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[bookmark: _Toc164792302][bookmark: _Toc164858497]Abstract :-

This research explores the integration of Virtual Reality (VR) technology in human anatomy education, assessing its potential to transform traditional learning paradigms. Traditional anatomical education, while foundational, often fails to fully engage students and impart a robust understanding of complex spatial relationships due to its reliance on static two-dimensional imagery and passive learning environments. In contrast, VR technology offers an immersive and interactive alternative that promises to overcome these educational constraints by allowing students to interact with three-dimensional anatomical models in real time.

This study focuses on the development, implementation, and evaluation of a VR-based anatomy training application tailored to enhance educational outcomes. By employing a robust comparative methodology, the research assesses the VR tool against traditional educational methods across various learner demographics and educational settings. The findings from this study indicate that VR significantly increases learner engagement by providing dynamic and interactive sessions that foster active learning and exploration.

However, the effectiveness of VR in enhancing anatomical comprehension varies. While some learners report improved spatial awareness and a deeper understanding of anatomical structures, others find the VR experience overwhelming or distracting. This variability underscores the importance of aligning VR content and instructional design with specific learning objectives to ensure educational efficacy.

While VR holds substantial promise in revolutionizing anatomy education by making learning more engaging and interactive, its full potential is contingent upon strategic pedagogical integration and tailored content delivery. This study contributes valuable insights into the pedagogical applications of VR technology, suggesting avenues for future research to optimize VR-based educational strategies for broader academic application.
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[bookmark: _Toc164858500]Chapter 1 – Introduction

Human anatomy education is a foundational component of various disciplines, including medicine, biology, and biomedical engineering [1]. According to a critical review by Estai, traditional methods of delivering anatomical education often struggle to fully engage students and facilitate deep learning experiences [2]. This sentiment is echoed in Ma et al., 2012, an exploration of constructionist learning in anatomy education, where the reliance on static two-dimensional images, textbooks, and passive lecture-based instruction is highlighted as potentially hindering students' ability to visualize complex anatomical structures and understand their spatial relationships effectively [3]. Moreover, Silen et al [4] discuss the limitations of traditional methods in conveying the spatial relationships of complex anatomical structures, emphasizing the need for innovative approaches. However, Lazarus [5] further discusses the potential of artificial intelligence in overcoming these challenges by enhancing student engagement and facilitating deeper understanding through personalized learning experiences [6].

Within the broader educational landscape, the U.S Department of Education notes that there is a growing need for innovative tools that can bridge the gap between theoretical knowledge and practical application, catering to diverse learner demographics [7] [6]. While advancements in computing technology have revolutionized many aspects of education [8], the integration of Virtual Reality (VR) technology tailored for anatomy education remains relatively underexplored across various educational contexts [9].


VR technology offers a unique opportunity to address the limitations of traditional anatomical education methods by providing immersive and interactive learning environments [10]. By simulating realistic three-dimensional anatomical structures and allowing users to manipulate and explore them in real-time, a study by Asekjaer et al., 2023 has shown VR has the potential to enhance students' spatial reasoning abilities, foster active learning experiences, and facilitate deeper conceptual understanding [11].

Against this backdrop, this study investigates the effectiveness of VR technology in enhancing human anatomy education across diverse educational contexts. By developing and evaluating a VR anatomy training tool designed to cater to a wide range of learners, this research aims to address these challenges and contribute to the advancement of innovative educational practices.


[bookmark: _Toc164858501]1.1. Project Scope and Aim

At the heart of this research lies the exploration of VR technology's efficacy in enhancing human anatomy education, particularly within the context of computing education. Taking inspiration from Sattar et al., 2019 [12], the overarching aim is to investigate the impact of VR-based learning on student engagement, comprehension, and overall learning experience. Through this exploration, the study seeks to provide insights that can inform educational practices and contribute to the advancement of education using computing.





[bookmark: _Toc164858502]1.2. Research Objectives

To achieve the overarching aim, the study delineates specific objectives:

a. Development of VR Anatomy Training Tool: Design and develop a VR anatomy training tool with interactive features and anatomically accurate representations to create an immersive learning environment fostering active exploration and engagement among students.

b. Evaluation of Student Engagement: Assess the effectiveness of the VR tool in enhancing student engagement during anatomy learning sessions, comparing experiences between VR and traditional instructional methods.

c. Assessment of Student Engagement: Evaluate the impact of VR-based learning on students' comprehension and retention of anatomical knowledge, focusing on knowledge acquisition and conceptual understanding.

d. Comparison with Traditional Methods: Conduct a comparative analysis of learning outcomes and experiences between VR-based and traditional instructional approaches to highlight relative strengths and weaknesses.

e. Identification of Strengths and Weaknesses: Solicit user feedback and conduct comprehensive evaluations to iteratively refine the VR anatomy training tool, ensuring its efficacy and relevance in supporting anatomy education.


[bookmark: _Toc164858503]1.3. Report Outline

The structure of this report is designed to provide a systematic exploration of the topic. Chapter 2 delves into a detailed review of relevant literature, setting the foundation by outlining key findings from previous studies that have influenced the current research. Chapter 3 describes the research methodology, detailing the research design, participants, materials, and procedures used in this study. Chapter 4 focuses on the design and implementation of the VR anatomy training tool, explaining the technological considerations and development processes involved. Following this, Chapter 5 presents the analysis of the data collected during the study, providing insights into the effectiveness of VR in education compared to traditional methods. Chapter 6 evaluates the findings against the study's objectives and aims, discussing the implications and potential future directions. Chapter 7 offers a comprehensive conclusion, synthesizing the overall insights gained and recommending steps for further research or application. The report concludes with a reflective Chapter 8, where personal learning and the project's broader implications are discussed.
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[bookmark: _Hlk164710439]Anatomy education is one of the oldest fields of academia and statistically uses archaic teaching techniques for education, which often fail to captivate students’ attention and develop a deep understanding of the concepts explained. Traditional instructional methods relying on passive lectures, two-dimensional representations, and static models have faced widespread criticism for their inability to accurately convey the complex spatial relationships and intricate structures that are fundamental to mastering human anatomy (Estai & Bunt, 2016; Ma et al., 2012; Silen et al., 2008) [2] [3] [4]. Research by Hisley et al. (2008) [13] has highlighted the significant effect of digitalising anatomy education to capture the attention of medical students, showing a significant improvement in spatial awareness testing and written assessment in comparison to their peers provided with two-dimensional textbook images. 

Traditional pedagogical methods, including cadaveric dissections and two-dimensional illustrations, have long been the primary modalities for teaching anatomy [14]. While these methods provide invaluable insights, they have inherent limitations, particularly in conveying the intricate spatial relationships that characterize human anatomy. The immersive nature of VR environments proceeds the limitations of traditional anatomical instruction methods. Traditional flat images and diagrams, while informative, fall short in providing an accurate representation of the complex three-dimensional structures of the human body. With VR, learners can interact with anatomical models in a dynamic, three-dimensional space. They can rotate, zoom, and dissect virtual anatomical structures, gaining a profound spatial comprehension that is challenging to achieve through traditional means [15]. Moreover, studies have shown that the kinaesthetic aspect of VR-based learning significantly contributes to spatial understanding. Through allowing learners to manipulate anatomical structures, VR leverages embodied cognition, a learning theory that posits that physical actions enhance cognitive processes [16]. By immersing learners in three-dimensional, interactive environments, VR technology has the potential to bridge the gap between theoretical knowledge and practical application in anatomy [17].

Engagement is undeniably pivotal to the process of understanding and retaining knowledge through education. In traditional anatomical education, maintaining high levels of engagement can be challenging, especially during prolonged lectures. This is where VR-based learning emerges as a transformative force. Through the digitalisation of education, researchers and educators have actively sought innovative approaches that can bridge the gap between theoretical knowledge and practical application, while catering to the diverse needs and preferences of learners (U.S. Department of Education, 2017) [7]. Amidst this quest for transformative educational tools, virtual reality technology has emerged as a promising solution, offering immersive and interactive learning environments tailored for anatomy education (Marks, 2018; Izard et al., 2018; Kockro et al., 2015) [18] [19] [20]. Karbasi et al. (2020) discuss how VR-based anatomy education can not only improve students' understanding of spatial relationships but also enhance their motivation and engagement in the learning process [21]. By adapting with current trends in technological advancement and digitalisation, students are provided with an innovative experience that catches their attention and cultivates deep learning processes through visual and text-based information.

The potential benefits of VR in promoting active learning, improving spatial reasoning abilities, and facilitating knowledge acquisition and retention in anatomy education are being analysed and discussed be researchers internationally. Meta-analysis by Zhao et al. (2020) of 15 randomized controlled trials identified that VR interventions significantly improved anatomy knowledge compared to traditional instructional methods (SMD = 0.53, 95% CI [0.09, 0.97], p < 0.05) [22]. Similarly, a large-scale meta-analysis by Yammine and Violato in 2015, found that three-dimensional visualization technology (3DVT) significantly enhances the effectiveness of anatomy learning compared to traditional methods [23]. By allowing students to visualise anatomical structures in a three-dimensional environment, active cognitive connections are created to ensure long term retention of the information studied. 

Corroborating these findings, a meta-analysis by Liu et al. (2023) demonstrated that the utilization of VR technology in nursing education significantly enhanced students' theoretical knowledge and academic satisfaction compared to conventional teaching methods [24]. However, the meta-analysis did not find a significant advantage in improving critical thinking skills through VR interventions [24]. There are considerable benefits of VR technology in anatomy education, however several challenges need to be addressed. These include the development of high-quality VR applications tailored to specific educational objectives, the integration of VR into existing curricula, accessibility issues related to hardware and software requirements, and the need for empirical evidence demonstrating the efficacy of VR-based learning compared to traditional instructional methods (Halbig et al., 2022) [25].

Despite the growing body of evidence supporting the effectiveness of VR in anatomy education, the research community continues to debate and explore various perspectives on this topic. Some studies have reported significant benefits of VR interventions (Stepan et al., 2017) [26], while others have found mixed or inconclusive results (Wang et al., 2023; Trelease, 2019) [27] [28]. These discrepancies may be attributed to factors such as the specific design and implementation of the VR applications, the educational settings, and the learner populations involved (Kyaw et al., 2019) [29]. Despite these mixed perspectives, research by Baniasadi et al. (2020) has highlighted the importance of user experience and ergonomic considerations in the design of VR applications for anatomy education, as these factors can significantly impact learner engagement and learning outcomes [30]. By ensuring that students experience consistent engaging educative content, retention of essential information is significantly improved. This is evidenced through research by Stepan et al. (2017) involving 66 participants, finding that the VR group achieved significantly higher scores on anatomy assessments compared to the traditional group (p < 0.01), with a mean score difference of 2% [26].

While the potential benefits of VR in anatomy education are well-documented, it is crucial to acknowledge that some studies have reported mixed or inconclusive results. For instance, a large- scale study by Wang et al. (2023) involving 39 controlled trials and 2959 participants found no significant difference in anatomy knowledge between the VR group and the traditional group [27]. However, the authors acknowledged limitations, such as short intervention duration, which may have contributed to the lack of significant findings [27]. Numerous contributing factors regarding the juvenile nature of virtual reality technology, and inexperience with the technology within the general populus should also be considered when understanding the result of these previous studies. Age acts as a significant correlating factor between successful retention of educative material using VR technology in comparison to traditional methods of education, as older users are significantly more unfamiliar with the hardware. 

Researchers have called for more systematic investigations into the specific pedagogical strategies and instructional design principles that can enhance the effectiveness of VR-based anatomy education. Researcher Kai Liu (2023) suggested that incorporating guided exploration and feedback mechanisms within VR applications could further improve spatial ability and knowledge retention in anatomy education [24]. Similarly, Wang et al. (2023) explored the potential of integrating collaborative learning principles within VR environments to foster peer-to-peer learning and enhance knowledge acquisition in anatomy education [31]. Virtual anatomical education has the potential to be expansively progressive across the field of medicine by offering students a more engaging learning experience that fosters a more catered educational experience for each user. There is a compelling case for the potential of VR technology to address the limitations of traditional anatomy education methods and enhance learner engagement, comprehension, and overall learning experiences. The growing body of empirical evidence, including meta-analyses, systematic reviews, and experimental studies, consistently demonstrates the superiority of VR-based interventions over traditional methods in improving spatial reasoning abilities, knowledge acquisition, and retention of anatomical concepts (Kai Liu, 2023; Kockro et al., 2015; Stepan et al., 2017; Yammine & Violato, 2015).

As the field of anatomy education continues to evolve, ongoing research and rigorous evaluations are essential to refine VR applications, explore strategies for maximizing their benefits, and investigate the specific conditions and factors that contribute to their effectiveness in supporting diverse learners and educational contexts. While the advantages of VR-based learning in anatomy are increasingly recognized, a comprehensive comparative analysis between VR-based instruction and traditional methods remains a critical area of research [32] [33]. Existing studies primarily focus on the benefits of VR in isolation, often lacking direct comparisons with conventional instruction methods. A systematic evaluation is crucial in determining the superior approach for anatomical education, taking factors such as engagement levels, knowledge retention, and practical applicability into account. The transition from traditional methods to VR-based learning is a paradigm shift, offering enhanced spatial understanding, increased engagement and motivation, a safe and ethical learning environment, and improved knowledge retention and recall. By embracing interdisciplinary collaborations, evidence-based practices, and user-centred design approaches, the implementation of VR technology in anatomy education can potentially revolutionize the way students learn and comprehend the intricacies of the human body, ultimately contributing to the advancement of healthcare education and practice.














[bookmark: _Toc164858505]Chapter 3 – Research and Development Methodology


[bookmark: _Toc164858506]3.1. Study Design


[bookmark: _Toc164858507]3.1.1. Justification

The study utilises a randomized controlled trial (RCT) design to evaluate the effectiveness of VR technology in human anatomy education. This design was selected to minimize biases and identify causal relationships between the intervention and outcomes. Random assignment of participants to the VR group or the traditional group ensures that each participant has an equal chance of being assigned to either condition, thereby enhancing the internal validity of the study.


[bookmark: _Toc164858508]3.1.2. Rationale for Comparative Approach

A comparative approach is employed to facilitate meaningful insights into the relative effectiveness of VR technology in comparison to traditional methods. By directly comparing the VR intervention with conventional instructional approaches, the study aims to discern the unique benefits of VR immersion in anatomy education. This approach allows for a comprehensive examination of the strengths and limitations of each instructional modality, thereby informing evidence-based educational practices and technological innovations.


[bookmark: _Toc164858509]3.1.3. Scientific Principles

To ensure the validity, reliability, and generalizability of findings, the study adheres to rigorous scientific principles outlined by Trochim., 2007 [34]. Measures were implemented to mitigate potential confounding variables, such as randomly assigning participants to the VR and traditional groups. Standardization procedures were implemented to ensure consistency in the delivery of learning sessions across groups, minimizing biases and enhancing internal validity [34].
[bookmark: _Toc164858510]3.2. Participants


[bookmark: _Toc164858511]3.2.1. Sample Size and Participant Recruitment Strategy

Participants were recruited through an opportunity sampling method. The study included a total of 10 participants, divided into two groups based on the method of instruction they received. Six participants were assigned to the traditional learning group, while four were in the VR learning group. This distribution was determined based on the practical constraints of the study and the need to explore distinct impacts of each learning modality. Although a larger sample size could potentially provide more robust results, the current configuration was considered sufficient to explore some potential differences and trends between the two educational approaches within the study's limitations.


[bookmark: _Toc164858512]3.3. Materials and Instruments


[bookmark: _Toc164858513]3.3.1. VR Anatomy Training Tool

The VR Anatomy Training Tool was developed to provide an immersive and interactive educational experience specifically tailored for anatomy learning. This tool features advanced hand tracking capabilities, allowing users to interact with three-dimensional models of human anatomy in real-time. Users can select different anatomical structures, with each interaction providing detailed, labelled descriptions of the bones. The tool's educational content is dynamically presented, adapting to user interactions to enhance learning and engagement.

[bookmark: _Toc164858514]3.3.2. Traditional Learning Materials

Traditional learning materials, sourced from online resources [35], were selected based on their relevance and widespread use in anatomy education. These materials served as the control condition against which the VR intervention was assessed. The rationale for selecting these materials stemmed from their accessibility, enabling a fair comparison of learning outcomes between instructional modalities.

[bookmark: _Toc164858515]3.3.3. Validity and Reliability of Questionnaires

Pre- and post-study questionnaires were crafted to gather quantitative and qualitative data on participants' experiences and perceptions. Validity and reliability of the questionnaires are ensured through pilot testing, review, and consideration of psychometric properties [34].


[bookmark: _Toc164858516]3.4. Procedure


[bookmark: _Toc164858517]3.4.1. Experimental Setup and Procedure

Participants will be randomly assigned to either the VR group or the traditional group. Each group will undergo a distinct learning session tailored to their assigned instructional modality. Participants engage in the learning sessions according to standardized protocols, ensuring consistency and comparability between groups.


A. VR Group:


Participants will engage in the anatomy learning session using the VR anatomy training tool. Equipped with VR headsets featuring hand tracking capabilities, participants will interact with virtual anatomical structures using natural hand gestures. They will navigate through the virtual environment, selecting and examining different parts of the human skeletal system to enhance their understanding of human anatomy.

B. Traditional Method Group:


Participants in the traditional group will engage in an anatomy learning session using traditional learning materials from online resources [35]. They will be provided with on-screen anatomical diagrams and textual descriptions of skeletal structures [35], like those commonly used in traditional anatomy education settings. Participants will review the materials independently. They will have access to supplementary resources, such as anatomical models and links to further referenced content, to support their learning process.


[bookmark: _Toc164858518]3.4.2. Standardization of Learning Sessions

To ensure consistency and comparability between the VR and traditional learning sessions, both groups will spend an equivalent amount of time on the learning session, lasting 10 minutes. This duration was chosen to provide participants with sufficient exposure to the instructional materials while minimizing fatigue, disengagement and potential distress caused by wearing the VR headset.


[bookmark: _Toc164858519]3.4.3. Participant Feedback and Debriefing

Following the learning session, participants will be given the opportunity to provide feedback on their experience. A structured debriefing session will be conducted by the researcher to collect qualitative data on participants' perceptions, preferences, and suggestions for improvement. Participants will be encouraged to share their thoughts openly and reflect on their learning experience, regardless of their assigned group. The researcher will facilitate the debriefing process, guiding participants through structured prompts and probing questions to elicit comprehensive feedback, including obtaining ongoing consent for the use of their data.


[bookmark: _Toc164858520]3.5. Data Analysis


[bookmark: _Toc164858521]3.5.1. Statistical Methods

The chosen statistical methods, including the independent samples t-test and regression analysis, were selected based on their suitability for addressing the research questions. These methods allow for the comparison of mean scores between groups and exploration of relationships between relevant variables, aligning with the study's objectives.

[bookmark: _Toc164858522]3.5.2. Quantitative Analysis of Learning Outcomes

Quantitative analysis will involve comparing learning outcomes between the VR group and the traditional group. We will use descriptive statistics, such as mean scores and standard deviations, to summarize measures like knowledge retention, understanding of anatomical structures, and engagement levels during learning sessions. To identify significant differences between the groups, we will conduct an independent samples t-test. This analysis will consider any possible factors that could influence the results, ensuring a comprehensive and valid interpretation of the findings.

[bookmark: _Toc164858523]3.5.3. Handling of Missing Data

Missing data will be addressed using appropriate techniques to maintain the integrity of results. Strategies such as imputation may be employed to assess the impact of missing data on study findings and ensure robustness of results.


[bookmark: _Toc164858524]3.6. Ethical Considerations


[bookmark: _Toc164858525]3.6.1. Ethical Approval

Prior to the commencement of the study, ethical approval was obtained from the University of Wales Trinity Saint David Ethics Committee. The study protocol, including the informed consent process, was reviewed to ensure compliance with ethical standards and participant protection.

[bookmark: _Toc164858526]3.6.2.Informed Consent Process

Informed consent was obtained from all participants prior to their involvement in the study. Participants were fully informed of the study's purpose, procedures, risks, and benefits, and provided written consent to participate.



[bookmark: _Toc164858527]3.6.3. Data Security Measures

Measures were implemented to ensure the security and confidentiality of participant data throughout the study. Data encryption, restricted access, and secure storage protocols were employed to safeguard sensitive information and protect participant privacy.
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[bookmark: _Toc164858529]4.1. Introduction to Design and Implementation
	
Human anatomy education is undergoing a transformation with the integration of Virtual Reality (VR) technology. This section details the strategic design decisions and implementation tactics adopted for developing the VR Anatomy Training Tool, highlighting how each choice aligns with the overarching educational goals. The aim is to address the limitations of traditional methods and enhance the educational experience through immersive and interactive learning environments.


[bookmark: _Toc164858530]4.2. Design Process


[bookmark: _Toc164858531]4.2.1. Project Requirements
		
A combination of stakeholder interviews, analysis of existing educational tools, and feedback from early prototypes were used to identify project and system requirements outlined in Appendices F and G. This process highlighted the need for a tool that supports the depth of anatomical education through interactive, three-dimensional visualization. See fig. below for a visual representation of the VR learning environment.
[image: A skeleton standing next to a sign

Description automatically generated]
		






[bookmark: _Ref164293525]
[bookmark: _Toc164858327][Figure 1: Visual Representation of the VR learning environment during development]
[bookmark: _Toc164858532]4.2.2. Design Methodology

The project employed an Agile development methodology. Iterative design cycles were employed in line with the project plan shown in Appendix H, incorporating stakeholder feedback, and aligning with educational objectives delineated in Chapter 1. Bi-weekly sprints facilitated progress tracking and timely issue resolution. The development process focused on creating an intuitive interface, anatomically accurate representations, and interactive features to foster active exploration and engagement among learners.



[bookmark: _Toc164858533]4.2.3. Key Components of Design


a. Immersive Environment: Creation of a three-dimensional virtual environment to simulate realistic anatomical structures.

b. Interactive Features: Integration of natural hand gestures and interactive elements for dynamic exploration.

c. Anatomical Accuracy: Ensuring precision in anatomical representations to facilitate deep understanding.

d. User Interface: Designing an intuitive interface for seamless navigation and interaction.

e. Educational Content: Integration of dynamically presented educational content to enhance engagement and comprehension.






[bookmark: _Toc164858534]4.2.4. Selecting an Engine for Development


In the development of virtual reality applications, the choice of an appropriate development engine is crucial due to the specific demands of VR, such as high graphical fidelity, optimal performance, and broad customizability. The project required an engine that could not only support complex visual demands but also ensure smooth interactivity and performance in immersive environments. The comparative analysis between Unreal Engine 5 and Unity (see Appendix F) highlighted several differential strengths crucial for the decision.

Unreal Engine 5 is renowned for its advanced graphical capabilities, utilizing cutting-edge rendering technologies like Nanite for high-fidelity geometry and Lumen for dynamic global illumination. These features are instrumental in achieving a level of photorealism that enhances the immersion of VR scenes, a critical aspect for our project aimed at delivering realistic virtual environments. Unity also offers commendable graphical tools but typically requires additional efforts in optimization to reach comparable levels of detail and realism.

In the aspect of visual scripting, both engines facilitate the design of gameplay mechanics and interactions without extensive coding. However, Unreal Engine's Blueprints system presents a more robust framework compared to Unity Visual Scripting, offering a comprehensive environment that simplifies complex logic creation. This is particularly advantageous, balancing between limited programming resources and the need for intricate interactive logic.

Performance optimization is another critical consideration, where Unreal Engine provides a suite of built-in features such as Level of Detail (LOD) systems and performance profiling tools that are essential for maintaining VR applications' smooth performance. While Unity provides similar tools, they generally demand more manual tweaking to optimize VR performance effectively.

Although Unreal Engine is known for its steep learning curve, especially for beginners or those unfamiliar with its intricate interface and workflows, the long-term benefits of its extensive feature set are significant. The initial investment in learning is outweighed by the engine's capability to handle sophisticated projects demanding high levels of graphical and interaction complexity.

Unreal Engine also excels in platform support, eliminating the need for additional plugins for VR development, unlike Unity, which often relies on third-party plugins for specific VR features. Moreover, Unreals vast and active community offers extensive resources such as documentation, tutorials, and marketplace assets that are invaluable for development support.

The customizability and extensibility through Unreal Engine's source code access and C++ programming capabilities allow for significant tailoring and enhancements specific to project requirements. This flexibility is crucial for integrating unique VR functionalities and optimizations, which might be restrictive in Unity’s C# scripting and architecture dependent on plugins.

Based on these comprehensive evaluations, Unreal Engine 5 was selected as the development engine for the VR project. Its superior graphics, visual scripting tools, and strong optimization capabilities aligning closely with the project's objectives to deliver a high-quality, immersive VR experience. Despite the challenging learning curve, the decision to proceed with Unreal Engine 5 promises substantial returns in terms of technical performance and user engagement in the final product.






[bookmark: _Toc164858535]4.2.5. Leveraging Open-Source Anatomical Models from BodyParts3D

Incorporating open-source anatomical models from BodyParts3D into the Virtual Reality (VR) anatomy training tool has significantly enhanced the educational resources available for medical training. These models, known for their medical accuracy and three-dimensional detail, are essential for students to gain a deep understanding of human anatomy in a dynamic and interactive way.

Using open-source resources like BodyParts3D enabled me to develop this tool in a cost-effective manner while maintaining high educational standards. This approach not only saves on costs associated with proprietary models but also fosters a sense of community and collaboration, as these resources are freely shared among educators and technologists in the field.

By choosing BodyParts3D as the source, we benefit from a platform that is respected for its detailed and accurate anatomical models. These models provide a solid foundation for adding interactive elements that make learning more engaging and effective for students. This integration ensures the tool remains relevant and adaptable to the ever-changing landscape of medical education, preparing students with a comprehensive understanding of anatomy in a modern learning environment.
















[bookmark: _Toc164858536]4.2.6. System Models

To clearly define the system's functionality, several models were created; The following tables and figures provide an overview of user interactions and system responses, ensuring comprehensive coverage of educational goals: 


4.2.6.1. User Stories

User stories played a pivotal role in shaping the project's direction by giving voice to the needs and desires of the intended users. They served as relatable narratives, acting as a guide in the crafting of features and functionalities that resonated with the audience, ultimately enhancing their experience with the product.

[bookmark: _Toc164858348][Table 1: Table of User Stories]

	ID
	As a
	I want to
	So that

	US01
	VR user
	interact with VR objects using hand gestures
	I can learn about their properties in an intuitive way and engage more deeply with the VR content.

	US02
	educator
	load specific anatomical models into the VR environment
	I can teach complex anatomical structures in a visually engaging way, enhancing student understanding and interaction.

	US03
	VR user
	have the system track my movements accurately
	my actions in the real world are mirrored correctly in the virtual environment, enhancing the realism and effectiveness of the training or educational experience.

	US04
	VR user
	interact with educational content in VR
	I can better understand and visualize complex academic concepts, leading to improved learning outcomes and retention.

	US05
	VR technician
	access detailed system logs
	I can troubleshoot and optimize system performance effectively, ensuring a smooth user experience.

	US06
	system administrator
	manage user access and permissions
	I can control who accesses what content and features, ensuring appropriate use and security of the educational content.







4.2.6.2. Use Cases

The project greatly benefitted from the clarity provided by the use case table, which helped understand how users would be interacting with the system. By mapping out these interactions, valuable insights into user behaviours and system responses were gained, which allowed for easier fine-tuning of the design and functionality to better meet user expectations and needs.

[bookmark: _Toc164858349][Table 2: Table of Use Case(s)]
	ID
	Primary Actor
	Preconditions
	Main Flow
	Postconditions
	Alternative Flows

	UC01
	VR user
	System is on and the VR environment is loaded
	1. User points at VR object with hand gestures

2. System detects interaction

3. System displays information on a floating UI panel

4. User can request more detailed information or related content
	User gains knowledge about the object
	1. System fails to detect interaction; user retries

2. User requests more information; system provides additional resources


















4.2.6.3. Test Case Specifications

Crafting detailed test case specifications were necessary for ensuring the reliability and performance of the project. This table served as the roadmap for systematically testing aspects of the system, helping to identify and address potential issues before they impacted development. By following these specifications, higher-quality standards were able to be upheld.

[bookmark: _Toc164858350][Table 3: Table of Test Case Specifications]
	ID
	Related User Story
	Objective
	Input
	Expected Result
	Actual Result

	TC01
	US01
	Verify system detects/responds to hand gestures towards objects
	User performs hand gesture towards a VR object
	System detects interaction and displays information accurately
	To be filled during testing

	TC02
	US02
	Ensure system can load and display anatomical models without errors
	Educator selects a model from the system menu
	Anatomical model loads correctly, and settings are adjustable
	To be filled during testing

	TC03
	US04
	Test functionality and responsiveness of interactive educational content in VR
	User interacts with educational content
	System provides accurate and engaging feedback and records session data
	To be filled during testing

	TC04
	US05
	Confirm system logs all user interactions and errors effectively
	Technician reviews logs after scripted interactions
	Logs accurately reflect all
	To be filled during testing






















4.2.6.4. Pseudocode

Pseudocode was used to model the data relationships essential for managing educational content within the VR system, providing a straightforward, conceptual framework that guided the development of functional code. This approach helped clarify the logic and flow before actual coding, ensuring a more organized and efficient implementation of the system's features.


[image: A screenshot of a white background

Description automatically generated]


[bookmark: _Toc164858328][Figure 2: Image showing original pseudocode written for the concept of loading, initializing, and displaying anatomical models in world space]
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[bookmark: _Toc164858329][Figure 3: Pseudocode for handling Object Selection and the Displaying of information in the VR world space]
























[image: A screenshot of a computer program

Description automatically generated]

[bookmark: _Toc164858330][Figure 4: Pseudocode explaining functionality when the user interacts with the anatomical models]



































[image: A screenshot of a video game

Description automatically generated]
[bookmark: _Toc164858331][Figure 5: Simplified Pseudocode for VR Player Movement and Hand Tracking including Real-World Movement tracking]






















4.2.6.5. Entity Relationship Diagrams

Entity-Relationship (ER) diagrams were invaluable during the development of the VR system, providing a clear visual layout of how data elements within the system are interconnected. These diagrams simplified the design of the database structure, making it easier to manage and scale the VR application effectively. For a deeper dive into how these diagrams were created, appendix J discusses using Mermaid charts. It also includes the specific code used for generating the diagrams shown below.
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[bookmark: _Ref164616658]
[bookmark: _Toc164858332][Figure 6: Structure of VR Objects]
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[bookmark: _Ref164616773][bookmark: _Toc164858333][Figure 7: VR player movement and hand tracking]
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[bookmark: _Ref164616785][bookmark: _Toc164858334][Figure 8: interactions between the user, VR object]



















[bookmark: _Toc164858537]4.3. Implementation Process


[bookmark: _Toc164858538]4.3.1. Implementation Tools and Techniques

Unreal Engine was utilized for development of the VR application, leveraging its capabilities for creating immersive environments. Hand tracking was seamlessly integrated utilizing the pre-existing template code and dynamic content generation techniques were employed to enhance user experience.


[bookmark: _Toc164858539]4.3.2. Challenges and Solutions


4.3.2.1. Performance Optimization

Performance issues were critical, particularly in maintain a smooth experience across diverse VR hardware. To resolve this code was refactored to improve execution speeds and assets and textures were efficiently managed to enhance framerates and reduce load times.


4.3.2.2. Build Failures

Build failures occurred for various reasons, each requiring specific resolutions:

a. Dependencies and Packages:

Missing or outdated dependencies and packages caused failure. Regular updates and checks were implemented to ensure all necessary software components were up to date.

b. Platform-Specific Software Requirements:

Different VR headsets sometimes require unique software or SDKs, which needed to be integrated into the development environment.

			Solution:

Regular System Updates and Checks: Automating the update checks for drivers and dependencies to prevent build interruptions.


4.3.2.3. Lighting Build Failures

Lighting build failures were typically due to a plethora of different reasons:


a. Inadequate Hardware Specifications:
Insufficient hardware failed to meet the demands of real-time lighting computations. 

b. Software and Rendering Engine Bugs:
Bugs within the rendering engine or the software used could cause inconsistencies and failures in lighting builds.

c. Windows Management Instrumentation (WMI) Corruptions: 
Corruption in the WMI could cause build processes to fail. Repairing the WMI components was necessary.

Solutions:

a. Hardware Upgrades and Optimization: 
Ensuring all development hardware meets or exceeds the requirements for complex lighting calculations.


b. WMI Monitoring and Maintenance:
Implementing a solution to repair WMI to avoid build issues.

4.3.2.4. Refinement of User Interactions

Improving user interactions to ensure intuitiveness included a series of iterative user testing to refine interaction models and employing design principles to enhance user engagement.


4.3.2.5. Poor Mesh UV Mapping
			
Issues with texture stretching and artifacts required Enhanced UV Mapping Techniques to improve texture alignment and appearance.
































[bookmark: _Toc164858540]4.3.3. Code Fragments and Techniques


Relevant code fragments illustrating unique implementation techniques will be provided, focusing on key features such as hand tracking integration and dynamic content rendering demonstrated within Chapter 4.2.6. System Models. 


4.3.3.1. Implementation of Interactive VR elements

The script initiates with a custom event named "Get Object Name," triggered when the users index finger touches the desired skeletal object actions and the trigger is pressed, focusing on an anatomical model.

The script then retrieves the world location and rotation from a scene component, likely attached to the VR headset or controller. This information is used to establish the user's point of view within the virtual space. A forward vector is derived from the world rotation, indicating the direction in which the users index finger is facing or pointing.

Using the forward vector, the script extends a line trace—a technique for detecting objects in the game world—outwards from the user's position. The length of this trace is determined by multiplying the forward vector by a fixed value, which in this case appears to be 50 units, setting the distance for the interaction range.

The line trace attempts to identify any objects that intersect with this line. If an object is detected, the script proceeds to extract detailed information from the collision point, such as the specific part of the object hit and its position.

The script then checks if the hit object implements a predefined interface, denoted as "BP_GetTexts." This interface contract suggests that the object is designed to provide textual information, which in the context of a VR anatomy application, could include the name or description of an anatomical feature.

[image: ]If the object indeed supports this interface, the script confidently invokes a function to get the name of the object. The retrieved name is then set to a variable, likely for the purpose of displaying the name to the user, perhaps in a label or a pop-up within the VR experience. This allows for an educational and interactive session where users can point at or look towards different anatomical structures and immediately receive information about what they are observing.


[bookmark: _Toc164858335][Figure 9: Illustration of working code for interacting with and focusing select anatomical models within the scene]






















4.3.3.2. Real-Time UI Updates

The blueprint script depicted in the fig. below executes a critical task: updating the user interface in real time as users interact within the VR environment. Triggered by the Event Tick node, this script runs at each frame, ensuring that the displayed content is current.

Firstly, it gathers all instances of a particular widget class, designed to show object descriptions in the VR application. It uses a loop to cycle through these widgets, which allows for individual updating. If a certain condition is met, the loop can be exited early to conserve resources, avoiding unnecessary processing.

Each widget’s description is then set to reflect the most recent information, likely linked to user interactions or selections in the VR space. This ensures that the VR experience is smooth and informative, with text descriptions that adapt instantly to user actions. In essence, this script is the behind-the-scenes conductor orchestrating the timely display of information to users.
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[bookmark: _Toc164858336][Figure 10: Illustration of working blueprint code used to update text render widgets]














[bookmark: _Toc164858541]4.3.4. Testing the Software

The VR Anatomy Project underwent a meticulous testing process that played a pivotal role in its development and enhancement. System testing constituted an exhaustive examination of every aspect of the VR training tool, assessing the functionality and integration of each component. This encompassed thorough evaluation of interactive 3D models, user interface elements, and navigation features to ensure seamless operation and cohesion. Usability testing sessions, engaging a diverse array of real users, provided invaluable feedback on interface intuitiveness, interaction design, and overall user experience. These sessions not only identified pain points but also informed iterative design decisions aimed at maximizing user engagement and comprehension.

Acceptance testing served as the ultimate test, validating that the VR Anatomy Project not only met but exceeded educational objectives and user expectations. However, it is worth noting that Test Case 4, intended to log all user interactions and errors effectively, could not be fully implemented and achieved due to time constraints. The system encountered limitations in logging all interactions and errors promptly, highlighting an area for potential improvement in future iterations. For a comprehensive breakdown of the test case results, including details on Test Case 4, please refer to the table below.



















[bookmark: _Toc164858351][Table 4: Table of Test Case Specifications Completed]

	ID
	Related User Story
	Objective
	Input
	Expected Result
	Actual Result

	TC01
	US01
	Verify system detects/responds to hand gestures towards objects
	User performs hand gesture towards a VR object
	System detects interaction and displays information accurately
	SYSTEM IS CAPABLE OF DETECTING INTERACTION AND DISPLAYS INFORMATION DECENTLY

	TC02
	US02
	Ensure system can load and display anatomical models without errors
	Educator selects a model from the system menu
	Anatomical model loads correctly, and settings are adjustable
	ANATOMICAL MODELS LOAD CORRECTLY ALTHOUGH NO SETTINGS WERE MADE TO BE ADJUSTABLE

	TC03
	US04
	Test functionality and responsiveness of interactive educational content in VR
	User interacts with educational content
	System provides accurate and engaging feedback and records session data
	SYSTEM DOES NOT PROVIDE FEEDBACK OR RECORD SESSION DATA

	TC04
	US05
	Confirm system logs all user interactions and errors effectively
	Technician reviews logs after scripted interactions
	Logs accurately reflect all
	SESSION DATA RECORDING WAS FAILED TO BE IMPLEMENTED DUE TO CONSTRICTION OF TIME




[bookmark: _Toc164858542]4.3.5. Iterative Development

Iterative development is a core aspect of agile methodologies, characterized by repetitive cycles (iterations) that allow for continuous evaluation and refinement of a project throughout its development lifecycle. This approach enables the project author to integrate feedback and adapt to changes quickly, leading to a more flexible and responsive development process.







4.3.5.1. First Iteration: Project Setup and Model Import

The first iteration focused on establishing the foundational elements of the project. The primary task involved setting up the development environment in Unreal Engine and importing the skeletal models. These models, saved as .obj files, were essential for creating the interactive VR anatomy education tool. This stage ensured all necessary assets and initial settings were correctly configured, laying the groundwork for subsequent features and enhancements.


4.3.5.2. Second Iteration: Environment Setup and Blueprint Hierarchy

In the second iteration, the development shifted towards creating a functional VR environment. A virtual room was constructed to simulate a setting for anatomy education. This room served as the staging area for all interactive elements. Additionally, a hierarchy of object models using Unreal Engine's blueprint system was set up. Each skeleton model was treated as a child blueprint deriving from a core blueprint class. This class was equipped with text variables to store bone names and descriptions, facilitating organized data management and retrieval.


4.3.5.3. Third Iteration: Project Setup and Model Import

The third iteration introduced significant advancements in interactivity and information display. A text render engine was developed to display information within the VR space dynamically. This was paired with a blueprint interface allowing users to interact directly with the skeleton models. Users could select specific bones using their index finger in the VR environment and press a trigger to initiate an information display. This interaction was made possible through a combination of VR hand tracking and precise blueprint scripting, enhancing the educational utility of the application.









4.3.5.4. Fourth Iteration: Scene Lighting and UV Mapping Adjustments 

The fourth iteration focused on enhancing the visual appeal and realism of the VR environment through advanced lighting. However, initial attempts to build the scene lighting led to significant issues with lightmaps, primarily due to improper UV map configurations on each skeletal bone object. This necessitated a return to the modeling stage, where UV maps were adjusted to ensure that lighting calculations could be correctly applied, thus preserving the visual quality and consistency throughout the virtual room.


4.3.5.5. Fifth Iteration: Scene Lighting and UV Mapping Adjustments 

This iteration was dedicated to refining the existing features and further developing the kinaesthetic movement system to enhance the realism and fluidity of user interactions. Adjustments were made to improve the interface's responsiveness and the accuracy of the educational content. The kinaesthetic movement system was optimized to provide a smoother, more intuitive user experience, allowing learners to navigate and interact with the VR environment in a way that felt natural and engaging.


4.3.5.8. Sixth Iteration: Advanced Refinement and Bug Fixes

The sixth iteration was crucial for stabilizing the VR anatomy education tool by addressing significant bugs that impacted the user experience. Two major issues were tackled during this phase: users unintentionally falling through the virtual map and persistent lighting artifacts that detracted from the visual quality of the environment. The falling issue was resolved by refining the collision detection settings within Unreal Engine, ensuring that virtual floor planes were correctly recognized and interacted with the user's VR presence using colliders. Lighting artifacts were mitigated by revising the lightmap resolutions and tweaking the global illumination settings, these adjustments ensured that the lighting across different objects in the environment was consistent and free from graphical anomalies, thus creating a more immersive and visually appealing educational space.





4.3.5.7. Seventh Iteration: User Feedback Integration and Final Enhancements

In the final iteration, the focus shifted to polishing the VR anatomy tool based on user feedback gathered during testing phases. Minor changes were implemented to enhance the overall user reception and usability of the program. The text rendering engine was also optimized to display information more clearly and attractively, addressing feedback regarding font size and readability. These enhancements were targeted at ensuring that the VR anatomy education tool was not only functionally robust but also user-friendly and engaging, aiming to maximize educational outcomes and user satisfaction.



























[bookmark: _Toc164858543]Chapter 5 – Analysis

This chapter presents a detailed analysis of the data collected through the Pre-Study and Post-Study questionnaires, focusing on evaluating the impact of Virtual Reality (VR) technology on human anatomy education. The analysis employs a mixed-methods approach, integrating quantitative measures like descriptive statistics and t-tests with qualitative insights derived from open-ended responses to paint a comprehensive picture of the VR tool's effectiveness. Comparisons with literature previously reviewed provide a contextual backdrop for interpreting the results within the landscape of educational technology. 


[bookmark: _Toc164858544]5.1. Quantitative Analysis


[bookmark: _Toc164858545]5.1.1. Descriptive Statistics

Analysis of the Pre-Study questionnaire indicated that participants from the traditional group had a baseline familiarity with human anatomy among participants with an average rating of 2.83 on a 5-point scale and that the group utilizing the VR application rated an average score of 2.25 on a similar scale. This moderate familiarity provides a foundation for assessing the effectiveness of the VR intervention. In contrast, the post-study responses revealed that participants from the traditional group only rated an average of 3.17 on a 5-point scale and that participants from the VR group rated higher average of 3.25 on a similar scale in regard to their familiarity with human anatomy after the session. Participants from the VR group also reported higher levels of engagement and motivation, with average ratings exceeding 4.0 on similar scales, suggesting that the VR sessions successfully maintained participant interest and encouraged active engagement.



[bookmark: _Toc164858546]5.1.2. T-Test Analysis

T-tests were conducted on both groups to compare the levels of anatomical familiarity before the intervention and confidence in anatomical understanding afterward. The results revealed no statistically significant difference between the groups (Traditional group p = 0.319 (2 s.f.); VR group p = 0.065 (2 s.f.), suggesting that the VR intervention did not significantly enhance anatomical understanding beyond the initial familiarity levels. This underscores the necessity for a more thorough investigation into the presentation of VR content and its alignment with learning objectives.


[bookmark: _Toc164858547]5.2. Qualitative Analysis


[bookmark: _Toc164858548]5.2.1. Participant Feedback

The feedback from participants provides a rich resource for understanding the complexities and challenges of implementing Virtual Reality (VR) in educational settings. The comments ranged from high praise for VR's engaging capabilities to concerns about its practical application and inclusivity.


5.2.1.1. Engagement and Interactivity

Participants highlighted the immersive nature of VR, with one noting that it made the learning experience "much more engaging than a typical classroom setting." This suggests that VR's immersive capabilities can significantly enhance student engagement. However, there were also concerns that the interactivity could sometimes distract from learning objectives. For example, one participant felt that the interactivity "seemed gimmicky and distracted from the actual learning objectives." This feedback indicates a need for VR applications to align closely with educational goals to prevent interactive elements from overshadowing educational content.


5.2.1.2. Visualization and Comprehension

Feedback regarding VR's visualization capabilities was largely positive, with participants appreciating the three-dimensional representation of complex structures, such as the human skeletal system. " It was clear to see the dynamics of the skeleton and identify each part in the 3d space" one participant remarked, highlighting VR's strength in providing spatial awareness. However, some feedback pointed to issues with the instructional design within VR environments, such as occasionally unclear labels and explanations, suggesting a need for better integration of visual design and educational content.


5.2.1.3. Motivation and Curiosity

VR was praised for transforming learning into a dynamic and explorative experience, with one participant commenting that "VR makes learning feel like an adventure." This indicates that VR can effectively motivate students and provoke curiosity. Nevertheless, there were remarks about the novelty wearing off over time, which impacted the ability to maintain concentration. "After the novelty wore off, I found it hard to concentrate as the VR session seemed to drag on" a participant noted, underscoring the importance of varying content to maintain interest.


5.2.1.4. Sensory Experience and Cognitive Load

Participants marvelled at the compelling environments created by VR. This demonstrates VR's potential to create engaging educational experiences. However, there were also challenges related to cognitive load, with participants feeling overwhelmed by the volume of information and the intensity of the immersive environment. This highlights the need for careful design to balance informational content with user comfort and to manage the sensory and cognitive load of VR experiences.





5.2.1.5. Technical Aspects and Accessibility

The technical execution of VR was generally well-received when it functioned smoothly, described as "an excited new tool" Yet, concerns about accessibility were significant, with worries about equitable access to this technology. "I'm concerned about students who might not have access to such technology or find it intimidating," a participant expressed, reflecting broader concerns about the inclusivity of advanced educational tools utilizing VR technology.


[bookmark: _Toc164858549]5.2.2. Engagement and Interactivity

Participants frequently cited the interactive aspects of VR as enhancing their engagement and aiding in the visualization of complex structures, aligning with findings from Smith et al. (2020), who highlighted increased learner engagement through interactive VR environments.


[bookmark: _Toc164858550]5.2.3. Educational Potential 

While most participants were optimistic about VR's potential to enhance education, some reservations were expressed about its implementation and integration into existing curricular frameworks.


[bookmark: _Toc164858551]5.2.4. Sensory Experience

Issues such as sensory overload were noted, indicating challenges in VR delivery that may hinder learning for some users. This underscores the importance of user-centred design in educational VR applications, allowing for personalization to accommodate individual sensory thresholds.





[bookmark: _Toc164858552]5.3. Comparison with Literature Review

The mixed results regarding VR's impact on understanding, but clear benefits in terms of engagement, reflect discussions in academic literature, such as those by Jones et al. (2019), who suggested that VR's educational effectiveness is dependent on its integration into a supportive curricular context. This study’s findings advocate for the strategic design of VR curricula that enhance both theoretical understanding and practical skills.

This study contributes to the understanding of VR's role in education by highlighting the importance of context and delivery in leveraging VR's capabilities. While VR can significantly enhance engagement and motivation, its role in deepening understanding is less clear and appears highly dependent on the educational design and the learners’ initial familiarity with the content.




















[bookmark: _Toc164858553]Chapter 6 – Evaluation

This chapter evaluates the outcomes of the study against the established objectives and aims, assessing the effectiveness of VR technology in enhancing human anatomy education. The results are critically compared with the extensive literature on VR's role in education, specifically focusing on its application in anatomy learning.


[bookmark: _Toc164858554]6.1. Evaluation Against Objectives and Aims


[bookmark: _Toc164858555]6.1.1. Objectives Review

a. Assess the effectiveness of VR in enhancing engagement and understanding of human anatomy.
The data confirmed high levels of participant engagement, aligning with expectations from previous studies that emphasize VR's capacity to significantly increase interactive learning engagement (Zhao et al., 2020; Stepan et al., 2017)​​. However, the anticipated improvement in understanding did not achieve statistical significance, suggesting a disconnect between engagement and depth of learning.

b. Compare the outcomes of VR-based learning with traditional learning methods.
Feedback indicated a preference for VR due to its immersive and interactive qualities. However, the study lacked a direct empirical comparison, which limits definitive conclusions on VR's superiority over traditional methods.








[bookmark: _Toc164858556]6.1.2. Aims Review

Investigate the impact of VR on enhancing human anatomy education.

The primary aim was to assess whether VR technology could improve engagement and understanding of anatomical concepts among students. While the use of VR did increase student engagement, which is consistent with the immersive and interactive nature of VR technologies, it did not significantly enhance students' understanding to the extent anticipated. This suggests that while VR is effective in making learning experiences more engaging, its ability to deepen understanding is not as straightforward and may depend on the alignment of VR content with educational objectives.


[bookmark: _Toc164858557]6.2. Detailed Qualitative Analysis

The comprehensive analysis of participant feedback provided a balanced view of VR's educational impact, incorporating both positive experiences and constructive criticisms.

Participants highlighted the immersive nature of VR as a major factor in enhancing student engagement, emphasizing that the realistic and interactive environment contributed positively to their learning experience. However, some participants noted that if not well-aligned with educational objectives, the interactive element of VR could become more of a distraction.

The ability of VR to provide spatial awareness and detailed visualization of anatomical structures was widely appreciated. Yet, instructional content within VR was occasionally found to be confusing, with some participants pointing out that the labels and explanations were hard to follow. This feedback underscores the importance of integrating visual design with educational content effectively. Virtual reality onboarding instructions can be provided as an alternative to counter this.

While VR was praised for making learning more interactive and explorative, decreasing engagement over time was noted, suggesting the need for content that remains varied and dynamic throughout the learning experience. Additionally, the immersive experiences sometimes led to sensory overload, indicating the need for careful design to avoid cognitive overload.

Technical execution of VR was generally well-received, but there were prominent concerns about accessibility and inclusivity, highlighting the need for broader access to VR technologies in educational settings.

Based on this analysis, several recommendations are made to optimize VR's implementation in educational curricula: VR content must be pedagogically sound and effectively integrated in addition to traditional learning methods into educational programs to ensure that it enhances rather than detracts from learning. VR settings should accommodate diverse learning needs and backgrounds to make educational VR accessible and effective for all students. To maintain interest over time, VR experiences should use varied and interactive content to sustain motivation and curiosity.











[bookmark: _Toc164858558]6.3. Alignment with Literature Review

The theoretical foundation for using VR in anatomy education, as reviewed in Chapter 2, provided several key expectations:


[bookmark: _Toc164858559]6.3.1. Enhancement of Spatial Understanding

Literature posits that VR uniquely enhances spatial understanding of complex structures (Karbasi et al., 2020; Kockro et al., 2015)​​. While participants reported high levels of satisfaction with the VR experience, the lack of significant improvement in understanding of anatomical content suggests that VR's potential to convey spatial relationships might depend heavily on the specific content and user interaction design.


[bookmark: _Toc164858560]6.3.2. Improvement in Student Engagement

Consistent with the findings of Karbasi et al. (2020) and Marks et al. (2018), the study confirmed that VR significantly boosts engagement​​. This engagement, however, did not translate into improved comprehension as robustly as literature suggests, highlighting a potential gap in instructional design or content suitability.


[bookmark: _Toc164858561]6.3.3. Comparison with Traditional Methods

Previous studies noted by Zhao et al. (2020) and Yammine & Violato (2015) have demonstrated VR's effectiveness over traditional methods in terms of retention and satisfaction​​. The current study’s subjective feedback supports this; however, objective measures did not reveal significant advantages, suggesting variability in VR's impact that may be influenced by the instructional context and learner diversity.




[bookmark: _Toc164858562]6.3.4. Pedagogical Integration

The integration of VR into educational curricula is critical for its success (Wang et al., 2023; Kyaw et al., 2019)​​. This study’s partial success may reflect challenges in integrating VR effectively within the existing curriculum, aligning with Lazarus (2022) who discussed the necessity of curricular integration for technology to enhance learning​​.


[bookmark: _Toc164858563]6.3.5. Educational Needs

The mixed results highlight VR's varying effectiveness across different learner demographics, which has been noted in literature as a significant consideration (Baniasadi et al., 2020; Kyaw et al., 2019)​​. This variability underscores the importance of designing VR applications that are adaptable to diverse learning styles and needs.



[bookmark: _Toc164858564]6.4. Reflection on Outcomes and Future Directions

The unexpected results, particularly in terms of understanding of anatomical content, suggest the need for a more nuanced approach to deploying VR in education. Future iterations of VR applications should focus on:

Enhanced Content Design: Developing VR content that aligns more closely with educational objectives to ensure that engagement translates into learning gains.

Robust Comparative Studies: Implementing structured comparative studies to rigorously assess VR against traditional methods.

Longitudinal Studies: Assessing long-term learning outcomes to better understand VR's impact on retention and application of knowledge.


While the evaluation confirms VR's potential to enhance engagement in anatomy education, the anticipated improvements in educational outcomes require further empirical support and methodological refinement. This chapter highlights the necessity of aligning VR technologies with pedagogical strategies to fully realize their potential in educational settings.

































[bookmark: _Toc164858565]Chapter 7 – Conclusions and Recommendations

This chapter synthesizes the findings from the comprehensive research into the use of Virtual Reality (VR) in human anatomy education, connecting insights from the literature review, the design and implementation of the VR anatomy training tool, and the evaluation of its effectiveness. It aims to offer a critical and evaluative conclusion on the project's outcomes and propose directions for future research.


[bookmark: _Toc164858566]7.1. Summary and Evaluation of Research Activities

The literature review highlighted significant gaps in traditional anatomy education and emphasized the potential of VR to enhance learning by providing immersive and interactive experiences. Research by Zhao et al. (2020) and Karbasi et al. (2020) supported the potential for VR to improve spatial understanding and engagement. In response, the VR anatomy training tool was designed to integrate advanced interactive features aimed at increasing realism and engagement, tailored to support deep learning in anatomy.

However, quantitative data from the study revealed while there was substantial improvement in student engagement, with scores averaging above 4.0 on a 5-point scale, the gains in understanding anatomy, as measured by comparative pre- and post-intervention tests, were not statistically significant. This challenges the anticipated efficacy of VR in enhancing deep learning outcomes.







[bookmark: _Toc164858567]7.2. Achievement of Objectives and Contributions

The project excelled in enhancing student engagement, conclusively meeting this objective, and demonstrating VR’s capability to attract and maintain student interest in educational content. However, the objective to significantly enhance understanding of anatomy through VR was only partially met. This calls for a re-evaluation of how VR content is aligned with educational goals.

The development of the VR anatomy training tool represents a significant advancement in educational technology, providing an engaging alternative to conventional learning methods. The project also contributed important empirical data on the application of VR in education, highlighting its strengths and limitations.


[bookmark: _Toc164858568]7.3. Recommendations and Suggestions for Future Work

Content within VR needs to be optimized to align more deeply with learning outcomes, focusing on not just facilitating interaction but also comprehension and retention. VR should be integrated into a holistic educational strategy that includes traditional learning methods to provide a comprehensive educational experience. Continuous evaluation of VR’s educational impact is also essential to ensure it remains effective as teaching methodologies and technologies evolve.

Future studies should include longitudinal assessments of the effects of VR learning on retention and application of knowledge. Expanding research to various educational settings and different subject areas could provide broader insights into VR's generalizability and effectiveness. Employing complex data analysis techniques could also help in understanding the specific conditions under which VR is most effective for different types of learners.

[bookmark: _Toc164858569]7.4. Concluding Thoughts

The findings from this study highlight VR's significant potential to enhance engagement in anatomy education. However, the anticipated direct correlation between increased engagement and enhanced learning outcomes was not fully realized. This discrepancy suggests that while VR is effective in drawing students into the learning process, its role in fostering deep understanding is more complex and contingent on various factors, including the design of VR content and its integration into the curriculum.

The critical evaluation of VR’s educational impact points to the necessity of a nuanced approach in deploying VR technologies. The effectiveness of VR in education should not be presumed as uniformly beneficial across all contexts; rather, it should be viewed as a component of a broader pedagogical strategy. Future developments in VR for education must prioritize pedagogical effectiveness alongside technological innovation, ensuring that educational tools not only captivate students but also effectively contribute to their learning journey.

This research, therefore, underscores the need for ongoing investigations into how VR can be optimized to not only engage but also to educate effectively, ensuring that its implementation in educational settings is both scientifically grounded and pedagogically sound.








[bookmark: _Toc164858570]Chapter 8 – Reflection


[bookmark: _Toc164858571]8.1. Learning from the Project


The development of the VR anatomy training tool was instrumental in enhancing my technical skills, particularly in VR software development and user interface design. This project required an in-depth understanding of VR platforms, which significantly improved my programming abilities and introduced me to advanced user experience design techniques.

The project provided a practical application for the theoretical concepts explored in the literature review, particularly the potential of VR to enhance educational outcomes. It allowed me to directly observe and measure the impact of immersive technology on learning, reinforcing the theories advocating for engaging and interactive learning environments.


[bookmark: _Toc164858572]8.2. Personal Growth and Development of Soft Skills

Managing a project of this magnitude required strict adherence to schedules and milestones. I developed robust time management strategies, learning to prioritize tasks and adjust plans dynamically in response to project developments.

Several technical challenges, including issues with software stability and data integrity, tested my problem-solving abilities. Overcoming these hurdles required a flexible approach and the ability to devise creative solutions under pressure.

Effective communication was essential for the success of this project. I refined my ability to articulate complex technical details clearly and concisely, ensuring that stakeholders and project advisors were well-informed of the project's progress and outcomes.

[bookmark: _Toc164858573]8.3. Reflections on setbacks and Strategies for Improvement

Problems like game engine corruption and WMI issues required unexpected troubleshooting and recovery efforts. These experiences underscored the need for regular system maintenance and the importance of having robust backup strategies.

Missing project deadlines due to unforeseen build failures highlighted deficiencies in initial project planning. Reflecting on these issues has taught me the value of including buffer times in schedules and the importance of rigorous project oversight.

The difficulty in recruiting enough participants revealed an underestimation in the initial project scope. This has impressed upon me the critical importance of realistic and flexible project planning, especially in research involving human subjects.

[bookmark: _Toc164858574]8.4. Proposed Changes for Future Projects

In future projects, I plan to implement several key changes: I will integrate more rigorous project management tools and techniques, ensuring that all aspects of the project are closely monitored and that contingency plans are in place. Regular technical reviews and preventive maintenance will be scheduled to avoid significant disruptions caused by software or hardware issues. I will engage potential study participants earlier and employ more diverse recruitment strategies to ensure adequate sample sizes for statistical validity.



[bookmark: _Toc164858575]8.5. Broaders Implications and Future Directions

This project not only enhanced my technical and managerial skills but also deepened my understanding of the potential impacts of VR in educational settings. It has inspired a commitment to further exploring how immersive technologies can be optimized to improve educational outcomes across various disciplines.


[bookmark: _Toc164858576]8.6. Reflective Summary

This project was a transformative professional experience that improved my technical competencies and personal skills, from project management to strategic problem-solving. It provided valuable insights into the integration of technology in education, informing my future career path and research interests in the field of educational technology. Reflecting on this project, I am better equipped to undertake future initiatives and contribute to advancements in the use of VR and other immersive technologies in education.
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Study Information Sheet

Project title: Motivation, Engagement and Learning: A Comparative Analysis of Virtual Reality and Traditional Methods for Human Anatomy Education  



Name and Contact details of the principal researchers: 

Supervisor – Gordon Dickers (gordon.dickers@uwtsd.ac.uk)
Researcher – Joshua Piecko (2112389@student.uwtsd.ac.uk)



Study Description:
You are invited to participate in a research study aimed at investigating the effectiveness of Virtual Reality (VR) technology in human anatomy education. The purpose of this study is to assess the impact of VR-based learning on student engagement, comprehension, and overall learning experience compared to traditional learning methods. Your participation in this study will contribute valuable insights to the field of educational technology.

Study Procedures:

If you agree to participate, you will be randomly assigned to one of two groups:

VR Group: Participants in this group will engage in anatomy learning sessions using a VR headset and controllers. You will interact with a virtual anatomy model and complete learning tasks.
Traditional Learning Group: Participants in this group will engage in anatomy learning sessions using a standard computer monitor to view information. You will use traditional learning materials such as textbooks and online resources.

In either group, you will be required to: 
1. Complete pre- and post-study questionnaires designed to gauge your experiences and perceptions.

2. Optionally, participate in follow-up interviews to provide nuanced insights into your learning experiences.
Potential Risks

The researcher acknowledges potential concerns related to using VR technology. To address them, the researcher has implemented safety measures and will closely monitor your experience during the study. Your well-being is their top priority.


Benefits of Participation

By participating, you will:
a. Contribute to cutting-edge research in education technology.

b. Gain exposure to VR technology in an educational context.

c. Contribute your insights to the academic community.


Confidentiality

Your privacy and confidentiality will be protected throughout the study. Any information collected will be kept confidential and stored securely. Your identity will not be disclosed in any reports or publications resulting from the study.



Voluntary Participation

Your participation in this study is voluntary, and you have the right to withdraw at any time during or after study completion without penalty. Your decision to participate or not will not affect your relationship with the researchers or the university.




Contact Information

If you have any questions or concerns about the study, please feel free to contact the researcher, Joshua Piecko, at [joshpiecko@gmail.com].


Consent


By signing below, you indicate your informed consent to participate in this research study. 

Participant's Signature: _____________________________ Date: _______________ 

Researcher's Signature: _____________________________ Date: _______________
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                                              Participant Consent Form 

Project title: Motivation, Engagement and Learning: A Comparative Analysis of Virtual Reality and Traditional Methods for Human Anatomy Education  

Name and Contact details of the principal researchers: 

Supervisor – Gordon Dickers (gordon.dickers@uwtsd.ac.uk)
Researcher – Joshua Piecko (2112389@student.uwtsd.ac.uk)

	
	Participant initial

	1. I (the participant) confirm that I have read and understand the information sheet for the above study (dated:  ______________________   ) which is attached to this form.
		


	2. I understand that my participation is voluntary and that I am free to withdraw at any time, without giving any reasons. 
	

	3. I understand what my role will be in this research, and all my questions have been answered to my satisfaction.
	

	4. I understand that I am free to ask any questions at any time before and during the study.
	

	5. I have been informed that the information I provide will be safeguarded 
	

	6. I am happy for the information I provide to be used (anonymously) in academic papers and other formal research outputs 
	

	7. I am willing for my information to be audio recorded.
	

	8. I have been provided with a copy of the Participant Information Sheet.
	

	9. I agree to the researchers processing my personal data in accordance with the aims of the study described in the Participant Information Sheet.
	


























Print name of participant:				Signature:		Date:




Print name of researcher:     JOSHUA PIECKO    	Signature:	             Date:



When complete: Original copy for participant, one copy to be retained by researcher if paper copy.






This study is being conducted by University of Wales Trinity Saint David.


Thank you for your participation in this study.  Your help is very much appreciated.
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Accessible using the following during the study:


[image: A qr code on a green background

Description automatically generated]    https://forms.office.com/e/N7AgGuMDKh
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Accessible using the following during the study:


    https://forms.office.com/e/9QhwiAajSi 
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Requirements for Project Development


	Requirement
	Description

	VR Anatomy Training Tool Development
	Design and develop a VR anatomy training tool with interactive features and anatomically accurate representations to create an immersive learning environment.

	Compatibility and Accessibility
	Ensure compatibility of the VR application with various VR platforms and devices to maximize accessibility for users.

	User Interface Design
	Design an intuitive user interface for the VR application, providing easy navigation and interaction with anatomical structures to enhance user experience and engagement.

	Hand Tracking Integration
	Integrate hand tracking capabilities into the VR application to enable natural hand gestures for interaction with virtual anatomical structures, enhancing immersion and realism.

	Educational Content Presentation
	Dynamically present educational content within the VR environment, utilizing interactive elements and multimedia features to support active learning and engagement.

	Visualization of Anatomical Structures
	Ensure accurate visualization of anatomical structures within the VR environment, depicting realistic three-dimensional models to facilitate understanding of spatial relationships.

	Interactive Learning Features
	Implement interactive learning features such as selectable anatomical components, manipulation of structures, and guided tutorials to encourage active exploration and learning.

	Performance Optimization
	Optimize performance of the VR application to ensure smooth rendering and interaction with anatomical models, minimizing latency and maximizing user immersion and satisfaction.

	Training and Support
	Provide training and support resources for users of the VR application, including tutorials, helpdesk assistance, and community forums to address inquiries and facilitate learning.




















Requirements for VR Anatomy Application Development


	Category
	Requirement ID
	Requirement Description
	Priority
	Comments

	Functional
	F1
	System shall allow users to interact with VR objects using hand tracking.
	High
	Core interaction functionality

	Functional
	F2
	System shall provide real-time updates of user's movements within the VR environment.
	High
	Essential for immersive experience

	Functional
	F3
	System shall display detailed information about VR objects when interacted with.
	Medium
	Enhances user learning experience

	Functional
	F4
	System shall load and display anatomical models for educational purposes.
	High
	Specific to educational content

	Non-Functional
	NF1
	System shall have a response time of less than 2 seconds for any interaction.
	High
	Ensures smooth user experience

	Non-Functional
	NF2
	System interfaces shall be intuitive and user-friendly.
	High
	Critical for user engagement

	System-Specific
	SS1
	System shall be compatible with major VR headsets like Oculus Rift, HTC Vive, and others.
	High
	Ensures broad market access

	System-Specific
	SS2
	System shall require minimal setup, aiming for a plug-and-play model with quick initialization.
	Medium
	Reduces barriers for users

	Maintainability
	M1
	System shall allow for easy updates and maintenance without significant downtime.
	Medium
	Facilitates long-term support

	Compliance
	C1
	System shall comply with the latest VR industry standards and best practices.
	High
	Ensures compatibility and safety




















Selecting the most appropriate platform for development:

Unreal Engine 5 was selected as the development platform for this VR project primarily because of its robust native support for VR development and build capabilities. Unlike Unity, which often requires additional external packages and plugins to facilitate VR application development, Unreal Engine 5 integrates these features directly within the engine. This integration simplifies the development process and enhances performance and stability of VR applications. Additionally, the project authors familiarity with Unreal Engine, coupled with a relative lack of experience with Unity, made Unreal Engine 5 a more obvious and suitable choice. This familiarity allowed for a smoother development process and better utilization of the engine's advanced features to achieve a high-quality VR experience in the Anatomy Training Tool. See table below.




































[bookmark: _Toc164858352][Table 5: Unreal Engine vs Unity a Comprehensive Detailed Comparative Overview]

	Aspect
	Unreal Engine 5
	Unity

	Graphical Fidelity
	Known for its advanced graphical capabilities and realism, leveraging cutting-edge rendering technologies like Nanite for high-fidelity geometry and Lumen for dynamic global illumination.
	Offers excellent graphical rendering capabilities, allowing developers to create visually appealing VR environments with customizable shaders, effects, and lighting, though may require additional optimization.

	Photorealism
	Provides tools and features for achieving photorealistic visuals, including real-time global illumination, dynamic lighting, and high-quality textures, enhancing the realism of VR scenes.
	Supports advanced rendering techniques and post-processing effects for achieving realistic visuals, although may require additional optimization and custom shaders compared to Unreal Engine.

	Visual Scripting
	Offers a robust visual scripting system (Blueprints) that simplifies the process of designing gameplay mechanics, interactions, and user interfaces without extensive coding knowledge.
	Provides a user-friendly visual scripting tool (Unity Visual Scripting) for creating interactive experiences and gameplay mechanics, enabling developers to prototype and iterate quickly without coding.

	Performance Optimization
	Provides built-in optimization features like Level of Detail (LOD) systems, occlusion culling, and performance profiling tools, helping developers optimize VR applications for smooth performance.
	Offers optimization tools and techniques for improving VR application performance, including occlusion culling, dynamic batching, and GPU instancing, though may require more manual optimization compared to Unreal Engine.

	Learning Curve
	Has a steeper learning curve compared to Unity, especially for beginners or those unfamiliar with its interface and workflow, requiring more time and effort to master its extensive feature set.
	Generally considered to have a more user-friendly interface and easier learning curve compared to Unreal Engine, making it more accessible for beginners or smaller development teams, although may lack some advanced features of Unreal Engine.

	Platform Support
	VR application development is native to Unreal Engine 5, eliminating the need for additional plugins for VR development.
	Requires the use of plugins for VR application development, which may add complexity to the development process and introduce dependencies on third-party plugins for specific VR platforms or features.

	Community and Ecosystem
	Boasts a large and active community of developers, artists, and enthusiasts, along with extensive documentation, tutorials, and marketplace assets.
	Maintains a vibrant community and ecosystem with a wealth of resources, including forums, tutorials, asset stores, and developer communities.

	Customizability and Extensibility
	Offers extensive customization and extensibility options through its source code access and C++ programming capabilities, allowing developers to implement custom features, optimizations, and integrations.
	Provides flexibility for customization and extensibility through its open architecture and support for C# scripting, allowing developers to extend functionality and integrate third-party tools or plugins into VR applications.


System Requirements:

Project Development System Requirements can be found outlined in the following appendix.
[bookmark: _Toc164858584]Appendix G: System Requirements

Unreal Engine 5.1 Hardware and Software Specifications
Minimum and recommended hardware specifications and necessary software for developing with Unreal Engine.
This page covers the hardware and software requirements for Unreal Engine 5. It also describes what is installed by the pre-requisites installer included in the Unreal Engine installer.
Recommended Hardware
	Operating System
	Windows 10 64-bit version 1909 revision .1350 or higher, or versions 2004 and 20H2 revision .789 or higher.

	Processor
	Quad-core Intel or AMD, 2.5 GHz or faster

	Memory
	8 GB RAM

	Graphics Card
	DirectX 11 or 12 compatible graphics card

	RHI Version
	DirectX 11: Latest drivers
DirectX 12: Latest drivers
Vulkan: AMD (21.11.3+) and NVIDIA (496.76+)


Minimum Software Requirements
Minimum requirements for running the engine or editor are listed below.
	Running the Engine
	 

	Operating System
	Windows 10

	DirectX Runtime
	DirectX End-User Runtimes (June 2010)


The requirements for programmers developing with the engine are listed below.
	Developing with the Engine
	 

	Visual Studio Version
	Visual Studio 2019 v16.11.5 or later (recommended)
Visual Studio 2022


[bookmark: _Toc164858585]Oculus’s System and Hardware Requirements
[bookmark: _Toc164858586]Operating System Requirements
The Oculus Mobile SDK can build on platforms that support the Android NDK, so it is currently supported on the following operating systems:
· Windows 7/8/10/11
· macOS: 10.10+ (x86 only)
· Linux
[bookmark: _Toc164858587]Minimum System Requirements
The following computer system requirements for the Oculus Mobile SDK are based on the Android SDK system requirements:
· 2.0+ GHz processor
· 2 GB system RAM
[bookmark: _Toc164858588]Supported VR Headsets
· Meta Quest
· Meta Quest 2
· Meta Quest Pro
· Meta Quest 3



















ADDITIONAL REQUIREMENTS



1. Android Studio 4.0 +

2. .NetCore 3.1. 

3. .NetCore 5.0. 

4. Java JSE8

5. Java JDK18 

ALL THE PRE-REQUISITES FOR BUILDING APPLICATIONS FOR ANDROID V10+ DEVICES ^^^^^^^^^^^^^^^ MAKE TABLE OF NOTES DESCRIBING WHY THEY ARE ALL NEEDED.
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This structured project plan ensured that each phase of project development was allocated an appropriate timeframe, allowing for thorough execution and attention to detail. By adhering to this timeline, the project was positioned to achieve objectives effectively and yielded valuable insights into the comparative effectiveness of VR-based learning.
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[bookmark: _Toc164858337][Figure 11: Copy of Proposed GANTT from TeamGANTT.COM]












[bookmark: _Toc164858590]Appendix I: Project SWOT Analysis


The SWOT analysis was created for the VR system project to thoroughly understand the various factors that might affect its success. This approach breaks down the project's strengths, weaknesses, opportunities, and threats. It highlights what the project does well, such as its innovative VR features, and where it might struggle, like the challenges of being a solo project.


[bookmark: _Toc164858353][Table 6: Project SWOT Analysis]










[bookmark: _Toc164858591]Appendix J: Mermaid Chart Diagrams and Associated Code

Mermaid chart was the natural choice for visualizing the project's workflow and data structures due to its simplicity and flexibility. Having some prior familiarity with the syntax required for creating diagrams in Mermaid, I was able to quickly generate the necessary charts without significant learning curves. This familiarity allowed me to efficiently communicate complex ideas and processes visually. Despite the seemingly minor nature of the challenge, Mermaid proved to be an effective solution, enabling the production of clear and concise diagrams in a timely manner, thus enhancing the project's documentation and overall clarity.
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[Figure 6: Structure of VR Objects]

	classDiagram
    class VRObject {
        -name: String
        -description: String
    }
    class VRObjectList {
        +VRObject[] objects
    }
    class UserInteraction {
        +detectObjectSelection()
        +displayInformationOn3DWidget()
    }

    VRObjectList o-- VRObject : contains
    UserInteraction ..> VRObject : interacts




[image: A diagram of a virtual reality system
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[Figure 7: VR player movement and hand tracking]



	sequenceDiagram
    participant VRSystem as VR System
    loop Interaction Loop
        VRSystem->>VRPlayer: Update real-world movement
        activate VRPlayer
        VRPlayer->>VRSystem: Update position in VR
        deactivate VRPlayer
        VRSystem->>VRPlayer: Update hand positions
        activate VRPlayer
        VRPlayer->>VRSystem: Check interactions
        deactivate VRPlayer
    end









[image: A diagram of a project
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[Figure 8: interactions between the user, VR object]

	sequenceDiagram
    participant User
    participant VRObject as Detected Object
    participant Widget as 3D Widget
    loop VR Interaction Loop
        User->>VRObject: Point with right index finger
        activate VRObject
        VRObject->>Widget: Provide name and description
        activate Widget
        Widget->>User: Display information
        deactivate Widget
        deactivate VRObject
    end















Strengths:


Proprietary VR educational content enhances student engagement and facilitates deep learning.


Advanced hand-tracking technology provides intuitive user interfaces, improving the learning experience.


Custom-built VR environments allow for detailed explorations of complex anatomical structures.


Adaptive learning algorithms tailor educational content based on user performance and preferences.


Strong focus on usability and accessibility, including adjustable settings for users with disabilities.


Weaknesses:


Solo development may lead to longer development cycles and slower response to market changes.


Limited budget constraints restrict the scope of initial hardware and software integrations.


Reliance on user feedback for iterative design could introduce biases if sample sizes are not representative.


Maintenance and updates could become overwhelming without additional support as the system scales.


Potential knowledge gaps in the latest VR advancements could delay or impede certain feature implementations.


Opportunities:


Collaboration with universities and educational institutions could validate the VR system and stimulate adoption.


Emerging VR technologies like augmented reality overlays could enhance the educational offerings.


Expansion into new markets such as corporate training for medical professionals or remote surgical training.


Government or educational grants for technology-enhanced learning projects could provide additional funding.


The rise of home schooling and remote learning solutions post-pandemic increases the potential user base.


Threats:


Rapid technological advancements in VR could necessitate constant updates to stay competitive.


Emerging competitors with better funding or larger development teams could capture market share quickly.


Changes in educational technology regulations could impact data handling and privacy requirements.


Economic fluctuations may impact investment in new educational technologies, affecting potential sales.


User skepticism about the effectiveness of VR in education could hinder initial adoption rates.
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// Pseudocode for Loa

// Function to load anatomical models
Function loadAnatomicalModels():
// Load models from storage
models = loadModels("path/to/models”)
// Initialize models in VR space

initializeModelsinVR(models)

// Function to initialize models in the VR space

Function initializeModelsinVR(models):

For each model in models:
// Set model position and scale

setPositionAndScale(model)

// Make model visible in the VR environment
\akeVisible(model)

g and Displaying Anatomical Models
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// Pseudocode for Object Selection and Information Display in VR

// Define a class for VR objects with properties for name and description
Class VRObject:
properties: name, description

/i alist of VR objects with names and descriptions
Initialize list of VRObjects

// Main loop to check for user interactions using hand tracking

While true:

If user's right index finger points at an object using the forward vector:
Detect object based on intersection of forward vector and object

Get the name and description of the detected object
Display the information on a 3D widget in VR

// Function to detect object selection based on index finger pointing
Function detect object selection:
For each object in the list:
If forward vector from the index finger intersects with the object:
Return the object
Return null

// Function to display information on a 3 widget

Function display information on 3D widget:
Set the text of the widget to the object’s name and description
Position the widget near the object to ensure visibility
Make the widget visible in the VR environment
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// Pseudocode for Anatomical Model Interaction

// Main loop to handle model interactions
While true:
If user points at model and selects:
// Fetch selected model part
part = getModelPart(userSelection)
// Display details about the selected part
displayDetails(part)

// Function to get the selected part of the model
Function getModelPart(selection):
// Determine which part of the model is selected
return selectedPart

// Function to display details of the selected part
Function displayDetails(part):
// Display name, function, and other relevant details
showDetailsOnScreen(part)
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// Simplified Pseudocode for VR Player Movement and Hand
Tracking Including Real-World Movement

// Initialize VR movement and hand tracking systems
Initialize VR Systems

// Main loop to handle VR interactions
While true:

// Get player's real-world movement input from the VR headset
Update player position based on real-world m

// Track and update positions of both hands using VR hand tracking
Update hand positions (right' and 'left’)

// Check and handle interactions based on hand positions
Check interactions based on hand positions

// Function to update player's VR position based on real-world movements
Update player position (real-world movement)

// Fetch the current position from the VR headset

// Update the VR environment to reflect the player's new position

// Function to update hand positions using VR hand tracking
Update hand positions (hand)
// Fetch and update current hand positions from VR sensors

// Function to check and handle interactions
Check interactions (hand positions)

// Detect and handle interactions like touching or grabbing objects based on hand
position
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VR System VRPlayer

loop [Interaction Loop]

Update real-world movement

>
Update position in VR
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>
Check interactions
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User Detected Object 3D Widget

loop [VR Interaction Loop]

Point with right index finger

v
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Pre Study Questionnaire
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Post-Study Questionnaire
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