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Abstract
Artificial intelligence has become one of the most consequential technological forces shaping contemporary digital 
games. Once associated primarily with rule-based opponent behaviour and scripted non-player characters, AI now 
supports procedural content generation, adaptive storytelling, affect-aware interfaces, automated testing, player 
modelling, game analytics, virtual humans, cloud-enabled personalisation, and generative design workflows. This 
paper examines how AI is powering both the player-facing gaming experience and the production, governance, and 
business structures of the wider games industry. It argues that AI is not simply a technical add-on to existing game 
systems, but a transformative sociotechnical infrastructure that changes how games are imagined, built, operated, 
monetised, and evaluated. The paper synthesises recent academic literature and industry evidence to show that AI 
can expand immersion, replayability, accessibility, and production efficiency, particularly through procedural content 
generation, intelligent NPCs, adaptive difficulty, and personalised live-service systems. At the same time, it identifies 
significant risks involving data privacy, bias, opacity, creative dependency, labour displacement, player manipulation, 
intellectual property, computational cost, and the erosion of coherent authorial design. The central conclusion is that 
the most sustainable future for AI in games lies in responsible human-AI co-creation, where AI augments rather than 
replaces designers, enables richer player agency without undermining autonomy, and is governed through transparent, 
accountable, and ethically informed design practices.
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1. Introduction
The global games industry has historically adopted computational 
innovation more quickly than many other entertainment sectors 
because games are themselves interactive software systems. Game 
engines, physics simulations, online matchmaking, rendering 
pipelines, behavioural scripting, and analytics platforms already 
depend on algorithmic infrastructures. Yet the recent expansion of 
artificial intelligence, especially machine learning and generative 
AI, marks a qualitative shift. AI is now embedded not only in 
enemy behaviour or pathfinding, but also in the generation of game 
worlds, the orchestration of narrative experiences, the modelling 
of player preferences, the automation of testing pipelines, the 
management of live-service economies, and the creation of virtual 
characters capable of context-sensitive interaction [1-3].

This transformation is important because games are not passive 
media. Unlike film, literature, or recorded music, digital games are 
experienced through continuous feedback between player action 

and system response. The quality of a game therefore depends 
heavily on whether the system can interpret player behaviour, 
generate meaningful consequences, and sustain engagement over 
time. AI technologies are well suited to this interactive structure 
because they can classify patterns, predict actions, generate content, 
optimise difficulty, and adapt game states dynamically [4,5]. 
AI promises games that are less static, less repetitive, and more 
responsive to individual players. It also promises development 
pipelines in which artists, designers, programmers, and writers can 
prototype more quickly and manage larger, more complex worlds.

However, the same affordances that make AI attractive also 
create ethical and practical difficulties. A system that personalises 
gameplay must collect or infer information about players. A 
system that adapts difficulty must decide when challenge becomes 
frustration or manipulation. A system that generates quests, 
dialogue, art, or terrain must be evaluated for quality, coherence, 
bias, originality, and legal provenance. A system that automates 

Open Access Journal of Applied Science and Technology 
ISSN: 2993-5377

https://orcid.org/0009-0002-1375-5982


OA J Applied Sci Technol, 2026 Volume 4 | Issue 2 | 2

testing or asset production may alter labour relations in studios 
and redistribute creative authority away from human workers. 
These concerns are not peripheral. In the Game Developers 
Conference 2024 survey of more than 3,000 developers, four in 
five respondents reported ethical concerns about generative AI, 
indicating that the industry recognises both the opportunity and 
the risk of AI adoption [6].

This paper develops a detailed academic analysis of how AI powers 
gaming experience and industry transformation. It first outlines 
the conceptual evolution from classical game AI to contemporary 
generative and adaptive systems. It then examines procedural 
content generation, intelligent NPCs, adaptive storytelling, player 
modelling, analytics, automated testing, VR/AR, virtual humans, 
and cloud-based AI. The final sections analyse industry impacts 
and ethical governance, arguing that AI’s long-term value depends 
on responsible design practices that preserve player agency, protect 
data, support creative labour, and maintain the balance between 
algorithmic variation and handcrafted design.

2. Conceptual Background: From Scripted Behaviour to 
Adaptive Game Intelligence
Early game AI was typically associated with deterministic or 
semi-deterministic behaviours. Developers encoded finite-state 
machines, behaviour trees, pathfinding algorithms, scripted 
triggers, and difficulty rules to create the illusion of intelligence. 
These systems remain important because they are interpretable, 
computationally efficient, and reliable in production settings. 
However, they are limited by the scope of designer anticipation. A 
scripted enemy can react convincingly only to situations anticipated 
by the designer, and a fixed narrative branch can respond only to 
predefined choices.

Contemporary AI expands this model by enabling systems that learn 
from data, generate content, or adapt at runtime. Reinforcement 
learning, supervised learning, evolutionary algorithms, generative 
adversarial networks, large language models, planning systems, 
affective computing, and recommendation methods each 
contribute different capabilities to game development and play 
[7,8]. These techniques allow developers to create agents that learn 
policies, systems that generate maps or quests, models that infer 
player style, and tools that assist with asset generation or quality 
assurance.

A useful distinction can be made between embedded AI, 
developmental AI, and operational AI. Embedded AI refers to 
systems that players directly experience inside the game, such as 
NPC intelligence, adaptive difficulty, dialogue systems, enemy 
tactics, companion behaviour, or generative quests. Developmental 
AI refers to tools used during production, including procedural 
asset generation, automated animation support, code assistance, test 
automation, localisation support, and design ideation. Operational 
AI refers to systems that support the post-launch life of a game, 
such as player segmentation, churn prediction, matchmaking, 
toxicity moderation, fraud detection, content recommendation, 
and live balancing.

The different applications of AI in games can be organised 
according to where they operate within the game ecosystem. Some 
AI systems are embedded directly into gameplay and shape the 
player’s immediate experience, while others support production 
workflows or post-launch management. This classification helps 
distinguish between AI as a visible gameplay feature, AI as a 
development tool, and AI as an operational system used to manage 
live game environments. Table 1 summarises these three domains, 
their main functions, and their effects on both players and the 
games industry.

Domain of AI use Primary function Player-facing effect Industry-facing effect
Embedded AI Runtime adaptation and interaction More responsive NPCs, dynamic 

worlds, adaptive difficulty, 
personalised quests

More complex design 
requirements and greater need for 
runtime governance

Developmental AI Production assistance and content 
creation

Larger and more varied game 
worlds, faster updates, richer assets

Reduced prototyping time, 
altered creative workflows, new 
authorship issues

Operational AI Live-service optimisation and 
analytics

Better matchmaking, balancing, 
moderation, and personalisation

Retention optimisation, 
monetisation strategy, privacy and 
manipulation risks

Table 1: Domains of AI Use in Game Development and Player Experience

This distinction clarifies why AI is not a single feature but an 
ecosystem. A game may use AI in visible and invisible ways 
simultaneously: generative tools may help create the environment, 
NPC models may shape interaction, analytics may personalise 
difficulty, and moderation models may govern community 
behaviour. The cumulative effect is a new model of game production 
and experience in which games are increasingly dynamic systems 

rather than fixed artefacts.

3. Procedural Content Generation and Scalable World-
Building
Procedural content generation is one of the most established 
and influential uses of AI in games. PCG can be defined as the 
automatic creation of game content through algorithms, including 
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levels, terrain, textures, quests, items, puzzles, rules, sound, music, 
and narrative structures [2]. Although procedural generation 
predates modern machine learning, contemporary AI has expanded 
its scope and sophistication. PCG now includes search-based 
methods, evolutionary algorithms, machine-learning approaches, 
deep-learning models, reinforcement learning, and large language 
model integration [2,8]. The main appeal of PCG is scalability. 
Modern games often require vast quantities of content, especially 
open-world, role-playing, survival, simulation, and live-service 
games. Manually authoring every location, object, encounter, and 
variation can be prohibitively expensive and time-consuming. 
PCG allows studios to produce large spaces and repeated variation 
while reducing the burden of asset-by-asset design. This does 
not mean that human design disappears. Rather, the designer’s 
role shifts from direct authoring of every element to defining 
constraints, rules, evaluation criteria, aesthetic goals, and content 
grammars that guide generation [3,9].

Hendrikx et al. proposed an influential taxonomy of PCG content, 
ranging from small game bits to entire scenarios and design 
structures [9]. This taxonomy remains useful because it shows 
that PCG is not limited to terrain or random level generation. It 
can operate across multiple layers of game design, from textures 
and vegetation to maps, systems, stories, and derivative content. 
Recent surveys add that large language models are changing 
PCG because they can generate semantically rich material such 
as quests, dialogue, lore, and design descriptions rather than only 
spatial or numerical structures [2]. Procedural content generation 
can operate at several levels of game design, from small visual 
or audio assets to complex systems, scenarios, and player-support 
materials. This layered view is useful because it shows that PCG 
is not simply a tool for producing random maps or terrain, but 
a broader design method that can shape both the structure and 
experience of a game. Table 2 summarises the main layers of PCG, 
the types of content associated with each layer, the contribution of 
AI, and the design challenges that must be managed.

PCG content layer Examples AI contribution Design challenge
Game bits Textures, props, vegetation, 

sounds, object properties
Rapid generation of small-scale 
assets and variations

Maintaining style consistency and 
avoiding low-quality or derivative 
output

Game space Levels, maps, terrain, roads, cities, 
planets

Scalable world-building and 
replayable environments

Ensuring navigability, pacing, 
fairness, and meaningful 
exploration

Game systems Rules, mechanics, economies, 
enemy distributions

Simulation and optimisation of 
rule interactions

Preventing imbalance, exploits, 
and unintended dominant 
strategies

Game scenarios Quests, missions, narrative events, 
puzzles

Adaptive quest and story 
generation

Preserving narrative coherence and 
emotional significance

Derived content Summaries, tutorials, player-facing 
explanations, hints

Personalised guidance and 
accessibility support

Avoiding spoilers, over-assistance, 
and inaccurate explanations

                       Table 2: Layers of Procedural Content Generation in Games

PCG directly improves the player experience by increasing 
replayability and reducing repetition. A dungeon crawler, survival 
game, or strategy game can provide different maps, enemy 
patterns, or events each time a player begins a new session. This 
variability can sustain long-term engagement because players 
encounter novelty even after many hours of play. PCG also 
supports personalisation. If a system infers that a player prefers 
exploration over combat, it can generate more environmental 
puzzles and fewer high-pressure encounters; if another player 
prefers strategic challenge, it can generate more complex enemy 
formations or resource constraints [4,10].

Nevertheless, PCG creates a persistent tension between variation 
and meaning. Randomness alone does not produce good game 
design. A generated level must be playable, balanced, aesthetically 
coherent, narratively appropriate, and emotionally engaging. 
AI-generated content can become repetitive in subtler ways if 
the underlying generator produces superficial variation without 
deeper systemic novelty. It can also produce biased, inappropriate, 

or incoherent content if trained on flawed datasets or deployed 
without quality controls [11,12]. For this reason, the strongest PCG 
systems are not purely autonomous. They involve mixed-initiative 
design, where human designers and AI systems collaborate: the AI 
explores a large possibility space, while designers select, constrain, 
revise, and contextualise outputs.

In industry terms, PCG changes production economics. It can 
reduce the marginal cost of content variation, support smaller 
teams, and enable live-service games to update more frequently. 
However, it also requires investment in tool development, testing, 
evaluation, and governance. Generated content must be validated 
at scale, and studios need pipelines for detecting broken levels, 
offensive outputs, balance problems, and intellectual property risks. 
Thus, PCG should be understood not as an automatic substitute for 
design labour, but as a new form of design infrastructure.

4. Intelligent NPCs, Adaptive Storytelling, and Player Agency
Non-player characters have long been central to player immersion. 
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NPCs populate cities, provide quests, fight enemies, accompany 
protagonists, simulate societies, and give the player a sense that 
the game world exists beyond the player’s immediate actions. 
Traditional NPCs, however, often reveal their artificiality through 
repeated dialogue, predictable pathing, limited memory, or rigid 
quest structures. AI promises to make NPCs more context-aware, 
responsive, and socially believable [3,13,14].

Modern AI-enhanced NPCs can combine perception, planning, 
memory, natural language processing, affect modelling, and 
reinforcement learning. In combat games, NPCs may learn 
to adapt to player tactics, coordinate with allies, use terrain, or 
vary strategies. In role-playing games, NPCs may remember 
prior interactions, adjust tone, generate contextual dialogue, and 
respond to world-state changes. In simulation games, AI agents 
may pursue goals, develop relationships, or participate in emergent 
economies. These capabilities can increase immersion because the 
player experiences the game world as less mechanical and more 
socially responsive.

Adaptive storytelling extends this principle from individual 
characters to narrative structure. Instead of presenting a fixed 
branching tree, an adaptive narrative system can interpret player 
choices, infer preferences, and adjust future events accordingly. 
Player modelling research has long explored how systems can infer 
styles of play and use those models to shape interactive stories 
[15,16]. A player who consistently avoids violence might be offered 
negotiation paths, while a player who enjoys exploration might 
encounter lore-rich environments. In theory, adaptive storytelling 
strengthens player agency because choices produce consequences 
beyond superficial dialogue changes.

However, AI-generated narrative also poses risks. Narrative 
quality depends on pacing, foreshadowing, character development, 
thematic consistency, and emotional payoff. These are difficult 
to guarantee through generation alone. An NPC that generates 
plausible lines moment by moment may still undermine the larger 
story if it contradicts established lore, reveals information too 
early, or shifts personality without motivation. Similarly, a system 
that adapts too aggressively to player preferences may reduce 
meaningful challenge or create a personalised echo chamber in 
which the game merely confirms what the player already does [17].

There is also a philosophical question about agency. If an AI 
system continuously adjusts the world to maximise engagement, 
is the player exercising free agency, or is the system subtly 
shaping behaviour toward retention and monetisation targets? 
This question becomes especially important in live-service games, 
where adaptive systems may influence rewards, difficulty, social 
exposure, or purchasing prompts. Intelligent NPCs and adaptive 
narratives should therefore be designed not only for believability, 
but also for transparency, fairness, and respect for player autonomy.

The most defensible design approach is again hybrid. AI can 
enrich NPC behaviour, generate local dialogue variation, and 

help maintain continuity across large worlds, but human writers 
and narrative designers should define character arcs, thematic 
constraints, boundaries of acceptable output, and mechanisms for 
review. In this model, AI extends the expressive range of game 
storytelling without replacing the craft of narrative design.

5. Player Modelling, Personalisation, Analytics, and Game 
Balancing
Player modelling refers to the computational modelling of players’ 
behaviours, preferences, skills, emotions, intentions, or likely future 
actions. It is one of the most important links between game AI and 
personalisation. By analysing gameplay data, AI systems can infer 
whether players are struggling, bored, experimenting, optimising, 
socialising, exploring, or disengaging. These inferences can inform 
difficulty adjustment, content recommendation, matchmaking, 
tutorial support, reward timing, and narrative adaptation [4,15].

Personalisation can improve the gaming experience when it is used 
to support player competence and enjoyment. Dynamic difficulty 
adjustment, for example, can reduce frustration for novice players 
while preserving challenge for advanced players. Recommendation 
systems can help players discover quests, modes, characters, 
or builds that suit their interests. Adaptive tutorials can provide 
assistance only when needed rather than forcing all players through 
the same instructional path. Serious games and educational games 
can use player modelling to provide targeted feedback and adjust 
learning difficulty [18,19].

Player analytics also supports game balancing. Designers must 
continuously evaluate whether weapons, characters, strategies, 
levels, economies, or reward structures create fair and enjoyable 
play. AI can identify outlier behaviours, detect dominant strategies, 
predict churn, cluster player segments, and simulate balance 
changes. In multiplayer games, matchmaking systems rely on 
predictive modelling to produce fair contests and reduce negative 
experiences. In live-service games, analytics can inform patches, 
events, seasonal content, and monetisation design.

Yet analytics-driven design can produce ethical tension. 
Engagement optimisation may conflict with player wellbeing 
if the system prioritises retention, spending, or compulsive play 
over meaningful enjoyment. AI can be used to identify moments 
when a player is most susceptible to purchasing, most likely to 
continue after a reward, or most likely to return after a timed event. 
Such practices raise concerns about manipulation, especially for 
younger or vulnerable players. Responsible AI in games therefore 
requires clear boundaries between supportive personalisation and 
exploitative behavioural optimisation [12,20].

Privacy is another major issue. Personalisation depends on data, 
and game data can be highly revealing. It may include reaction 
times, social networks, spending habits, voice chat, location, 
device information, emotional signals, biometric inputs, or 
inferred psychological states. In location-based AR games, human-
environment relationships and movement patterns become part of 
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the play experience, increasing the sensitivity of data governance 
[21]. In VR and affect-aware games, eye movement, gesture, 
posture, physiological response, or facial expression may become 
inputs to the system. Developers must therefore implement data 
minimisation, consent, security, explainability, and user control as 
core design requirements rather than afterthoughts.

6. AI-Assisted Testing, Quality Assurance, and Production 
Pipelines
Game development is technically complex because games combine 
software engineering, art, animation, audio, physics, networking, 
narrative, user interface design, and platform compliance. Testing 
is particularly difficult because interactive systems can produce a 
vast number of possible states. Open-world games, multiplayer 
systems, procedural levels, and live-service updates create 
conditions that cannot be exhaustively tested by human quality 
assurance teams alone. AI-assisted testing therefore has significant 
practical value [14,22].

AI can automate repetitive playthroughs, identify crashes, detect 
regression errors, explore unusual state combinations, test 
pathfinding, evaluate generated levels, and monitor performance 
under different hardware conditions. Simulated agents can perform 
thousands of actions faster than human testers, helping developers 
identify bugs before release. Machine learning can also prioritise 
bug reports, cluster similar issues, and predict which code changes 
are most likely to introduce defects. These methods accelerate 
iteration and can improve stability, particularly in games with 
frequent updates.

Generative AI also affects earlier stages of production. It can 
support concept ideation, generate draft dialogue, assist with 
localisation, produce placeholder assets, summarise design 
documents, propose level layouts, and help programmers generate 
or refactor code. Alharthi’s mixed-methods study found that game 
design professionals perceive generative AI as useful for ideation, 
prototyping, and automating repetitive tasks, while also expressing 
concerns about originality, creative dependency, authorship, and 
the weakening of human-authored content [1]. This duality is 
central to AI’s role in production: it can accelerate creativity, but 
it can also destabilise the norms through which creative value is 
recognised.

The production benefits of AI are therefore uneven. Large studios 
may have the resources to build proprietary AI pipelines, audit 
outputs, and integrate models into existing engines. Independent 
developers may benefit from accessible tools that reduce barriers 
to entry, enabling smaller teams to prototype ambitious ideas. 
However, smaller teams may also face greater legal and quality 
risks if they rely on third-party generative tools without clear 
provenance or robust review. Across the industry, AI adoption 
may intensify competition by increasing the expected volume and 
speed of content production.
A responsible production pipeline should distinguish between AI as 
a brainstorming aid, AI as a content generator, AI as a testing tool, 
and AI as an autonomous runtime system. Each use case carries 

different risks. A generated concept sketch used internally has 
different ethical stakes from an AI-generated NPC dialogue system 
deployed to millions of players. Studios therefore need risk-tiered 
governance, documentation, content review, provenance tracking, 
and staff training.

7. AI, VR/AR, Virtual Humans, and Immersive Embodiment
AI’s impact on immersion is especially visible in virtual reality, 
augmented reality, mixed reality, and virtual human systems. 
VR and AR intensify the relationship between body, perception, 
and simulation. Because the player experiences the game world 
through embodied movement, spatial audio, head tracking, hand 
gestures, and sometimes haptic feedback, the responsiveness of 
the system becomes crucial. AI can enhance this responsiveness 
by generating adaptive environments, recognising user behaviour, 
animating virtual agents, and personalising sensory feedback 
[23,24].

Generative AI can support VR world-building by creating objects, 
environments, textures, and interactive scenarios that respond to 
user actions. AI can also produce or adapt dialogue in immersive 
spaces, making virtual characters feel less scripted. Virtual 
humans, including AI-driven avatars and synthetic agents, can 
increase social presence through natural language interaction, 
facial animation, gesture generation, and emotion modelling [25]. 
These developments are significant for entertainment, but also 
for training simulations, therapy, education, sports coaching, and 
healthcare interventions [18,26].

The promise of AI-enhanced immersion is not simply higher visual 
fidelity. Banks’ work on avatar realism suggests that enhanced 
anthropomorphism does not automatically produce stronger 
player-avatar relationships, indicating that perceptual realism, 
world coherence, agency, and gameplay meaning may matter more 
than raw realism alone [27]. This insight is important because AI-
driven virtual humans can easily fall into the uncanny valley if 
their appearance, speech, gestures, or emotional responses are 
inconsistent. A character that looks human but responds in socially 
inappropriate ways may be less immersive than a stylised character 
with coherent behaviour.

AI in immersive environments also increases privacy concerns. VR 
and AR systems can collect extensive behavioural and biometric 
data. If AI systems use this data to infer emotion, attention, stress, 
or intention, developers must address consent, storage, model 
accuracy, and misuse. Emotion recognition is particularly sensitive 
because affective states are probabilistic and culturally mediated. 
Misclassification could lead to inappropriate adaptation, and 
accurate classification could be used manipulatively. Immersive 
AI should therefore be designed with strict privacy protections and 
clear user controls.

8. Industry Transformation: Labour, Business Models, and 
Platform Infrastructure
AI is reshaping the games industry at several levels. At the 
production level, it changes workflows and labour requirements. 
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Designers may become curators of generative systems, writers 
may become editors of model-assisted dialogue, artists may 
guide asset-generation pipelines, and QA teams may supervise 
automated testing agents. These changes can increase productivity 
but also create anxiety about job displacement, deskilling, and the 
devaluation of creative labour. The GDC 2024 report’s finding that 
many developers have ethical concerns about generative AI should 
be interpreted in this broader labour context [6].

At the business level, AI supports live-service models by 
enabling continuous personalisation, event generation, player 
segmentation, and monetisation optimisation. Games increasingly 
operate as evolving services rather than one-time products. AI 
can help studios manage this complexity by predicting churn, 
recommending content, adjusting economies, detecting fraud, 
moderating communities, and automating customer support. 
Cloud-based AI and cloud gaming infrastructures may also allow 
more sophisticated AI systems to run server-side, reducing device 
constraints and enabling scalable NPC complexity or content 
generation [28].

At the platform level, AI may influence distribution and discovery. 
Game stores, subscription services, streaming platforms, and social 
ecosystems use recommendation algorithms to shape which games 
players encounter. This can benefit niche games by matching them 
with interested audiences, but it can also concentrate visibility 
among titles optimised for platform metrics. AI therefore affects 
not only how games are made and played, but also how they 
circulate in the marketplace.

The industry impact is not uniformly democratising or centralising. 
On one hand, generative tools can lower barriers for independent 
developers by making prototyping, art direction, scripting, and 
localisation more accessible. On the other hand, the most powerful 
AI systems, datasets, compute infrastructure, and proprietary 
deployment pipelines may be controlled by large technology firms 
and major publishers. The future industry structure will depend 
on whether AI tools remain open and interoperable, whether legal 
frameworks clarify rights and responsibilities, and whether studios 
develop ethical norms that protect both creators and players.

9. Ethical, Legal, and Governance Challenges
The ethical challenges of AI in games can be grouped into six 
major categories: bias and representation, privacy and surveillance, 
transparency and explainability, manipulation and autonomy, 
labour and authorship, and environmental or computational cost. 
These issues are interconnected because AI systems operate 
within social, economic, and cultural contexts rather than neutral 
technical spaces.

Bias and representation arise when models generate or reinforce 
stereotypes, exclude cultural perspectives, or produce content 
that treats certain identities unfairly. This is especially important 
in character generation, dialogue, moderation, matchmaking, 
and narrative adaptation. If a game uses generative AI trained on 
biased data, the outputs may reproduce harmful patterns. Bias 

testing and diverse review processes are therefore necessary for 
both developmental and embedded AI [12].

Privacy and surveillance concerns emerge because AI-powered 
personalisation requires data. Player data may include behaviour, 
communication, biometrics, spending, location, or inferred 
emotion. Responsible governance requires data minimisation, 
informed consent, purpose limitation, secure storage, and 
meaningful opt-out mechanisms. The Northeastern responsible AI 
discussion argues that traditional rating labels are insufficient to 
communicate AI and data risks, suggesting that approaches similar 
to model cards and data labels may provide more meaningful 
transparency [12].

Transparency and explainability matter because players should 
understand when AI is shaping their experience in consequential 
ways. This does not mean revealing every algorithmic detail, which 
may be impractical or harmful to game integrity. It does mean 
providing clear information about whether AI-generated content is 
used, how player data affects adaptation, and what controls players 
have. Explainability is especially important when AI influences 
difficulty, rewards, matchmaking, moderation, or purchases.

Manipulation and autonomy are perhaps the most distinctive ethical 
issues in AI-powered games. Games are designed to be engaging, 
but AI can intensify engagement optimisation to the point where 
it exploits cognitive biases or emotional vulnerabilities. A system 
that adapts difficulty to maintain flow can be beneficial; a system 
that adapts rewards to maximise spending can be exploitative. 
Developers must therefore distinguish between enhancing 
enjoyment and engineering compulsion.

Labour and authorship issues arise when generative AI produces 
art, writing, music, voice, code, or design concepts. Questions 
include whether training data was lawfully obtained, whether 
creators should be compensated, who owns generated outputs, and 
how AI use should be disclosed. These concerns are not merely 
legal; they affect the cultural value of creative work and the 
professional identity of game workers [1,6].

Finally, computational cost must be considered. Complex AI 
models can require significant energy and infrastructure. Runtime 
generative systems may increase server costs, latency, and 
environmental impact. Studios must evaluate whether AI features 
genuinely improve the player experience enough to justify their 
resource demands, particularly when simpler deterministic systems 
may be more reliable and efficient. The ethical implications of 
AI in games can be understood through the main areas where AI 
systems affect players, workers, communities, and production 
practices. These challenges range from representational harms 
and data privacy to questions of creative ownership, behavioural 
manipulation, and environmental cost. Table 3 summarises the key 
ethical challenges associated with AI in games, the game contexts 
in which they commonly appear, the risks they create, and the 
responsible design responses that can help reduce harm.
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Ethical challenge Typical game context Main risk Responsible design response
Bias and representation Character generation, dialogue, 

moderation, matchmaking
Stereotypes, unfair treatment, 
exclusion

Bias testing, diverse datasets, 
human review, appeal mechanisms

Privacy and surveillance Player modelling, VR/AR, affect-
aware systems

Excessive data collection and 
opaque inference

Data minimisation, consent, 
privacy dashboards, secure storage

Transparency AI-generated content, adaptive 
difficulty, recommendations

Players do not know how systems 
shape experience

Clear disclosures, AI/data labels, 
understandable explanations

Manipulation Rewards, monetisation, retention 
systems

Exploitative engagement loops Ethical review, limits on 
behavioural targeting, wellbeing 
metrics

Labour and authorship Generative assets, writing, code, 
voice

Displacement, unclear rights, 
creative devaluation

Provenance tracking, fair policies, 
staff participation, disclosure

Computational cost Cloud AI, generative NPCs, large-
scale inference

Latency, cost, environmental 
impact

Efficiency evaluation, hybrid 
systems, on-device/cloud trade-off 
analysis

Table 3: Ethical Challenges and Responsible Design Responses for AI in Games

10. Towards Responsible Human-AI Co-Creation in Games
The preceding analysis suggests that AI’s most productive role 
in games is neither full automation nor superficial enhancement. 
Rather, AI should be understood as a co-creative infrastructure. 
In responsible human-AI co-creation, designers define goals, 
constraints, values, and quality criteria; AI systems expand the 
possibility space, generate alternatives, identify patterns, and 
automate repetitive tasks; and human teams review, contextualise, 
and govern outputs.

This model has several advantages. It preserves human 
accountability because designers remain responsible for the final 
experience. It also recognises AI’s genuine strengths: speed, 
variation, pattern recognition, simulation, and scalability. It avoids 
the false choice between handcrafted design and algorithmic 
generation by treating AI as a tool that can support craftsmanship 
when used carefully. PCG can generate candidate levels, but 
designers can shape pacing and meaning. NPC language models 
can provide contextual variation, but writers can define character 
voice and narrative boundaries. Analytics can reveal player 
frustration, but designers can decide whether adaptation should 
preserve challenge or provide support.

Responsible co-creation also requires institutional practices. 
Studios should establish AI review boards or cross-functional 
governance groups involving designers, engineers, artists, legal 
specialists, community managers, accessibility specialists, and 
ethics experts. They should document AI use cases, assess risks 
before deployment, monitor outputs after release, and provide 
mechanisms for player feedback and appeal. AI should be tested not 
only for technical performance, but also for fairness, accessibility, 
safety, and cultural sensitivity.

Players should also be treated as stakeholders. They should 
know when AI affects their experience, what data is collected, 
how personalisation works, and how they can control or disable 
certain features. This is particularly important in games played by 

children, educational settings, healthcare contexts, or immersive 
environments involving sensitive data. Trust will become a 
competitive advantage: players are more likely to accept AI-driven 
adaptation when they believe it is used to enrich experience rather 
than exploit attention or spending.

11. Conclusion
AI is powering the gaming experience and industry by making 
games more adaptive, scalable, personalised, immersive, and 
operationally intelligent. Procedural content generation expands 
the scale and variability of game worlds. Intelligent NPCs and 
adaptive storytelling deepen social presence and agency. Player 
modelling and analytics support difficulty adjustment, balancing, 
recommendation, and live operations. AI-assisted testing 
accelerates production and improves quality assurance. VR/AR 
and virtual humans use AI to create richer embodied and social 
experiences. Across the industry, generative tools and cloud-based 
AI are transforming creative workflows, labour structures, and 
business models.

Yet AI’s value is inseparable from its risks. The same systems 
that personalise play can surveil players. The same systems 
that optimise engagement can manipulate behaviour. The same 
systems that generate content can produce bias, incoherence, 
legal uncertainty, or creative homogenisation. The same systems 
that accelerate production can destabilise labour and authorship. 
AI in gaming therefore requires more than technical capability; 
it requires governance, transparency, fairness, privacy protection, 
creative accountability, and respect for player autonomy.

The future of AI-powered gaming should not be framed as a 
replacement of human creativity by machine generation. The 
strongest path is responsible human-AI co-creation, in which AI 
extends the imagination and operational capacity of developers 
while human judgement preserves meaning, coherence, ethics, and 
care. If the industry adopts this approach, AI can help create games 
that are not only larger and more efficient, but also more inclusive, 
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responsive, and artistically ambitious.
To synthesise the findings of this paper, AI in games can be 
understood as an interconnected system rather than a set of 
isolated tools. Procedural content generation, intelligent NPCs, 
adaptive storytelling, player modelling, analytics, automated 
testing, generative production tools, VR/AR systems, and 
ethical governance do not operate independently. Instead, they 
form a dynamic feedback structure in which player behaviour, 
development processes, runtime adaptation, and live-service 
operations continuously influence one another. This relationship 
can be described as a Human-AI Game Ecosystem Model, where 
AI functions as a mediating infrastructure between developers, 
players, game systems, data, and governance.

The model below illustrates how the major components of AI-
powered gaming intertwine. At the centre is the player experience, 
because AI ultimately gains value only when it improves interaction, 
immersion, accessibility, agency, or enjoyment. Around this centre 
are the three major AI domains discussed throughout this paper: 
embedded AI, developmental AI, and operational AI. These 
domains are connected through feedback loops. Developmental 
AI helps create content and systems; embedded AI uses these 
systems during play; operational AI analyses player behaviour 
after release; and the results of this analysis feed back into future 
design, balancing, moderation, and content generation. Ethical 
governance surrounds the entire model because responsible AI is 
not a separate stage, but a condition that should shape every layer 
of design, deployment, and evaluation [29].

 

This model shows that AI in gaming is cyclical rather than linear. Developmental AI contributes to the 
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Figure 1: Human-AI Game Ecosystem Model

This model shows that AI in gaming is cyclical rather than linear. 
Developmental AI contributes to the creation of assets, levels, 
dialogue, code, and testing processes before release. Embedded 
AI then activates these systems inside the game, shaping the 
player’s immediate interaction with NPCs, narratives, difficulty 
systems, environments, and personalised quests. Operational 
AI subsequently interprets player behaviour through analytics, 
segmentation, matchmaking, moderation, churn prediction, 
and live balancing. These operational insights then return to the 
development process, influencing patches, updates, new content, 
and design decisions.

The most important feature of the model is the central role of 
feedback. Player behaviour becomes data; data becomes inference; 
inference becomes adaptation; and adaptation changes the player 
experience. This loop can produce significant benefits, including 
more responsive worlds, better accessibility, improved balancing, 
richer content variation, and more efficient production [30]. 
However, it can also create risks if the same feedback structure 

is used to intensify surveillance, manipulate behaviour, narrow 
player autonomy, or optimise monetisation at the expense of 
wellbeing. For this reason, ethical governance is placed around the 
entire model rather than attached to one component. Bias testing, 
privacy protection, explainability, labour accountability, consent, 
environmental evaluation, and human oversight must operate 
across developmental, embedded, and operational AI.

The Human-AI Game Ecosystem Model therefore reinforces 
the central argument of this paper: AI is not merely a technical 
feature added to games, but a sociotechnical infrastructure that 
reorganises how games are designed, experienced, managed, and 
governed [31]. Its value lies not in replacing human creativity, but 
in supporting responsible human-AI co-creation. When properly 
governed, AI can expand the expressive and operational capacity of 
games while preserving the human judgement needed to maintain 
coherence, fairness, artistic purpose, and player autonomy. Thus, 
the future of AI-powered gaming should be understood as an 
interconnected ecosystem in which technical innovation, player 
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experience, creative labour, and ethical responsibility must 
develop together.

References
1.	 Alharthi, S. A. (2025). Generative AI in game design: 

Enhancing creativity or constraining innovation?. Journal of 
Intelligence, 13(6), 60.

2.	 Farrokhi Maleki, M., & Zhao, R. (2024). Procedural Content 
Generation in Games: A Survey with Insights on Emerging 
LLM Integration. arXiv e-prints, arXiv-2410.

3.	 Karaca, Y., Derias, D., & Sarsar, G. (2023). Ai-powered 
procedural content generation: Enhancing npc behaviour 
for an immersive gaming experience. Available at SSRN 
4663382.

4.	 Yannakakis, G. N., & Togelius, J. (2018). Artificial intelligence 
and games (Vol. 2, pp. 2475-1502). New York: Springer.

5.	 Roy, A., Reddy, G., & Byrappa, N. (2023). Artificial intelligence 
and its application in games. International Research Journal of 
Modernization in Engineering Technology and Science. 

6.	 Game Developers Conference. (2024).GDC 2024 State of the 
Game Industry. 

7.	 Baci, N., Millo, D., & Kuka, P. A SHORT ANALYSIS OF 
THE APPLICATION (S) OF INTELLIGENT AGENTS IN 
COMPUTER GAMES. Materials, Methods & Technologies, 
17(1), 157–168. 

8.	 Shaker, N., Togelius, J., & Nelson, M. J. (2016). Procedural 
content generation in games. Springer. 

9.	 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 (TOMM), 9(1), 1-22.

10.	 Lin, H. (2024). Analysis of the influence of artificial 
intelligence technology on the immersion of game players. 
Applied and Computational Engineering, 40(1), 187–191. 

11.	 Melhart, D., Liapis, A., & Yannakakis, G. N. (2024). The 
ethics of AI in games. IEEE Transactions on Games, 16(1), 
1–15. 

12.	 Contreras, C. (2024, October 31). As artificial intelligence 
transforms gaming, Northeastern researchers urge industry to 
adopt responsible AI practices. Northeastern Global News. 

13.	 Khan, N., & Sabahat, N. (2024). Role of AI chatbots in 
revolutionizing gaming experiences: A survey. VFAST 
Transactions on Software Engineering, 12(1), 93–104. 

14.	 Yin, C. (2024). NPCs in video games: A reflective resource 
for sports coaches and participant engagement. Frontiers in 
Sports and Active Living, 6. 

15.	 Thue, D., Bulitko, V., Spetch, M., & Wasylishen, E. (2007). 
Interactive storytelling: A player modelling approach. 
Proceedings of the AAAI Conference on Artificial Intelligence 
and Interactive Digital Entertainment. 

16.	 Spronck, P., Ponsen, M., Sprinkhuizen-Kuyper, I., & Postma, 
E. (2006). Adaptive game AI with dynamic scripting. Machine 
Learning, 63, 217–248. 

17.	 Zhukova, O., Mandragelia, V., Chepurna, V., Ivanenko, L., & 
Noskova, M. (2024). A Model of Using Digital Information 
Systems to Create Video Game Contexts: The Case of GPT 

Models and Its Effect. Ingenierie des Systemes d'Information, 
29(2), 659.

18.	 Martinez, K., Menéndez-Menéndez, M. I., & Bustillo, A. 
(2022). A new measure for serious games evaluation: Gaming 
Educational Balanced (GEB) model. Applied Sciences, 
12(22), 11757.

19.	 Zhonggen, Y. (2019). A meta‐analysis of use of serious games 
in education over a decade. International Journal of Computer 
Games Technology, 2019(1), 4797032.

20.	 Kuo, A., Hiler, J. L., & Lutz, R. J. (2017). From Super Mario 
to Skyrim: A framework for the evolution of video game 
consumption. Journal of Consumer Behaviour, 16(2), 101-
120.

21.	 Wang, S. S., & Hsieh, C. T. (2020). Ubiquitous Pokémon Go: 
Human–environment relationships and the location-based 
augmented reality game. Environment and behavior, 52(7), 
695-725.

22.	 Zhang, H. (2023). The application of artificial intelligence 
technology in game design. Applied and Computational 
Engineering, 19, 197-204. 

23.	 Hashim, M. E. A., Mustafa, W. A. W., Prameswari, N. S., 
Ghani, M. M., & Hanafi, H. F. (2023). Revolutionizing virtual 
reality with generative AI: An in-depth review. Journal of 
Advanced Research in Computing and Applications, 30(1), 
19-30.

24.	 Botviniev, M. (2024). The impact of artificial intelligence on 
improving virtual reality in game development on the Unity 
platform. Наука І Техніка Сьогодні, 7(35). 

25.	 Cui, L., & Liu, J. (2023). Virtual human: A comprehensive 
survey on academic and applications. IEEe Access, 11, 
123830-123845.

26.	 Savareh, B. A., Karandish, Z., Farhoudi, F., & Bashiri, A. 
(2024). Pain management in cancer patients: The effectiveness 
of digital game-based interventions: A rapid literature review. 
Healthcare Informatics Research, 30(4), 297-311.

27.	 Banks, J. (2017). Of beard physics and worldness: The (non-
) effect of enhanced anthropomorphism on player–avatar 
relations. Psychology of Popular Media Culture, 6(4), 381.

28.	 Tak, A. (2022). Advanced AI Applications in Gaming with 
Cloud-Powered Media and Entertainment Experiences. 
Journal of Artificial Intelligence & Cloud Computing, 1(1), 
1-4.

29.	 Sahu, J. P. (2024). From clay to code: The evolution of 3D 
sculpting and its impact on virtual realms. International 
Journal of Research Publication and Reviews, 5(4), 886–900. 

30.	 Zhong, Y. (2024). The application of artificial intelligence 
in MOBA games. Applied and Computational Engineering, 
47(1), 238–241. 

31.	 Zörner, S., Arts, E., Vasiljevic, B., Srivastava, A., Schmalzl, 
F., Mir, G., ... & Wermter, S. (2021). An immersive investment 
game to study human-robot trust. Frontiers in Robotics and 
AI, 8, 644529. 

Copyright: ©2026 Vincent English, et al. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original author and source are credited.

https://doi.org/10.3390/jintelligence13060060
https://doi.org/10.3390/jintelligence13060060
https://doi.org/10.3390/jintelligence13060060
https://arxiv.org/html/2410.15644v1
https://arxiv.org/html/2410.15644v1
https://arxiv.org/html/2410.15644v1
https://doi.org/10.2139/ssrn.4663382
https://doi.org/10.2139/ssrn.4663382
https://doi.org/10.2139/ssrn.4663382
https://doi.org/10.2139/ssrn.4663382
https://doi.org/10.1007/978-3-319-63519-4
https://doi.org/10.1007/978-3-319-63519-4
https://doi.org/10.56726/irjmets43219
https://doi.org/10.56726/irjmets43219
https://doi.org/10.56726/irjmets43219
https://reg.gdconf.com/state-of-game-industry-2024
https://reg.gdconf.com/state-of-game-industry-2024
https://doi.org/10.62991/mmt1996367736
https://doi.org/10.62991/mmt1996367736
https://doi.org/10.62991/mmt1996367736
https://doi.org/10.62991/mmt1996367736
https://doi.org/10.1007/978-3-319-42716-4
https://doi.org/10.1007/978-3-319-42716-4
https://doi.org/10.1145/2422956.2422957
https://doi.org/10.1145/2422956.2422957
https://doi.org/10.1145/2422956.2422957
https://doi.org/10.1145/2422956.2422957
https://doi.org/10.54254/2755-2721/40/20230648
https://doi.org/10.54254/2755-2721/40/20230648
https://doi.org/10.54254/2755-2721/40/20230648
https://doi.org/10.1109/TG.2023.3270881
https://doi.org/10.1109/TG.2023.3270881
https://doi.org/10.1109/TG.2023.3270881
C:\Opast-PDFs\Nukathoti Yamuna\OAJAST\2026\OAJAST-26-36\1.	https:\news.northeastern.edu\2024\10\31\ai-in-gaming-responsible-practices\
C:\Opast-PDFs\Nukathoti Yamuna\OAJAST\2026\OAJAST-26-36\1.	https:\news.northeastern.edu\2024\10\31\ai-in-gaming-responsible-practices\
C:\Opast-PDFs\Nukathoti Yamuna\OAJAST\2026\OAJAST-26-36\1.	https:\news.northeastern.edu\2024\10\31\ai-in-gaming-responsible-practices\
https://doi.org/10.21015/vtse.v12i1.1725
https://doi.org/10.21015/vtse.v12i1.1725
https://doi.org/10.21015/vtse.v12i1.1725
https://doi.org/10.3389/fspor.2024.1403829
https://doi.org/10.3389/fspor.2024.1403829
https://doi.org/10.3389/fspor.2024.1403829
https://ojs.aaai.org/index.php/AIIDE/article/view/18780
https://ojs.aaai.org/index.php/AIIDE/article/view/18780
https://ojs.aaai.org/index.php/AIIDE/article/view/18780
https://ojs.aaai.org/index.php/AIIDE/article/view/18780
https://doi.org/10.1007/s10994-006-6205-6
https://doi.org/10.1007/s10994-006-6205-6
https://doi.org/10.1007/s10994-006-6205-6
https://doi.org/10.18280/isi.290227
https://doi.org/10.18280/isi.290227
https://doi.org/10.18280/isi.290227
https://doi.org/10.18280/isi.290227
https://doi.org/10.18280/isi.290227
https://doi.org/10.3390/app122211757
https://doi.org/10.3390/app122211757
https://doi.org/10.3390/app122211757
https://doi.org/10.3390/app122211757
https://doi.org/10.1155/2019/4797032
https://doi.org/10.1155/2019/4797032
https://doi.org/10.1155/2019/4797032
https://doi.org/10.1002/cb.1620
https://doi.org/10.1002/cb.1620
https://doi.org/10.1002/cb.1620
https://doi.org/10.1002/cb.1620
https://doi.org/10.1177/0013916518817878
https://doi.org/10.1177/0013916518817878
https://doi.org/10.1177/0013916518817878
https://doi.org/10.1177/0013916518817878
https://doi.org/10.54254/2755-2721/19/20231032
https://doi.org/10.54254/2755-2721/19/20231032
https://doi.org/10.54254/2755-2721/19/20231032
https://doi.org/10.37934/arca.30.1.1930
https://doi.org/10.37934/arca.30.1.1930
https://doi.org/10.37934/arca.30.1.1930
https://doi.org/10.37934/arca.30.1.1930
https://doi.org/10.37934/arca.30.1.1930
https://doi.org/10.52058/2786-6025-2024-7(35)-475-487
https://doi.org/10.52058/2786-6025-2024-7(35)-475-487
https://doi.org/10.52058/2786-6025-2024-7(35)-475-487
https://doi.org/10.37934/arca.30.1.1930
https://doi.org/10.37934/arca.30.1.1930
https://doi.org/10.37934/arca.30.1.1930
https://doi.org/10.4258/hir.2024.30.4.297
https://doi.org/10.4258/hir.2024.30.4.297
https://doi.org/10.4258/hir.2024.30.4.297
https://doi.org/10.4258/hir.2024.30.4.297
https://doi.org/10.1037/ppm0000104
https://doi.org/10.1037/ppm0000104
https://doi.org/10.1037/ppm0000104
https://doi.org/10.47363/jaicc/2022(1)152
https://doi.org/10.47363/jaicc/2022(1)152
https://doi.org/10.47363/jaicc/2022(1)152
https://doi.org/10.47363/jaicc/2022(1)152
https://doi.org/10.55248/gengpi.5.0424.0921
https://doi.org/10.55248/gengpi.5.0424.0921
https://doi.org/10.55248/gengpi.5.0424.0921
https://doi.org/10.54254/2755-2721/47/20241384
https://doi.org/10.54254/2755-2721/47/20241384
https://doi.org/10.54254/2755-2721/47/20241384
https://doi.org/10.3389/frobt.2021.644529
https://doi.org/10.3389/frobt.2021.644529
https://doi.org/10.3389/frobt.2021.644529
https://doi.org/10.3389/frobt.2021.644529

