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Abstract. The convergence of Artificial Intelligence (AI) and Virtual Reality (VR) represents a
promising area in human-computer interaction. This paper mainly focuses on medical education
and game design, providing a critical review of how AI enhances VR applications. In healthcare and
medical education, AI-driven VR improves surgical training and diagnostic modeling through
adaptive simulations and rapid 3D reconstruction, enabling more precise and accessible medical
education. In game design, AI makes it possible to create adaptive environments that can respond
to players’ cognitive and emotional states, offering personalized and immersive experiences. While
these integrations demonstrate significant potential for improving learning, training, and
engagement, challenges remain, including data quality, interpretability, ethical risks, and
computational demands. The study concludes that building a normative and mature AI-VR system
is essential. Looking forward, future research should emphasize interdisciplinary collaboration,
standardized evaluation frameworks, and user-centered design principles. Such efforts will ensure
that AI-VR systems not only advance technological capabilities but also address social and ethical
considerations, ultimately creating safer, fairer, and more impactful applications across diverse
fields.
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1. Introduction
Over the last ten years, few technological domains have generated as much excitement and

demonstrated such remarkable progress as Virtual Reality (VR) and Artificial Intelligence (AI).
Virtual Head-mounted Display (HMD) devices construct an immersive visual environment by fully
occluding the user's natural field of view, thereby simulating a convincing sense of presence within
a digitally rendered space. This technological approach not only enhances perceptual realism but
also facilitates novel interaction paradigms, including gaze-based control, hand-tracking, and spatial
manipulation, significantly expanding the scope of Human-Computer Interaction (HCI) beyond
conventional input methods. The past few years have witnessed significant corporate and
technological movements in the VR industry, marked by Meta’s (formerly Facebook) strategic
rebranding in 2021 and Apple’s entry into the spatial computing market with the Vision Pro headset.
The same phenomenon also occurred in the field of AI. The launch of ChatGPT in 2023
revolutionized AI. It enabled human-like dialogue and diverse applications but raised concerns over
biases, misinformation, and ethical risks. After that, AI developed rapidly and seems to have
become the center of the world.

Against this backdrop, the convergence of AI and VR has emerged as a compelling frontier with
the potential to reshape how humans engage with digital environments. Back in 2000, Michael and
Ruth had discussed the combination of VR and AI, proposing the concept of Intelligent Virtual
Environments (IVEs) [1]. It has laid the foundation in the field of intelligent virtual environments,
possessing both theoretical depth and practical reference value. Oliveira et al. conducted a
systematic review of the integration of AI and VR in both academic and industrial fields [2]. This
paper presents a technological landscape of AI and VR, illustrated through real-world applications
(e.g., Meta's metaverse, Waymo's autonomous driving). Current advancements remain deep
learning-driven, with education and healthcare as dominant application domains. Practical
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implementations span industrial digital twins to VR surgical training. They also indicate that the
future trajectories emphasize cost reduction (edge computing) and enhanced intelligence (affective
computing). Education and Medication are the two main areas where the convergence of AI and VR
has most appeared. Lampropoulos reveals the rapid development and application potential of AI
and VR in education [3], highlighting their advantages in personalized and immersive learning. At
the same time, it points out challenges such as the digital divide and technology integration,
providing a direction for future research.

This paper aims to provide a critical review of AI applications in VR across several key domains,
evaluating both the advantages and limitations of current approaches. Challenges and future
prospects by systematically examining how AI enhances VR in areas such as education, healthcare,
gaming, and social interaction, this study highlights not only the strengths of these hybrid
technologies but also their unresolved challenges.

2. The Applikation of AI-Technologies in VR-Scenarios
2.1. The Integration of AI and VR in Medical Education

The convergence of AI and VR technologies is revolutionizing the medical field, particularly in
education and surgical training. From a very early time, there have been researchers who realized
the VR medicine potential for surgical simulation, telepresence surgery, and rehabilitation. Because
from the very beginning, medical surgery has gone through a process from doing surgery by
observing physical objects to doing surgery by looking at digital images. Satava highlighted how
VR simulators allowed surgeons to practice procedures such as laparoscopic surgery in a risk-free
environment [4], using head-mounted displays and haptic devices to replicate anatomical structures
and surgical responses. This paradigm shift introduced the concept of “virtual patients,” enabling
students or doctors to rehearse complex operations before having real patients, thereby improving
both safety and skill acquisition. In short, by incorporating a third dimension and giving play to the
advantage of VR in terms of vision, VR enables doctors and medical students to observe more
intuitively and practice repeatedly, feel the actual proportion, so that it can raise the success rate.

Satava’s early work mainly focused on the surgical process—the latter stage of medical practice.
However, due to the limitations of that time, Satava had few ideas of the crucial diagnostic stage at
the front end of medical care. Today, AI is reshaping medical education through advanced
diagnostic modeling. Yao et al. reviewed applications of deep learning to Alzheimer’s disease
diagnosis using brain Magnetic Resonance Imaging (MRI) scans [5]. Their work illustrated how
Convolutional Neural Networks (CNNs), attention mechanisms, and Generative Adversarial
Networks (GANs) can detect subtle structural changes in the brain before clinical symptoms
manifest. By integrating imaging data with genomic and cognitive information, AI enables
predictive modeling of disease progression. These developments highlight how AI can transform
VR-based educational and medical modules: students and clinicians may interact with dynamic,
AI-driven models and images that adapt to real patient data instead of static simulations, facilitating
both early diagnosis training and personalized treatment planning.

What truly matters, however, is not simply recognizing VR’s contribution to surgery and AI’s
contribution to diagnosis in isolation, but how to correctly and effectively integrate them into a
unified, practice-oriented workflow. Obst et al. conducted an exploratory study in Uganda, where
AI-enhanced 3D models of patients were created from smartphone images and shared in VR-based
surgical case conferences [6]. Surgeons from Germany and Uganda collaborated in immersive
environments, annotating anatomical landmarks and discussing surgical strategies in real time. The
study demonstrated that AI-driven 3D reconstruction not only accelerated model generation—under
eight minutes per case—but also maintained high visual fidelity, allowing for precise planning in
resource-limited settings. Importantly, this approach highlighted the feasibility of frugal,
consumer-grade technologies in global medical education, making advanced surgical planning
accessible even in low-income regions.
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Taken together, these studies reveal a clear trajectory in the integration of AI and VR for medical
education. Satava’s foundational work demonstrated VR’s promise as a surgical teaching tool [4].
Obst et al. expanded this vision by validating AI-enhanced VR in real-world surgical training across
continents [6], while Yao et al. showcased AI’s role in augmenting diagnostic precision [5]. The
combined insights suggest that AI-driven VR systems not only improve the fidelity and interactivity
of training simulations but also embed evidence-based diagnostic and predictive tools directly into
medical education. Such integration holds transformative significance, equipping future healthcare
professionals with immersive, data-driven platforms that enhance surgical proficiency, diagnostic
acumen, and global accessibility.

2.2. The Integration of AI and VR in Game Design
VR games have been around for some time, and there are numerous VR games have been

published. With the power of AI, many developers have begun to hope to integrate AI into VR
games. The most direct way involves AI-driven NPCs. Traditional NPCs were mostly driven by
pre-scripted behaviors, making them easy to predict and rigid. In contrast, many contemporary AI
NPCs are capable of learning from player actions, thereby delivering more intelligent and adaptive
responses. A notable example is the "Nemesis System" in Middle-earth: Shadow of Mordor/War,
which has an AI framework. Each Orc captain possesses distinct personalities, vulnerabilities, and
memories. If a player is defeated by an Orc, it remembers the encounter and may even taunt the
player in subsequent meetings, resulting in a uniquely personalized narrative of revenge.

Indeed, AI NPC is the way that most people think of it. But people want the AI to do more things
than that. Another emerging direction is the integration of AI with immersive VR/AR systems to
dynamically adapt gameplay based on players’ emotional and cognitive states. Chowanda et al.
designed a Meta AI system that employed facial expression recognition (FER) to adjust game
difficulty in real time [7]. Their augmented reality endless-runner experiment showed that
combining Meta AI with AR significantly improved player immersion, challenge, and satisfaction
compared to static or single-modality designs. This indicates that AI in VR/AR can go beyond
character intelligence, creating emotionally responsive environments that adapt to players’ stress
levels and engagement patterns. Similar approaches have also been observed in education: Ding et
al. developed an AI-supported adaptive VR learning system that modified content delivery based on
learners’ cognitive and emotional states [8], leading to higher engagement and knowledge retention,
while Radianti et al. emphasized the role of AI-based adaptivity in enhancing personalization and
immersion within VR higher education. Together, these findings demonstrate that the convergence
of AI and VR/AR is not only reshaping NPC behavior but also transforming entire virtual
environments into personalized, dynamic, and emotionally intelligent experiences [9].

3. Discussion
Using AI and VR techniques is a promising way. AI makes valuable medical information way

easier to organize and get from the complex data. AI is responsible for analyzing and mining data to
generate in-depth and personalized insights. And VR has addressed a long-standing pain point in
clinical medicine: how to effectively convey this complex information to medical educators and
patients. The diagnostic capabilities of AI ultimately need to be unlocked to their maximum clinical
and social value through intuitive technologies like VR. This cross-technological integration is
precisely an important direction for the future development of medicine. Although the combination
of VR and AI can be used in many areas, there are still many limitations and challenges on it. The
first challenge is about the data set people use to train AI. Large-scale, high-quality and
standardized multimodal datasets are needed. The cost of data acquisition is high, and there is a
problem of missing data. Second, Doctors have difficulty understanding why the model makes a
certain diagnosis, which limits its credibility in clinical practice. In addition, People need a modular
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usage process to standardize their usage. In this process, Supervision is necessary. How to divide
responsibilities is a very crucial link.

The integration of AI and VR in game design presents both significant opportunities and
challenges. Previous studies and practices have shown that AI has evolved from merely driving the
behavior of NPCS to gradually and dynamically shaping the overall gaming experience. Future VR
games may evolve into truly adaptive ecosystems, where not only the characters but also the
environment, pace and level of challenge can be adjusted in real time according to the player's
emotional status. On the one hand, the dynamic adjustment of VR environments promises to sustain
long-term immersion and mitigate issues such as player fatigue or disengagement, which often
occur in rigidly designed experiences. On the other hand, emotionally adaptive VR systems raise
new design and ethical considerations. For instance, the capacity of AI to monitor and respond to
players’ emotions in real time necessitates robust data privacy protections and transparent consent
mechanisms. Moreover, designers must carefully balance adaptation to ensure that gameplay
remains engaging without becoming manipulative or overwhelming.

In addition, the issue of computing power is also a very important factor restricting its
development. Whether it is VR or AI real-time decision-making, both require a huge amount of
computing power. This might place too high demands on the user's device, thereby limiting the
possibilities of the game.

Ultimately, the convergence of AI and VR has the potential to transform games into deeply
personalized, emotionally resonant experiences. Instead of static virtual worlds, future VR games
may function as “living systems,” continuously learning from and responding to players in ways
that blur the line between narrative design and emergent play. This shift not only enhances
entertainment value but also opens applications in education, training, and therapy, where adaptivity
to individual states is equally critical.

4. Conclusion
The convergence of AI and VR is rapidly advancing, offering transformative potential across

domains such as healthcare, education, and entertainment. In medical education, AI-driven VR
enhances surgical training and diagnostic accuracy through immersive, adaptive, and data-rich
simulations, while also extending access to resource-limited settings. In gaming, while VR uses
high-fidelity images to provide users' visual immersion, it needs AI to mitigate the rigidity and
mechanical feel often associated with virtual interactions. These developments illustrate how AI
enriches VR by making virtual environments more intelligent, responsive, and impactful.

Yet, several challenges hinder broader adoption. Reliable and standardized datasets, transparent
AI decision-making, and robust ethical safeguards remain essential to ensure credibility and trust.
Additionally, the computational intensity of real-time AI-VR systems raises concerns about
scalability and accessibility.

Overall, AI-VR integration represents a significant step toward more interactive and meaningful
digital environments. In the future, AI injects fresh vitality into VR, driving its evolution beyond
traditional limitations.
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