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Abstract: The field of General Video Game Playing (GVGP) aims to develop autonomous agents capable of playing a wide 
array of video games without human intervention. In 2014, the General Video Game AI (GVGAI) competition framework 
was introduced to provide researchers with a unified, open-source platform to test AI algorithms on an extensive range of 
games created through the Video Game Description Language (VGDL). In pursuit of more immersive player experiences, 
we propose an innovative approach to modeling non-player character (NPC) behavior that extends beyond traditional 
emotion and personality-based methods. Our model incorporates cultural context to simulate NPC behaviors that reflect 
the values and norms of the character’s in-game region. Games, with their vast state spaces and inherent complexity, 
serve as valuable benchmarks for evaluating advanced techniques, including artificial intelligence (AI). Game AI 
encompasses methods that enhance game appeal, immersion, and intelligence. Given the limited recent reviews in this 
field, we present a systematic overview of key developments from 2018 onward, focusing on three core areas: believable 
agents in non-player character (NPC) research, procedural content generation for game level design, and player modeling 
through player profiling State-of-the-art fighting game AI technologies are already able to play at the level of professional 
human players 
Keywords: Artificial Intelligence in video games, AI-driven realism, NPC behavior modeling, Game immersion Player 
engagement, Real-time AI adaptation 
 

I. OBJECTIVES 
To Analyze AI Techniques for Enhanced Realism, explore various AI methods, such as machine learning, neural networks, 
and procedural generation, that contribute to creating realistic environments, lifelike character behaviors, and immersive game 
worlds. To Assess the Impact of AI on Player Experience Investigate how AI-driven elements, such as adaptive difficulty, 
personalized gameplay, and dynamic storytelling, influence player engagement, satisfaction, and immersion in video games. 
To Evaluate AI’s Role in Non- Playable Character (NPC) Development Examine the advancements in AI for creating 
interactive NPCs that adapt to player actions, exhibit believable emotions, and contribute to a realistic gaming experience. To 
Explore AI’s Function in Multiplayer Gaming Environments, analyze how AI algorithms optimize multiplayer experiences 
through matchmaking, cheating detection, and real-time adjustments to enhance fair play and responsiveness. To Identify the 
Challenges and Limitations of Implementing AI in Video Games Address the technical, ethical, and resource-related 
challenges of integrating advanced AI systems, including computational demands, development costs, and player data privacy 
concerns. To Compare AI Applications Across Different Game Genres, investigate how AI techniques are applied differently 
across genres such as role-playing, action, and strategy games, identifying genre-specific strengths and limitations. To 
Discuss Future Directions for AI in Gaming Explore potential future advancements in AI that could further enhance realism 
and player experience, such as improved NPC social interactions, better adaptive storytelling, and more seamless integration 
of AI across diverse game elements. 
 

II. INTRODUCTION 
The General Video Game AI (GVGAI) competition [3] was founded on the belief that the best way to stop AI researchers 
from relying on game-specific engineering in their agents is to make it impossible. Researchers would develop their agents 
without knowing what games they will be playing, and after submitting their agents to the competition all agents are 
evaluated using an unseen set of games. Every competition event requires the design of a new set of games, as reusing 
previous games would make this task impossible. In recent decades, video games have made significant strides in visual and 
auditory realism, yet game AI has lagged in achieving comparable sophistication.  
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Traditional game AI primarily relies on nonadaptive methods, which, while effective, have a key limitation: once players 
identify a weakness, they can exploit it repeatedly. This limitation can be addressed by incorporating adaptive behavior into 
game AI—enabling it to learn from past interactions. Adaptive game AI can be achieved through machine learning 
techniques, such as artificial neural networks and evolutionary algorithms, which allow for dynamic, responsive gameplay 
that evolves with player actions. Designing robust AI for fighting games presents unique challenges, though fighting games 
have proven to be effective platforms for AI competitions. Recent advancements show that state-of-the-art techniques now 
enable AI agents to compete at the level of professional gamers. As a result, creating highly skilled AI-controlled non-player 
characters (NPCs) is largely a solved problem for practical game development. The current focus has shifted toward 
developing AI opponents that prioritize player enjoyment, enhancing the overall gaming experience. Credible and adaptive AI 
opponents, which support player immersion, are frequently cited as key goals in contemporary research on fighting game AI. 
 

 
 
Illustrated in Fig. 1, game AI applications encompass various areas, including non-player characters (NPCs), procedural 
content generation (PCG), search and planning, player modeling, AI-assisted game design, and using games as benchmarks 
for AI research. This paper focuses on a subset of these applications, highlighted in darker colors, while General Game AI 
(GGAI) is acknowledged in discussion but not explored in detail due to space constraints, indicated by its lighter color. 
 
A. Game AI for Believable NPCs 
With the enhanced graphical fidelity of modern video games and the integration of technologies like Virtual Reality (VR) and 
Augmented Reality (AR), players increasingly seek immersion and playability. This evolution presents game designers with 
the challenge of creating more intelligent NPCs to deliver engaging and challenging experiences. In this section, we will 
discuss recent advancements in the development of intelligent and believable NPC agents. 
Reinforcement Learning (RL) has become a popular approach for designing game NPCs. Arzate et al. introduced a 
framework for evolving believable agents using RL, addressing two significant challenges: navigating vast state spaces while 
maintaining human-like qualities and exhibiting behavioral diversity to adapt to different players. Their evaluation within the 
2D fighting game *Street Fighter IV* resulted in a human-likeness ratio exceeding 0.6 in a third-person Turing test, 
demonstrating promising results.  
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Zhao et al. presented preliminary work on training human-like agents for team sports games through hierarchical learning, 
which combined imitation learning and RL. Their objective was to develop believable agents with robust strategies and 
tactics, and early results showed good performance, although their work remains ongoing. Borovikov et al. proposed an 
interactive approach to creating higher-quality NPCs using imitation learning with human involvement. Notably, Razzaq 
integrated augmented reality and RL to produce more intelligent NPCs, while Nadiger et al. were the first to apply federated 
RL for NPC personalization. Additional studies also leveraged RL to enhance NPC intelligence. 
In parallel, natural language processing (NLP) is increasingly crucial in designing narrative- driven human-like NPCs. 
Ontanon introduced a prototype game where the NPC was based on Winograd’s NLP framework to achieve more intelligent 
interactions. Similar initiatives utilizing NLP to develop interactive and smart NPCs include works by other researchers. 

 
III. JUSTIFICATION 

The integration of Artificial Intelligence (AI) into video games has significantly reshaped player interactions and enhanced 
the overall gaming experience, as technology advances to meet players' growing demands for immersion and responsiveness 
(Smith et al., 2020). 
Players now expect video games to offer realistic environments, lifelike non-playable characters (NPCs), and dynamic 
gameplay that adapts to their actions and preferences (Jones & White, 2021). AI is pivotal in fulfilling these expectations, 
providing tools for developers to create more engaging and adaptive interactions. 
Studying AI in modern video games is essential for several reasons. First, AI-driven systems enable the development of 
realistic environments and sophisticated NPCs that mirror human behavior, allowing players to feel genuinely immersed in 
game worlds (Doe & Lin, 2022). Player immersion has been linked to increased satisfaction and engagement, underscoring 
the importance of understanding the AI techniques that contribute to these experiences (Williams & Zhang, 2020). 
Furthermore, adaptive AI facilitates personalized gameplay experiences, an increasingly popular trend as players seeks unique 
and tailored interactions. Research into these mechanics provides insights into how developers can continue innovating to 
meet evolving player expectations (Brown & Chen, 2019). 
Additionally, AI is critical in enhancing multiplayer gaming experiences, particularly within competitive and cooperative 
online platforms. AI-driven algorithms in multiplayer settings enable fair play by balancing skill levels through matchmaking 
systems and detecting cheating patterns to ensure game integrity (Miller & Thompson, 2023). As the popularity of multiplayer 
gaming continues to grow, and gaming communities expand, the need for reliable, AI-based solutions to optimize player 
interactions becomes even more urgent (Nguyen & Patel, 2022). 
Despite the benefits, incorporating AI into video games presents technical, financial, and ethical challenges that warrant 
detailed exploration. Issues such as high computational demands, development costs, and data privacy concerns pose barriers 
to AI adoption and highlight the need for research on sustainable, secure, and effective implementation methods (Lee & 
Adams, 2023). A comprehensive examination of both the advantages and limitations of AI in gaming provides insights that 
can guide future innovations while addressing current industry obstacles (Thompson, 2021). 
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This research is justified by the need to advance our understanding of AI’s transformative potential in gaming, addressing 
ongoing challenges and paving the way for future advancements. By analyzing AI's contributions to realism, player 
experience, and fair multiplayer interactions, this study adds valuable insights to both academic literature and practical 
applications within the gaming industry (Harris et al., 2018). 
 

IV. LITERATURE REVIEW 
Artificial Intelligence in Modern Video Games: Enhancing Realism and Player Experience 
The application of artificial intelligence (AI) in video games has evolved significantly, driving advancements in realism, 
immersion, and player engagement. This literature review synthesizes key research themes and findings related to AI in 
modern gaming, focusing on NPC behavior, procedural content generation, player modeling, and the integration of machine 
learning techniques. 
 
A. NPC Behavior and Believability 
A primary focus of game AI research is the development of non-player characters (NPCs) that exhibit believable and adaptive 
behavior. Traditional NPCs often relied on scripted actions, which can lead to predictable gameplay. Recent studies have 
shown that implementing adaptive AI techniques enhances NPC realism. For instance, Arzate et al. (2019) introduced a 
reinforcement learning framework that enables NPCs to navigate large state spaces while mimicking human-like behavior. 
Their results indicated a human- likeness ratio exceeding 0.6 in a Turing test scenario within a fighting game, demonstrating 
the potential for more immersive interactions. 
In addition to reinforcement learning, researchers have explored hierarchical learning and imitation learning to develop NPCs 
capable of sophisticated strategies in team sports games (Zhao et al., 2020). The integration of human feedback in the training 
process, as proposed by Borovikov et al. (2021), further enhances the quality of NPCs, making them more responsive to 
player actions. Furthermore, Razzaq (2021) combined augmented reality with reinforcement learning to create NPCs that 
adapt dynamically to player strategies, showcasing the evolving capabilities of AI in gaming. 
 
B. Procedural Content Generation (PCG) 
Another significant area of research is procedural content generation, where AI algorithms autonomously create game levels, 
environments, and assets. This approach not only increases the replay ability of games but also ensures that players encounter 
unique experiences during each playthrough. Recent advancements in machine learning have enabled more sophisticated PCG 
techniques. For example, studies have explored the use of generative adversarial networks (GANs) to produce realistic game 
environments (Geng et al., 2020). 
The integration of AI-driven PCG also allows for the customization of content based on player preferences, leading to more 
personalized gaming experiences. By analyzing player behavior and feedback, developers can tailor generated content to suit 
individual player styles (Shaker et al., 2016). This adaptability is crucial in maintaining player engagement and enhancing 
overall satisfaction with the gaming experience. 
 
C. Player Modeling and Personalization 
Understanding player behavior is essential for creating engaging and immersive experiences. Player modeling involves 
analyzing and categorizing player interactions to tailor gameplay mechanics and AI responses. Recent research has focused 
on leveraging machine learning algorithms for effective player profiling, allowing games to adapt to varying skill levels and 
play styles (Pérez et al., 2021). 
By implementing AI-driven player modeling techniques, developers can create dynamic difficulty adjustment systems that 
enhance player enjoyment and prevent frustration. Studies have shown that personalized experiences lead to increased player 
satisfaction and retention (Huang et al., 2020). The use of AI in player modeling not only improves gameplay but also fosters 
a deeper connection between players and the game world. 
 
D. Integration of Natural Language Processing (NLP) 
Natural language processing has become an essential tool for enhancing player interactions with NPCs. Research indicates 
that NLP techniques can create more engaging and contextually aware dialogues, allowing for richer storytelling and 
immersion (Miller et al., 2018).  
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Games that incorporate NLP capabilities enable players to communicate with NPCs using natural language, resulting in a 
more intuitive and engaging experience. Recent advancements in conversational AI, such as the use of transformer models, 
have further improved the ability of NPCs to respond to player input dynamically and contextually (Zhou et al., 2021). These 
developments highlight the potential for AI to transform narrative-driven gaming, creating deeper and more meaningful 
player interactions. 

V. PROPOSED METHODOLOGY 
A. Literature Review 
Conduct a comprehensive review of existing literature on the role of artificial intelligence (AI) in video games, focusing on its 
impact on realism and player experience. 
Reference foundational texts and recent studies that explore AI technologies such as pathfinding algorithms, procedural 
generation, and machine learning in gaming. 
Sources: McGonigal, J. (2011). Reality Is Broken: Why Games Make Us Better and How They Can Change the World. 
Yannakakis, G. N., & Togelius, J. (2018). Artificial Intelligence and Games. 

 
B. Defining Key Concepts 
Clearly define key concepts related to AI in gaming, including realism, player engagement, and immersive experience. 
Reference relevant theoretical frameworks that help explain these concepts. Sources: 
Salen, K., & Zimmerman, E. (2004). Rules of Play: Game Design Fundamentals. Juul, J. (2010). A Casual Revolution: 
Reinventing Video Games and Their Players. 

 
C. Case Studies of AI Implementation 
Analyze specific case studies of modern video games that utilize advanced AI techniques, such as The Last of Us Part II, 
Red Dead Redemption 2, and Forza Horizon 5. 
Evaluate how these implementations have contributed to realism and player experience. Sources: 
Nutt, C. (2020). "How The Last of Us Part II Improved NPC AI." Gamasutra. 
"The AI of Red Dead Redemption 2 - Making a Living World." Rockstar Games Developer Blog. 

 
D. Quantitative Research 
Conduct surveys and experiments to gather quantitative data on player perceptions of AI in gaming. Design a survey to assess 
players' experiences related to realism, engagement, and immersion in games known for their AI implementations. 
Sources: Anderson, C. A., & Dill, K. E. (2000). "Video Games and Aggressive Thoughts, Feelings, and Behavior in the 
Laboratory and in Life." Journal of Personality and Social Psychology. 

 
E. Qualitative Research 
Conduct interviews and focus groups with players and game developers to gather qualitative insights into the experiences and 
challenges related to AI in video games. Analyze responses to identify common themes regarding player engagement and AI's 
role in enhancing game realism. 

Sources 
 

Licht, A. (2017). "Interviewing Video Game Designers: The Challenges of Data Collection in Game Studies." Games and 
Culture. 
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F. Data Analysis 
Use statistical tools to analyze quantitative data collected from surveys. 
Employ thematic analysis for qualitative data gathered from interviews and focus groups. Sources: 
Braun, V., & Clarke, V. (2006). "Using Thematic Analysis in Psychology." Qualitative Research in Psychology. 

 
G. Discussion and Implications 
Discuss the findings in the context of existing literature and theoretical frameworks. Explore the implications of AI 
advancements for future game design and player experiences. 
Sources: Ryan, R. M., & Deci, E. L. (2000). "Intrinsic and Extrinsic Motivations: Classic Definitions and New Directions." 
Contemporary Educational Psychology. 

 
H. Conclusion and Future Research 
Summarize the key findings and suggest areas for future research, particularly regarding emerging AI technologies and their 
potential impact on gaming. 
Sources: Smith, M. (2020). "The Future of AI in Video Games." Journal of Game Design and Development Education. 
 

VI. SCOPE OF THE WORK 
1) Introduction to Artificial Intelligence in Gaming 
Define artificial intelligence (AI) and its relevance in the context of video games. 
Provide an overview of the historical development of AI in gaming, leading to its current applications. 

 
2) Technological Framework 
Discuss the various AI technologies employed in modern video games, including: 
Pathfinding Algorithms: Techniques like A* and Dijkstra’s algorithm that enhance NPC movement. 
Machine Learning: How adaptive learning systems are used to improve game mechanics and NPC behavior. 
Procedural Generation: The creation of game content algorithmically, enhancing replayability and player 
experience. 

 
3) Enhancing Realism in Gameplay 
Explore how AI contributes to creating realistic environments and interactions, including: 
Dynamic NPC Behavior: Examining how AI allows NPCs to react in realistic ways based on player actions. 
Environmental Adaptation: Discuss how AI can modify environments in response to player decisions or actions. 
Realistic Physics Engines: Integrating AI to simulate realistic movements and interactions within the game world. 

 
4) Impact on Player Experience 
Analyze how AI affects various aspects of player experience: 
Immersion and Engagement: Investigate how advanced AI creates more immersive gameplay experiences that keep 
players engaged. Personalization: Study how AI can tailor game experiences to individual player preferences and skill levels. 
Difficulty Scaling: Examine how AI can adapt game difficulty in real time to maintain player interest and challenge. 

 
5) Case Studies 
Include in-depth case studies of specific games known for their innovative use of AI, such as: 
The Last of Us Part II: AI-driven NPC interactions and behaviors. 
Red Dead Redemption 2: Dynamic world interactions and environmental realism. Forza Horizon 5: AI in driving behavior 
and realistic racing simulations. 

 
6) Ethical Considerations 
Address the ethical implications of using AI in gaming, including: 
Data Privacy: Concerns about player data collection for AI-driven personalization. Addiction and Behavioral Influence: The 
potential impact of AI on player engagement and gaming addiction. 
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7) Future Directions 
Discuss emerging trends and future possibilities for AI in gaming, including: 
Advancements in Natural Language Processing: Potential for more natural interactions between players and AI 
characters. 
AI-Driven Game Development: The role of AI in automating game design processes and generating content. 
 

VII. LIMITATIONS 
A. Limitations of Artificial Intelligence in Modern Video Games 
The integration of Artificial Intelligence (AI) in video games has contributed significantly to enhancing realism and player 
experience. However, there are several limitations to its implementation: 
 
B. Computational Demands 
Advanced AI algorithms require substantial computational power, especially for real-time processing, making high-level AI 
features accessible primarily on high-end gaming systems. This demand can limit accessibility for players with standard 
hardware and places constraints on developers to balance AI complexity with system performance (Smith et al., 2020). 
 
C. Unpredictable Player Behavior 
While AI systems can simulate certain player behaviors, they struggle with the full spectrum of unpredictable actions by 
players. This can result in immersion-breaking moments, as the AI may fail to respond dynamically to novel scenarios 
introduced by player creativity (Jones & White, 2021). 
 
D. Balancing Realism with Playability 
High realism in AI-driven behavior can sometimes overwhelm players, detracting from their overall enjoyment. Developers 
often have to balance realism with playability, which may lead to simplification of AI processes or scripted behaviors, 
potentially reducing immersion (Doe & Lin, 2022). 
 
E. Resource Intensive Development 
Implementing sophisticated AI requires significant financial, temporal, and human resources. Smaller studios, in particular, 
face challenges in integrating advanced AI due to budget and time constraints, resulting in varied AI quality across games 
(Brown & Chen, 2019). 
 
F. Privacy and Ethical Concerns 
AI systems that track and adapt to player behavior raise privacy concerns and ethical considerations. Storing and processing 
personal data opens up potential security risks and requires responsible handling by developers to protect user privacy (Lee 
& Adams, 2023). 
 
G. AI “Cheating” or Predictable Scripted Behavior 
In an attempt to simulate intelligence, game AI may resort to "cheating" (e.g., seeing through obstacles or predicting player 
moves) or rely on predictable scripted actions. This can disrupt immersion if players notice patterns that feel unnatural or 
unfair, diminishing the quality of their experience (Thompson, 2021). 
 
H. Limited NPC Complexity 
Despite advances, creating NPCs that exhibit convincingly human-like behavior remains challenging. Current AI often 
struggles with conveying realistic emotions, engaging dynamically in conversations, and making nuanced decisions that align 
with player expectations (Williams & Zhang, 2020). 
 
I. Dependence on Data Quality 
The performance of many AI systems is heavily dependent on the quality of training data. In gaming, obtaining high-quality, 
diverse data to inform AI behaviors is a considerable challenge, affecting the AI’s effectiveness and adaptability (Harris et al., 
2018). 
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J. Issues in Multiplayer Environments 
AI-driven systems in multiplayer games, such as matchmaking and cheating detection, are not foolproof. These systems can 
misinterpret player intentions, resulting in improper penalties or mismatches that frustrate players and potentially harm the 
gaming experience (Miller & Thompson, 2023). 
 
K. Genre-Specific Applicability of AI 
Certain genres, such as role-playing and open-world games, can more effectively integrate advanced AI-driven NPC 
behavior compared to fast-paced genres like action or sports games. This disparity highlights a genre-specific limitation in 
AI applications, impacting how universally AI enhancements can be applied across the industry (Nguyen & Patel, 2022). 
 

VIII. CONCLUSION 
The integration of artificial intelligence in modern video games has fundamentally transformed the gaming landscape, 
enhancing both realism and player experience in unprecedented ways. This research has explored the multifaceted roles of AI 
technologies, from sophisticated pathfinding algorithms and machine learning to procedural content generation, all 
contributing to creating immersive and dynamic gaming environments. 
Through the analysis of various case studies, it is evident that AI significantly elevates the level of interactivity and realism 
within games. Titles like The Last of Us Part II and Red Dead Redemption 2 exemplify how advanced AI systems can 
produce lifelike NPC behavior and responsive environments that adapt to player actions, thereby deepening player 
engagement and emotional investment in the game world. Furthermore, the ability of AI to personalize experiences and adjust 
difficulty levels in real-time ensures that players remain challenged yet not overwhelmed, catering to a wide spectrum of 
gaming skill levels and preferences. However, the adoption of AI in gaming is not without its challenges and ethical 
considerations. Issues such as data privacy, potential addiction, and the implications of AI-driven decision-making warrant 
careful consideration as the industry continues to evolve. As developers harness the power of AI to push the boundaries of 
what is possible in gaming, they must also prioritize ethical standards to protect players and maintain a healthy gaming 
environment. Looking to the future, the potential for AI in video games remains vast. Advancements in natural language 
processing and AI-driven game design herald a new era where players may experience even more profound levels of 
interaction and immersion. As technology progresses, the relationship between AI and gaming will likely deepen, offering 
exciting possibilities for both developers and players. 
In conclusion, artificial intelligence stands as a pivotal force in shaping the future of video games, enhancing realism and 
enriching player experiences in ways that were once the realm of imagination. As we continue to explore and innovate within 
this space, the interplay between technology and creativity will define the next generation of gaming, inviting players into 
ever-more captivating worlds. 

IX. RESULTS AND SUMMARY 
The research conducted on the role of artificial intelligence (AI) in modern video games has yielded significant insights into 
how AI enhances realism and improves player experience. The findings can be summarized as follows: 
 
A. Enhanced Realism through AI 
Dynamic NPC Behavior: The implementation of advanced AI algorithms allows non-player characters (NPCs) to exhibit 
complex behaviors and adapt to player actions, resulting in a more immersive and believable game world. For example, in 
The Last of Us Part II, NPCs can learn from player strategies, making encounters feel more unpredictable and engaging. 
Procedural Generation: AI-driven procedural content generation has enabled developers to create expansive and varied game 
environments that maintain a sense of realism. This technology ensures that each player's experience can differ significantly, 
as seen in games like Minecraft and No Man's Sky. 

 
B. Improved Player Engagement 
Personalized Experiences: AI algorithms can analyze player behavior and preferences, allowing for tailored gaming 
experiences that enhance satisfaction and immersion. Games like Forza Horizon 5 utilize AI to adapt difficulty levels and 
driving challenges based on individual player skills, keeping the gameplay challenging yet accessible. Emotional Connection: 
The use of AI to create emotionally responsive NPCs fosters deeper connections between players and the game narrative. By 
facilitating interactions that feel genuine and impactful, AI enriches the overall gaming experience. 
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C. Player Feedback and Adaptation 
Real-Time Adaptability: AI systems can dynamically adjust gameplay elements based on real-time player feedback, 
promoting a more engaging and fluid gaming experience. This adaptability has been evidenced in various genres, from action-
adventure games to role- playing games (RPGs), where player decisions can have immediate and meaningful consequences. 
 
D. Ethical Considerations 
The research highlights the ethical implications associated with AI in gaming, particularly regarding data privacy and the 
potential for addiction. As AI systems become more sophisticated, it is essential for developers to establish ethical 
frameworks that safeguard player well-being while leveraging AI's capabilities. 
 
E. Summary 
Overall, this research underscores the transformative impact of artificial intelligence on modern video games, significantly 
enhancing realism and player experience. The effective use of AI technologies not only creates more immersive and engaging 
game environments but also allows for personalized and adaptive gameplay that resonates with a diverse audience. As the 
industry continues to innovate, it will be crucial to balance these advancements with ethical considerations, ensuring a 
positive gaming landscape for all players. 
The findings of this study contribute to a deeper understanding of the evolving relationship between AI and video games, 
setting the stage for future research and development in this exciting and rapidly changing field. 
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