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Abstract

Traditional anatomy education methods, such as cadaveric dissection and lectures, face
inherent limitations including accessibility constraints, high costs, and challenges in effec-
tively conveying complex three-dimensional relationships within the human body. This
project explores the potential of Virtual Reality (VR) as a transformative pedagogical tool
to address these limitations, focusing specifically on human heart anatomy.

The developed application, VitaCor, is an interactive VR platform designed to provide
an immersive, hands-on learning experience. Leveraging industry-standard tools including
Unity, Blender, and Visual Studio, the project successfully created a functional prototype
featuring a detailed 3D heart model. Users can interact with the model through intuitive
actions such as grabbing, rotating, and performing virtual dissections, enabling a deeper
understanding of internal structures and spatial relationships.

The technical realization demonstrates the feasibility of creating a robust, user-friendly
VR environment for complex medical learning. The project highlights the significant ped-
agogical value of this immersive approach in enhancing spatial understanding, improving
learning engagement, and providing a risk-free environment for exploration.

Furthermore, this initiative aligns with national digital strategies, such as Algeria’s
Digital 2030 vision, underscoring its potential for scalable implementation in educational
institutions, particularly in resource-limited settings. While the current version focuses on
cardiac anatomy and serves as a foundational prototype, the project successfully demon-
strates the power of VR to revolutionize anatomy education and lays the groundwork for

future advancements in immersive medical training applications.
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Introduction

The study of human anatomy forms the bedrock of medical and healthcare education,
providing students with essential knowledge of the body’s structure and organization.
Traditionally, anatomy has been taught through methods such as cadaveric dissection,
anatomical models, textbooks, and didactic lectures. While these approaches have served
generations of learners, they often present significant challenges, including limited access to
resources, high costs, ethical considerations, and inherent limitations in visualizing complex
three-dimensional relationships within the body. Furthermore, passive learning environ-
ments can sometimes hinder deep understanding and retention, highlighting the need for
innovative pedagogical tools that enhance engagement and bridge the gap between theo-
retical knowledge and practical application.

In recent years, rapid advancements in computer graphics and immersive technologies,
particularly Virtual Reality (VR), have opened new avenues for transforming educational
practices. VR offers the potential to create highly realistic and interactive learning envi-
ronments that can complement or even augment traditional methods. By immersing users
in simulated 3D spaces, VR allows for exploration and interaction with complex subject
matter in ways previously impossible, promising enhanced spatial understanding, improved
memory retention, and increased learner motivation. This is particularly relevant for dis-
ciplines like anatomy, where comprehending intricate spatial relationships is crucial for
clinical competence.

This project aims to leverage the power of Virtual Reality to address the challenges
faced in traditional anatomy education. Specifically, it focuses on developing an interactive
VR platform for learning human heart anatomy. The heart, with its complex chambers,
valves, vessels, and intricate structures, presents a significant challenge for students to
visualize and understand purely through two-dimensional diagrams or limited physical
models. Our VR platform seeks to provide a dynamic and engaging alternative, allowing
users to explore the heart in a fully immersive, three-dimensional environment.

The core objective of this project is to create a functional, user-friendly, and anatomi-
cally accurate VR simulation where users can interact directly with a detailed model of the
human heart. This includes the ability to perform fundamental actions such as grabbing,
rotating, and scaling the heart model for close examination. Crucially, the platform enables

the virtual "dissection" or opening of the heart along predefined planes to reveal its inter-
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nal structures — the chambers, valves, and vessels — allowing for detailed inspection from
any angle. This provides a risk-free environment for repetitive exploration and manipula-
tion, something not feasible with real anatomical specimens. The platform also integrates
interactive elements to provide information about specific parts of the heart, potentially
incorporating quizzes or labels in future iterations, drawing upon accurate anatomical in-
formation likely derived from medical expertise.

The technical realization of this platform involved utilizing industry-standard tools
such as the Unity game engine for building the interactive VR environment, Blender for
creating and optimizing the 3D heart model, and Visual Studio for scripting the necessary
interactions. The project was developed and tested on a capable mid-to-high-range PC
setup using a Meta Quest 2 headset to ensure smooth performance and a high-quality user
experience.

Beyond its immediate application, this project aligns with broader trends in digital
transformation and national development visions. In Algeria, for instance, initiatives are
underway to integrate immersive technologies like VR and Augmented Reality (AR) into
various sectors, including education, as part of the "Digital Algeria 2030" strategy. By
developing a cost-effective and scalable VR educational tool specifically for anatomy, this
project contributes to this national vision and demonstrates the potential for homegrown
innovation to address local educational needs, with the potential for global application,
particularly in resource-limited settings.

This report details the development process and outcomes of the VR heart anatomy
platform. Chapter 1 provides the theoretical background on Virtual Reality, the concept
of the Metaverse, and the principles of immersion and presence in virtual environments.
Chapter 2 delves into the application of immersive technologies in medical training, re-
viewing traditional anatomy education methods, exploring the role and benefits of VR,
and contextualizing the project within the Algerian digital landscape. Chapter 3 describes
the implementation and technical realization, outlining the system specifications, software
tools used, and the specific functionalities developed. Finally, the report discusses the
project’s outcome, deliverables, and its significant pedagogical value as a modern, interac-

tive tool for anatomy learning.



Chapter 1
Theoretical Background

Imagine stepping through a doorway into a reality built not of brick and mortar, but of
code and light. This chapter begins our exploration into that possibility — the dream that
became Virtual Reality. We will uncover the early visions that sparked this digital journey
and examine the essential components needed to construct these immersive spaces. Our
path then leads us to the horizon of the Metaverse, before finally revealing the ultimate
magic: how these technologies make us feel truly present, genuinely there, within these

fabricated worlds.

1 Virtual Reality (VR): Concepts and Evolution

1.1 Definition of Virtual Reality

Virtual Reality (VR) refers to an immersive, computer-generated environment that simu-
lates a realistic experience, allowing users to interact with and explore three-dimensional
spaces as if they were physically present. It relies on technologies such as stereoscopic
3D displays, head and body tracking, and spatial audio to create a sense of presence and

engagement.[1]

1.2 Historical Development of VR

The development of Virtual Reality (VR) has been shaped by a combination of vision-
ary individuals, government research, academic initiatives, and consumer-facing innova-
tions. Each milestone contributed essential concepts, technologies, or public awareness
that helped shape the immersive digital environments we recognize today [1]. We can

divide development of VR in three periods:

» Science Fiction Authors — Cultural Foundations (1950s-1980s): Writers
such as William Gibson, Arthur C. Clarke, and Robert Heinlein laid the imaginative

groundwork for VR by envisioning immersive digital worlds long before the technology

3
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existed. Gibson’s novel *Neuromancer® (1984), for example, introduced the concept
of "cyberspace," influencing both public imagination and technological aspirations.

These narratives helped shape how society perceives and desires virtual experiences.

Morton Heilig — Sensorama (1962): Often credited as an early pioneer of
immersive media, Heilig developed the Sensorama, a mechanical simulator designed
to engage multiple senses simultaneously. The system offered synchronized visual,
auditory, olfactory, and tactile feedback to simulate experiences like a motorcycle ride
through a city. Although not interactive, the Sensorama demonstrated the potential

of sensory-rich environments for entertainment and education.

Ivan Sutherland — The Ultimate Display and HMD (1968): Regarded as
the father of computer graphics, Sutherland introduced the concept of the "Ultimate
Display" — a vision of a fully immersive, computer-generated environment indis-
tinguishable from reality. He, along with his student Bob Sproull, built the first
head-mounted display system, known as the "Sword of Damocles." This early pro-
totype laid the groundwork for interactive 3D visualization by integrating graphics

rendering with spatial orientation tracking.

U.S. Air Force — Flight Simulators (1970s): The military played a crucial role
in advancing VR through the development of flight simulators for training purposes.
Tom Furness, an engineer working for the U.S. Air Force, led initiatives to create
high-fidelity simulators that incorporated head-mounted displays, motion tracking,
and real-time visual updates. These efforts demonstrated the practical applications of
immersive systems in high-stakes environments and directly influenced later civilian

technologies.

MIT Media Lab — Aspen Movie Map (1978): Led by Andy Lippman, the As-
pen Movie Map project was one of the earliest attempts to create a navigable virtual
environment. Using a modified videodisc system and touch-screen interface, users
could virtually explore the streets of Aspen, Colorado. This project demonstrated
the feasibility of simulated navigation and influenced later developments in virtual

tourism and mapping technologies.

NASA Ames Research Center — VIVED and VIEW Systems (1980s):
NASA’s VR research in the 1980s pushed the boundaries of interaction and immer-
sion. The Virtual Interface Environment Workstation (VIEW) and VIVED projects
combined stereoscopic displays, 3D audio, hand tracking, and wearable input devices.
These innovations led to commercial spin-offs such as the DataGlove and EyePhone,
developed by VPL Research. NASA’s focus on human-computer interaction in com-

plex data environments made a lasting impact on VR development.
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o Entertainment and Consumer Electronics — Private Eye and Star Tours
(1980s): The 1980s saw the introduction of VR concepts into mainstream enter-
tainment. The Private Eye, developed by Reflection Technology, was an early head-
mounted display for computers, offering a monochrome retinal scan display. Simul-
taneously, attractions like Disney’s Star Tours introduced the public to motion-based
simulation with immersive visual and audio effects, increasing public interest in VR

experiences.

Figure 1.1: Development-of-VR-time-line

1.3 Key Components of a VR System

A Virtual Reality (VR) system is composed of multiple interdependent components that
work together to deliver immersive experiences. These components can be broadly catego-
rized into hardware, software, and perceptual elements, each playing a critical role in user

interaction and realism [2].
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Figure 1.2: Key Components of a VR System - Hardware components [3]

1.3.1 Hardware Components

Hardware forms the physical interface between the user and the virtual environment. These

components are responsible for delivering sensory input and capturing user responses.

« Display Systems: The core of visual immersion, head-mounted displays (HMDs)
present stereoscopic images with a wide field of view. Advanced HMDs utilize high-
resolution screens and high refresh rates to minimize latency and motion sickness,

thereby enhancing the sense of presence.

o Tracking Systems: These systems monitor the user’s position and orientation in
real-time, enabling the virtual environment to respond dynamically to physical move-
ments. Technologies include infrared sensors, inertial measurement units (IMUs), and

external cameras for room-scale tracking.

o Input Devices: Devices such as handheld controllers, data gloves, or full-body
tracking suits allow users to interact with the virtual environment. These interfaces
support actions like object manipulation, gesture recognition, and spatial navigation,

contributing to a more natural user experience.

e Audio Systems: Spatial or 3D audio systems simulate directional sound cues, en-

hancing realism by aligning audio feedback with the user’s orientation and actions.
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High-fidelity headphones or integrated speakers are typically used to reproduce these

effects.

1.3.2 Software Components

Software components coordinate the behavior of the virtual environment and mediate the

interaction between hardware and user inputs.

« Rendering Engine: This engine is responsible for creating the visual representation
of the virtual world. It processes 3D models, applies lighting and shading techniques,

and generates animations, all in real time, to ensure seamless visual feedback.

e Simulation Engine: Handling the physics and logic of the virtual environment, the
simulation engine ensures realistic behaviors, such as object collisions, gravity, and
environmental dynamics. It integrates with input and tracking data to update the

virtual world accordingly.

o User Interface (UI): The UI enables users to navigate the VR system effectively.
This includes virtual menus, HUDs (heads-up displays), visual prompts, and other

feedback mechanisms that support interaction without breaking immersion.

1.3.3 Human Sensory and Perception Considerations

Understanding how users perceive virtual stimuli is essential for designing effective and
comfortable VR systems. This section focuses on the human factors that influence immer-

sion.

o Visual Perception: Accurate simulation of depth, motion parallax, and color fi-
delity is necessary to create convincing 3D visuals. Factors such as interpupillary
distance (IPD) and field of view must be considered to align with human visual

processing.

e Auditory Perception: Human sound perception is highly sensitive to direction,
timing, and frequency. Simulating realistic auditory environments requires precise

spatial sound rendering to match user orientation and movement.

« Haptic Feedback: Touch simulation via vibrotactile actuators, force feedback, or
wearable haptic suits adds a tactile dimension to VR. Effective haptics can increase
user presence by mimicking real-world sensations such as texture, resistance, or im-

pact.
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2 The Metaverse: Expanding Digital Realities

2.1 Defining the Metaverse

The Metaverse is a virtual universe created through computer technology that goes be-
yond the physical world. It is a shared, three-dimensional digital space where users—
represented by avatars—can interact, communicate, and engage in social, artistic,
educational, and economic activities in real time.

It combines elements of virtual reality, augmented reality, and the internet,

enabling persistent and immersive experiences that blend digital and physical realities.[4]

Figure 1.3: Metaverse definition [5]

2.2 Metaverse vs Virtual Reality

While both the Metaverse and Virtual Reality (VR) offer immersive digital experiences,
they differ significantly in scope, functionality, and the nature of user interaction.

Virtual Reality is primarily a single technology that creates immersive 3D environments
using specialized hardware such as VR headsets. It offers users a closed experience, typi-
cally within the boundaries of a specific application or simulation, and is often controlled by
a centralized entity or platform provider. In contrast, the Metaverse represents a broader

and more integrated ecosystem. It encompasses VR, Augmented Reality (AR), Internet of
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Things (IoT), blockchain technology, cryptocurrencies, and decentralized systems, creating
a vast, interconnected digital universe.

One of the fundamental differences lies in ownership and interaction. In traditional VR
settings, users engage with virtual environments designed and maintained by developers
or corporations. However, in the Metaverse, users are empowered to create, trade, and
own digital assets—ranging from avatars to virtual real estate—through technologies like
non-fungible tokens (NFTs) and decentralized marketplaces, thus enhancing user agency
and control.

Persistence is another distinguishing factor. VR experiences are session-based and typ-
ically end when the user removes the headset or exits the application. The Metaverse,
by contrast, is persistent—its digital worlds and avatars continue to exist and evolve in-
dependently of individual user sessions, much like the real world continues when one logs
off.

Accessibility further sets them apart. VR systems generally require dedicated equip-
ment, such as goggles and motion controllers, which can limit entry to those with the
necessary hardware. The Metaverse, on the other hand, is designed for broader access and
can be entered through various devices, including smartphones, desktop computers, and
VR gear, making it more inclusive and versatile.

Finally, interoperability marks a significant contrast. Most VR platforms are siloed
and platform-specific, meaning experiences and assets typically cannot transfer between
ecosystems. The vision for the Metaverse includes cross-platform compatibility, where
users can seamlessly move across different virtual worlds and services, carrying their digital
identity and assets with them.

Together, these differences illustrate that while VR is a component of the Metaverse,
the Metaverse itself is a more expansive and ambitious vision—an evolving digital reality
with economic, social, and technological dimensions that extend far beyond immersive

simulation.[6]

2.3 Core Technologies of the Metaverse

Six core technologies underpin the development and sustainability of the metaverse. These
elements work together to create rich, immersive, and functional virtual ecosystems that

support interaction, commerce, identity, and trust.

o Avatars — Avatars serve as the digital embodiment of users within the metaverse.
They enable individuals to express their identity, navigate virtual environments, and
interact with others in real-time. Avatars can range from realistic human models
to stylized or abstract forms, enabling both personal representation and creative
self-expression. The design and behavior of avatars also influence social dynamics,

presence, and inclusivity in digital spaces.
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« Content Creation — Central to the metaverse experience is the ability to cre-
ate and manipulate digital environments. Content creation tools include virtual,
augmented, and mixed reality (VR/AR/MR) platforms, 3D modeling software, and
world-building engines. These technologies empower developers, educators, and users
to build custom simulations, such as virtual anatomy labs for medical training or in-
teractive historical reconstructions, thereby enriching educational and entertainment

applications.

o Virtual Economy — The metaverse hosts a self-sustaining virtual economy where
users can buy, sell, and trade digital goods and services. Technologies such as non-
fungible tokens (NFTs), digital currencies, and blockchain-based contracts facilitate
the ownership, provenance, and monetization of virtual assets. This economic infras-
tructure supports industries such as virtual real estate, fashion, gaming, and educa-

tion, enabling real-world financial value to be generated within virtual contexts.

e Social Acceptability — For the metaverse to thrive, it must promote inclusive,
accessible, and respectful digital environments. Social acceptability involves consid-
erations such as avatar diversity, support for individuals with disabilities, and the
implementation of norms that prevent harassment and discrimination. Ethical de-
sign practices and community governance are crucial for creating a safe and inclusive

space for users from all backgrounds.

« Security & Privacy — As users share personal data, engage in transactions, and
build digital identities, robust security and privacy mechanisms are crucial. Encryp-
tion, secure authentication, and data anonymization help protect users from breaches,
identity theft, and surveillance. Blockchain technology can also enhance privacy by

decentralizing control and offering tamper-proof records of ownership and activity.

o Trust & Accountability — Transparent governance, ethical artificial intelligence
(AI), and enforceable digital policies are needed to maintain trust among users. The
metaverse requires frameworks that ensure accountability for harmful behavior, con-
tent moderation, and algorithmic decisions. Regulations and ethical guidelines must
evolve in tandem with technology to maintain fairness, integrity, and user protection

in digital interactions.

Together, these foundational technologies not only enable the metaverse to function
technically but also shape it as a social, economic, and ethical space. In educational
applications, such as virtual anatomy simulations, these pillars ensure that learning is

immersive, secure, socially responsible, and aligned with real-world standards.

10
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3 Immersion and Presence in Virtual Environments

Immersion and presence are foundational concepts in the study of user experience within
Virtual Reality (VR) systems. They are closely intertwined yet distinct, each contributing
differently to how users perceive and behave in virtual environments. Understanding their

relationship is essential for the design of effective and engaging VR applications [7].

3.1 Immersion: Technical and Psychological

Immersion refers to the objective and measurable attributes of a VR system that define
its ability to faithfully simulate real-world stimuli. It describes the extent to which the sys-
tem can isolate the user from the physical environment and provide a compelling substitute
through digital input. While immersion is primarily technical, it has strong psychologi-
cal implications, as higher levels of immersion typically promote deeper engagement and
realism.

High immersion is achieved through the integration of several technological features:

e Surrounding and Inclusive Displays: Devices such as head-mounted displays
(HMDs) provide wide fields of view and block out the real world, creating a self-
contained environment. These displays often cover the user’s entire visual field,
increasing the sense of being “inside” the virtual space rather than merely observing
it.

« High-Resolution, Vivid Visual and Auditory Output: Detailed and lifelike
graphics, paired with spatial and high-fidelity audio, enhance sensory realism. The
combination of crisp visuals and immersive sound cues helps trick the brain into

accepting the digital world as perceptually valid.

e Accurate, Real-Time Body and Head Tracking: Immersion depends heavily
on the system’s ability to respond to user movements without noticeable delay. Real-
time tracking of head position, gaze direction, and body posture ensures that the
virtual environment updates in sync with physical actions, maintaining a coherent

and believable experience.

« Reduction of External Physical World Interference: Minimizing distractions
from the real environment—such as noise, light, or discomfort—helps users focus
entirely on the virtual experience. This isolation is essential for maintaining an

uninterrupted sense of engagement.

« Egocentric Perspective and Virtual Body (VB): A first-person viewpoint that
aligns with the user’s own body orientation increases the sense of ownership and
agency within the virtual world. The presence of a responsive and visible virtual

body further reinforces the illusion that the user is truly “there” in the environment.
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Though immersion is rooted in system design, it directly affects users’ psychological
states. A well-immersed user is more likely to engage deeply, focus intently, and respond
authentically to virtual stimuli. When immersive elements align with the user’s cognitive
expectations and sensory inputs, the system fosters a more intuitive and believable expe-
rience. This psychological engagement lays the groundwork for the emergence of presence,

which will be discussed in the following subsection.

3.2 Presence: The Illusion of Non-Mediation

Presence is a subjective psychological state in which the user experiences the virtual
environment as if it were real, often described as the sensation of “being there.” Unlike
immersion, which is a measurable attribute of the system, presence is shaped by the user’s
perception and response to the simulated world. It does not rely solely on visual fidelity
or technical specifications but rather on the extent to which the environment encourages
users to behave and react as they would in a comparable real-world scenario.

Presence emerges from a convergence of sensory, cognitive, and behavioral factors,

including:

o Alignment with the User’s Internal World Model: A virtual environment
that conforms to users’ expectations about how the world behaves—such as consistent
physics, coherent spatial organization, and logical cause-effect relationships—enhances
believability. When these internal models align with what is experienced, the brain

is more likely to accept the illusion as reality.

« Sensory-Motor Contingency: Realistic and synchronized feedback based on user
actions, such as changes in visuals and sound following head or body movement,
strengthens the illusion of non-mediation. This seamless loop between motion and

sensory feedback is vital for spatial orientation and behavioral authenticity.

« Cognitive Engagement and Task Relevance: Presence increases when users
are mentally absorbed in meaningful or goal-directed activities within the virtual
environment. Whether solving a puzzle, conducting a virtual dissection, or navigating
a complex environment, tasks that require focus and decision-making help anchor

users in the virtual context.

It is important to note that presence does not always correlate directly with objec-
tive task performance. A user may complete a task efficiently without ever feeling truly
“present.” However, high presence often encourages more natural behavior, which is essen-
tial in fields such as simulation-based training, therapy, or education, where the transfer

of real-world skills and responses is critical.
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3.3 Embodiment in VR

Embodiment refers to the feeling of inhabiting, owning, and controlling a virtual
body (VB) within a digital environment. It is closely related to both immersion and
presence but distinct in that it focuses specifically on how users perceive their virtual self
in the space. Through embodiment, users adopt the avatar or virtual body as their own,
integrating it into their actions, perceptions, and decision-making processes.

Key aspects of embodiment include:

« Enhancing Realism Through Self-Representation: A responsive and anatomi-
cally plausible virtual body enhances realism and contributes to the coherence of the
environment. For example, seeing one’s hands move in coordination with physical

movement reinforces the illusion of embodiment.

e Action Identification and Ownership: When users can control their avatar in-
tuitively and observe the consequences of their actions, they begin to identify with
those actions as their own. This sense of agency supports behavioral engagement and

makes the experience more personally meaningful.

« Impact on Learning, Empathy, and Adaptation: Strong embodiment can in-
fluence user psychology. In educational contexts, such as anatomy simulations, it
helps learners connect abstract concepts with bodily experience, improving spatial
understanding and retention. In social or therapeutic scenarios, embodiment can
foster empathy or even shift behavior by allowing users to experience different per-

spectives.

In VR environments—particularly in health and anatomy-related applications such as a
virtual heart dissection or an immersive walkthrough of human organ systems—embodiment
bridges the gap between observer and participant. It allows users to spatially situate them-
selves within complex anatomical structures, facilitating deeper understanding, intuitive

learning, and an enriched cognitive experience.

4 Conclusion

We have now mapped the foundational landscape of digital immersion. From the first
whispers of creating alternate realities to understanding the intricate dance of hardware,
software, and human perception. We’ve seen how VR forms part of the larger, intercon-
nected narrative of the Metaverse. Crucially, we’ve grasped that the power lies in conjuring
the feeling of "being there." With these theoretical blueprints in hand, we are ready to leave
the conceptual realm and step forward into the practical construction of our own immersive

experience.
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Chapter 2

Immersive Technologies in Medical

Training

Having grasped the essence of stepping into virtual worlds, our story now moves from
the abstract to a realm where these digital wonders hold the power to heal and educate.
Chapter 2 unfolds the narrative of transforming medical training. We journey back through
the time-honored, yet often challenging, methods of learning anatomy, then witness the
arrival of immersive technologies like Virtual Reality as a revolutionary force. This chapter
explores how VR opens new pathways for understanding the human body, paving the way

for future healers to learn in ways previously unimaginable.

1 Virtual Reality in Anatomy Education [8]

1.1 Traditional Methods of Anatomy Education

For centuries, anatomy education has relied primarily on two foundational pedagogical
approaches: cadaveric dissection and didactic lectures. These traditional methods
have formed the bedrock of medical training and continue to play a role in modern cur-
ricula. Each approach provides unique educational benefits but also presents noteworthy

limitations that have prompted the search for innovative alternatives in recent decades.

1.1.1 Cadaveric Dissection

Cadaveric dissection has long been regarded as the gold standard in anatomical education.
It provides an irreplaceable opportunity for students to explore human anatomy in a direct,

tactile, and spatially rich manner. Its key benefits include:

« Hands-on Experience with Real Human Anatomy: Dissecting human cadav-

ers allows students to observe anatomical structures in their natural context, reveal-
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ing nuances of variation, texture, and pathology that are often absent in models or

simulations.

o Development of Tactile Memory and Spatial Awareness: The physical manip-
ulation of tissues helps build tactile memory and reinforces the spatial relationships
between organs and systems. This kinesthetic learning deepens understanding and

aids long-term retention.

« Comprehension of 3D Relationships Between Structures: Cadaveric dissec-
tion uniquely illustrates how organs, muscles, vessels, and nerves interact in three-
dimensional space, offering a level of anatomical realism that two-dimensional images

or digital renderings often fail to convey.

Despite its many advantages, cadaver-based education is increasingly constrained by

several practical and ethical challenges:

o Scarcity of Donated Cadavers: Limited availability of legally donated bodies
affects the consistency and accessibility of hands-on training, especially in regions

with underdeveloped donation infrastructure.

« Ethical Concerns Regarding Body Procurement: Ethical dilemmas surround-
ing consent, cultural sensitivity, and the use of human remains continue to spark

debate and scrutiny within medical education communities.

« Significant Financial Costs for Preservation and Maintenance: Maintaining
cadaver labs requires extensive resources, including refrigeration, embalming chem-
icals, ventilation systems, and trained personnel—factors that can limit widespread

adoption, particularly in low-resource settings.

» Biosafety Considerations in Lab Environments: Handling cadavers involves
potential exposure to biological hazards and chemical agents, necessitating strict
safety protocols and personal protective equipment, which can create logistical bar-

riers for frequent or prolonged dissection.

These limitations have contributed to a growing interest in supplementary or alternative
educational tools, such as digital models, virtual reality, and mixed-reality simulations,
which aim to replicate or enhance the learning outcomes traditionally associated with

dissection.

1.1.2 Lecture-Based Instruction

Lecture-based instruction provides a systematic presentation of anatomical knowledge and
offers conceptual frameworks for understanding the subject. However, it suffers from sev-

eral critical limitations, including a passive learning environment, a lack of interactivity
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with 3D structures, and difficulty in visualizing complex spatial relationships. In addition,
a concerning trend has emerged in recent years, where many medical curricula have reduced
the time allocated to anatomical sciences, potentially compromising the depth of knowledge
imparted. These constraints underscore the pressing need for innovative educational tech-
nologies that can complement traditional methods, enhance spatial understanding, increase

accessibility while reducing costs, and enhance engagement through interactive learning.

1.2 The Role of VR in Anatomy Learning

Virtual Reality (VR) is transforming anatomy education by providing real-time, inter-
active 3D environments that bridge theoretical knowledge with practical application.
This risk-free simulated space replicates anatomical scenarios, enhancing experiential

learning while improving retention and student motivation.

Figure 2.1: Virtual Reality in Anatomy Education [9]

1.2.1 Immersive Experience

VR’s immersive environments provide several advantages, including enhanced depth per-
ception and spatial understanding of anatomical structures, as well as multi-sensory en-
gagement that surpasses traditional 2D learning materials. The ability to actively explore
bodily systems through 360° navigation fosters a more dynamic and interactive learning
experience. Additionally, the experiential nature of VR promotes enhanced memory reten-

tion, making it a powerful tool for deeper, more effective learning.
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1.2.2 Interactive Anatomy Exploration

Key interactive features of VR-based anatomical education include the 3D manipulation
of anatomical models, allowing for actions such as rotation, dissection, and reassembly.
These tools offer the benefit of repeatable procedures without resource limitations, mak-
ing practice more accessible. The platform also supports kinesthetic learning through a
virtual hands-on experience, allowing users to physically interact with the models. Addi-
tionally, integrated learning tools such as real-time feedback systems, interactive quizzes,
and multi-user collaboration further enhance the educational experience, promoting active

engagement and deeper understanding.

1.2.3 Access to Rare Structures

VR overcomes traditional limitations in anatomical education by providing access to virtual
specimens of rare anatomical variations, ethically complex structures such as fetal devel-
opment, and pathological cases that are not commonly available in labs. Additionally,
it offers global accessibility, enabling resource-limited institutions to provide high-quality
educational experiences.

In clinical applications, VR demonstrates its unique value by allowing for the visual-
ization of cardiac anatomy with dynamic blood flow, mapping of neurological pathways in
3D space, and simulation of musculoskeletal biomechanics. These capabilities offer a level
of interactivity and detail that traditional methods cannot match, enhancing both learning

and clinical practice.

1.3 Benefits of VR in Anatomy Education

Imagine walking into a classroom where the human body isn’t confined to textbooks or
static models but instead stands before you—alive in motion, transparent in layers, and
entirely at your command. This is not science fiction; this is the reality Virtual Reality
(VR) is bringing to anatomical education. It is more than a tool—it’s a paradigm shift,
one that dismantles the physical and pedagogical constraints of traditional instruction, and

rebuilds learning from the inside out.

17



Immersive Technologies in Medical Training Treatment

Figure 2.2: Benefits of VR in Anatomy Education

1.3.1 Enhanced Engagement and Retention

In the traditional anatomy lab, students observe and dissect with reverence—but also with
limits. In a VR-based environment, they step inside the body itself. No longer passive
observers, students become active explorers. They reach out to rotate a floating heart, peel
back layers of muscle with a flick of the wrist, and zoom into cellular detail—all within an
intuitive, immersive space.

This form of active learning invites exploration and discovery. It taps into multi-
sensory reinforcement, engaging visual, spatial, and kinesthetic modalities in unison.
Unlike traditional lectures or static images, VR embeds knowledge deep in the mind’s spa-
tial memory. In fact, studies show that VR training results in 27% higher retention
rates compared to cadaveric instruction (Smith et al., 2022) and a 40% improvement
in spatial understanding (Journal of Medical Education, 2023).

Through VR, even the most complex physiological processes—Ilike synaptic transmis-
sion or blood flow through the renal system—can be animated and explored in real-time,

offering powerful conceptual scaffolding for abstract concepts.
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1.3.2 Safe Environment for Practice

Now picture a first-year medical student performing a delicate cranial nerve dissection. In
the real world, one slip could end the exercise. In VR, mistakes are not failures—they’re
lessons. This risk-free environment allows unlimited repetition. Students can dissect,
err, rewind, and try again until confidence replaces hesitation.

But VR does more than mimic routine labs—it amplifies them. High-fidelity clin-
ical simulations enable exposure to rare pathologies, critical trauma scenarios, and the
unpredictable variables of surgery, all within a controlled, consequence-free setting. From
emergency room drills to managing intraoperative bleeding, learners train not just to recall
but to react.

Behind the scenes, real-time performance tracking provides objective feedback.
Learners don’t just think they’re improving—they can see it, quantified and visualized as

progress toward clinical competence.

1.3.3 Personalization and Accessibility

Every student learns differently, and in every corner of the world, resources vary. VR levels
the playing field. With adaptive learning systems, students advance at their own pace,
revisit challenging concepts, and follow individualized remediation paths tailored to their
learning style.

Moreover, the democratizing power of VR cannot be overstated. Compared to
the high costs of cadaver labs, VR offers an estimated 80% cost reduction(long term)
(WHO, 2023). Even in resource-limited regions, mobile VR units make world-class anatom-
ical education accessible—mno lab, no scalpels required.

Built with inclusivity in mind, VR platforms incorporate features for learners with
disabilities, provide multilingual support, and adapt content to reflect cultural diversity.
The virtual anatomy lab becomes not only a space of learning but a community of access
and equity.

The long-term impact? A more standardized global curriculum, earlier readiness
for clinical environments, and a dramatic reduction in student dropout rates. VR doesn’t
just teach anatomy—it transforms learners into confident, capable, and compassionate

practitioners.

1.4 Challenges and Limitations of VR in Anatomy Education

Despite its promise to revolutionize how anatomy is taught, Virtual Reality doesn’t come
without hurdles. Beneath the sleek headsets and immersive environments lie significant
challenges—financial, technical, pedagogical, and social—that institutions must confront

before VR becomes a true educational staple.
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1.4.1 Cost Barriers

At first glance, the futuristic glow of a VR lab is enticing. But behind the scenes, the
initial cost of entry can be steep—especially in the short term. While long-term efficiencies

may follow, the upfront investment remains a major barrier for many institutions.

o Initial investment requirements:

— High-end HMDs: $600-$1,500 per unit

— Workstation PCs: $2,000-$5,000 per station

— Haptic systems: +$10,000 for surgical-grade touch
— High-quality 3D models: +$2,000 per anatomical set

 Recurring expenses:

— Software licensing: $200-$1,000 per user annually
— Content development: $50,000-$250,000 per module

— Maintenance and upgrades: 15-20% of initial setup per year
« Institutional costs:

— Faculty development and onboarding programs
— Dedicated VR laboratory infrastructure

— Ongoing technical support staffing

1.5 Future Directions in VR Anatomy Education

The horizon of anatomy education is rapidly transforming. No longer confined to textbooks
or even cadaver labs, learning is stepping into a new dimension—one defined by immersive
technologies, real-time adaptability, and global interconnectivity. Virtual Reality (VR),
once a futuristic concept, is now laying the foundation for a revolution in medical pedagogy.
But what lies ahead? The answer is not merely more VR, but smarter, more connected,
and more accessible systems that rethink how we learn to heal.

As we envision this future, three major trajectories emerge: the rise of intelligent VR
systems powered by artificial intelligence (Al), the growth of collaborative virtual envi-
ronments, and the advancement of visualization technologies that make even the most
intricate anatomy breathtakingly clear. Together, these innovations promise not just in-
cremental progress, but a fundamental redefinition of how anatomy is taught, practiced,

and understood.
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1.5.1 AIl-Enhanced VR Learning Systems

Picture a learning environment that doesn’t just respond to your actions, but anticipates
your needs—where a virtual tutor adjusts the complexity of a lesson on the fly or offers
verbal coaching the moment your technique falters. This is the promise of Al-enhanced

VR.

« Adaptive learning architectures:
— These systems monitor student interaction in real time, adjusting difficulty levels
with +15% complexity scaling to match individual skill levels.

— Gaps in knowledge are automatically detected and addressed through predictive

remediation algorithms boasting up to 92% accuracy.
— Al-powered virtual tutors guide students with targeted feedback, accelerating
skill acquisition by nearly 30%.
o Intelligent feedback mechanisms:
— Real-time haptic feedback refines motor skills by subtly correcting hand posi-
tioning during virtual dissections.

— Natural language processing enables intuitive verbal interaction, simulating a

personalized teaching assistant within the headset.
— Eye-tracking data is analyzed to detect lapses in attention or missed anatomical
structures, prompting corrective cues.
« Automated competency assessment:
— Motion analytics measure procedural precision, speed, and accuracy to generate
performance dashboards.

— Longitudinal tracking maps knowledge retention, helping educators personalize

remediation efforts.

— Al models even forecast future performance, identifying students at risk of falling

behind before formal evaluations.

In this future, anatomy education is not just interactive—it’s intelligent.

1.5.2 Collaborative Immersive Learning

Learning anatomy has always been a collaborative endeavor. Whether dissecting a cadaver
in a team or discussing diagrams around a table, students learn best together. VR now

takes that spirit of collaboration into a global, immersive space.
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e Multi-user anatomical exploration:
— Students from different corners of the globe can meet in shared virtual labs to
dissect, annotate, and discuss the same 3D models in real time.
— Voice and spatial audio recreate the natural flow of conversation and teamwork.
— Shared annotation layers allow for real-time markup, helping learners under-
stand structures through collective insights.

e Clinical teamwork simulation:

— Future doctors, nurses, and paramedics can train together in high-pressure emer-
gency scenarios, fostering the communication skills crucial for real-world prac-

tice.

— Virtual operating theaters simulate the complexities of surgical teamwork, from

handoffs to unexpected complications.
— Interprofessional collaboration is no longer bound by geography or resource
availability.
« Global classroom integration:
— Cross-border educational experiences—such as virtual grand rounds or multi-
national case discussions—will become routine.

— Experts can guest lecture from anywhere, guiding learners through real-time

dissections or diagnostic reasoning.

— Multi-language support and culturally contextualized content ensure every stu-

dent has an equal voice in the virtual room.

The anatomy classroom is no longer a room—it’s a world.

1.5.3 Advanced Visualization Platforms

As display and rendering technologies leap forward, anatomical models are becoming more

detailed, responsive, and awe-inspiring than ever before.

o Next-gen virtual dissection tables:

— With 8K resolution and 0.1lmm anatomical precision, these tables offer detail

previously reserved for the operating room.

— Multi-touch and gesture interfaces enable intuitive exploration and manipulation

of even the smallest anatomical features.
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— Advanced tables will also integrate with imaging data—CT scans, MRIs, ultra-

sounds—enabling real-time diagnostic layering.
 Hybrid learning models:

— Learning will be platform-agnostic: a student may start an organ dissection on
a VR headset, continue on a tablet, and review via holographic projection in

the classroom.

— Mixed reality (MR) solutions will allow students to blend physical and digital

worlds, using AR overlays in real-life clinical environments.
o Cost-reduction strategies:

— Cloud rendering reduces the need for expensive hardware, making high-fidelity

VR experiences accessible even on mid-tier devices.

— Modular VR setups allow institutions to scale programs according to budget

and demand.

— Open-source content and collaborative development platforms are democratizing

access to high-quality anatomical simulations worldwide.

This visual future isn’t just impressive—it’s inclusive, flexible, and scalable.

Yet, progress must be intentional. The promise of VR-enhanced anatomy education

will not be realized by technology alone. Institutions must invest in:

« Standardized assessment metrics to ensure consistency across platforms and

programs
o Faculty development programs to train educators in immersive pedagogy
« Ethical governance frameworks to guide the use of Al in high-stakes education

e Sustainable funding models that prioritize equity and long-term implementation

The classroom of tomorrow is being built today. And with deliberate design, it can be

more equitable, effective, and extraordinary than anything we’ve ever seen.

2 Contextualizing the Metaverse in Algeria: A Na-

tional Vision

Algeria is embarking on a transformative journey to integrate immersive technologies like
virtual reality (VR), augmented reality (AR), and the metaverse into its national develop-

ment strategy. This initiative aligns with the broader “Digital Algeria 2030” vision, aiming
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to modernize public services, diversify the economy, and enhance digital sovereignty. The
strategy encompasses over 500 digital projects scheduled for implementation between 2025
and 2026, with 75% focused on improving public services through defined monitoring and

performance indicators

2.1 The New Saida Metaverse Project (ESIMAM)

The ESIMAM (Espace Saida Immersif et Multimédia) project in Saida represents a pioneer-
ing effort to establish a localized metaverse environment in Algeria. This initiative aims to
create immersive spaces for cultural, educational, and economic activities, leveraging VR
and AR technologies to enhance user engagement and accessibility. While specific details
about ESIMAM are limited, its development reflects Algeria’s commitment to fostering

digital innovation at the regional level.

2.2 Cultural and Educational Innovation

Algeria’s integration of immersive technologies extends to cultural preservation and edu-

cation. Notable initiatives include:

« Art Gate Virtual Gallery: Launched by the startup Shédio Design during the
Algeria Web 3 event, Art Gate is the country’s first virtual art gallery. It showcases
works by Algerian artists, making art accessible to a global audience and promoting

cultural exchange

« Bladna 360 Application: Developed by Cenereality, this application offers virtual
tours of historical sites such as Timgad, the Casbah of Algiers, and the Ketchaoua
Mosque. By reconstructing these sites in 3D, Bladna 360 provides users with immer-

sive educational experiences that highlight Algeria’s rich heritage

e Educational Holography: Startups like Evidence are advocating for the use of
holographic technology in education. By projecting 3D images of complex subjects,
such as mechanical systems or surgical procedures, holography enhances comprehen-

sion and retention among learners

These initiatives demonstrate Algeria’s proactive approach to integrating cutting-edge
technologies into cultural and educational frameworks, thereby enriching learning experi-
ences and preserving national identity.

By embracing the metaverse and associated technologies, Algeria is positioning itself as
a leader in digital innovation within the region. These efforts not only modernize infras-
tructure and services but also foster a more inclusive and dynamic cultural and educational

landscape.
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3 Conclusion

We've now charted the evolving landscape of medical education, seeing how the immer-
sive power of VR offers a vibrant alternative to traditional paths. We’ve uncovered the
compelling benefits — from deeper engagement to risk-free practice — and acknowledged
the hurdles still ahead. Looking towards tomorrow, we caught glimpses of Al-enhanced
and collaborative futures, anchored within a vision for national digital advancement. This
chapter concludes by affirming that immersive technologies are poised to rewrite the story
of anatomical learning, making it more vivid, accessible, and impactful for generations to

come.
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Chapter 3

Design, Implementation and

Technical Realization

This chapter explores the journey of developing the VitaCor VR Heart Anatomy appli-
cation, focusing on the Design Phase, Implementation Phase, and the final Output of the
project. Each section delves into the core processes, challenges, and technical achievements
that contributed to bringing this immersive educational tool to life.

In the Design Phase, we examine the foundational steps that guided the development
of the application. Starting with an analysis of Student Needs and Learning Goals, we
highlight how user requirements shaped the features and functionality of the app. The sec-
tion also explores the Research and Learning from Existing Works, helping us understand
current trends in VR anatomy applications. We then articulate our Goals, including the
creation of a high-quality 3D heart model, the integration of interactive features, and the
use of animations to enhance learning. We also reflect on why these features were chosen
and what was successfully achieved during the design process.

The Implementation Phase follows the design, detailing the technical realization of the
app. This section covers the Hardware Environment and Software Tools Used to develop
VitaCor, including the Unity game engine, Blender for 3D modeling, and Visual Studio
for coding. We also focus on the VR Environment Setup within Unity, including scene
assembly, lighting, physics, and camera configuration. Other technical aspects, such as
XR Management and ensuring Comfort for the User, are explored to ensure a seamless
and immersive experience. Additionally, we discuss the Development Workflow and the
integration of educational design principles, along with the iterative process of Testing and
Refinement.

Finally, the Output section provides an overview of the finished application, including
a detailed look at the Delivered Functionalities and its Educational Impact. While the app
achieved its core objectives, this section also identifies Unrealized Features and development
gaps, reflecting on the project’s future potential.

This chapter will provide readers with a comprehensive understanding of the technical
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steps and design choices that led to the successful creation of VitaCor, shedding light
on the complexities involved in developing a VR application that bridges technology and

education.

1 Design Phase

Every application, regardless of its purpose, demands careful consideration and meticulous
design to ensure a seamless user experience. The journey from concept to execution involves
not only aesthetic choices but also critical problem-solving and strategic thinking(3.1). The
heart, as the focal point of human life, demands an approach that is both scientifically
precise and engaging. For VitaCor, a virtual reality app dedicated to exploring heart

anatomy, the design phase becomes a bridge between medical accuracy and user immersion.

[=] [=] [=]
Concept and Asset Post-Launch
Design Creation Support
Brainstorming and Designing 3D Ensuring Gathering feedback
planning the VR models and functionality and and updating the
experience animations performance application

Q o Q

c
Prototyping Development Deployment

in Unity

Creating a basic
version for testing

Publishing the
application on VR

Integrating assets
platforms

and scripting
interactions

Figure 3.1: Development Pipeline for a VitaCor - Design phase

Creating VitaCor required a deep dive into how the human heart functions, while
also reimagining how users would interact with such complex information in a virtual
environment. Every detail—color palettes, navigation flow, and interactive elements—was
carefully crafted with the user experience in mind, ensuring that learning about the heart
becomes not just educational, but captivating. In essence, the design of VitaCor goes
beyond just visual appeal; it is about transforming the intricate world of heart anatomy

into an accessible, engaging, and unforgettable experience.
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1.1 Student Needs and Learning Goals

Understanding the needs and learning goals of medical students is crucial when developing
a tool like VitaCor. To ensure that the app meets the expectations and enhances the
educational experience of its target audience, we took a proactive approach by engaging
directly with students. We designed a Google Form and distributed it to medical students,
seeking their input on how such a tool could assist their learning process. The form
was available in three languages—English, French, and Arabic—to ensure inclusivity and
capture a broader range of feedback. With over 30 responses from students across various
medical disciplines, we gathered valuable insights into their challenges and preferences.
Many students highlighted that visualizing complex anatomical structures, especially the
heart, is a significant difficulty when studying from static images or written descriptions.
As one respondent noted, "Using it in education, for example, when studying the anatomy
scale, we might find it difficult to imagine what it might look like in reality just through

images and descriptions.'(Translated) 3.2
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Lnd el mbsandl el ol Bl 3 Shstng

Figure 3.2: Voices from the Field

They emphasized how a VR tool could help them grasp these concepts more effectively
by offering an interactive, three-dimensional perspective. Additionally, students expressed
how VitaCor could potentially support their learning in surgical procedures by providing
real-life simulations, aiding them in understanding anatomy not just theoretically, but in
practical, hands-on scenarios. This feedback has been invaluable in shaping the design
and functionality of VitaCor, ensuring that it directly addresses the real-world needs and

educational challenges faced by medical students.

1.2 Research and Learning from Existing Works

In developing VitaCor, we undertook extensive research into existing anatomical tools
and VR simulations to understand the best practices and design strategies used by similar
educational resources. By examining various medical apps and VR platforms that focus
on human anatomy, we gained insights into effective navigation models, user interfaces,
and interactive features. These resources helped us understand common challenges, such
as maintaining user engagement in educational content, and we made it a point to address
these issues in our app’s design.

Additionally, we collaborated with medical professionals and reviewed textbooks, 3D

anatomical models, and video resources on heart anatomy to ensure that the information
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presented in VitaCor was accurate and scientifically sound. This collaboration allowed
us to refine our 3D heart models and make sure they were both anatomically precise and
easy to understand for medical students.

We also studied the principles of VR design in educational settings. Given that Vita-
Cor is a VR-based application, we paid close attention to how users interact with virtual
environments, ensuring that the heart’s interactive features are intuitive and don’t over-
whelm the user. By learning from existing VR educational tools, we focused on creating
a design that balances usability with engagement—enabling students to focus on learning
while exploring the intricate details of heart anatomy.

The combination of feedback from medical professionals, research into current educa-
tional tools, and a strong understanding of VR design principles allowed us to create an
app that is not only accurate in its representation of the heart’s anatomy but also easy to

navigate and enjoyable to use.

1.3 Our Goals

After extensive research and analysis of existing anatomical tools and educational VR ap-
plications, we identified key features that are crucial for enhancing the learning experience.
By reviewing various works in the field, we gained valuable insights into what works well
and where improvements can be made. Based on this research, we set the following objec-
tives as our primary goals for VitaCor: to create a high-quality, detailed 3D heart model,
incorporate interactive features like grab, rotate, and open, and integrate animations that

help visualize the heart’s function and structure in motion.

1.3.1 High-Quality 3D Heart Model and Interactive Features

In developing VitaCor, one of the key goals was to create a high-quality 3.3, scientifically
accurate 3D model of the human heart that not only looks realistic but also allows users
to interact with it in a meaningful and intuitive way. The design choices made for this 3D
model were centered around enhancing the learning experience through engaging, interac-
tive features and ensuring that all elements of the heart’s anatomy are presented in rich
detail.
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Figure 3.3: Heart 3D Model

1.3.2 Interactive Features

To maximize user engagement, VitaCor incorporates a variety of interactive features,
including the ability to grab, rotate, and open the heart. These features allow students
to manipulate the heart model in real time, which is crucial for understanding its 3D
structure and how the different parts fit together. By enabling users to rotate the heart,
they can examine it from different perspectives, which is essential for grasping the spatial
relationships between structures like the ventricles, atria, and valves. The "open" feature
allows users to peel back layers of the heart, exposing the inner workings and offering a
deeper exploration of the internal anatomy, which is often difficult to visualize in traditional

2D images or static models.

1.3.3 Animations for Enhanced Understanding

Animations were integrated to demonstrate dynamic processes within the heart, such as the
movement of blood through its chambers, valve functions, and the beating rhythm. These
animations help bridge the gap between theoretical knowledge and real-world application
by showing how the heart’s structure responds during the pumping process. While we
currently focus on the static heart model, future updates will incorporate more complex
simulations of heart activity, helping users visualize both the structural and functional

aspects of heart anatomy in real time.
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1.3.4 Why These Features Were Chosen

The decision to focus on creating a high-quality, interactive heart model stems from the
educational need for students to fully comprehend the complexities of heart anatomy:.
Simply providing a static image or bad 3D model would not be sufficient for students to
grasp the intricate details of how the heart works. Interactivity was chosen as a core feature
because it allows students to engage actively with the content, turning passive learning into
an experience that requires exploration and critical thinking. The ability to manipulate
the heart model empowers users to control their learning experience and dive deeper into

the areas that they find most challenging or intriguing.

1.3.5 What We Were Able to Achieve

Through careful planning and execution, we were able to successfully achieve several key
goals for VitaCor. Each feature was meticulously designed to ensure that the app pro-
vides users with an immersive, engaging, and educational experience that enhances their

understanding of heart anatomy.

o High-Quality 3D Heart Model
We have a highly detailed and anatomically accurate 3D model of the human heart.
Every chamber, valve, artery, and vein was modeled with precision, allowing users
to explore the heart from all angles. The model accurately represents the complex
structures and spatial relationships within the heart, providing a solid foundation for

users to gain a deeper understanding of its function.

« Interactive Features (Grab, Rotate, and Open)
A key aspect of the VitaCor experience is the interactive nature of the 3D heart
model. Users can grab, rotate, and open the heart to examine its internal and
external structures. The "grab" feature allows for direct manipulation of the heart
model, while the "rotate" function offers users the ability to explore the heart from
various perspectives. The "open" feature enables students to peel back layers of the
heart, offering a closer look at its inner anatomy, which can be difficult to appreciate

in traditional 2D diagrams or static models.

o Integration of Heart Parts and Realistic Interactions The heart’s components,
such as the atria, ventricles, valves, and blood vessels, are clearly labeled and can be
easily accessed by tapping on specific parts. These elements work seamlessly together,
allowing students to understand how the various components interact within the
circulatory system. This interconnectedness is vital in making the learning experience

more comprehensive and dynamic.

Although we initially planned to incorporate animated simulations of the heart’s function,

such as the pumping cycle and blood flow, we were unable to achieve this within the
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project’s timeframe. Animations require specialized expertise and professional resources,
which are often costly and time-consuming. As a result, this feature remains an area for

potential future development.
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2 Implementation Phase

2.1 Hardware Environment

To achieve the necessary performance for real-time VR development and testing, the project

was developed on a custom-built high-end PC with the following specifications:

« Processor (CPU): Intel Core i9, 10th Generation

e Graphics Card (GPU): NVIDIA GeForce RTX 3060 (12GB VRAM)
« RAM: 32 GB DDR4

« Operating System: Windows 10 Pro (64-bit)

« Meta Quest 2: is a standalone virtual reality headset developed by Reality Labs,

a division of Meta Platforms

This setup was crucial for handling large 3D models, real-time rendering, and VR

simulation without latency or performance drops.

2.2 Software Tools Used

The development of our immersive heart anatomy VR application required a carefully se-
lected suite of professional software tools, each serving distinct yet complementary functions
in the production pipeline. These tools collectively enabled 3D modeling, programming,

animation, and VR system integration while maintaining industry-standard workflows.

2.2.1 Unity - Game Engine and VR Development Platform

Unity served as our primary development environment for building
the complete VR application. This cross-platform real-time engine
is widely recognized in both game development and interactive
simulation fields due to its robust asset support, built-in physics
systems, and extensible C# scripting capabilities.

In our project, Unity managed all core functionalities in-
cluding 3D scene construction, lighting systems, player controls,
object interactions, and VR camera configuration. We specifically
utilized Unity’s XR Plugin Management for Oculus/Quest headset

support, the Physics Engine for realistic heart model interactions,

Figure 3.4: Unity Icon

and the Canvas Ul system for educational overlays and anatomical labeling. The Prefab
system proved essential for managing modular heart components, while the Event Trig-

ger system facilitated VR controller input mapping. Unity was selected for its optimized
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VR performance pipelines, strong community support, and compatibility with mid-range
GPUs like the RTX 3060, making it ideal for educational deployment scenarios.

2.2.2 Blender - 3D Modeling and Asset Preparation

Blender, the open-source 3D creation suite, played a pivotal role
in preparing our anatomical models for VR implementation. This
software enabled critical preprocessing steps including mesh sim-
plification to optimize polygon counts for real-time rendering, UV
unwrapping for realistic texturing, and structural separation of

cardiac components into interactable sub-models. We adjusted

pivot points for proper anatomical manipulation and explored ba-
Figure 3.5: Blender sic rigging for potential valve animations. Blender’s precision mod-
Icon eling tools ensured anatomical accuracy while maintaining perfor-
mance requirements, and its seamless Unity compatibility made
it an obvious choice for our pipeline. The software’s zero-cost accessibility further aligned

with our goal of creating reproducible educational solutions.

2.2.3 Visual Studio - Integrated Development Environment

For all programming needs, we employed Microsoft’s Visual Studio
IDE as our primary coding environment. This powerful platform
enabled efficient development of C# scripts governing user inter-
actions and system behaviors within our VR environment. Key
functionalities implemented through Visual Studio included ob-
ject manipulation logic (grabbing, rotating, and dissecting cardiac
structures), VR controller input processing, and player movement
Figure 3.6: Visual Stu- synchronization. The IDE’s deep Unity integration provided in-
dio Icon valuable features like IntelliSense code completion, Unity-specific
debugging tools, and MonoBehaviour system support. These ca-
pabilities significantly enhanced our development efficiency and code reliability, particularly

for complex interaction systems requiring precise anatomical manipulation.

2.3 VR Environment Setup in Unity

When creating an immersive and comfortable VR experience, especially for a heart anatomy
app like VitaCor, careful consideration must be given to the setup of the virtual envi-
ronment. Unity, being one of the most popular game engines for VR development. This
section will discuss the key elements of VR environment setup, including Scene Assembly,

Lighting, physics, spatial layout, Camera Configuration, and XR Management(Look 3.7),
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with a strong emphasis on user comfort, particularly addressing issues such as dizziness

and discomfort that are common in VR applications.

Brainstormming ideas end Creating 30 models using
cresting skeiches goftware tools

Rigging and .
Animation Texturing

Adding movement and Applying textures to
deformation to models models for detail

Importing into
Unity

Optimization

Tranefeming asssts into Improwing esset
thie Linity engine performance within Unity

Iteration and Integration
Feedback and Testing

Gathering feedback and Pacing eszets in the
making necessary scene and testing
adjustments functionality

Figure 3.7: Development in Unity - Asset Creation Pipeline
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Figure 3.8: Unity Development screen

2.3.1 Scene Assembly and Lighting

In VR, scene assembly refers to the organization and arrangement of objects within the
environment. For VitaCor, the heart model, interactive buttons, and labels are carefully
placed within the virtual environment to ensure that users can easily access and interact
with them. The layout should also make it easy for users to explore the heart model from
different angles, and this involves strategic placement of the camera and key elements in
the scene.

Lighting is a critical factor in VR environments, as poor lighting can negatively impact
both visibility and immersion. To create an optimal experience, we used a combination of
ambient lighting, directional lights, and point lights strategically placed around the scene
to highlight specific parts of the heart model while maintaining a natural look. Unity’s
Light Probe Groups help simulate realistic light behavior in a 3D space, ensuring that the
heart model is well-lit without causing harsh contrasts that might overwhelm the user’s
eyes.

We also utilized baked lighting to reduce computational overhead during runtime, en-
suring smooth performance while maintaining the visual fidelity of the environment. Baked
lighting ensures that the scene is well-lit without demanding too many resources from the

system, which is important for VR applications to maintain fluid performance.
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2.3.2 Physics and Spatial Layout

In a VR environment, accurate physics simulation and spatial layout are crucial for creating
a believable experience. The spatial layout refers to how objects are positioned within the
virtual world and how the user can interact with them. For VitaCor, this means ensuring
that the heart model is appropriately scaled, and the user’s movements—such as walking,
grabbing, rotating or opening the heart—feel natural and intuitive.

We used Unity’s physics engine to simulate realistic object interactions, ensuring that
parts of the heart model can be grabbed, rotated, and manipulated with smooth physics-
based behavior. This is achieved by adding colliders to the heart model’s components and
utilizing Rigidbody components for realistic movement and interaction. This setup ensures
that when the user interacts with the heart (e.g., rotating it), the response is realistic and
provides tactile feedback.

The spatial layout is designed with a focus on ease of navigation. The heart model is
placed in such a way that users can explore it from multiple angles without feeling con-
strained or claustrophobic. Care was taken to ensure that important interactive features,
such as the ability to zoom or open the heart, are easily accessible within the user’s field

of view.

2.3.3 Camera Configuration

In VR, the camera is the user’s window to the virtual world, and configuring it correctly is
essential to ensure both immersion and comfort. Unity’s XR Settings provide the frame-
work for handling the camera system for VR applications.

For VitaCor, we set up a First-Person Camera that follows the user’s head movements,
allowing them to naturally explore the heart model. To prevent discomfort or dizziness,

we applied several key principles:

o Fixed-Focus Point: The camera is set to maintain a fixed point of focus, ensuring
that the user’s view remains stable and preventing sudden, disorienting shifts that

could induce motion sickness.

o Smooth Transitions: Smooth transitions were applied when rotating the heart model
to avoid sudden movements that can cause discomfort in VR. This is done using

gentle easing functions, which help reduce the risk of VR-induced nausea.

» Comfortable Viewing Distance: The camera is calibrated to maintain a comfortable
distance from the heart model, ensuring that users can view details without feeling
overwhelmed by objects that are too close. This is crucial in avoiding the feeling of

being "too immersed" or disoriented.
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2.3.4 XR Management

Unity’s XR Management system handles the integration of different VR platforms, ensuring
that the app works across a variety of devices, such as Oculus Rift, HTC Vive, and other
VR headsets. By using the XR Interaction Toolkit and Unity’s built-in XR support,
Interactions such as grabbing, rotating, and zooming in on the heart model should work
seamlessly across different VR hardware.

The XR settings are configured to handle the input from VR controllers, allowing the
user to interact with the model by pointing, grabbing, and rotating it. This setup ensures

that the controls are intuitive, and that users can easily manipulate the 3D heart model.

2.3.5 Ensuring Comfort for the User

One of the main challenges in VR is ensuring that the experience is comfortable and does
not induce dizziness or motion sickness. VR can often make users feel disoriented or
nauseous, especially when the camera moves too quickly or there is an issue with frame
rates.

To reduce the chances of VR-induced discomfort in VitaCor:

o Fixed Environment: The environment is kept stationary, and only the heart model

rotates or moves, ensuring that the user’s surroundings remain constant.

o Smoother Navigation: We implemented smooth locomotion controls, avoiding tele-

portation methods that can sometimes be jarring in VR experiences.

« Frame Rate Optimization: We focused on maintaining a stable frame rate (at least
90 FPS) to avoid stuttering or lag, which can contribute to VR nausea. To optimize
performance, we used techniques like level of detail (LOD) for the heart model,

ensuring that the app performs well even on lower-end VR hardware.

2.3.6 Conclusion

Setting up a comfortable and functional VR environment in Unity for VitaCor was a
priority, especially to ensure that users, particularly medical students, can interact with the
heart model without experiencing discomfort or dizziness. By focusing on scene assembly;,
lighting, physics, spatial layout, camera configuration, and XR management, we were able
to create an immersive, interactive experience that provides both educational value and
comfort. Moving forward, these elements will continue to evolve, with a constant focus on

optimizing performance and user experience.

38



Design, Implementation and Technical Realization

2.4 Development Workflow and Tool Integration

The development of interactive features in VitaCor followed a modular and iterative
workflow, combining technical implementation with pedagogical goals. Unity served as
the core development platform, utilizing XR interaction systems to create an intuitive,
immersive experience tailored for anatomy education.

As the sole developer of the project, I adopted a structured process of design, implemen-
tation, testing, and refinement. Each user-facing function—such as grabbing, rotating, and
identifying parts of the heart—was approached as a standalone module to ensure clarity,

maintainability, and future scalability.

Figure 3.9: Use Case Diagram

2.4.1 Use Case-Driven Implementation

The development was originally guided by a comprehensive and technically detailed use
case diagram, which outlined all system functionalities, logic flows, internal dependencies,
and edge cases. This diagram was essential during development, especially for structuring

complex interactions and planning how user input would be processed within Unity’s XR
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environment.

However, due to the diagram’s complexity—and its reliance on Unity-specific paradigms—it
was determined that it would be too technical for the intended audience of this report. As a
result, a simplified version of the use case diagram is presented in Figure 3.9. This version
captures the core interactions of the user (the student) while abstracting away internal
implementation details to enhance global readability and conceptual accessibility.

The simplified diagram includes the following high-level actions:

ViewModel — observing the 3D heart model

Interact — core interaction group (grabbing, rotating, zooming)
o IdentifyParts — labeling anatomical structures
o Quiz — testing user knowledge

The simplified relationships (e.g., Interact includes Grab, Rotate, and Zoom) reflect

the actual architecture but are expressed in a more approachable form.

2.4.2 Coding Interactive Logic

Using Unity’s XR Toolkit, I developed interaction mechanisms aligned with the user actions

described in the simplified diagram. These included:

e Object manipulation: allowing users to grab and rotate the heart

« Zooming and repositioning: enabling detailed anatomical inspection

Highlighting and identifying parts: labels over key structures

Interactive quiz features: posing anatomy questions based on structure

Although the development followed a far more detailed and granular logic tree, the
simplified diagram was continuously used as a communication tool to maintain alignment
with the educational scope of the project.

The abstraction in the simplified diagram allowed me to stay focused on user-centric
design, while the full development diagram—Xkept internally—ensured precise, testable,

and scalable implementation.

2.4.3 Educational Design Integration

The simplified use case diagram also served as a useful guide when evaluating whether each
coded feature served an actual learning purpose. For instance, zooming was not included

simply for realism, but because it allows students to visually explore complex internal
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heart structures in a way that mirrors a real dissection. Similarly, labels were designed to
reinforce terminology learning and spatial understanding.

The decision to simplify the use case diagram for documentation helped maintain con-
ceptual focus in the report, while still reflecting the full breadth of what was technically

implemented.

2.4.4 Testing and Refinement

Each core functionality was individually tested through:

 Functional testing (to ensure that input resulted in the intended behavior)
 Performance testing (particularly for VR responsiveness and frame rate stability)

« User experience testing (to ensure that the interface was intuitive and comfortable)

The simplified diagram was particularly helpful when designing test cases, as it allowed
for a clean overview of what the student should be able to do at each stage—without
needing to revisit internal logic.

As an example, during testing, it was discovered that rotation caused disorientation
in early builds. Based on this feedback, rotation limits were introduced, which improved

usability without deviating from the simplified model.

2.4.5 Summary and Reflection

In conclusion, development of the VitaCor application was driven by a complete, detailed
system diagram, but for academic documentation, a simplified use case diagram (3.9) was
created. This abstraction made the system’s core functionality easier to understand for a
general audience while still aligning with the technical implementation underneath.

This dual approach—complex internal planning, paired with simplified external presen-
tation—proved essential in maintaining both development precision and conceptual clarity,
especially in the context of a solo-developed project intended for interdisciplinary and ed-

ucational use.
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3 Results and discussions

After weeks of conceptual planning, coding challenges, immersive testing, and refining
countless small details, the vision of VitaCor has evolved from an idea to a functioning
virtual reality experience. This section presents not just the technical outcome of the
project, but the tangible result of an educational tool in action—a tool built not just to
impress technologically, but to teach meaningfully.

VitaCor began with a simple goal: to give students and teachers a new way to explore
the human heart—one that is more interactive, more engaging, and more accessible than
traditional models or flat textbook diagrams. But beyond just the mechanics of interaction,
the project aimed to foster a sense of presence, a kind of digital anatomy lab where the
heart could be examined, rotated, and explored in three dimensions by anyone wearing a
headset.

The following sections will walk through what was actually achieved: the key fea-
tures that now define VitaCor’s first release, the interaction methods that allow students
to grab, rotate, and zoom the heart, and the educational elements—Ilike labeling and
quizzes—that turn a virtual object into a learning experience. It will also discuss how the
interface feels to users, what types of classroom scenarios this tool could support, and how
the learning experience unfolds within the VR environment.

But just as importantly, this section also acknowledges what could not be achieved—at
least not yet. Certain ideas, such as animated heartbeats, intelligent tutoring agents, and
multilingual accessibility, had to be postponed. These features remain part of the long-
term vision, and their absence does not reflect failure, but rather the natural outcome of
a focused development cycle led by a single developer working within limited time and
resources.

This is not just a report about what was built—this is a chapter about what was
envisioned, what was delivered, and what still remains to be explored. In a world where
education is changing rapidly, and where students increasingly expect more immersive and
digital-first experiences, VitaCor offers a glimpse of how anatomy education can evolve.
It is not a finished product, but a foundation: the first working version of a tool that will
one day become part of everyday learning in labs, classrooms, and clinics around the world.

The following sections will describe VitaCor’s current state, its educational and func-
tional achievements, the user experience it provides, and the gaps that remain to be filled

in future stages.

3.1 Overview of the Final Application

VitaCor is a virtual reality educational tool designed to help students and educators
explore the anatomy of the human heart through direct, immersive interaction. The ap-

plication places the user in a focused VR environment where a detailed 3D heart model
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can be freely examined—grabbed, rotated, and zoomed in on—using natural VR controls.
The goal was to create not just a visual reference, but an experience that brings anatomy
to life.

At launch, VitaCor presents a clean, intuitive scene that minimizes distractions and
maximizes engagement. Labels appear as users explore different regions of the heart,
providing both guidance and information. A basic quiz system is also included, allowing
users to test their understanding through interactive questions based on the structures
they’ve examined.

Designed to run on Meta Quest 2 and compatible VR systems, the application does not
depend on internet access or cloud services. This ensures it can be deployed in a variety
of educational contexts, including classrooms and laboratories with limited infrastructure.

While this version focuses solely on the heart, it represents a strong first step in a
larger vision. VitaCor offers a functional, engaging, and accessible way to study anatomy;,
combining modern technology with clear educational intent. The application stands as a

foundation—ready to evolve, expand, and adapt to future learning needs.

3.2 VitaCor Exprience

In this section, we’ll guide you through your first interaction with the app. As you put on
your VR headset, you’ll enter an interactive, 3D world where you can explore the heart’s
anatomy from every angle. From the chambers and valves to the intricate network of
arteries and veins, VitaCor offers a level of detail and immersion that traditional learning
methods simply can’t match.

The experience is designed to be intuitive, giving you full control over your journey
through the heart. You’ll be able to zoom in on specific structures, rotate the heart to
explore it in depth. This interactive exploration not only deepens your understanding of
anatomy but also strengthens your spatial awareness and retention of key concepts.

By the end of this experience, you’ll have gained an invaluable, hands-on perspective of
heart anatomy that will enhance both your academic studies and future clinical practice.

Ready to dive in?

3.2.1 A First Look at VitaCor: Heart Anatomy in VR

When you enter VitaCor using a Meta Quest 2 or any compatible VR headset, you’ll
find yourself stepping into a vast, immersive virtual space. Your journey begins in an
expansive hall with a calming, open atmosphere. As you stand at the threshold, a soft,
engaging narrator will greet you, introducing the heart’s critical role in the human body
and explaining why understanding its anatomy is vital for any medical professional.

The hall stretches out before you, with a beautiful, serene blue sky visible through
glass windows on both your left and right sides(Look at 3.10). The gentle hues of the sky
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create a peaceful environment, allowing you to focus on the intricate details of the heart
that will soon unfold before you. The space is designed not only to immerse you in a
learning experience but also to create a sense of wonder and curiosity about the heart’s

inner workings.

Figure 3.10: First Scene

As you begin to explore this immersive world, you’ll use the right joystick on the Meta
Quest 2 controller(Look at 3.11) to navigate through the hall. To move forward, simply
push the joystick in the desired direction, or use it to walk left, right, or even reverse your
steps. The fluid motion allows you to fully control your movements, guiding you through

the virtual space with ease.

Figure 3.11: Meta Quest 2 Right Controller
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In addition to joystick controls, you can rotate your head in the real world to adjust
your view within the VitaCor app. This natural movement gives you the freedom to look
around and take in the full 360-degree environment as you explore the heart’s journey.

As you walk forward, you’ll notice floating text that appear in front of you, offering a
warm introduction to the heart’s anatomy and its significance, and guide you where you
should go. The first floating message will welcome you into the experience(Look at 3.12).
You’ll be able to read it at your own pace, and once you've absorbed the message, you can

easily pass it by walking forward—there are no barriers or obstructions to your progress.

Figure 3.12: Scene 2

After passing the first floating text, you’ll encounter a second message(Look at 3.13),
offering more insights as you continue your exploration. The floating text seamlessly leads
you toward the next step of the experience, where you will rotate your view to the left
to witness a detailed 3D heart statue from a distance(Look at 3.14). And there are other

messages we will keep for the application.
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Figure 3.13: Scene 3

Figure 3.14: Scene 4

3.2.2 Interacting With The Heart

As you walk forward toward the heart statue, you'll find yourself standing right in front
of the detailed 3D heart model(Look at 3.15), the centerpiece of your journey. This is the
moment you've been waiting for. The heart, in all its intricate beauty, now rests before
you, offering you a chance to explore its every chamber, valve, and vessel.

You’ll have full control at your fingertips. Grab the heart and manipulate it with
ease—rotate it, zoom in to examine every fine detail, or even pull it closer to see the layers
of tissue and structure that make it tick. Each movement you make unlocks new levels of

understanding, revealing the heart’s complexity like never before.

46



Design, Implementation and Technical Realization

Feel the sense of awe as you manipulate the heart, as if it’s alive in your hands. This isn’t
just about looking, it’s about truly interacting with the heart, experiencing its anatomical
marvels up close and personal. When you’re done, simply take a step back, and reflect
on how this interactive, hands-on approach has given you a deeper, more intuitive under-

standing of the heart’s anatomy.

Figure 3.15: Heart 1

As you finish exploring the heart model in front of you, you may notice something
intriguing behind it—a door. Stepping through this door leads you into another room,
where a second heart model awaits(Look at 3.16), but with a unique twist.

This new heart, while equally detailed, isn’t meant to be grabbed or rotated. Instead,
the experience shifts toward a more refined, professional exploration. With the aid of a
specially designed lighting system, you’ll be able to illuminate the heart and reveal its
hidden depths. The lighting provides a realistic, almost clinical perspective, allowing you
to examine the heart’s internal structures in a new way.

As you direct the light over various sections, the layers and textures of the heart come
to life. From muscle fibers to delicate valves and blood vessels, the light will cast shadows
and highlights, offering a cinematic view of the heart’s intricate anatomy. It’s as if you're

looking at the heart under a microscope, gaining a deeper understanding of its complexities.
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This focused approach brings the heart’s internal architecture into sharp relief, enhancing
your ability to visualize and comprehend its functions with a precision that only virtual

reality can provide.
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(a) Closed Heart (b) Open Heart

(c) Closed Heart Wihout Vessels (d) Open Heart Wihout Vessels
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3.3 Delivered Functionalities

The current version of VitaCor delivers a focused set of core features aimed at enhancing
anatomy education through hands-on, virtual interaction. At the heart of the experience
is a high-quality 3D heart model, which users can manipulate directly within the VR
environment. Using motion controllers, students can grab the heart, rotate it in any
direction, and zoom in to examine finer details, enabling a level of spatial engagement that
flat images and basic models cannot offer.

In addition to these exploratory tools, VitaCor includes a labeling system that high-
lights anatomical structures. These labels provide names and context for key regions of the
heart, helping users learn terminology and identify parts more effectively during free-form
exploration.

To reinforce learning, a basic quiz module has been implemented. This allows users to
test their knowledge with questions related to the anatomical regions they have studied.
Questions appear in the 3D space, and users respond using simple controller input, receiving
immediate feedback.

All interactions are designed to be smooth and intuitive, requiring no technical back-
ground. The experience is self-contained and currently runs on VR hardware such as the
Meta Quest 2, with compatibility for both standalone and PC-linked operation.

While currently limited in scope to the cardiovascular system, these delivered function-

alities establish a strong foundation for further development and future expansion.

3.4 Educational Impact

VitaCor was developed with a clear educational purpose: to offer students a more en-
gaging, hands-on way to learn about the human heart. Traditional anatomy education
often relies on textbooks, diagrams, or plastic models, which, while informative, can fall
short in conveying the complexity and spatial depth of real biological structures. VitaCor
addresses this gap by allowing students to explore the heart in three dimensions, interact
with it naturally, and build a deeper, more intuitive understanding of its anatomy.

Through immersive interaction, enabling students to grab, rotate, and zoom, the learn-
ing process becomes an active participant. This type of embodied experience is known
to support better retention and comprehension, especially for subjects such as anatomy.
By physically manipulating the model, learners can make connections between parts more
easily and reinforce their understanding through repetition and discovery.

The addition of anatomical labeling and quizzes adds a second layer of learning: cogni-
tive reinforcement. As students identify structures or respond to questions, they actively
test their knowledge, which helps transfer information from short-term to long-term mem-
ory.

VitaCor also supports self-paced learning. Students can take their time, revisit areas
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they find challenging, and engage with the content without pressure. This flexibility makes
it suitable for independent study, classroom supplementation, or even remedial review for
struggling learners.

Although still limited to the heart in its current version, VitaCor shows strong poten-
tial as a pedagogical tool that blends modern technology with meaningful, student-centered

learning strategies.

3.5 Unrealized Features and Development Gaps

While VitaCor has successfully delivered its core interactive and educational goals, there
were several features originally envisioned that could not be completed during this de-
velopment phase. These limitations were largely the result of time constraints, technical
complexity, and the reality of building a project as a single developer. However, each of
these unrealized features remains part of the long-term roadmap and reflects the broader
potential of VitaCor as a full-featured educational platform.

One of the most significant unimplemented elements was a dynamic heartbeat simula-
tion. The idea was to animate the heart in real time, showing its contraction and relaxation
phases, possibly even simulating blood flow through the chambers. This would have added
a powerful physiological layer to the anatomical model but required a combination of ad-
vanced rigging, time-based animations, and visual effects that were beyond the current
scope.

A second gap was the absence of an Al-based virtual tutor—a system that could guide
users through the model, answer questions, and offer feedback during exploration. This
feature would have elevated the experience from self-guided learning to a more interactive,
responsive environment, but would require natural language processing, decision trees, and
voice integration.

Additionally, expansion to other body systems was planned but not implemented. The
current version of VitaCor focuses solely on the heart, and while the architecture supports
modular growth, developing models and interactions for organs like the lungs, brain, or
digestive system will require substantial future work.

Multiplayer and collaborative learning features were also not included. The vision
was to enable multiple students—or even a teacher and a student—to explore the model
together in real-time, simulating a shared lab experience. This would require networking
systems, user session handling, and real-time data synchronization.

Other more minor but important features were also postponed, including adaptive
quizzes that adjust based on user performance, progress tracking, and multilingual support.
At present, the application only supports English, and all feedback is visual, with no voice
narration or auditory guidance.

Although these gaps exist, they do not represent failures; instead, they represent mile-
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stones yet to be reached. Each limitation offers a clear direction for future development,
and they remain aligned with VitaCor’s core mission: to make medical and biological

education more interactive, immersive, and accessible.

4 Conclusion

The development of VitaCor, from its initial design to its final output, represents a
dynamic and iterative process driven by a clear educational vision and a commitment to
delivering an immersive, interactive experience. Throughout the Design Phase, we focused
on understanding the needs of students and educators, which guided our decisions regarding
the features and functionalities that would best support the learning of heart anatomy. The
goal was not just to create a 3D model, but to build an intuitive, engaging environment
where users could interact, learn, and visualize complex concepts in ways that traditional

textbooks and static diagrams could not offer.
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General Conclusion

In conclusion, this project successfully demonstrated the transformative potential of Virtual
Reality as a powerful tool for anatomy education, specifically focusing on the complex struc-
ture of the human heart. By offering a compelling alternative to traditional methods—such
as cadaveric dissection and didactic lectures—which face limitations in accessibility, cost,
ethical considerations, and effectively visualizing three-dimensional relationships, the de-
veloped interactive VR platform effectively addresses these challenges.

The technical realization, leveraging industry-standard tools like Unity, Blender, and
Visual Studio, resulted in a functional and immersive VR environment for learning human
heart anatomy. This environment enables users to engage in risk-free, hands-on explo-
ration, manipulating a detailed heart model through fundamental actions like grabbing,
rotating, and virtual dissection to gain a deeper understanding of its internal components.
This interactive and immersive approach enhances spatial awareness, improves learning
engagement, and moves beyond passive instruction towards active, experiential learning.

The output of the project, VitaCor, serves as a powerful tool for understanding the
human heart, offering an unprecedented level of interaction and immersion. The applica-
tion’s core functionalities and educational impact have been well-demonstrated within its
current scope.

Furthermore, the project’s alignment with national digital strategies, such as Algeria’s
Digital 2030 vision, underscores its broader relevance and potential for scalable implemen-
tation in educational institutions. The developed prototype serves as a robust foundation,
highlighting the technical feasibility and significant pedagogical value of utilizing VR to
revolutionize the study of anatomy.

Overall, the VitaCor project exemplifies the power of combining technology, creativity,
and education. By offering an interactive and immersive learning experience, it opens
promising new pathways for students to engage with complex medical concepts and sets

the stage for future advancements in educational virtual reality applications.
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Future work

The current VR heart anatomy platform represents a foundational step towards creating a
comprehensive, interactive, and accessible tool for medical education. Building upon this
successful prototype, the future development of this project is envisioned across several key
areas aimed at expanding content, enhancing functionality, and broadening impact.

A primary focus will be the integration of anatomical animations. This is crucial for
moving beyond static structure and illustrating dynamic physiological processes, such as
the heart beating, valve function, or blood flow. Integrating these animations will provide a
more holistic understanding of how the anatomy functions in a living body. Concurrently,
the project will embark on a significant expansion of anatomical content. The goal is to
add additional organs and eventually cover the entire human body, phasing in systems
like the respiratory, digestive, skeletal, and nervous systems. This requires extensive 3D
modeling, optimization, and the development of organ-specific interactions, progressively
building towards a full anatomical atlas in VR.

A major technical and pedagogical advancement planned is the implementation of on-
line multiplayer functionality. This capability will open up exciting possibilities for col-
laborative learning and clinical communication. It will enable teachers to conduct guided
dissection sessions with multiple students simultaneously in the virtual space, facilitat-
ing interactive Q&A and real-time feedback. Furthermore, it could allow doctors to use
the platform to visually explain diagnoses, procedures, or anatomical issues to patients
in a clear and engaging 3D format, significantly enhancing patient education and shared
understanding.

Finally, a critical component of the future strategy is the deployment and dissemination
of the platform to Algerian universities. Recognizing the potential for VR to help over-
come traditional resource limitations and enhance the quality of medical training within
the country, collaboration with universities will be pursued to integrate the platform into
their curricula. This aims to provide students and educators across Algeria with access to
cutting-edge immersive learning technology, directly contributing to the advancement of
national education goals and helping to shape the future generation of medical profession-

als.
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