major issue is that generative Al devalues content written by
humans and raises the question of creative stimulus dependency. Research shows that even though Al is
fast and efficient, the writing style, emotional tone and style variety of the outputs is rather limited
compared to that of a human author (Panchanadikar & Freeman, 2024). Leaning heavily towards such
tools runs a risk of homogenization of game design, where art styles converge in relation to biases in the
training datasets (Mi et al., 2023). The creative role is being changed from being the author to being the
curator, thus changing the nature of artistic labour (Panchanadikar & Freeman, 2024).

. Copyright and Training Data: Many large-scale generative models are trained on large
datasets downloaded from the Web which often contain works protected by copyright, whose use is not
authorized or compensated (Copyright Alliance, 2024). This scenario presents enormous legal risks to
commercial projects that include Al-generated assets since the ownership and originality of works are
uncertain (Naik et al., 2024).

. Labor Displacement: The automation of content-creation processes brings up valid questions
about reductions in labor needs, especially among junior artists, creators, writers, and designers working
at entry-level roles (Panchanadikar & Freeman, 2024). While some argue that Al will serve as a
‘co-pilot’, others are concerned that it will substitute human work, especially at smaller studios
(Acemoglu & Restrepo, 2019), fundamentally changing the economic base of creative careers.
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VI. Conclusion: Redefining the Interactive Experience

The symbiotic integration of artificial intelligence into the core pipelines of interactive media is the
defining driver of the industry’s current metamorphosis. As demonstrated through a quantitative
meta-analysis of contemporary titles, Al-driven rendering is no longer a niche feature but a foundational
technology. The computational crisis brought on by path tracing has been met and solved by the
widespread, engine-agnostic adoption of Al upscaling, which provides essential performance uplifts that
regularly exceed 100% and can climb beyond 200%. This has catalysed the “upscaling-first” paradigm,
where the Al-reconstructed image is the target experience.

This new model of computationally efficient fidelity is not only advancing the visual frontier but is also
creating the computational headroom necessary for the next wave of innovation: Al-driven world-building
and proceduralism. The convergence of Al that perfects the “look™ and AI that enriches the “feel” is
actively blurring the traditional boundaries between passive cinematic media and interactive entertainment.
The future trajectory of this paradigm points toward player-centric realities, where the industry is moving
away from static, pre-authored content and toward dynamic, personalized worlds that are generated for and

adapt around the player in real-time, offering unprecedented levels of agency, personalization, and
immersion (Shaker, 2014).

As worlds become more reactive and their inhabitants more intelligent, the potential for deep, emergent,
and meaningful audience engagement grows exponentially. However, this transformative potential is
accompanied by significant challenges. As generative Al becomes more deeply integrated into the creative
process, it raises complex ethical questions regarding authorship, originality, intellectual property, and labor
that must be navigated with foresight and care (Panchanadikar & Freeman, 2024). In conclusion, the Al
Symbiote represents a foundational technological shift, reshaping not only how interactive media is made
and played, but fundamentally what it can be.
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VII. Secondary Data Sources

These are the technical analyses cited specifically for the performance data (e.g., FPS) used in the
quantitative meta-analysis.

. DSOGaming. (2024, February 11). Starfield — Native 4K vs NVIDIA DLSS 3 vs AMD FSR
3.0 Benchmarks.

. Digital Foundry. (2024, July 12). AMD FSR 3.1 upscaling face-off vs DLSS 3.7 vs XeSS 1.3
[Video]. YouTube.

» TechPowerUp. (2023, October 27). Alan Wake 2 Performance Benchmark.

» TechPowerUp. (2023, December 8). Avatar: Frontiers of Pandora DLSS 2 vs. FSR 3 Comparison.
» TechPowerUp. (2024, February 22). Starfield XeSS 1.2 vs. DLSS 3 vs. FSR 3 Comparison.

» TechPowerUp. (2024, May 22). Senua’s Saga: Hellblade I DLSS vs. FSR vs. XeSS Comparison.

. The FPS Review. (2023, April 5). Cyberpunk 2077’s Ray Tracing: Overdrive Mode Brings RTX
4090 to Its Knees with DLSS Off at 16 FPS in 4K.
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. Wecftech. (2023, October 26). Alan Wake 2 PC Performance Benchmarks: NVIDIA DLSS 3.5
Path Tracing Is Photorealistic Graphics.

* Hello Games. (2016). No Man’s Sky [Video game]. Hello Games.
* Intel. (n.d.). Intel® Xe Super Sampling (XeSS). Intel Corporation.
* NVIDIA. (n.d.). NVIDIA DLSS. NVIDIA Corporation.

. NVIDIA. (2024, January 8). NVIDIA and developers pioneer lifelike digital characters for
games and applications with NVIDIA Avatar Cloud Engine. NVIDIA Newsroom.

VIII. References

[1] Acemoglu, D., & Restrepo, P. (2019). Automation and New Tasks: How Technology Displaces and
Reinstates Labor. Journal of Economic Perspectives, 33(2), 3-30.

[2] AMD. (n.d.). AMD FidelityFX™ Super Resolution. Advanced Micro Devices, Inc.

[3] Biemer, C. (2023, August 31). How Bethesda created a galaxy for ‘Starfield.” Northeastern Global
News.

[4] Bin Mohd Zubir, M. A. (n.d.). Uncanny valley in virtual characters: Achieving photorealism in game
characters. Graduate Thesis Collection, SCAD.

[5] Copyright Alliance. (2024). Generative Al and Copyright: Training Practices.

[6] Dorrigiv, R., Karshenas, H., & Mahdavi, M. (2024). A survey on procedural content generation using
machine learning methods. Journal of Al and Data Mining, 12(4), 583-597.

[7] Edelsten, A. (2019, February 21). NVIDIA Answers Community’s Burning Questions on DLSS.
Weccftech.

[8] Hendrikx, M., Meijer, S., Van Der Velden, J., & Iosup, A. (2013). Procedural content generation for
games: A survey. ACM Transactions on Multimedia Computing, Communications, and Applications,
9(1), 1-22.

[9] Holt, J. 1. (2025). Integrating Player-Centric Procedural Content Generation in a Human Testing
Environment. University of Utah.

[10] Kajiya, J. T. (1986). The rendering equation. SIGGRAPH ’86: Proceedings of the 13th annual
conference on Computer graphics and interactive techniques, 143—150.

[11]  Kapp, C. W. (2007). Exploring Mindlessness as an Explanation for the Media Equation: Why and
When People Will Treat Computers As Social Actors. The University of Queensland.

[12] Kaitsyri, J., Forger, K., Mikérdinen, M., & Takala, T. (2015). A review of empirical evidence on
different uncanny valley hypotheses: support for perceptual mismatch as one road to the valley of
eeriness. Frontiers in Psychology, 6, 390.

[13] Lauk, D. (2024). Generative artificial intelligence in game design: A narrative review. ResearchGate.

[14] Lee, J. R, & Nass, C. (2010). Trust in Computers: The Computers-Are-Social-Actors (CASA)
Paradigm and Trustworthiness Perception in Human-Computer Communication. In D. Latusek & A.
Gerbasi (Eds.), Trust and Technology in a Ubiquitous Modern Environment: Theoretical and
Methodological Perspectives. IGI Global.

[15] Liu, J., Snodgrass, S., Khalifa, A., Risi, S., Yannakakis, G. N., & Togelius, J. (2021). Deep learning
for procedural content generation. Neural Computing and Applications, 33, 19-37.

[16] McWilliams, C. (2020). Foveated Raytracing for Virtual Reality. University of Washington.

[17]M1, Y., et al. (2023). On the Homogenisation of Creative Outputs in Generative Al. arXiv.

[18] Mori, M. (1970). The uncanny valley. Energy, 7(4), 33-35.

[19] Naik, N., et al. (2024). Ethical Implications of Generative Al in Creative Fields. Journal of Artificial
Intelligence Ethics.

[20] Nass, C., & Moon, Y. (2000). Machines and mindlessness: Social responses to computers. Journal of
Social Issues, 56(1), 81-103.

[21] Panchanadikar, S., & Freeman, G. (2024). “A Tool at the End of the Day”: A Survey on Indie Game
Developers’ Perceptions of Generative Al. Proceedings of the 2024 CHI Conference on Human Factors
in Computing Systems.



Volume 2, Issue 3, Mar 2026

[22] Ratajczyk, D. (2019). Uncanny valley in video games: An overview. Homo Ludens, 1(12), 137-146.

[23] Reeves, B., & Nass, C. (1996). The media equation: How people treat computers, television, and
new media like real people and places. CSLI Publications/Cambridge University.

[24] Roth, S. (2015). Monte Carlo Methods in Global Illumination. University of Tiibingen.

[25] Shaker, N. (2014). Player-Driven Procedural Content Generation. IT University of Copenhagen.

[26] Summerville, A., Snodgrass, S., Guzdial, M., Holmgard, C., Hoover, A. K., Isaksen, A., & Togelius,

J. (2018). Procedural content generation via machine learning (PCGML). IEEE Transactions on Games,
10(3), 257-270.

[27] Tatarchuk, N. (2003). Realtime Ray Tracing and its use for Interactive Global Illumination.
University of California, San Diego.

[28] U.S. Department of Commerce. (1995). Falling Through the Net: A Survey of the “Have Nots” in
Rural and Urban America.

[29] Vasiou, E., & Luebke, D. (2018). A fine-grained analysis of the energy and performance of path
tracing. Computer Graphics International Conference.

[30] Walton, S. (2020). Deep Learning Techniques for Super-Resolution in Video Games. arXiv.

[31] Yu, K. (2020). Personalized Procedural Content Generation for Increased Player Agency.
Proceedings of the AAAI Conference on Artificial Intelligence and Interactive Digital Entertainment,
16(1), 343-345.

[32] Zibrek, K., et al. (2019). Is Photorealism Important for Perception of Expressive Virtual Humans in
Virtual Reality? IEEE Transactions on Visualization and Computer Graphics, 26(5), 2046—2056.



	The AI Symbiote: A Convergent Paradigm of Neural Rendering and Procedural Generation in Video 
	Games 
	1.1.​The Metamorphosis of Interactive Media 
	1.2.​The Interlinked Crises 
	1.3.​The AI Symbiote 

	II.​Systematic Literature Review: Crises and Convergent Solutions 
	2.1.​The Computational Crisis of Photorealism 
	2.2.​The Scalability Crisis of Content Creation 
	2.3.​Convergent AI Solutions: The Rendering Symbiote’s Arsenal 

	Comparative Analysis of AI-Driven Super-Sampling Technologies 
	3.1.​From Photorealism to Presence: The Psychology of the “Look” 
	3.2.​From Proceduralism to Agency: The Psychology of the “Feel” 
	3.3.​The Media Equation in Hyper-Realistic Worlds 

	IV.​Research Methodology: Empirical Analysis of the AI Symbiote 
	Game Cohort Selection 

	Game Cohort and Technical Specifications 
	Part I: The Rendering Symbiote — A Performance Meta-Analysis 

	Comparative 4K Performance Analysis of Native vs. AI Upscaling (Max Settings) 
	Part II: The Procedural Symbiote — Qualitative Case Studies 

	Game Engine Market Share on Steam (2024) 
	V.​Discussion: The Upscaling-First Paradigm and Its Implications 
	5.1.​The Symbiotic Feedback Loop and the “Upscaling-First” Paradigm 
	5.2.​The Risk of De-Optimization and the New Digital Divide 
	5.3.​Ethical Frontiers of Generative Content 

	VI.​Conclusion: Redefining the Interactive Experience 
	Funding Declaration 
	Competing Interests Statement 

	VII.​Secondary Data Sources 
	VIII.​References 

