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Use Case Title

3D Web Field Trips for Remote Learning

Use Case ldentifier

MSF2025-WFT-001
e \ersion 1.0
o Year of Release: 2025

Summary of Use Case

Description: This use case defines a standardized, royalty-free, and browser-native
framework for authoring, distributing, and delivering fully interactive 3D virtual field trips.
These trips reconstruct real-world locations with scientific and pedagogical fidelity, enabling
authentic experiential learning and professional training for sites that are geographically
remote, ecologically fragile, hazardous, culturally sensitive, or logistically prohibitive. The
framework declaratively composes a wide range of media and data—including high-resolution
spherical panoramas, photogrammetric point clouds, gITF 3D models, geospatially accurate
terrain, and calibrated measurement instruments. It is enriched with persistent multi-modal
annotation layers, real-time multi-user synchronization, and X3D Audio Graph-driven
spatialized environmental sound. The framework ensures consistent core pedagogical
experiences across the entire device continuum—from low-end mobile browsers to high-end
6DOF VR/AR headsets and multi-wall CAVE systems—while preserving critical requirements
for metric calibration, interaction consistency, data provenance, and universal accessibility.

Benefits:

e Universal Access: Democratizes access to globally significant, restricted, or hazardous
field sites without physical presence or risk.

e Evidence-Based Outcomes: Research-validated evidence decisively confirms that virtual
field trips using VR/AR significantly elevate student engagement, foster markedly more
positive learning attitudes, and develop critical skills including spatial reasoning,
systematic observation, and procedural accuracy. For example, University of Sdo Paulo
studies (Interlab and Immersive Education Portal, 2020-2024) together with multiple
controlled trials consistently show superior skills-based outcomes and greater long-term
knowledge retention compared to traditional lecture- and textbook-based instruction.

e Standardized Assessment: Enables repeatable, verifiable mastery of field techniques
using virtual instrumentation with NIST-traceable measurement principles, featuring
automatic validation and submission to institutional gradebooks.

e Flexible Learning: Supports both synchronous instructor-led expeditions with spatialized
voice and shared interaction state, and asynchronous self-paced exploration with
persistent, versioned learner annotations.
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e Cost Efficiency: Dramatically reduces cost, exclusion, carbon footprint, and institutional
liability compared to physical field trips.

e Cross-Platform Equity: Provides identical educational experiences across diverse
hardware, from low-end mobile devices to high-end immersive systems, eliminating the
digital divide in field education.

e Enhanced Immersion: Leverages X3D Audio Graphs, volumetric rendering, and
physics-enhanced interactions to create compelling ecological, acoustic, and situational
presence.

e Sustainable Resources: Promotes long-term institutional reuse and continuous scientific

improvement through modular, versioned, standards-compliant asset libraries. Supported
by the growing ecosystem of open-source and royalty-free assets for gITF and X3D,
providing a practical foundation for content sustainability.

e Integrated Analytics: Natively integrates with LTI 1.3, XAPI, and institutional Learning
Record Stores for automated assessment, micro-credentialing, and longitudinal analytics.

Contributors and Supporters

e 3D Web Interoperability Working Group
e MSF Domains (Peer Review)
e Use Case Taskforce

Keywords

X3D v4, gITF, WebXR, LTI 1.3, xAPI, Spherical Panoramas, 360 Video, Point Clouds,
Photogrammetry, Volumetric Rendering, Virtual Field Trips, Remote Experiential Learning,
Pedagogical Metadata, Learning Analytics, X3D Audio Graph, Geospatial Component,
Multi-User Synchronization, Calibrated Measurement Tools, X3D Audio Graph, Geospatial
Component, Multi-User Synchronization, Calibrated Measurement Tools

Actors/Entities

Users:

e Educators & Facilitators: Professors, K-12 teachers, government trainers, and field
scientists who author, guide, assess, and iteratively refine virtual field trips using
authenticated institutional identities with elevated privileges for scene editing, session
orchestration, and analytics access.

e Learners: Students, professional trainees, and citizen scientists from secondary education

to continuing professional development, who engage via authenticated profiles linked to
portable learning records, generating measurements, annotations, and assessment data
while exercising granular control over privacy and visibility.

Providers:

e Educational Institutions & Government Agencies: Universities, schools, USDA Forest

Service, USGS, National Park Service, and similar bodies that commission, scientifically
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validate, host, certify, and govern field trip content, enforce compliance with curriculum
standards, data protection regulations (e.g., Family Educational Rights and Privacy Act
(FERPA), General Data Protection Regulation (GDPR)), and ethical guidelines.

e Infrastructure & Content Operators: Ed-tech platforms, museums, and NGOs that
aggregate reusable asset libraries, manage CDN delivery, maintain multi-user

synchronization services, and ensure long-term archival and version control of educational

scenes.

Detailed Description of Use Case/Scenario

Preconditions:
1. Technical Infrastructure: Field trip scenes are authored in X3D v4 (or X3D+gITF/USD

hybrid) with embedded 8K+ spherical media, lidar/photogrammetric reconstructions,
double-precision geospatial anchoring, real-world metric calibration, validated
measurement protocols, and pedagogical triggers. Scenes must now also include
predefined "graceful degradation" pathways (e.g., 2D fallbacks, simplified LOD models)
and embedded remediation content (tutorials, corrective feedback) for anticipated failure
modes.

. Platform Capabilities: Hosting platforms support progressive streaming, WebXR,

multi-user state replication via WebSocket/NetworkSensor, W3C WebAudio spatialization,
LTI 1.3 handshake, and xAPI event emission. The platform must now also feature a
real-time "Adaptive Learning Engine" capable of detecting performance bottlenecks, user
errors, and environmental conflicts to trigger alternative flows. Validated by research on
intelligent tutoring systems demonstrating effective real-time pedagogical interventions.
This includes conflict resolution services for multi-user state synchronization and
privacy-preserving computation for features like anonymization.

. User Readiness: Users possess WebGL 2.0+ browsers; optional WebXR-capable

hardware. User devices must now support the necessary APIs for fallback interactions
(e.g., gyroscope for motion, microphone for voice commands) where those alternative
modes are offered.

. Authentication & Access: Institutional SSO or DID-based authentication with granular

RBAC and explicit consent mechanisms are active. Consent mechanisms must be
dynamic and context-aware, capable of being re-triggered or adjusted when new
privacy-sensitive situations arise (e.g., sharing that involves others).

. Stateful Profile Management: User Profiles are not just authenticated but are "stateful"

and portable, containing personalized settings (control schemes, accessibility
preferences), historical interaction data for analytics, and the authority to save
venue-specific asset variants.

. Content Integrity: All assets carry embedded provenance, licensing, scientific accuracy

assertions, and pedagogical metadata. This metadata must now be extended to include
"behavioral integrity" claims and compatibility information for different rendering
environments and physics engines.

. Adaptive Content: A library of adaptive learning modules and emergency scenario

content is pre-authored and available for on-demand injection into live sessions when
triggered by the system's pedagogical logic.
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. Pedagogical Alignment: Field trips are aligned with specific learning objectives and
competency frameworks, with embedded assessment triggers and validated rubrics.

. Enhanced Cultural Governance: Content includes WCAG 2.1 AA compliant alternatives
and mandated co-creation protocols with local communities for culturally significant sites,
grounded in established ethical frameworks for digital representation and enforceable
through technical access controls.

Main Flow:

e Scenario 1: Asynchronous Forestry Inventory & Health Assessment (Joe — university

1.

2.

student)

Joe launches the "Coastal Redwood Stand Assessment" module via LTI from his LMS on
a laptop.

The X3D scene loads a networked graph of 8K photospheres, volumetric tree models, and
terrain point clouds with directional bird calls via X3D Audio Graph.

Using calibrated virtual calipers, clinometer, and densiometer, Joe records DBH, height,
and canopy cover; results auto-populate a field data sheet with real-time validation.

He annotates a fungal specimen with text, voice note, and photo; the annotation persists
in his profile.

5. Joe submits the completed data sheet; the system emits xAPI statements and updates his

gradebook.

e Scenario 2: Synchronous Global Wetland Ecology Expedition (Dr. Sally & class)

W N

. Dr. Sally initiates a live comparative tour linking the Everglades, Pantanal, and Okavango
Delta.

. Students join via mixed devices; avatars appear with spatialized voices.

. Dr. Sally activates Guide Mode and uses a laser pointer; her voice emanates from her
avatar.

4. Students deploy virtual water-quality probes and collaboratively build a shared biodiversity

heatmap.

5. A student annotates an unusual amphibian; the entire cohort teleports to discuss it in real

time.
Scenario 3: USDA Professional Crop-Health Certification

. Ross joins a USDA-certified series using drone-captured NDVI-enhanced models and 360
video on his Quest headset.

2. He navigates crop rows, identifies early blight, and marks affected plants using a virtual

flagging tool.

3. Embedded quizzes trigger at key locations; results are cryptographically signed and

written to his official training record.

e Scenario 4: US Forest Service Disease-Vector Habitat Patrol (field technicians)

-_—

. Trainees enter a reconstructed hemlock forest with modeled infestation risk overlays.

2. They patrol on foot or via waypoint navigation, tagging high-risk riparian zones on a

shared GIS layer.

3. The system evaluates route efficiency and identification accuracy in real time.

e Scenario 5: Remote Geology Field Camp (Dr. Hanson & students)

1.

Students access lidar-reconstructed Himalayan outcrops and Antarctic dry valleys.
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2. They perform strike/dip measurements with a virtual Brunton compass, collect virtual hand

samples, and export data to stereonet software.
Alternative Flow
e Scenario 1 Alternatives: Forestry Inventory & Health Assessment
1. Low Bandwidth Encounter

e Joe attempts to access the redwood assessment from a rural area with limited
connectivity:

o The system detects bandwidth below 5 Mbps and automatically switches to 2D
panorama mode with simplified tree models, while preserving measurement tool
accuracy

o A notification appears: "Bandwidth optimization active—visual detail reduced but
measurements remain precise"

o Joe can manually toggle between performance and quality modes, with real-time
estimates of load times for each option

2. Measurement Calibration Drift
e Joe's virtual caliper begins giving inconsistent readings across multiple trees:

o The system detects measurement variance exceeding 5% and triggers
auto-recalibration against known reference objects in the scene

o A calibration tutorial overlay appears: "Recalibrating tool—please measure the
reference post for accuracy verification"

o All previous measurements are flagged for review, and Joe receives guidance on
proper tool usage techniques

3. Accessibility Need Emergence
e Joe develops temporary wrist strain but needs to complete his fieldwork:

o The system detects irregular interaction patterns and suggests: "Alternative
control schemes available—enable voice commands or gaze-based selection?"

o Upon activation, measurement tools respond to voice commands ("measure
diameter," "record height") and eye-tracking for object selection

o Joe's preference profile updates to include these accessibility settings for future
sessions

e Scenario 2 Alternatives: Global Wetland Ecology Expedition
1. Cross-Cultural Site Sensitivity

e The class approaches a wetland area with indigenous cultural significance. In

compliance with mandated co-creation protocols:

o The system automatically dims sacred areas and displays: "Cultural protocol
active—this area requires community guidance for detailed exploration"

o Dr. Sally receives elevated access options after completing cultural competency
verification

o Students see an educational overlay about the importance of indigenous
knowledge in wetland conservation

2. Real-Time Data Conflict
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e Two student groups report contradictory water quality measurements from the same
location:

o The system flags the discrepancy and creates a collaborative analysis workspace
comparing both data sets

o Additional virtual sampling tools unlock, allowing the class to collectively
investigate potential measurement errors

o The session automatically schedules a follow-up "data reconciliation" meeting with
the teaching assistant

3. Unexpected Ecological Event
e A virtual algal bloom spontaneously develops, overwhelming the planned lesson:

o The Adaptive Learning Engine adapts the curriculum, providing Dr. Sally with
emergency teaching materials about harmful algal blooms

o Student probes automatically reconfigure to measure bloom-related parameters
(toxicity, oxygen levels)

o The original lesson plan is queued for the next session, with student progress
automatically saved

e Scenario 3 Alternatives: USDA Professional Crop-Health Certification
1. Professional Credential Verification Failure
e Ross's USDA certification credentials fail to validate during a critical assessment:

o The system provides temporary "supervised mode" access, allowing completion
while verification is pending

o All assessments are watermarked "pending credential verification" and require
secondary authentication

o Ross receives immediate support channel information and estimated resolution
time
2. Environmental Condition Simulation Mismatch

e The virtual farm environment develops weather conditions not covered in Ross's
training module:

o The system detects the knowledge gap and provides just-in-time learning
modules about crop management in extreme weather

o Assessment difficulty automatically adjusts to focus on core competencies rather
than edge cases

o Ross's training record notes the environmental anomaly for curriculum
improvement

3. Multi-Device Workflow Interruption

e® Ross switches between VR headset, tablet, and desktop during complex disease
identification:

o The system maintains state synchronization across devices but provides
guidance: "Complex task detected—consider completing on a single device for
optimal focus"

o Task progress is segmented to allow natural breaking points between device
transitions
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o Interface elements automatically optimize for each device's input capabilities
e Scenario 4 Alternatives: US Forest Service Disease-Vector Habitat Patrol
1. Emergency Protocol Activation
e A trainee identifies a critical infestation scenario requiring immediate response:

o The system transitions to "emergency drill mode," pausing normal assessment
and initiating time-critical response procedures

o All trainees receive role-specific emergency tasks with performance tracking
under pressure

o Post-drill analytics provide detailed breakdown of response effectiveness and
improvement areas

2. Equipment Malfunction Simulation
e A virtual GPS tagger begins providing inconsistent location data during patrol:

o The system introduces the malfunction as a training opportunity, requiring manual
navigation and backup procedures

o Trainees must switch to analog mapping techniques while reporting the
equipment issue

o Performance evaluation includes both technical skill and problem-solving under
equipment failure

3. Inter-Agency Coordination Test

e The exercise suddenly incorporates virtual personnel from partner agencies with
different protocols:

o The system generates communication challenges and protocol conflicts to test
interoperability skills

o Trainees must establish common operational pictures and resolve procedure
discrepancies in real-time

o The debrief includes specific feedback on inter-agency collaboration effectiveness
e Scenario 5 Alternatives: Remote Geology Field Camp
1. Research-Grade Instrument Failure

e The virtual Brunton compass develops a systematic error during critical structural
measurements:

o The system introduces the error gradually, testing students' ability to detect
instrument drift through redundant measurements

o Alternative orientation methods unlock, including sun position navigation and
GPS-based techniques

o The teaching assistant receives alerts about which students identified the
instrument problem versus those who propagated errors

2. Extreme Weather Simulation

e A virtual snowstorm reduces visibility in the Antarctic valley, threatening fieldwork
safety:

o The system transitions to "extreme weather protocol," requiring rapid data
collection and evacuation planning
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o Measurement priorities automatically shift to time-critical observations before
conditions worsen

o Student performance is evaluated on both data quality and safety decision-making
under pressure

3. Cultural Heritage Discovery

e During outcrop examination, students uncover virtual artifacts of scientific significance.
In compliance with cultural governance protocols:

o The system triggers "heritage protocol," requiring proper documentation and
preservation procedures

o Specialized archaeological measurement tools become available, with guidance
on interdisciplinary fieldwork

o The scenario expands to include ethics training about handling sensitive
discoveries

4. Data Export Integrity Crisis

e The stereonet software rejects the exported structural data due to formatting
inconsistencies:

o The system provides multiple export validation tools and format conversion
options

o Students receive immediate feedback on data cleanliness and preparation best
practices

o The teaching assistant can see which students successfully troubleshoot the
export issue versus those requiring intervention

Postconditions

1. Data Persistence: All learner-generated artifacts (measurements, multi-modal
annotations, quiz responses) are serialized with provenance and emitted as xAPI
statements to the institutional LRS. The xAPI statements must now also capture the
"narrative of the learning experience," including records of encountered alternative flows,
interventions triggered, user responses to those interventions, and time spent in
remediation.

2. Analytics Delivery: Instructor receives detailed analytics dashboard with engagement
heatmaps and performance flags. This dashboard is now enhanced with "Resilience
Analytics," showing how students performed under unexpected conditions (e.g., "90% of
students successfully recalibrated tools after a simulated failure"), and "System Adaptation
Logs" detailing what alternative flows were activated.

3. Environment Reset: Environment resets to pristine state; consumable resources
respawn. Crucially, user-specific "adaptive state" is preserved. This includes saved
venue-specific asset variants, updated personal control preferences, and unlocked
alternative pathways based on proven competency.

4. Session Archiving: Consent-based session archive (timeline, voice transcripts, final
state) is preserved. The archive must also include the state of the privacy layer and any
consent adjustments made during the session, providing a complete audit trail for data
protection compliance.

5. Credential Award: Digital badging and micro-credentialing automatically issued for
demonstrated competencies.

6. Longitudinal Tracking: Individual learning records updated for tracking skill development
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across multiple field experiences.

7. Adaptive Model Refinement: The system's own adaptive models are updated. Machine
learning models that power the Adaptive Learning Engine are refined based on the
efficacy of the interventions used (e.g., "Tooltip X was effective 80% of the time for
calibration errors").

8. Profile Enhancement: Personalized user profiles are updated not just with learning
progress, but with "interaction resilience" metrics and refined preference sets (e.g., "User
prefers voice commands in high-stress scenarios"), ensuring future sessions are even
more tailored.

9. System Integrity Reporting: For providers, a "Scenario Integrity Report" is generated,
flagging any systemic issues (e.g., a particular tool fails calibration frequently across
multiple users) for content maintenance and improvement.

10. Asset Contribution Logging: A record is created detailing any new or modified scene
elements (e.g., a validated data plot, a refined vegetation model, a learner-created
annotation layer approved for public use). The metadata for these elements is updated to
track their provenance and ultility, creating a pipeline for potential contribution back to the
shared, standards-compliant asset libraries, subject to institutional governance and
licensing review.

Implementations and Demonstrations or Technical Feasibility

Implementations and Demonstrations

e [ISO/IEC 19775-1:2023 X3D Version 4 Core Architecture: The latest edition of the ISO
Extensible 3D standard provides the declarative scene-graph foundation, including
Geospatial, Volume Rendering, and Audio Graph components that enable
double-precision earth-scale coordinates, photorealistic volumetric fog/clouds, and fully
spatialized environmental audio essential for scientifically accurate field trips.

e X3DOM and X_ITE Open-Source Runtimes: X3DOM (v1.8.3) and X_ITE (v12.1.9) serve
as production-ready, MIT/GPL-licensed browsers that render identical X3D content from
low-end smartphones to high-end VR headsets and multi-wall CAVEs without plugins or
recompilation, proving true cross-device interoperability. Both runtimes incorporate the
necessary APIs for WebXR support, enabling high-fidelity, immersive experiences.

e Virginia Tech & USDA Production Deployments (2021-Present): Through the National
Advanced Silviculture Program (NASP) and FREC extension initiatives, continuously
operating virtual field trips using X3D-based AR/VR technologies have delivered
immersive forestry inventory and silviculture training to federal foresters and landowners
nationwide, demonstrating operational scalability across time zones, seamless institutional
integration (e.g., LMS and credentialing), and validated skill-transfer outcomes (e.g.,
enhanced remote learning efficacy per participant feedback and ACM Web3D
evaluations).

Technical Feasibility:
e Global-Scale Pedagogical Deployment Using Open Standards: The integration of
mature, royalty-free open standards—including ISO/IEC 19775-1:2023 (X3D v4) for
declarative scene-graphs and double-precision geospatial anchoring, W3C WebXR Device

API for cross-device VR/AR rendering, and 1EdTech LTI 1.3 combined with ADL xAPI for
secure LMS embedding and interaction analytics—enables immediate, browser-native
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deployment of curriculum-aligned virtual field trips at a global scale. Production
deployments since 2021, notably Virginia Tech and USDA’'s X3D-based silviculture tours
for the National Advanced Silviculture Program, demonstrate technical feasibility,
multi-institutional scalability, and enhanced outcomes like effective skill acquisition and
professional competency development across higher education and professional training
contexts.

Challenges:

e Vergence-Accommodation Conflict: Prolonged VR sessions induce simulator sickness
due to mismatched focus cues (eyes converging on a virtual object while accommodating
to a fixed screen). Robust comfort frameworks and seamless 2D fallbacks are mandatory
to mitigate this physiological barrier.

e Asset Density vs. Performance: Rendering accurate environments with millions of
instances exceeds mobile WebGL budgets. Aggressive Level of Detail (LOD) hierarchies
and server-side streaming are required to balance botanical accuracy with frame-rate
stability.

e Authoring Pipeline Friction: Converting reality-capture data into pedagogically annotated
X3D scenes demands expertise most educators lack; automated Al-assisted pipelines
(e.g., scan-to-mesh optimization) are essential to democratize content creation.

e Multi-User Synchronization: Achieving sub-100ms consistency for concurrent users over
variable networks requires predictive algorithms (dead reckoning) and conflict-resolution
protocols to maintain a shared reality.

e Assessment Integrity Validation: Ensuring virtual competencies reliably translate to
real-world field skills across diverse institutional contexts demands longitudinal transfer
studies and psychometrically calibrated assessment rubrics to validate efficacy and
establish credible skill transfer metrics.

e Data Sovereignty & Cultural Sensitivity: Virtual representations of indigenous lands risk
appropriation without co-creation; enforceable governance models and revocable access
layers are necessary, implemented through mandated co-creation protocols.

Requirements:

Technical and Functional Requirements

e Geospatially Accurate Scene Composition: Scenes must declaratively combine
spherical media, gITF/USD assets, X3D Geospatial anchoring, calibrated measurement
tools, persistent multi-modal annotation graphs, and X3D Audio Graph integration within a
single, versioned file.

e NIST-Traceable Virtual Instrumentation: All measurement tools must output values with
embedded uncertainty metadata and real-world unit calibration verifiable against physical
standards.

e Persistent Multi-Modal Annotation System: Learners must create geotagged
annotations containing text, voice, images, or video; these must support private, group,
and public visibility levels with full versioning and provenance.
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e Real-Time Multi-User Collaboration: Support spatialized voice, avatar positioning,
shared tool usage, and collaborative editing of annotation layers with sub-100ms effective
latency.

e LTI 1.3 and xAPI Integration: Seamless identity hand-off, grade pass-back, and emission
of fine-grained learning events to institutional systems.

e Longitudinal Assessment: Support for tracking skill development and knowledge
retention across multiple field experiences for comprehensive competency evaluation.

Interoperability Requirements

e Standardized Shared Representation: All field trips must adhere to open, royalty-free
formats (e.g., X3D v4 and gITF/USD) with mandatory fallback Switch/LOD nodes and
conformance-tested against Web3D validation suites.

e Uniform Interaction Metaphor: Identical pedagogical outcomes regardless of input
device via standardized sensor-to-behavior routing and calibration protocols.

Other Key Considerations:

e Privacy: Learner navigation paths, gaze data, voice recordings, and assessment results
constitute protected educational records; granular, revocable consent, automatic
redaction, end-to-end encryption, and strict FERPA/GDPR/CCPA compliance are
mandatory.

e Cybersecurity: All scene files and session traffic must carry cryptographic signatures;
multi-user channels must use DTLS-SRTP; RBAC must prevent privilege escalation with
regular vulnerability audits.

e Identity Verification: Support institutional SAML/OIDC SSO with optional DID-based
ephemeral guest access, including multi-factor authentication for sensitive content.

e Networking & Latency: CDN-hosted assets, adaptive bitrate 360 video, priority
synchronization of pedagogical state over cosmetic elements, with offline-capable
fallbacks.

e Ownership: Every asset and derived learner artifact must embed immutable provenance
using X3D Metadata nodes or linked JSON-LD.

e Digital Ethics: Mandated co-creation protocols with local communities for culturally
significant sites, grounded in established ethical frameworks and implemented through
technical access controls and governance workflows.

e Provenance: Complete version history of scene evolution and learner-generated content
stored as tamper-evident ledger entries.

e Accessibility: Full WCAG 2.1 AA compliance including keyboard navigation,
screen-reader descriptions, captioning for spatial audio, high-contrast modes, and
alternative input mappings.

Relevant Domain Working Group (WGs):

e Standards Registry
e 3D Asset Interoperability using USD and gITF
e Interoperable Characters/Avatars
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Digital Asset Management
Real/Virtual World Integration
Volumetric Media Interoperability
Privacy, Cybersecurity and Identity

Network Requirements and Capabilities

Relevant Pre-qualified Organizations and Groups (POGs):

e Web3D Consortium: The official steward of the ISO X3D standard. Its Geospatial, Audio,
Cultural Heritage, and other working groups directly develop the nodes and profiles
required for scientifically accurate field trips.

e W3C (World Wide Web Consortium): The Immersive Web Working Group develops and
maintains the WebXR Device API, providing standardized access to VR/AR hardware from
web browsers, while the Audio Working Group oversees the Web Audio API for spatial
sound.

e Khronos Group: Developers of gITF (asset delivery) and WebGL (rendering); their open,
royalty-free standards form the visual foundation.

e 1EdTech Consortium (formerly IMS Global): Authors of LTI 1.3 and key contributors to
xAPI profiles; ensuring seamless integration with institutional LMS and analytics platforms.

e Virginia Tech Visionarium / 3D Interaction Group: Leading academic implementers and
validators; authors of canonical USDA Forestry field trips serving as reference
implementations.

e USDA Forest Service Geospatial Technology and Applications Center: Government
provider maintaining production X3D field trips at national scale.

e Alliance for OpenUSD (AOUSD): Stewards Pixar's Universal Scene Description (USD),
providing layered composition for non-destructive annotations and scene variants.

Relevant Specifications, Publications and Projects (SPPs):

e gITF 2.0 + Khronos Extensions: This ISO/IEC-adopted, royalty-free specification from
the Khronos Group is the cornerstone for efficient delivery of high-fidelity 3D educational
assets. It encapsulates geometry, photorealistic PBR materials, animations, and morph
targets in a compact, binary format optimized for streaming and WebGL rendering. Its
growing ecosystem of extensions (KHR_draco_compression, KHR _materials_volume) and
future roadmap for spatial computing (e.g., KHR_physics, KHR_audio_graph) ensure that
detailed specimens, measurement tools, and environmental objects load rapidly and
render consistently across all devices—from low-end smartphones to high-end VR
headsets—while maintaining the scientific accuracy and visual fidelity essential for
credible remote field learning. The ecosystem is increasingly focused on optimizing the
transmission and rendering of complex, large-scale scenes..

e ISO/IEC 19775-1:2023 X3D Architecture and Base Components (Extensible 3D),
Edition 4: Maintained by the Web3D Consortium, this international standard defines the
declarative scene graph, Geospatial, Volume Rendering, and Audio Graph components. It
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provides the foundational architecture for composing complex, interactive virtual field trips
and explicitly supports the integration of gITF assets for detailed object rendering.

WebXR Device API: This W3C-standardized API is the critical enabler for immersive,
cross-platform virtual field trips, providing a unified interface to VR/AR headsets and
motion controllers directly from the web browser. It allows learners to experience full 6DOF
navigation, hand-tracking, and spatial presence in the same field trip scene whether on a
desktop, tablet, or high-end headset, ensuring that a guided tour, measurement task, or
collaborative annotation session feels natural and pedagogically consistent across the
entire device continuum.

W3C WebAudio API with X3D Audio Graph: This foundational W3C standard, tightly
integrated into X3D via the Audio Graph component, enables fully spatialized,
distance-attenuated, and directionally accurate environmental audio. Bird calls emanate
from specific trees, water flows from the correct stream direction, and an instructor’s voice
is localized to their avatar—creating the acoustic realism essential for species
identification, safety training, and ecological awareness in virtual field trips, all delivered
natively in the browser without plugins.

1EdTech Learning Tools Interoperability (LTI) 1.3: This OAuth 2.0-based standard from
1EdTech (formerly Instructional Management Systems (IMS) Global) enables secure
integration between institutional Learning Management Systems (LMS) and external
learning tools. It provides seamless single sign-on, roster synchronization, and grade
pass-back functionality, allowing educators to launch virtual field trips directly from LMS
platforms like Canvas, Moodle, or Blackboard with automatic context transfer (course, user
role). The standard ensures privacy-protected identity management while enabling deep
linking to specific modules and automated assessment reporting to institutional
gradebooks.

Experience API (xAPI) 1.0.3: This modern learning analytics standard captures rich,
fine-grained “learning experience” statements (e.g., “Joe measured tree DBH = 87 cm at
coordinates [-122.456, 45.678] with 98% protocol adherence”) emitted in real time from the
virtual field trip. These statements are routed to institutional Learning Record Stores
(LRS), enabling detailed dashboards on engagement heatmaps, skill progression,
competency mapping, adaptive pathway recommendations, and longitudinal evidence for
micro-credentials or professional certification—transforming every field interaction into
verifiable, portable evidence of learning.

“X3D Field Trips for Remote Learning” — Polys, N. F., Meaney, K., Munsell, J., &
Addlestone, B. J. (Web3D ’21): This seminal paper presents the design patterns,
implementation architecture, and measured pedagogical outcomes of X3D-based virtual
field trips in forestry and environmental science education, demonstrating significant
improvements in student engagement, knowledge retention, and skill acquisition
compared to traditional remote learning methods.

“Immersive Cross-platform X3D Training: Elevating Construction Safety Education”
— Roofigari-Esfahan, N., Polys, N., Johnson, A., Ogle, T., & Sandbrook, B. (Web3D
’23): This study validates the effectiveness of fully cross-platform X3D virtual environments
for high-stakes professional safety training, showing statistically significant improvements
in hazard recognition, procedural compliance, and long-term retention across desktop,
mobile, and VR delivery modes.
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e “Integrating XR Content in X3DOM: Supporting Navigation and Custom Functions in
X3D Scenes” — Sethi, R., Plesch, A., Sturm, T., & Polys, N. (Web3D ’23): This work
demonstrates seamless integration of WebXR capabilities into X3DOM, enabling natural
6DOF navigation, custom educational interactions, and consistent behavior of learning
tools across browsers and immersive headsets—directly supporting scalable,
device-agnostic field trip experiences.

e “Extending X3D Realism with Audio Graphs, Acoustic Properties and 3D Spatial
Sound” — Lakka, E., Brutzman, D., Puk, R., & Malamos, A. G. (Web3D ’20): This
foundational research introduces the X3D Audio Graph extension, enabling declarative
placement of fully spatialized, physically accurate sound sources—critical for ecological
awareness and species identification in virtual field environments.

e “X3D Audio Graph for the consistent declarative representation of the W3C Audio
API” — Lakka, E., Papadaki, M., Brutzman, D., Puk, R., & Malamos, A. G. (Web3D ’21):
This paper formalizes the complete integration of the W3C WebAudio API into X3D via the
Audio Graph component, providing a standardized, browser-native solution for binaural
and object-based audio that ensures identical acoustic experiences across all devices in
educational deployments.

Related Use Cases

e Consistency of Experience (MSF2025-COE-001)
e Portable Personal Content (MSF2025-PPC-001)
e Metaverse Universal Manifest (MUM, MSF2025-MUM-001)

Additional Comments

e This document is a living artifact and may be subject to revisions on a periodic basis to
reflect the future state of 3D Web Field Trips for Remote Learning, and or based on
feedback received from MSF stakeholders that warrants an update in the future.
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