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Background
● Need for ASL Learning Tools

○ most hearing parents and educators lack formal ASL training  (Bouzid et al., 
2016;  El Ghoul & Othman, 2022)

● Pedagogical advantages of XR in Sign Language Learning
○ supports embodied learning, allowing users to interact and practice signs 

in a spatially immersive way ( El Ghoul & Othman, 2022; Aristizábal et al., 2017; 
Zirzow, 2015)

● Importance of Non-Manual Signs in ASL
○ facial expressions, head movements, and eye gaze, are essential to ASL 

as they add grammatical, emotional, and syntactic information. Those 
are vital for proficiency in ASL  (Quandt et al., 2020; Wolfe et al., 2022)



Non-manual Markers in ASL (“Non-manual Markers in ASL / NMM's”, n.d.)



Research Gaps 
● Few tools effectively address non-manual components like facial expressions and body 

posture, a gap that limits full ASL comprehension for novice learners  (Quandt et al., 2020; 
Wolfe et al., 2022)

● In early ASL learning, once phrases with multiple signs are used, manual and non-manual 
signs are learned independently (Reilly & Anderson 2002)

● Studies indicate that avatar-based ASL instruction can improve user engagement and 
retention compared to traditional methods  (Bouzid et al., 2016; Beal, 2020; Wolfe et al., 
2022), but research integrating avatar-based non-manual signs is rare 



Research Question
Can we develop a fun XR Avatar game that helps novice learners grasp 
non-manual signs in ASL?



Main Idea

The hand movements from one user and 
facial expressions of another user are 
separately mapped to the same avatar



Co-signing Rationale

● Shared embodiment theory (Merleau-Ponty, 2024)
○ Individuals learn and communicate by engaging with others in a 

physical space.
■ Co-signing demands a synchronized effort
■ Dual-input experience fosters a sense of unity and shared purpose.

● Reducing cognitive load through collaboration 
(Robbins & Aydede, 2008)
○ The game distributes the cognitive load of learning complex ASL 

signs.
○ Each player focusing on only one aspect of ASL reduces the overall 

cognitive demand on each learner.



Co-signing Benefits
Collaborative Learning Theory

● Shared Responsibility in Co-Signing (David & Roger Johnson; Morton Deutsch)
○ Players rely on one another to complete each sign accurately, each player’s success is tied to the other’s contribution

● Interactive Learning through Real-Time Feedback (Lev Vygotsky; Albert Bandura)
○ Allow users to adjust and improve based on shared outcomes, enhancing mutual understanding and reinforcing learning

● Building Social and Communication Skills (Lev Vygotsky; David & Roger Johnson)
○  Require coordination and communication between players to synchronize their movements

● Mutual Scaffolding for Learning ASL Components (Lev Vygotsky; Jerome Bruner) 
○ Observing how their part complements the other’s, they gain a holistic understanding of ASL they might not achieve 

alone.

● Enhanced Engagement and Motivation (Robert Slavin; Albert Bandura)
○  Game-based collaborative environment, interactive nature and shared goals add a level of excitement.



Project Goals

● Create a two-person XR working prototyping that can allow two users to 
coordinately reproduce ASL signing using manual and non-manual signs
○ Tech

■ Tracking: non-manual sign (Facial Expression, Head Movement), 
manual sign (two hands)

■ Avatar mapping
○ Research

■ Theories that support the benefits of the collaborative signing activity 
● Allow ASL instructors to try out the technology, and co-design learning 

activities to promote learning non-manual ASL sign  



Prior Work: Teach Qatari Sign Language 
● Learners interacted with a human-sized avatar to observe signs from various 

angles using VR controllers, and mimicked hand movements guided by 
transparent virtual hands, with the system tracking and calculating accuracy.

● A head-mounted camera for recording facial expressions.
● HTC Cosmos headset and Metaverse Oculus headset 
● The challenge with facial expressions arose because the 

VR prototype lacked advanced facial animation features to 
fully replicate the nuances of human expressions. As a 
result, 67% of participants reported that traditional video 
formats provided better clarity for facial expressions

    (El Ghoul  & Othman, 2022 )



Prior Work: Interprete SignWriting Using Avatar 
● The system translates SignWriting Markup Language (SWML), an XML-based format, into 3D animations of 

signed gestures using avatar technology.
● Converts gesture descriptions into Sign Modeling Language (SML), an XML-based format tailored for avatar 

animation.
● SML scripts are interpreted to manipulate avatar joints in real time.The avatar's rendering engine computes 

joint rotations in real time, updating the avatar's posture and movements frame-by-frame.
● The system defined specific facial articulators based on SignWriting notation, but there are limitations in 

capturing and rendering these features accurately (e.g., subtle facial expressions) were noted as areas for 
improvement.

(Bouzid & Jemni, 2013)
  



Prior Work: Signing Avatars and Immersive Learning 
(SAIL)
● A VR program for learning individual manual signs in which a teacher avatar 

demonstrated a sign and the learner saw their hands as they imitated it. 
● Manual signs tracked using a LEAP motion sensor mounted to an Oculus Rift 

S headset. 

(Quandt, 2020)



Prior Work: CopyCat
● A user uses ASL to describe a scene to a mascot in VR. The system tracks 

their motions and if the description is correct, the user may advance. 
● Previous models used custom gloves with a built in accelerometer
● More recent efforts have tracked movements with AlphaPose, Azure Kinect, 

and MediaPipe and showed improved accuracy using cameras on both the 
front and side. Hidden Markov Models increased accuracy of sign recognition

(Bansal et al., 2021)



● Goal: 
○ Capture Manual (hand motions for 

ASL) and Non-manual (head tilt, 
eyebrow movement, ...) expressions

○ Synchronize expressions across 
multiple devices

○ Show a virtual avatar of combined 
expressions

○ Detect specific ASL and gestures

● Meta Quest Pro
○ IR Camera for head tracking
○ IR Camera for eye tracking, nose 

tracking, & face tracking
○ Accelerometer for head movement
○ SLAM Cameras for hand tracking

Meta Quest Pro



Original Solution - Face and Hand Tracking in Meta 
Quest Pro

Facial expressions Hand movements

● XR Interaction for hand tracking
● Meta SDKs for face tracking
● Web socket server to coordinate users



Original Facial Expression Tracking Solution 
● Meta All-in-One SDK (includes Meta Core SDK & 

Meta Interaction SDK)

● Oculus XR Plug-in

● Meta Movement SDK (with Face Tracking API)

● Networking between multiple devices

(Meta Horizon, 2024) 



Face Tracking API
● “Blendshapes” represent possible facial 

expressions (70 available) 

● Inward facing cameras on the headset 
share data regarding which 
expressions are made and the extent to 
which they are made (calculated as a 
“weight”)

● A FaceRetargeter component 
determines the expression to be made 
based on the blendshape triggered and 
its weight and the FaceDriver 
component mirrors the avatar’s 
expression accordingly

(Meta Horizon, 2024) 



Original Solution Pitfalls

● Meta Quest SDKs were difficult to install on machines in the Studio X 
computer Lab 

● The University of Rochester has a VERY strong firewall that made it difficult 
to network between multiple devices
○ We can send hand tracking data between devices across an AWS server 

outside of the University 

 



Solution 2 - WebXR for Face Tracking and Meta Quest 
Pro for Hand Tracking

Facial expressions Hand movements



● Mediapipe works but networking still a 
challenge

● WebXR conversions from Unity

● Facial tracking with Mediapipe FaceMesh

Second Facial Expression Tracking Solution & Pitfalls 

(MediaPipe, n.d.)



Demonstration - Hand tracking (XR Interaction toolkit)

https://docs.google.com/file/d/13Um_g3zIPxCIbIJPHa2wTwcThhZWhi-A/preview


Demonstration - Facial Tracking (Meta Quest SDK) 

https://docs.google.com/file/d/19pH0Q9ZCRo4M6qE6WoLi-2xOmszJwuUc/preview


Future Directions

● Fine-tune connection between devices across the server to integrate 
non-manual and manual signs in a single avatar

● Record signs to demonstrate in the game 

● Use machine learning algorithms (such as hidden markov models) to train the 
program to detect correct combinations of manual and non-manual signs

● Test and finetune the game based on feedback from deaf individuals and new 
ASL Learners
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