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 This review paper examines the development of virtual reality horror games, 
Focusing on the integration of immersive mechanics and environmental design. As 
the gaming industry increasingly embraces virtual reality technology, the demand for 
innovative and engaging horror experiences has surged. It identifies key themes in 
the existing body of research, highlighting the challenges developers face in creating 
a balance between psychological tension and gameplay interactivity. Notably, many 
current VR horror games tend to rely on predictable jump scares, which can detract 
from sustained immersion. That explores various approaches to environmental 
design that enhance player engagement, such as the use of spatial audio, lighting 
effects, and narrative elements that contribute to a cohesive atmosphere. 
Furthermore, it addresses the psychological principles underlying fear in gaming, 
emphasizing the importance of player agency and meaningful interactions within the 
virtual space. The goal is to offer a comprehensive understanding of how immersive 
mechanics and thoughtful environmental design can create compelling and fear-
inducing experiences for players. Ultimately, we aim to inform future research and 
development efforts in the field. 
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1. Introduction 

The paper explores how fear, traditionally seen as a negative emotion, is harnessed in entertainment, particularly 

in horror games, where it is used to create immersive and intense experiences. With the advent of technologies like 

virtual reality (VR), the ability to evoke strong emotional responses is heightened, as VR creates an unparalleled sense 

of immersion, often eliciting reactions similar to those experienced in real-world situations. While this has deepened 

player engagement, it also highlights the challenge that most horror games are designed based on general assumptions 

about what triggers fear in players. Since fear responses vary significantly among individuals, these general triggers 

may not offer a satisfying experience for everyone [1], [2]. 

 

 

https://astj.journals.ekb.eg/


 Islam M. Ibrahim et al. / Immersive Mechanics & Environmental Design in VR Horror Games 

2 

The paper suggests adaptive game design as a solution, where the game can adjust to a player’s individual 

preferences, emotional responses, and fears through the use of player models. This approach personalizes the 

experience, enhancing its effectiveness. Examples like Left 4 Dead and Resident Evil 5 incorporate some adaptive 

elements, such as dynamically adjusting pacing or difficulty based on player behavior [3], [4]. However, the paper 

identifies a significant gap in the ability to fully adapt horror content to the specific fears of each player, emphasizing 

the need for more research and development in this area to create truly personalized horror experiences [5]. 

2. Methodology 

2.1. Purpose and Scope of the Systematic Review 

This systematic review focuses on the integration of virtual reality (VR) and artificial intelligence (AI) in the 

development of horror games, specifically examining how these technologies enhance immersive storytelling, 

adaptive gameplay mechanics, and personalized fear responses. The objective is to synthesize current research on the 

emotional and psychological impacts of VR horror games, identifying trends, innovations, and gaps that could inform 

future advancements in the field. 

 

The review emphasizes three core areas: 

(1) Adaptive mechanics in horror games, which adjust the gameplay based on individual player reactions and 

preferences, 

(2) Immersive environments that leverage VR's unique capabilities to evoke strong emotional and physiological 

responses, 

(3) The role of psychological engagement, particularly how AI and VR can be used to tailor experiences to players' 

specific fears and emotional states. 

 

This review uniquely addresses gaps in prior studies by focusing on the intersection of VR and AI technologies, 

particularly in the context of personalized fear experiences. While previous research has explored the psychological 

effects of VR in gaming and the use of adaptive gameplay in general, limited attention has been given to how these 

elements work together to create deeply personalized horror experiences. By synthesizing existing studies and 

identifying under-explored areas, this review contributes valuable insights for advancing VR horror game 

development, emphasizing the need for further integration of AI-driven adaptive systems that respond to individual 

players' emotional states in real time [6], [7].  
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2.2. Data Extraction Process 

2.2.1. Addressing limited directly related papers 

The systematic review encountered challenges in identifying directly related studies across all subtopics. 

To address this, the data extraction process was structured into two primary subtopics: 

1. The impact of VR and BCI systems on stress and emotional responses during gaming [8]. 

2. Technological innovations and adaptive gameplay mechanisms in horror game development [9]. 

 
2.2.2. Enhancing Immersion and Fear 

The Research indicates that VR can significantly heighten psychological tension, as demonstrated by, while dynamic 

artificial intelligence and pathfinding, as explored by, further immerse players in horror scenarios [10]. The importance 

of real-time environmental adaptation is underscored 

By, highlighting how unpredictable changes enhance immersion. Studies by reveal that dynamic horror elements 

amplify emotional responses, while sound cues, noted by, play a critical role in shaping player perception [11]. 

The psychological effects of maze-like environments indicate that enclosed spaces can increase anxiety. Additionally, 

the implementation of behavior trees for AI, discussed by, improves realism and adaptiveness in horror games 

Adaptive mechanisms, as seen in "Dead by Daylight", maintain sustained engagement, while randomized AI actions 

are explored by adding unpredictability. Overall, this body of research highlights how integrating ritual mechanics, 

cave environments, and efficient game design techniques can create compelling and fear-inducing experiences in 

virtual reality horror games [12], [13].  

3. Literature review: 

3.1. Player Modelling 

       A concept that emerged in the 1990s, aims to categorize and understand players based on their behaviors and 

preferences within games. Richard Bartle's 1996 model was one of the earliest attempts, dividing players into four 

types: Achievers, Socializers, Explorers, and Killers. This model was later expanded by Bateman and Boon using the 

Myers-Briggs Type Indicator to categorize players into Conquerors, Managers, Wanderers, and Participants. Yee's 

research further refined the understanding of player motivations, identifying three core components: achievement, 

social interaction, and immersion. 

       Subsequent research, such as Nacke et al.'s model, introduced seven player archetypes inspired by neurobiological 

research, including Seeker, Survivor, Daredevil, Mastermind, Conqueror, Socializer, and Achiever.  Despite their 

usefulness, these early type-based models were limited, as they failed to account for the complexity of blended or 

evolving player types. More dynamic approaches have since been proposed, incorporating AI to adapt models based 

on gameplay data. Several studies, including those by Missura and Gartner, Mehlman et al., and Machado et al., have 
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employed clustering and classification techniques to analyze player behavior, adjust game difficulty, predict player 

retention, and model virtual agent preferences. Advanced techniques, like sequential minimal optimization classifiers 

and episodic segmentation, have been used to capture and predict changes in play styles over time. Lima et al. explored 

personality-based player modeling using the Big Five personality traits and real-time behavioral predictions [14]. 

       Recent innovations have expanded the use of deep learning algorithms and multi-armed bandits to optimize 

gameplay experiences and create more personalized content. Notably, works like those by Gray et al. and Melo et al. 

have moved toward clustering and feature representation techniques that reduce the need for manual data extraction 

and feature engineering. 

       In contrast to these previous methods, the latest approaches, including the current work, focus on identifying 

specific player fears based solely on gameplay data, without relying on surveys or additional hardware. This research 

represents a novel use of AI to explore individual psychological aspects of players, adding a new dimension to player 

modeling and adaptive game design [15]. 

 
3.2. AI in Horror Games 

The Pie-chart shown below, Fig.1, illustrates how AI is used to explore individual psychological aspects of players in 

horror games. AI is revolutionizing the horror game genre by enabling dynamic, player-specific experiences that adapt 

to individual psychological responses and preferences. Emotion detection through facial expressions, heart rate, and 

other biometric data allows the game to adjust tension, such as introducing jump scares or slowing down gameplay 

based on fear levels. Player behavior analysis can classify players as cautious or exploratory, prompting the game to 

create tailored challenges or rewards. Personalized content generation, driven by natural language processing and 

procedural techniques, can modify environments and narratives to suit individual fears, such as claustrophobic spaces 

or complex mysteries. Adaptive difficulty ensures the game remains challenging but not frustrating by adjusting 

enemy behavior or introducing new mechanics based on player performance. [16], [17] Real-time feedback, including 

gaze-tracking and action-based adaptations, enhances immersion by altering lighting, sound, or visual elements. 

Dynamic storytelling adapts based on emotional states, while multiplayer games can adjust the environment based on 

collective player interactions. Long-term player modeling tracks preferences over time, shaping future gameplay to 

match the player’s evolving tastes. Procedural generation can create personalized game levels or enemy behavior 

based on psychological input, while AI-powered NPCs respond to player actions, offering both challenges and support. 

Future potential includes customizable fear profiles, allowing players to set their preferred horror experiences, and 

collaborative AI design to test new mechanics, making horror games more personalized and immersive than ever [18]. 
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Fig. 1. Psychological Distribution Pie-chart 

 
3.3.  Player Psychology 

The terms "horror" and "terror" are often used interchangeably but have distinct meanings. Terror refers to fear induced 

by unseen threats, while horror involves fear of visible, often grotesque entities. Stephen King 

Differentiates them by describing terror as the tension before the monster is revealed, and horror as the shock of seeing 

it. Studies like Carroll highlight curiosity as a driving force behind the attraction to fear, as humans are drawn to the 

unknown. Andrade and Cohen found that horror moments in films, which trigger dopamine release during stress, are 

often the most enjoyable.Video games offer a unique opportunity to engage players actively in horror experiences. 

Perron’s research indicates that horror games foster immersion through presence, agency, and embodiment, with 

players experiencing fear alongside their avatars. Various techniques, inspired by cinema, are used to evoke fear in 

games, including dark settings, unknown sounds, and eerie creatures. Darkness and the fear of the unknown are 

common tactics, as noted by Lovecraft. Fear of unknown beings, such as ghosts, also taps into deep-seated 

psychological fears [19]. 

Studies in evolutionary and physiological psychology suggest that some fears are innate, like the fear of the unknown, 

but may decrease over time. However, learned fears, influenced by personal experiences, such as phobias or trauma, 

vary among individuals. Personal differences, including gender and age, also shape individual responses to horror 

elements. Experiences in horror games. These elements—darkness, apparitions, unknown voices, and unknown 
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sounds— create a layered atmosphere of fear and tension. Darkness restricts visibility, enhancing players' vulnerability 

and reliance on sound cues. Apparitions, with their unexpected and startling appearances, trigger immediate shock 

and dread. Unknown voices and sounds, emanating from indiscernible sources, disorient players and exploit their 

imagination, heightening fear. By leveraging these elements dynamically through AI, developers can create tailored 

and adaptive horror experiences, maintaining engagement. For improved player interest, incorporating VR for 

immersive sensory effects and real-time adjustments to these horror elements based on individual reactions can 

significantly enhance the realism and fear factor. 

In earlier versions of horror games, the elements listed in the fear model—darkness, apparitions, unknown voices, and 

unknown sounds—were employed in more static and scripted ways. These games relied heavily on pre-programmed 

events and environmental design to evoke fear, creating a predictable but effective atmosphere of tension and 

suspense. Darkness: Early horror games like Silent Hill and Resident Evil utilized limited visibility to increase tension. 

Darkness was often used to restrict the player’s view, forcing them to rely on flashlights or other light sources. This 

created a sense of vulnerability, as threats could emerge suddenly from the shadows. Players responded by advancing 

cautiously, often experiencing anxiety due to the unknown lurking in unlit areas. 

Apparitions: Apparitions or sudden appearances of enemies, such as zombies in Resident Evil or ghosts in Fatal Frame, 

were heavily scripted jump scares. These were timed to surprise players at key moments, delivering shocks that were 

memorable but lacked variability. Players learned to anticipate these events over time, lessening their impact in 

repeated play [20]. 

Unknown Voices: Horror games like Silent Hill 2 and Eternal Darkness incorporated eerie whispers, distant cries, or 

unintelligible murmurs to unsettle players. These sounds were often embedded into the background to create a chilling 

atmosphere. Players would interact by pausing to locate the source of the sound, often to discover that it was designed 

purely to heighten suspense. Unknown Sounds: Sounds such as creaking floors, doors slamming, or footsteps were 

commonly used in games like Alone in the Dark. These auditory cues hinted at nearby dangers, forcing players to stay 

on high alert. However, such sounds were typically pre-scripted, limiting their ability to adapt to player behavior 

dynamically. Player Interaction: Players in these earlier games had limited ways to interact with these elements. Their 

experiences were largely passive, as the fear-inducing mechanics were fixed and non-adaptive. Players learned to 

expect scares based on environmental patterns and game design conventions, which could diminish their effectiveness 

over time. Despite this, the immersion created by atmospheric design, soundscapes, and lighting kept players engaged. 

Evolution Towards Engagement: Modern horror games now leverage AI and VR to adapt these elements dynamically, 

creating personalized and unpredictable experiences. For example, instead of a static apparition, modern games like 

Alien: Isolation uses AI to make the creature dynamically hunt players, increasing fear and engagement. Similarly, 

VR amplifies the sensory experience by making darkness and unknown sounds feel more real and immediate, 

immersing players fully. This progression addresses the limitations of earlier games by making interactions with fear 

elements more active and individualized [21]. 
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Table (1) Output Classes Of The Fear Model  
Horror Elements Description 

Darkness Lack of illumination or dimmed lighting conditions created when some or all artificial 
light sources are 
turned off 

Apparitions A remarkable and unexpected appearance of someone or something , such as ghost-like 
images and inanimate 
objects. 

Unknown voices Voices whose source is unknown or originates from specific places, such as walls, 
rooms or inanimate 
objects 

Unknown sounds Recognizable or unrecognizable sounds that come from specific places but without a 
known cause, such as 
bangs, footsteps, claps, and whistles. 

4. Critical Analysis 

The referenced studies collectively examine the use of VR and interactive media in eliciting emotional responses, 

particularly fear, as well as applications in stress management. This analysis synthesizes the findings from these 

studies, comparing methodologies, identifying gaps and contradictions, and suggesting implications for VR horror 

game development. 

4.1. Methodological Approaches 

The methodologies emphasize psychological and physiological measures to gauge the impact of VR on users. 

Adaptive game elements, AI, and psychophysiological tracking play central roles in these investigations: 

Strengths: These methods provide a multi-dimensional understanding of player experience, blending objective data 

(e.g., heart rate, skin conductance) with subjective feedback [22]. 

Weaknesses: Variability across individual responses and limited contextual applicability challenge the generalizability 

of findings. Furthermore, the reliance on short-term experimental setups often neglects long-term player engagement 

or effects [23]. 

4.2. Findings and Patterns 

VR is shown to be highly effective at enhancing immersion and eliciting emotional responses, such as fear or 

relaxation, depending on the context. Specific findings include: 

Immersion and Emotional Reactions: The heightened sense of presence in VR intensifies fear in horror games and 

promotes relaxation in therapeutic contexts. Dynamic Game Elements: Adaptive AI and real-time tracking of player 

emotions significantly enhance engagement by creating personalized experiences. 

Therapeutic Potential: While horror games capitalize on VR’s ability to generate fear, therapeutic applications 

highlight its utility for stress management and emotional regulation [24], [25]. 

Emerging Patterns: 
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Studies increasingly focus on adaptive gameplay mechanics, where AI dynamically adjusts difficulty or tension based 

on player behavior and psychophysiological cues. There is a strong emphasis on player modeling, aiming to predict 

and respond to individual emotional states to enhance effectiveness in both horror and therapeutic applications [26]. 

4.3. Gaps and Contradictions 

Despite the promising findings, notable gaps and contradictions exist: 

Individual Variability: VR’s effectiveness is inconsistent across individuals, with some users experiencing diminished 

immersion or adverse effects such as motion sickness [27]. 

Contextual Limitations: While effective for eliciting specific emotional responses, VR is not a universal solution for 

stress management or entertainment, as its impact is heavily context-dependent. 

Narrative Integration: Some studies highlight the importance of a cohesive narrative in amplifying emotional 

responses, while others argue that open-ended, non-linear experiences may be equally effective [28]. 

4.4. Implications for the Field 

Design Implications: Developers should incorporate adaptive mechanics and real-time emotional tracking to create 

dynamic and personalized experiences. For VR horror games, integrating player modeling can enhance the intensity 

and unpredictability of fear responses. 

Theoretical Implications: The neurobiological mechanisms of fear and stress in VR contexts remain underexplored. 

Advancing this understanding could refine theories of immersion and emotional engagement. 

4.5. Guiding Future Research 

To address the identified gaps and contradictions, future research should: 

Explore Real-Time Emotional Tracking: Investigate how real-time data on player emotions can be used to adapt 

gameplay dynamically. 

Understand Neurobiological Mechanisms: Conduct interdisciplinary studies linking VR experiences to fear and stress 

at a neurobiological level. 

Enhance Player Modeling: Develop sophisticated models that predict individual responses to VR horror, enabling 

more tailored experiences. 

Broaden Contextual Applications: Study how VR’s emotional impact varies across different genres and applications, 

including long-term effects. 

5. Discussions 

Advancements in technology, particularly in graphics, audio, and virtual reality (VR), have significantly enhanced the 

horror game genre, making it more immersive and intense. Graphics technology has enabled more realistic visuals, 

creating eerie and atmospheric environments. Audio improvements provide dynamic soundscapes, realistic sound 

cues, and high-quality voice acting, all of which heighten the fear factor. VR has transformed horror games by offering 
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an unprecedented level of immersion, allowing players to interact with the game world and experience horror up close, 

thus amplifying fear and presence. A unique focus on adaptive mechanics and psychological modeling further deepens 

this immersion. Adaptive mechanics, such as real-time adjustments based on the player's actions, behaviors, and 

emotional responses, create a personalized and unpredictable gameplay experience. Psychological modeling leverages 

VR's sensory engagement to manipulate players' minds through atmospheric tension, fear of the unknown, and sensory 

cues, making players feel actively involved in the horror. These elements enhance the player’s emotional engagement, 

creating an experience that responds to their psychological state and increases replayability. These technological 

improvements have led to new opportunities for creative storytelling and innovative gameplay mechanics, pushing 

the boundaries of what horror games can achieve. The shift in game design from classic survival horror to action-

oriented gameplay has opened up new paths for developers to experiment with elements like level design, pacing, 

player agency, and psychological manipulation to engage players and enhance the horror experience. These 

Design changes have created a wide variety of gameplay styles, allowing developers to cater to different player 

preferences and offer fresh, memorable experiences. 

5.1. Player Engagement and Experience in Horror Games 

Player engagement is a crucial element in the success of horror games. Developers aim to keep players immersed and 

on edge by carefully designing gameplay mechanics, atmosphere, and player feedback: 

a) Gameplay mechanics: These include stealth, puzzle-solving, resource management, and combat, each 

contributing to tension, challenge, and excitement. 

b) Atmosphere: Audio, visuals, and environmental cues are used to create a sense of dread and tension, 

enhancing the horror elements [29]. 

c) Player feedback: Immediate responses such as visual/audio cues, haptic feedback, or controller vibrations 

help players understand their choices' consequences, enhancing immersion. 

By combining well-designed gameplay mechanics, a haunting atmosphere, and meaningful player feedback, 

developers create immersive and engaging experiences that make horror games memorable [30]. 

5.2. Phases of Game Development 

Figure 2 showcases the Phases of Game Development, breaking down the iterative and structured process involved in 

creating a game. Each phase plays a critical role in ensuring the game's success, from conceptualization to final release: 

Planning: This initial phase involves defining the game’s vision and objectives. Developers determine what type of 

game they are building, the budget required, and the intended target audience. Platform considerations (e.g., PC, 

console, mobile) are addressed to align the design with technical requirements and user preferences. This phase lays 

the foundation for the entire project by establishing goals and constraints. Pre-Production: During this phase, creative 

and technical aspects are planned in detail. Developers create a storyboard to outline the game's narrative and flow. 

Key elements like storytelling, technological capabilities, and game mechanics are conceptualized. Early prototyping 
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allows developers to test core gameplay concepts, and milestone scheduling ensures that the team follows a structured 

timeline, keeping the project on track. 

 

 
 

Fig. 2. Game development process 
 

Production: This is the most resource-intensive and time-consuming phase where the actual game is built. Tasks 

include 3D modeling, designing characters and environments, creating audio and visual effects, and implementing 

physics and mechanics. Developers code the game, integrate assets, and render visual elements. This stage involves 

collaboration among multiple teams, including designers, artists, programmers, and sound engineers [31]. 

 

Testing: This phase ensures the game’s functionality, balance, and overall quality. Bug identification is a key focus, 

with testers looking for glitches or issues that could disrupt the gameplay experience. Additionally, the game’s 

difficulty level is evaluated to determine whether it is too easy, hard, or enjoyable for players. This iterative process 

allows developers to refine the game based on feedback. 

 

Pre-Launch: The pre-launch phase focuses on preparing the game for its public release. Alpha and beta versions 

are released to a limited audience for further feedback, bug identification, and optimization. Marketing efforts ramp 
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up during this phase, building anticipation through promotional campaigns, independent advertising, and gaming 

conventions. This stage ensures the game is polished and garners enough attention before its official release. 

Launch: The final phase involves releasing the game to the public. Developers address any remaining bugs or issues 

with major and minor bug fixes and focus on polishing the game to deliver a seamless experience. Once all elements 

are finalized, the game reaches its master release, ensuring that it meets quality standards and player expectations [32]. 

5.3. VR vs Desktop Games 

A virtual reality video game offers an impressive and enjoyable gaming experience for the player, and it has 

characteristics that are deeply different from more traditional video games. In particular, what strongly distinguishes 

these video games from traditional ones is the level of immersion, which could be defined as a “quantifiable 

description of a technology, which includes the extent to which the computer displays are extensive, surrounding, 

inclusive, vivid and matching. A second relevant difference lies in the use of the player’s body itself, as in virtual 

reality, it becomes the main interface for interacting with the virtual world (Heim et al., 2008). In a virtual reality 

video game, the player can interact with virtual content not only through a joypad or a keyboard but also using head 

rotation, eye movements or specially designed controllers that respond to the position and movements of the player in 

a defined space. These characteristics lead to incomparable opportunities, combining engagement with. 

 

 
Fig. 3. VR and Desktop  
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The comparison between VR (Virtual Reality) and desktop (traditional screen-based) horror games is a topic of 

growing interest within the gaming community, as each platform offers unique experiences that appeal to different 

aspects of player psychology and engagement. To determine which is more interesting for players, we need to examine 

various factors, such as immersion, emotional impact, accessibility, and gameplay dynamics. 

The chart Figure 3 above compares several factors between VR and desktop horror games, highlighting key 

differences in how each platform impacts player experience. VR horror games generally score higher in areas such as 

immersion, emotional response, and physical interaction, owing to the fully immersive and interactive nature of VR. 

On the other hand, desktop games tend to perform better in accessibility, cost, and narrative complexity, offering a 

wider reach and often deeper storylines. While VR creates a more intense emotional and physical experience, desktop 

games excel in more traditional and complex game design [33]. 

6. Conclusion 

This review underscores the importance of immersive mechanics and adaptive gameplay in VR horror games. 

Additionally, player-driven narrative structures, which allow for dynamic storytelling based on individual choices, 

can deepen emotional investment and engagement. Future research should explore real-time emotional tracking and 

biometric feedback to personalize experiences further [34]. Integrating multi-sensory feedback and dynamic 

environmental layouts can enhance tension and unpredictability, pushing the boundaries of horror gaming [35], [36]. 

By leveraging these advancements, VR horror games can deliver unparalleled, fear-inducing experiences while 

meeting industry standards [37].   
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