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This research proposal outlines a strategic initiative to systematically enhance an existing 3D AI-driven assistant prototype, originally developed during my Bachelor's degree. While the foundational system successfully demonstrated real-time multimodal interaction with a 3D avatar [1], it presents clear avenues for Master's-level advancement. This project will employ a structured evaluation to select and implement the most impactful enhancement from three candidate pathways: integration of advanced Natural Language Processing (NLP), development of a context-aware animation system, or implementation of practical IoT ecosystem control. Grounded in Design Science Research methodology [2], the project will progress through a phase-gated process, beginning with a technical audit and pathway selection, followed by targeted development and rigorous mixed-methods evaluation. The expected outcomes include a significantly upgraded research artifact, empirical data on the chosen enhancement's efficacy, and a structured framework for advancing legacy prototypes, contributing meaningfully to the fields of Human-Computer Interaction (HCI) and Embodied Conversational Agents (ECAs).
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[bookmark: _Toc214363656]1.1 Context and Background
The field of Human-Computer Interaction (HCI) is increasingly defined by the proliferation of AI-powered virtual assistants, with voice established as a primary interaction modality. However, a significant gap remains between these commercial systems (e.g., Amazon Alexa, Google Assistant) and natural human communication. Commercial agents are fundamentally disembodied, lacking the non-verbal channels—such as gesture, gaze, and expression—that are essential for establishing social presence, conveying empathy, and enabling fluid dialogue [1]. This research is situated at the intersection of HCI and Artificial Intelligence, specifically within the sub-field of Embodied Conversational Agents (ECAs), which seeks to bridge this gap by giving digital assistants a physical, often human-like, form [3]. The current state of the art is rapidly advancing with the integration of large language models (LLMs) for open-domain conversation [6] and data-driven techniques for generating lifelike non-verbal behaviour [7].
[bookmark: _Toc214363657]1.2 Research Problem
This project addresses the challenge of strategically advancing a research prototype beyond its foundational proof-of-concept stage. The existing system, a 3D AI-driven assistant developed during my Bachelor's degree, successfully demonstrated real-time multimodal interaction with a 3D avatar [1]. However, as is typical with undergraduate projects, it operates with inherent limitations: its conversational capabilities are restricted to basic voice commands, its non-verbal behaviour is minimal, and it lacks any connection to the physical world. The core research problem is therefore not to build a new system from scratch, but to methodically select and implement the most impactful enhancement to this legacy prototype, thereby transitioning it from a technical demonstration into a more intelligent, responsive, and research-worthy artifact. The key challenge lies in systematically choosing a development pathway that maximizes research contribution and user impact while remaining feasible within a Master's timeline.
[bookmark: _Toc214363658]1.3 Research Aim and Objectives
Research Aim:
To systematically evaluate, select, and implement the most impactful enhancement to an existing 3D AI assistant prototype, significantly advancing its capabilities to create a more sophisticated, intelligent, and research-worthy system for multimodal interaction.
Research Objectives:
1. To conduct a comprehensive technical audit of the existing BSc prototype to assess its architecture, capabilities, and limitations.
2. To define clear evaluation criteria and, through rapid prototyping, select one primary enhancement pathway from the following:
· Pathway A (Advanced NLP): Integrating a state-of-the-art LLM (e.g., GPT-3.5 Turbo) for dynamic, open-domain conversation.
· Pathway B (Context-Aware Animation): Developing a semantic gesture-mapping system to synchronize non-verbal behaviour with dialogue intent.
· Pathway C (IoT Integration): Implementing control over a physical smart device ecosystem (e.g., via Alexa Skills API) to demonstrate real-world agency.
3. To design, develop, and integrate the selected enhancement into the existing prototype architecture.
4. To conduct a rigorous comparative evaluation, measuring the enhancement's impact on usability, user engagement, and perceived intelligence against the baseline of the original prototype.
5. To critically document the enhancement process and analyse its contribution to the research on evolving embodied AI systems.
[bookmark: _Toc214363659]1.4 Significance of the Research
The significance of this research is threefold. First, for the research community, it will contribute empirical evidence on the impact of a specific high-level enhancement (NLP, animation, or IoT) on user interaction with an ECA, filling a gap in comparative studies. Second, it provides a valuable technical contribution in the form of an enhanced, open-source research artifact that can be used as a platform for future work. Third, it offers a methodological contribution by documenting a structured, phase-gated framework for evaluating and advancing legacy research software, a common but often ad-hoc challenge in academic practice. The potential applications are direct: a more conversational ECA could be deployed in education or customer service; a more expressive one could improve human-robot interaction; and an ECA with physical agency could serve as a novel smart-home interface.
[bookmark: _Toc214363660]2. Literature Review

[bookmark: _Toc214363661]2.1 The Foundational Role of Prototyping in HCI Research
The iterative development and enhancement of research prototypes is a cornerstone of HCI and AI research [4]. Prototypes serve as tangible artifacts that ground theoretical concepts in practical implementation, allowing for empirical validation and the discovery of unforeseen challenges [2]. This project is situated within this tradition, treating the existing BSc prototype not as a finished product but as a foundational research platform for targeted advancement.

[bookmark: _Toc214363662]2.2 Embodied Conversational Agents (ECAs) and the Need for Advanced Interaction
The field of ECAs provides the theoretical bedrock for this work, emphasizing that embodiment through gesture, gaze, and expression is crucial for establishing social presence and improving user engagement [3]. While the original prototype established basic embodiment, the research frontier has moved towards more nuanced, context-aware interactions. Studies show that the congruence between verbal output and non-verbal behaviour significantly impacts perceived intelligence and trust [5], highlighting a key area for potential enhancement.

[bookmark: _Toc214363663]2.3 Advancements in Natural Language Understanding for ECAs
Early and many contemporary ECAs rely on limited, scripted dialogue. The advent of large language models (LLMs) like GPT-3.5 and GPT-4 has revolutionized the potential for open-domain, contextually rich conversation [6]. Integrating such models into an existing ECA architecture represents a significant leap from command-based interaction to truly conversational partnership, a compelling pathway for enhancement.

[bookmark: _Toc214363664]2.4 Data-Driven and Semantic Animation Synchronization
Beyond basic lip-syncing, the challenge lies in generating non-verbal behaviour that is semantically aligned with speech content. Research has progressed from purely rule-based systems to data-driven approaches that use prosodic features and semantic analysis to drive animation [7]. Enhancing the original prototype's animation system to incorporate intent- or keyword-driven gestures would constitute a major step towards a more believable and engaging agent.

[bookmark: _Toc214363665]2.5 ECA Integration with Physical Environments via IoT
The Internet of Things (IoT) has created a bridge between the digital and physical worlds. While voice assistants commonly control IoT devices, the role of embodiment in this context is underexplored [8]. An ECA that can manipulate the user's environment represents a powerful fusion of digital presence and physical agency, offering a third viable pathway for enhancing the prototype's practical utility and research significance.

[bookmark: _Toc214363666]2.6 Synthesis and Research Positioning
The literature confirms both the validity of the original prototype's embodied approach and the substantial headroom for its enhancement. The identified pathways—advanced NLP, semantic animation, and IoT integration—are well-supported by current research and represent distinct, high-impact vectors for advancing the system's capabilities. This project will systematically select and pursue one such vector.

[bookmark: _Toc214363667]3. Research Aim and Objectives

Research Aim:
To systematically evaluate, select, and implement the most impactful enhancement to an existing 3D AI assistant prototype, significantly advancing its capabilities to create a more sophisticated, intelligent, and research-worthy system for multimodal interaction.


Research Objectives:
1.  To conduct a comprehensive technical audit of the existing BSc prototype to assess its architecture, capabilities, and limitations.
2.  To define clear evaluation criteria and, through rapid prototyping, select one primary enhancement pathway from the following:
· Pathway A (Advanced NLP): Integrating a state-of-the-art LLM (e.g., GPT-3.5 Turbo) for dynamic, open-domain conversation.
· Pathway B (Context-Aware Animation): Developing a semantic gesture-mapping system to synchronize non-verbal behaviour with dialogue intent.
· Pathway C (IoT Integration): Implementing control over a physical smart device ecosystem (e.g., via Alexa Skills API) to demonstrate real-world agency.
3.  To design, develop, and integrate the selected enhancement into the existing prototype architecture.
4.  To conduct a rigorous comparative evaluation, measuring the enhancement's impact on usability, user engagement, and perceived intelligence against the baseline of the original prototype.
5.  To critically document the enhancement process and analyse its contribution to the research on evolving embodied AI systems.
[bookmark: _Toc214363668]4. Methodology

This project will adopt the **Design Science Research (DSR)** paradigm [2], which is ideally suited for the iterative building and evaluation of IT artifacts. The process will be phase-gated to ensure a structured and justified approach to enhancement selection.

[bookmark: _Toc214363669]4.1 Phase 0: Pathway Selection & Technical Audit (Weeks 1-2)
This initial phase is dedicated to making a data-driven decision on the enhancement pathway.
Technical Audit: A full analysis of the existing codebase, documenting the current architecture (`VoiceInputManager`, `AnimationController`, etc.), data flows, and API integrations.
Rapid Prototyping Sprints: Concurrent, time-boxed (3-day) technical spikes for each pathway:
· Pathway A Spike: Integrate the OpenAI API; test response generation and latency.
· Pathway B Spike: Implement a new keyword-to-animation trigger system; test robustness.
· Pathway C Spike: Develop a simple Alexa Skill; test sending a mock "light on" command from Unity.
Selection Criteria: Pathways will be evaluated against:
    1.  Technical Feasibility within the project timeline.
    2.  Research Contribution and alignment with ECA literature.
    3.  User Impact potential on key HCI metrics.
[bookmark: _Toc214363670]4.2 Phase 1: Targeted Development & Integration (Weeks 3-8)
The methodology for this phase will be tailored to the selected pathway.
· Pathway A (NLP): Focus on prompt engineering, context management, and optimizing the dialogue flow with the LLM. Evaluation will emphasize conversation quality and coherence.
· Pathway B (Animation): Focus on expanding the animation library and refining the semantic trigger logic. Evaluation will focus on the perceived naturalism and appropriateness of gestures.
· Pathway C (IoT): Focus on secure API communication, error handling for device states, and user feedback. Evaluation will emphasize task success and reliability.

[bookmark: _Toc214363671]4.3 Phase 2: Mixed-Methods Evaluation (Weeks 9-10)
A mixed-methods approach will be used to evaluate the enhanced prototype.
· Quantitative Component: A within-subjects study where participants (n=15-20) complete a set of tasks with both the original and enhanced prototypes. Metrics will include Task Success Rate, Completion Time, and System Usability Scale (SUS) scores.
· Qualitative Component: Semi-structured interviews will be conducted to gather rich feedback on the user's perception of the enhancement, focusing on engagement, trust, and perceived intelligence. Thematic analysis will be used to identify key themes.

[bookmark: _Toc214363672]4.4 Ethical Considerations
      Ethical Approval: Prior to the commencement of Phase 2 (Evaluation), this project will obtain formal ethical approval from the University's Research Ethics Committee. The evaluation procedure, participant information sheet, and consent form will be submitted for review.
· Informed Consent: Participants will be fully briefed and sign consent forms.
· Data Privacy: All data will be anonymized. Audio data sent to cloud APIs will be transient.
· Transparency: The AI nature and limitations of the system will be clearly communicated.
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[bookmark: _Toc214363674]5.1: Table 1: Updated Project Gantt Chart


[bookmark: _Toc214363675]5.2 Risk Management
· Risk: Chosen pathway proves more complex than anticipated. Mitigation: The Phase 0 rapid prototyping is designed specifically to de-risk this decision.
· Risk: Original codebase is difficult to extend. Mitigation: The technical audit will identify integration challenges early.





[bookmark: _Toc214363676]6. Expected Outcomes and Contribution
[bookmark: _Toc214363677]6.1 Anticipated Results
This project is anticipated to yield several key results determined by the selected pathway. For Pathway A (Advanced NLP), the expected result is a measurable and significant improvement in conversation quality and coherence, moving from scripted commands to dynamic, open-domain dialogue. For Pathway B (Context-Aware Animation), the anticipated result is a system that produces non-verbal behaviours (e.g., gestures, head nods) that are semantically aligned with speech content, leading to higher user ratings on perceived naturalism and engagement. For Pathway C (IoT Integration), the expected result is a robust demonstration of the ECA's ability to reliably control a physical smart-device ecosystem, successfully completing user-directed tasks with high reliability.
[bookmark: _Toc214363678]6.2 Implications
The implications of these results are substantial. Theoretically, this work will advance our understanding of how specific technical capabilities influence core HCI constructs like usability, social presence, and trust within embodied agents. Practically, the enhanced artifact serves as a tangible step towards more natural and powerful human-computer partnerships. The documented process provides a reusable framework for other researchers, thereby contributing to the broader ecosystem of academic software development. By rigorously evaluating the chosen enhancement against a baseline, this study will produce a validated case study on the evolution of research prototypes.
[bookmark: _Toc214363679]6.3 Limitations
As outlined in Section 7, the project's limitations are inherently tied to the chosen pathway. The generalizability of the empirical findings will be specific to the type of enhancement implemented. Furthermore, the project is constrained by the architecture and design decisions of the original BSc prototype, which may limit the elegance or scope of the integration. The evaluation, while rigorous, will be conducted with a limited sample size (n=15-20), appropriate for a Master's study but not for broad statistical generalisation.











[bookmark: _Toc214363680]7.Limitations and Challenges

· Pathway Dependency: The specific limitations will be determined by the chosen enhancement pathway. The Phase 0 audit will explicitly map these out.
· Legacy Code Constraints: The existing architecture will impose certain constraints on the implementation of the new enhancement.
· Generalizability: The findings will be specific to the type of enhancement implemented, though the overall process will be generalizable.



[bookmark: _Toc214363681]8. Conclusion

This proposal outlines a strategic and structured approach to Master's research by building upon a solid foundation. Rather than starting anew, this project embraces the practical and scholarly value of advancing an existing research prototype. By incorporating a disciplined, phase-gated methodology that begins with a technical audit and pathway selection, it ensures that the subsequent development effort is focused, feasible, and high-impact. This work will not only produce an enhanced embodied agent but will also provide a valuable case study in the evolution of research software, fully aligning with the rigorous demands of the MSc in Data and Artificial Intelligence.
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