
How Observers Perceive Teleport Visualizations 
in Virtual Environments

Roland Fischer, Marc Jochens, Rene Weller, Gabriel Zachmann

University of Bremen, Bremen, Germany

r.fischer@uni-bremen.de

SUI 2023

13-15 October, Sydney, Australia

mailto:r.fischer@uni-bremen.de


Motivation - Multi-User VR

• Growing interest in multi-user VR, enormous potential

                                            

2Motivation Challenges Telepresence                    Teleport Environments                    Applications Conclusion                    Outlook



Motivation - Multi-User VR

• Growing interest in multi-user VR, enormous potential

• Wide range of application domains

                                            

2Motivation Challenges Telepresence                    Teleport Environments                    Applications Conclusion                    Outlook



Motivation - Multi-User VR

• Growing interest in multi-user VR, enormous potential

• Wide range of application domains

• Teaching/Training environment

                                            

2Motivation Challenges Telepresence                    Teleport Environments                    Applications Conclusion                    Outlook



Motivation - Multi-User VR

• Growing interest in multi-user VR, enormous potential

• Wide range of application domains

• Teaching/Training environment

• Collaborative data visualization/inspection

2Motivation Challenges Telepresence                    Teleport Environments                    Applications Conclusion                    Outlook



Motivation - Multi-User VR

• Growing interest in multi-user VR, enormous potential

• Wide range of application domains

• Teaching/Training environment

• Collaborative data visualization/inspection

• Telepresence system
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VR telepresence system [Dijkstra-Soudarissanane19]



Motivation - Teleport

• Teleportation popular for locomotion

• Produces least cybersickness, larger distances

                                        

                                        

3Motivation Challenges Telepresence                    Teleport Environments                    Applications Conclusion                    Outlook



Motivation - Teleport

• Teleportation popular for locomotion

• Produces least cybersickness, larger distances

• Issue: No visual feedback for observers

                                        

3Motivation Challenges Telepresence                    Teleport Environments                    Applications Conclusion                    Outlook



Motivation - Teleport

• Teleportation popular for locomotion

• Produces least cybersickness, larger distances

• Issue: No visual feedback for observers

• May lead to confusion, loss of presence
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• Scarce research on observer’s perception of teleport locomotion
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Related Work

• Scarce research on observer’s perception of teleport locomotion

• [Thanyadit20] presented design requirements, did pilot study (n=5) with substituted 

visualizations 

• [Freiwald21/22] proposed „smart avatars“ for teleport visualization. 

Evaluated spatial awareness, attractiveness, pragmatic/hedonic quality scores. 

Novel, continuous visualizations performed best
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Related Work

• Scarce research on observer’s perception of teleport locomotion

• [Thanyadit20] presented design requirements, did pilot study (n=5) with substituted 

visualizations 

• [Freiwald21/22] proposed „smart avatars“ for teleport visualization. 

Evaluated spatial awareness, attractiveness, pragmatic/hedonic quality scores. 

Novel, continuous visualizations performed best

• Single teleportation scenario, no presence
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Our Contributions

• Implemented 5 teleport visualizations
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Our Contributions

• Implemented 5 teleport visualizations

• Large user study (n=52)

• Comprehensive evaluation

• Visualization guidelines
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Visualizations

6

d) Portal e) Dash f) Walking animation (Walk)

a) Standard/delayed teleport (P&CS/P&C) b) Particle trace (PTrace) c) Beam
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[Fischer, Jochens et al. SUI23]



Study Design and Setup 

• Focus on near-field teleportation

                                                

                           

                                               

                                                     

                               

7Motivation Related Work                              Overview                            Details                                 Results                                   Conclusion



Study Design and Setup 

• Focus on near-field teleportation

• Minimalistic room, single observer, single pre-

recorded teleporting avatar

                                               

                                                     

                               

7Motivation Related Work                              Overview                            Details                                 Results                                   Conclusion



Study Design and Setup 

• Focus on near-field teleportation

• Minimalistic room, single observer, single pre-

recorded teleporting avatar

• Participants: 52 (76.9 % men, 23.1 % women)   

                                                     

                               

7Motivation Related Work                              Overview                            Details                                 Results                                   Conclusion



Study Design and Setup 

• Focus on near-field teleportation

• Minimalistic room, single observer, single pre-

recorded teleporting avatar

• Participants: 52 (76.9 % men, 23.1 % women)   

• Conditions: 2 (FOV) x 2 (speed) x 7 (visualizations)

                               

7Motivation Related Work                              Overview                            Details                                 Results                                   Conclusion



Study Design and Setup 

• Focus on near-field teleportation

• Minimalistic room, single observer, single pre-

recorded teleporting avatar

• Participants: 52 (76.9 % men, 23.1 % women)   

• Conditions: 2 (FOV) x 2 (speed) x 7 (visualizations)

• Task: Observe and track avatar

7Motivation Related Work                              Overview                            Details                                 Results                                   Conclusion



Measurements

• Social/spatial presence

• Spatial awareness 

(target anticipation, trackability)

• Confusion (plausibility, intuitiveness)

• User preference

• Speed scalability
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Questionnaires + 
eye- and controller tracking



Procedure
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Results & Discussion
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P&CS/P&C PTrace Beam Portal Dash Walk

• 7-level repeated measure ANOVA/Friedman
• Pairwise dependent samples t-tests/Wilcoxon signed-rank test
• Similar 2-level tests for scenarios
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Results & Discussion
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Walking has highest presence Walking reduces confusion the most
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Results & Discussion

11

Continuous visualizations have highest spatial 
awareness, backed by tracking results Teleport/dash is unpopular, walking is preferred
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No big differences
Continous visualizations slight advantage

Bigger differences
Fast: visualizations more similar

In FoV vs. Out of FoV Slow vs. fast

P&CS/P&C PTrace Beam Portal Dash Walk

• 7-level repeated measure ANOVA/Friedman
• Pairwise dependent samples t-tests/Wilcoxon signed-rank test
• Similar 2-level tests for scenarios
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• Visualizations help even in simple scenarios

 Use them

• Benefits decrease with speed

 Visualizations most important for longer teleport processes

• Continuous visualizations tend to perform better (spatial awareness) 

 General recommendation

• Walking animation performed best overall

 Recommended visualization (at reasonable speeds)

• Particle trace best for faster speeds

 Alternative recommendation
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Conclusion

• Investigated visualization of teleportation to observers in VR

• Evaluated various measures and conditions/cases

• Provided valuable insights and guidelines

• Visualizations can provide (significant) benefits 

• Confusion, spatial awareness, presence, preference

• Visualizations vary in performance

• Walking animation and particle trace were best
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• More complex, dynamic environment with multiple users

• Collaborative tasks

• Larger distances, depth perception 

• Consider teleporting user

• Sound



Thank you for your attention!
Questions?

r.fischer@uni-bremen.de

mailto:r.fischer@uni-bremen.de
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