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The Problem

Real-World Behavior Is Embodied. Most VR Is Not.

Virtual Reality (VR) creates a safe, controlled environment for neurodivergent
children to practise skills.

But what are we missing when the body stays still?

Knowing when to cross is
only one part of crossing




Research Question & Opportunity @a

What Can Embodied XR Unlock?

“Can embodied XR make functional mind-body coordination across gross motor
movement, attention, cognition, and communication measurable & trainable?”
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Communication

O Measure
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Anatomy of an Embodied XR Experience !a

Physical Hardware Our Embodied XR Framework

Virtuix Omni One Treadmill + Meta Quest Core Reusable Unity Modules

Speech & Hand / Object
E: |I:I Communication Interaction

4 |

Movement & Gaze & Lesson /

Navigation Social Game Logic
Attention

e Full-body walking & running o Capable of real-time behavioural data capture
e Natural 360° turning e Al-powered interaction
e« Head & hand tracking e Adaptive NPC behavior



How Embodied XR Works

We design a skill-targeted experience, the participant acts within it, and the system
captures how that behaviour unfolds.

1. Configurable VR Experience

3. Behavioral Measurement

t vs incorrect gaze by checkpoint

Goal: Turn a skill into a scenario, a scenario into controlled variations,
and every interaction into data.



A Modular Embodied XR Framework

Unity VR Experience

Locomotion Layer Scene Interaction Layer Al / Speech Layer
Omni One Vital Meta XR Interaction SDK
SDK ita Unity Audio LLM NPC
Data Capture Brain
Wearable
Physical Movement Hand/Object Interaction Conversational Interaction

Behavioral Data

Quest-Native Unity XR - Virtuix Omni Input Vector Mapping - Meta XR Spatial Hand Interaction - NPC Attention Raycasting - Asynchronous Al STT-LLM-TTS
Pipeline - CSV Telemetry - Custom C# Scripts



Technical Implementation of the Core Modules !a

Maps physical walking & turning to
stable movement of the Meta XR rig!

Omni input vector
— Headset-relative direction mapping
— Movement scaling

Quest
APK

> VR Scene

Quest-Native Unity XR - Virtuix Omni Input Vector Mapping - Meta XR Spatial Hand Interaction - NPC Attention Raycasting - Asynchronous Al STT-LLM-TTS
Pipeline - CSV Telemetry - Custom C# Scripts 8
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Technical Implementation of the Core Modules

Hand & Attention Tracking r

Meta XR hand tracking
— Grabbable / HandGrablnteractable
— Custom selection & tag events

CenterEyeAnchor R p
— Raycast + angle / distance checks @ ) % s

— Head-directed attention events N Please lock at Jo
_ A\

Quest-Native Unity XR - Virtuix Omni Input Vector Mapping - Meta XR Spatial Hand Interaction - NPC Attention Raycasting - Asynchronous Al STT-LLM-TTS
Pipeline - CSV Telemetry - Custom C# Scripts



Technical Implementation of the Core Modules

Al NPC Speech & Conversation

Real-Time Conversational Al Avatars
— VAD-Gated Audio Capture
— Asynchronous REST Inference

— LLM Dialogue Generation
— T

Whisper-large-V3

e )
Speechify
| bet it sounds great. Do you play in
the school talent show or just for fun? NPC Avatar Animator & AudioSource

Quest-Native Unity XR - Virtuix Omni Input Vector Mapping - Meta XR Spatial Hand Interaction - NPC Attention Raycasting - Asynchronous Al STT-LLM-TTS
Pipeline - CSV Telemetry - Custom C# Scripts

GrogCloud NPC
Brain
LLama




Framework in Action: Prototype Experiences

1) Single-NPC VR Tag

R | coox [ e | speok | croose

Skills Addressed: Spatial navigation, Hand-eye
coordination & Speech Initiation
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Framework in Action: Prototype Experiences

Gameplay Trial

Behavioral Data

Tag-to-Reward Sequence Timeline

Timing between each NPC tag and subsequent reward collection

Trial 1 4 ._8‘ ® NPC Tagged 10-Second Target Window
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Session Time (seconds)
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Framework in Action: Prototype Experiences

2) Multi-NPC VR Tag

Skills Addressed: Selective & Social Attention, Instruction
Following, Spatial navigation
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Framework in Action: Prototype Experiences

Behavioral Data

Correct vs incorrect gaze by checkpoint

mmm Correct selected NPC

mmm Incorrect NPC
prompt_checkpoint_04 l No NPC gaze

mmm No active target

prompt_checkpoint_03

prompt_checkpoint_02 I

prompt_checkpoint_01

Checkpoint

before first checkpoint

0 20 40 60 80
Approximate duration (s)
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Framework in Action: Prototype Experiences

3) Adaptive Running VR Track

] rce [ took | wessure | Reouise

Skills Addressed: Sustained attention, Pacing & Motor
Regulation, Movement Precision
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Framework in Action: Prototype Experiences -a

Behavioral Data

Player Trajectory with Lane Violation Events
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What Embodied XR Makes Possible

From Measurable Behavior to Personalized Support

Future Directions

Expand the library of skill-targeted embodied XR experiences

Introduce controlled difficulty and adaptive task variations

Collect longitudinal movement, attention, speech, and performance data
Evaluate individual behavioral patterns across repeated sessions
Develop clinically grounded, context-aware Al-powered NPCs with
fine-tuning
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Any Questions?

Scan for more details
about the Embodied
XR project!
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