1/2

2024 |[EEE Conference Virtual
Reality and 3D User Interfaces
(VR 2024)

Orlando, Florida, USA
16 — 21 March 2024

Pages 1-534

‘C IE E E |EEE Catalog Number: CFP24VIR-POD
° ISBN: 979-8-3503-7403-2



Copyright © 2024 by the Institute of Electrical and Electronics Engineers, Inc.
All Rights Reserved

Copyright and Reprint Permissions: Abstracting is permitted with credit to the source.
Libraries are permitted to photocopy beyond the limit of U.S. copyright law for private
use of patrons those articles in this volume that carry a code at the bottom of the first
page, provided the per-copy fee indicated in the code is paid through Copyright
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.

For other copying, reprint or republication permission, write to IEEE Copyrights
Manager, IEEE Service Center, 445 Hoes Lane, Piscataway, NJ 08854. All rights
reserved.

*** This Is a print representation of what appears in the IEEE Digital
Library. Some format issues inherent in the e-media version may also
appear in this print version.

IEEE Catalog Number: CFP24VIR-POD
ISBN (Print-On-Demand): 979-8-3503-7403-2
ISBN (Online): 979-8-3503-7402-5
ISSN: 2642-5246

Additional Copies of This Publication Are Available From:

Curran Associates, Inc
57 Morehouse Lane
Red Hook, NY 12571 USA

Phone: (845) 758-0400

Fax: (845) 758-2633

E-mail: curran@proceedings.com
Web: www.proceedings.com

proceedings

.com



IEEE VR 2024 Steering Committee Message

IEEE VR 2024 General Chairs Message

IEEE VR 2024 Conference Paper Program Chairs Message

[EEE VR 2024 Organizing Committee

IEEE VR 2024 Paper Reviewers

IEEE VR 2024 Keynote Speaker Simon Richir

IEEE VR 2024 Keynote Speaker Michael Tschanz

IEEE VR 2024 Keynote Speaker Shiri Azenkot

IEEE VR 2024 Best Dissertation Award

IEEE VR 2024 VGTC Virtual Reality Service Award

IEEE VR 2024 VGTC Virtual Reality Academy Award

IEEE VR 2023 Conference Awards

IEEE VR 2024 Sponsors

Takashi Matsumoto, Erwin Wu, Chen-Chieh Liao, Hideki Koike

Sunbum Kim, Geehyuk Lee

xi
xiii
Xiv
IEEE VR 2024 Visualization and Graphics Technical Committee (VGTC) Statement xvi
xvii
IEEE VR 2024 International Program Supercommittee and International Program Committee Xviii
ol
Xxiv
XXV
XXVi
IEEE VR 2024 VGTC Virtual Reality Awards Program Chair Message xxvii
IEEE VR 2024 VGTC Virtual Reality Lifetime Achievement Award xxviii
IEEE VR 2024 VGTC Virtual Reality Technical Achievement Award XXiX
IEEE VR 2024 VGTC Virtual Reality Significant New Researcher Award XXX
XXXI
xxxiil
XXXIV
XXxviii
xli
IEEE VR 2024 Table of Contents
ARpenSki: Augmenting Ski Training with Direct and Indirect Postural Visualization 1
Evaluating an In-Hand Ball-Shaped Controller for Object Manipulation in Virtual Reality 10
MeshReduce: Scalable and Bandwidth Efficient 3D Scene Capture 20
Tao Jin, Mallesham Dasari, Connor Smith, Kittipat Apicharttrisorn, Srinivasan Seshan, Anthony Rowe
A SharpView Font with Enhanced Out-of-Focus Text Legibility for Augmented Reality Systems 31
Mohammed Safayet Arefin, Carlos Montalto, Alexander Plopski, ]. Edward Swan II
Hap'n'Roll: A Scroll-inspired Device for Delivering Diverse Haptic Feedback with a Single Actuator 42
Hiroki Ota, Daiki Hagimori, Monica Perusquia-Hernandez, Naoya Isoyama, Yutaro Hirao, Hideaki Uchiyama, Kiyoshi Kiyokawa
51

Jump Cut Effects in Cinematic Virtual Reality: Editing with the 30-degree Rule and 180-degree Rule
Junjie Zhang, Lik-Hang Lee, Yuyang Wang, Shan Jin, Dan-Lu Fei, Pan Hui



Analyzing Cognitive Demands and Detection Thresholds for Redirected Walking in Immersive Forest
and Urban Environments 61
Fariba Mostajeran, Sebastian Schneider, Gerd Bruder, Simone Kiihn, Frank Steinicke

Excuse Me: Large Groups in Small Rooms 72
Ephraim Schott, Tony Jan Zoeppig, Anton Benjamin Lammert, Bernd Froehlich

Age and Realism of Avatars in Simulated Augmented Reality: Experimental Evaluation of Anticipated User Experience
Veronika Mikhailova, Christoph Gerhardt, Christian Kunert, Tobias Schwandt, Florian Weidner, Wolfgang Broll, Nicola Doring

HardenVR: Harassment Detection in Social Virtual Reality 94
Na Wang, Jin Zhou, Jie Li, Bo Han, Fei Li, Songqing Chen

OdorAgent: Generate Odor Sequences for Movies Based on Large Language Model 105
Yu Zhang, Peizhong Gao, Fangzhou Kang, Jiaxiang Li, Jiacheng Liu, Qi Lu, YINGQING XU

Effect of Hand and Object Visibility in Navigational Tasks Based on Rotational and Translational Movements
in Virtual Reality 115
Amal Hatira, Zeynep Ecem Gelmez, Anil Ufuk Batmaz, Mine Sarac

Whatever could be, could be: Visualizing Future Movement Predictions 126
Chenkai Zhang, Ruochen Cao, Andrew Cunningham, James A. Walsh

Augmented Coach: Volumetric Motion Annotation and Visualization for Immersive Sports Coaching 137
Jiging Wen, Lauren Gold, Qianyu Ma, Robert LiKamWa

Real-Virtual Objects: Exploring Bidirectional Embodied Tangible Interaction with a Virtual Human in World-Fixed
Virtual Reality 147
Lal "Lila" Bozgeyikli

Context-Aware Head-and-Eye Motion Generation with Diffusion Model 157
Yuxin Shen, Manjie Xu, Wei Liang

Virtual Steps: The Experience of Walking for a Lifelong Wheelchair User in Virtual Reality 168
Atieh Taheri, Arthur Caetano, Misha Sra

Dynamic Scene Adjustment Mechanism for Manipulating User Experience in VR 179
Yi Li, Zhitao Liu, Zengyu Liu, Li Yuan, Ning Xie, YouTeng Fan, Haolan Tang, Yunlei Ren

Enhancing Positive Emotions through Interactive Virtual Reality Experiences: An EEG-Based Investigation 189
Shiwei Cheng, Danyi Sheng, Yuefan Gao, Zhanxun Dong, Ting Han

Eye-Hand Coordination Training: A Systematic Comparison of 2D, VR, and AR Screen Technologies and Task Instructions.......... 200
Aliza Aliza, Irene Zaugg, Elif Celik, Wolfgang Stuerzlinger, Francisco Raul Ortega, Anil Ufuk Batmaz, Mine Sarac

A3RT: Attention-Aware AR Teleconferencing with Life-Size 2.5D Video Avatars 211
Xuanyu Wang, Weizhan Zhang, Hongbo Fu

FanPad: A Fan Layout Touchpad Keyboard for Text Entry in VR 222
Jian Wu, Ziteng Wang, Lili Wang, Yuhan Duan, Jiaheng Li

Exploring Augmented Reality's Role in Enhancing Spatial Perception for Building Facade Retrofit Design for Non-experts.......... 233
John Sermarini, Robert A. Michlowitz, Joseph LaViola, Lori C. Walters, Roger Azevedo, Joseph T. Kider Jr.

Exploring Controller-based Techniques for Precise and Rapid Text Selection in Virtual Reality 244
Jianbin Song, Rongkai Shi, Yue Li, BoYu Gao, Hai-Ning Liang

Listen2Scene: Interactive material-aware binaural sound propagation for reconstructed 3D scenes 254
Anton Ratnarajah, Dinesh Manocha

HandyNotes: using the hands to create semantic representations of contextually aware real-world objects 265
Clément Quere, Aline Menin, Raphaél Julien, Hui-Yin Wu, Marco Winckler

vi



Automatic Indoor Lighting Generation Driven by Human Activity Learned from Virtual Experience 276
Jingjing Liu, Jianwen Lou, Youyi Zheng, Kun Zhou

ConnectVR: A Trigger-Action Interface for Creating Agent-based Interactive VR Stories 286
Mengyu Chen, Marko Peljhan, Misha Sra

The Influence of Environmental Context on the Creation of Cartoon-like Avatars in Virtual Reality 298
Pauline Bimberg, Michael Feldmann, Benjamin Weyers, Daniel Zielasko

DocuBits: VR Document Decomposition for Procedural Task Completion 309
Geonsun Lee, Jennifer Healey, Dinesh Manocha

VRMN-bD: A Multi-modal Natural Behavior Dataset of Immersive Human Fear Responses in VR Stand-up
Interactive Games 320
He Zhang, Xinyang Li, Yuanxi Sun, Xinyi Fu, Christine Qiu, John M. Carroll

GazePuffer :Hands-Free Input Method Leveraging Puff Cheeks for VR 331
Yunfei Lai, Minghui Sun, Zhuofeng Li

ThermalGrasp: Enabling Thermal Feedback even while Grasping and Walking 342
Alex Mazursky, Jas Brooks, Beza Desta, Pedro Lopes

Springboard, Roadblock, or "Crutch"?: How Transgender Users Leverage Voice Changers for Gender Presentation
in Social Virtual Reality 354
Kassie C Povinelli, Yuhang Zhao

SafeRDW: Keep VR Users Safe When Jumping with Redirected Walking 365
Sen-Zhe Xu, Kui Huang, Cheng-Wei Fan, Hai-Bo Xiao, Song-Hai Zhang

Invisible Mesh: Effects of X-Ray Vision Metaphors on Depth Perception in Optical-See-Through Augmented Reality ..376
Haoyu Tan, Tongyu Nie, Evan Suma Rosenberg

EmoFace: Audio-driven Emotional 3D Face Animation 387
Chang Liu, Qunfen Lin, Zijiao Zeng, Ye Pan

Design and Validation of a Library of Active Affective Tasks for Emotion Elicitation in VR 398
Jason W. Woodworth, Christoph W. Borst

The Benefits of Near-field Manipulation and Viewing to Distant Object Manipulation in VR 408
Sabarish V. Babu, Wei-An Hsieh, Jung-Hong Chuang

The Impact of Avatar Stylization on Trust 418
Ryan Canales, Doug Roble, Michael Neff

Bring Your Own Character: A Holistic Solution for Automatic Facial Animation Generation of Customized Characters.........o.. 429
Zechen Bai, Peng Chen, Xiaolan Peng, Lu Liu, Hui Chen, Mike Zheng Shou, Feng Tian

SkiMR: Dwell-free Eye Typing in Mixed Reality 439

Jinghui Hu, John J. Dudley, Per Ola Kristensson

Asynchronously Assigning, Monitoring, and Managing Assembly Goals in Virtual Reality for High-Level
Robot Teleoperation 450
Shutaro Aoyama, Jen-Shuo Liu, Portia Wang, Shreeya Jain, Xuezhen Wang, Jingxi Xu, Shuran Song, Barbara Tversky, Steven Feiner

A Novel Approach for Virtual Locomotion Gesture Classification: Self-Teaching Vision Transformer for a Carpet-Type
Tactile Sensor 461
Sung-Ha Lee, Ho-Taek Joo, Insik Chung, Donghyeok Park, Yunho Choi, KyungJoong Kim

Exploring the Role of Expected Collision Feedback in Crowded Virtual Environments 472
Haoran Yun, Jose Luis Ponton, Alejandro Beacco, Carlos Andujar, Nuria Pelechano

Understanding Interaction and Breakouts of Safety Boundaries in Virtual Reality Through Mixed-Method Studies ..482

Wen-Jie Tseng, Petros Dimitrios Kontrazis, Eric Lecolinet, Samuel Huron, Jan Gugenheimer

vii



Divide-Conquer-and-Merge: Memory- and Time-Efficient Holographic Displays

Zhenxing Dong, Jidong Jia, Yan Li, Yuye Ling

Beyond Looks: A Study on Agent Movement and Audiovisual Spatial Coherence in Augmented Reality
Stephanie Arevalo Arboleda, Christian Kunert, Jakob Hartbrich, Christian Schneiderwind, Chenyao Diao, Christoph Gerhardt,
Tatiana Surdu, Florian Weidner, Wolfgang Broll, Stephan Werner, Alexander Raake

GBOT: Graph-Based 3D Object Tracking for Augmented Reality-Assisted Assembly Guidance
Shiyu Li, Hannah Schieber, Niklas Corell, Bernhard Egger, Julian Kreimeier, Daniel Roth

Supporting Text Entry in Virtual Reality with Large Language Models

Liuging Chen, Yu Cai, Ruyue Wang, Shixian Ding, Yilin Tang, Preben Hansen, Lingyun Sun

Foveated Fluid Animation in Virtual Reality
Yue Wang, Yan Zhang, Xuanhui Yang, Hui Wang, Dongxu Liu, Xubo Yang

Selection Performance and Reliability of Eye and Head Gaze Tracking Under Varying Light Conditions

Alexander Marquardt, Melissa Steininger, Christina Trepkowski, Martin Weier, Ernst Kruijff

ACHOO - Bless you! Sense of Presence can provoke Proactive Mucosal Immune Responses in Immersive
Human-Agent Interactions

Judith Katharina Keller, Agon Kusari, Sophie Czok, Birgit Simgen, Frank Steinicke, Esther Diekhof

Understanding the Impact of Longitudinal VR Training on Users with Mild Cognitive Impairment Using fNIRS
and Behavioral Data

Jing Qu, Shantong Zhu, Yiran Shen, Yanjie Zhang, Lingguo Bu

DreamCodeVR: Towards Democratizing Behavior Design in Virtual Reality with Speech-Driven Programming
Daniele Giunchi, Nels Numan, Elia Gatti, Anthony Steed

Presentation of Finger-size Shapes by Combining Force Feedback and Electro-tactile Stimulation

Yui Suga, Izumi Mizoguchi, Hiroyuki Kajimoto

Understanding Online Education in Metaverse: Systems and User Experience Perspectives
Ruizhi Cheng, Erdem Murat, Lap-Fai Yu, Songqing Chen, Bo Han

HyperXRC: Hybrid In-Person + Remote Extended Reality Classroom - A Design Study

Siyu Huang, Voicu Popescu

Evaluating Transitive Perceptual Effects Between Virtual Entities in Outdoor Augmented Reality
Juanita Benjamin, Austin Erickson, Matt Gottsacker, Gerd Bruder, Greg Welch

Avatar360: Emulating 6-DoF Perception in 360° Images through Avatar-Assisted Navigation

Andrew Chalmers, Faisal Zaman, Taehyun James Rhee

On the Emergence of Symmetrical Reality.
Zhenliang Zhang, Zeyu Zhang, Ziyuan Jiao, Yao Su, Hangxin Liu, Wei Wang, Song-Chun Zhu

DreamSpace: Dreaming Your Room Space with Text-Driven Holistic Texture Propagation

Bangbang Yang, Wenqi Dong, Lin Ma, Wenbo Hu, Xiao Liu, Zhaopeng Cui, Yuewen Ma

Force-regulated Elastic Linear Objects Tracking for Virtual and Augmented Reality
Yusheng Luo, Lifeng Zhu, Aiguo Song

Impact of Multimodal Instructions for Tool Manipulation Skills on Performance and User Experience in an Immersive

Environment

Cassandre Simon, Manel Boukli-Hacene, Flavien Lebrun, Samir Otmane, Amine Chellali

EyeShadows: Peripheral Virtual Copies for Rapid Gaze Selection and Interaction

Jason Orlosky, Chang Liu, Kenya Sakamoto, Ludwig Sidenmark, Adam Mansour

An Empirical Evaluation of the Calibration of Auditory Distance Perception under Different Levels of Virtual Environment

Visibilities

Wan-Yi Lin, Rohith Venkatakrishnan, Roshan Venkatakrishnan, Sabarish V. Babu, Christopher Pagano, Wen-Chieh Lin

viii

493

502

513

524

535

546

557

568

579

590

598

609

619

630

639

650

661

670

681

690



Text2VRScene: Exploring the Framework of Automated Text-driven Generation System for VR EXPerience .....oeeeesseeens 701
Zhizhuo Yin, Yuyang Wang, Theodoros Papatheodorou, Pan Hui

Reflecting on Excellence: VR Simulation for Learning Indirect Vision in Complex Bi-Manual Tasks 712
Maximilian Kaluschke, Rene Weller, Myat Su Yin, Benedikt Werner Hosp, Farin Kulapichitr, Siriwan Suebnukarn, Peter Haddawy,
Gabriel Zachmann

Task-based methodology to characterise immersive user experience with multivariate data 722
Florent Robert, Hui-Yin Wu, Lucile Sassatelli, Marco Winckler

Generating Virtual Reality Stroke Gesture Data from Out-of-Distribution Desktop Stroke Gesture Data 732
Lin-Ping Yuan, Boyu Li, Jindong Wang, Huamin Qu, Wei Zeng

Comparing Physics-based Hand Interaction in Virtual Reality: Custom Soft Body Simulation vs. Off-the-Shelf
Integrated Solution 743
Christos Lougiakis, Jorge Juan Gonzalez, Giorgos Ganias, Akrivi Katifori, loannis Panagiotis loannidis, Maria Roussou

Exploring Bi-Manual Teleportation in Virtual Reality 754
Siddhanth Raja Sindhupathiraja, A KM Amanat Ullah, William Delamare, Khalad Hasan

A User Study on Sharing Physiological cues in VR Assembly tasks 765
Prasanth Sasikumar, Ryo Hajika, Kunal Gupta, Tamil Selvan Gunasekaran, Yun Suen Pai, Huidong Bai, Suranga Nanayakkara,
Mark Billinghurst

Exploring Depth-based Perception Conflicts in Virtual Reality through Error-Related Potentials 774
Haolin Gao, Kang Yue, Songyue Yang, Yu Liu, Mei Guo, Yue Liu

Eyes on the Task: Gaze Analysis of Situated Visualization for Collaborative Tasks 785
Nelusa Pathmanathan, Tobias Rau, Xiliu Yang, Aimée Sousa Calepso, Felix Amtsberg, Achim Menges, Michael Sedlmair, Kuno Kurzhals

Object Cluster Registration of Dissimilar Rooms Using Geometric Spatial Affordance Graph to Generate Shared
Virtual Spaces 796
Seonji Kim, Dooyoung Kim, Jae-eun Shin, Boram Yoon, Woontack Woo

A Comparative Usability Study of Physical Multi-touch versus Virtual Desktop-Based Spherical Interfaces ........eerersseeenens 806
Nikita Soni, Oluwatomisin Obajemu, Katarina Jurczyk, Chaitra Peddireddy, Maeson Vallee, Ailish Tierney, Niloufar Saririan,
Cameron John Zuck, Kathryn A. Stofer, Lisa Anthony

Prototyping of Augmented Reality interfaces for air traffic alert and their evaluation using a Virtual Reality
Air-proximity simulator. 817
Angel Torres, José P. Molina, Arturo S. Garcia, Pascual Gonzélez

Reimagining TaxiVis through an Immersive Space-Time Cube metaphor and reflecting on potential benefits of Immersive
Analytics for urban data exploration 827
Jorge Wagner, Claudio Silva, Wolfgang Stuerzlinger, Luciana Nedel

The Effect of Directional Airflow toward Vection and Cybersickness 839
Seunghoon Park, Seungwoo Son, Jungha Kim, Gerard J. Kim

Evaluating the Effect of Binaural Auralization on Audiovisual Plausibility and Communication Behavior
in Virtual Reality 849
Felix Immohr, Gareth Rendle, Anton Lammert, Annika Neidhardt, Victoria Meyer Zur Heyde, Bernd Froehlich, Alexander Raake

Universal Access for Social XR Across Devices: The Impact of Immersion on the Experience in Asymmetric
Virtual Collaboration 859
Christian Merz, Christopher Gottfert, Carolin Wienrich, Marc Erich Latoschik

Neural Bokeh: Learning Lens Blur for Computational Videography and Out-of-Focus Mixed Reality 870
David Mand], Shohei Mori, Peter Mohr, Yifan Peng, Tobias Langlotz, Dieter Schmalstieg, Denis Kalkofen

MagicMap: Enhancing Indoor Navigation Experience in VR Museums 881
Xueqi Wang, Yue Li, Hai-Ning Liang




AMMA: Adaptive Multimodal Assistants Through Automated State Tracking and User Model-Directed
Guidance Planning

892

Jackie (Junrui) Yang, Leping Qiu, Emmanuel Angel Corona-Moreno, Louisa Shi, Hung Bui, Monica Lam, James A. Landay

Retinotopic Foveated Rendering

903

Yan Zhang, Keyao You, Xiaodan Hu, Hangyu Zhou, Jiannan Ye, Kiyoshi Kiyokawa, Xubo Yang

BaggingHook: Selecting Moving Targets by Pruning Distractors Away for Intention-Prediction Heuristics in Dense 3D
Environments

913

Paolo Boffi, Alexandre Kouyoumdjian, Manuela Waldner, Pier Luca Lanzi, Ivan Viola

illumotion: An Optical-illusion-based VR Locomotion Technique for Long-Distance 3D Movement

924

Zackary P. T. Sin, Ye Jia, Richard Chen Li, Hong Va Leong, Qing Li, Peter H.F. Ng

When Vision Lies - Navigating Virtual Environments with Unreliable Visual Information

935

Eden Or, Shachar Maidenbaum

Beyond Slideshows-Investigating the Impact of Immersive Virtual Reality on Science Learning

945

Fabian Froehlich, Chris Hovey, Sameen Reza, Jan Plass

Influence of user’s body in olfactory virtual environment generated by real-time CFD

951

Masafumi Uda, Takamichi Nakamoto

CMC: Few-shot Novel View Synthesis via Cross-view Multiplane Consistency

960

Hanxin Zhu, Tianyu He, Zhibo Chen

NHVC: Neural Holographic Video Compression with Scalable Architecture

969

Hyunmin Ban, Seungmi Choi, Jun Yeong Cha, Yeongwoong Kim, Hui Yong Kim

Googly Eyes: Exploring Effects of Displaying User’s Eye Movements Outward on a VR Head-Mounted Display
on User Experience

979

Evren Bozgeyikli, Lal "Lila" Bozgeyikli, Victor Gomes

A Scientometric History of IEEE VR

990

Richard Skarbez, Dai Jiang

StageAR: Markerless Mobile Phone Localization for AR in Live Events

Tao Jin, Shengxi Wu, Mallesham Dasari, Kittipat Apicharttrisorn, Anthony Rowe

Reaching Between Worlds: Calibration and Transfer of Perceived Affordances from Virtual to Real Environments................

Holly C Gagnon, Hunter C Finney, Jeanine Stefanucci, Bobby Bodenheimer, Sarah Creem-Regehr

VolleyNaut: Pioneering Immersive Training for Inclusive Sitting Volleyball Skill Development
Ut Gong, Hanze Jia, Yujie Wang, Tan Tang, Xiao Xie, Yingcai Wu

Influence of Virtual Shoe Formality on Gait and Cognitive Performance in a VR Walking Task

Sebastian Oberdorfer, Sandra Birnstiel, Marc Erich Latoschik

Immersive 3D Medical Visualization in Virtual Reality using Stereoscopic Volumetric Path Tracing
Javier Taibo, Jose A. Iglesias-Guitian

Evaluating Plausible Preference of Body-Centric Locomotion using Subjective Matching in Virtual Reality.......uensiisrunnnn.

BoYu Gao, Haojun Zheng, Jingbo Zhao, Huawei Tu, Hyungseok Kim, Henry Been-Lirn Duh

1000

1011

1022

1033

1044





