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Learning by Doing Together
“Tell me and I forget. 

Teach me and I remember. 

Involve me and I learn.” 

-- Benjamin Franklin



Multi-User Virtual Reality

3D Model of Castle Vianden ist Courtesy of Arctron 3D GmbH, Full Video: https://vimeo.com/222122632



Joint Perception

• Co-experienced stimuli are more salient

• Focus of attention is shifted in joint 
perception tasks 

• Distributed perception tasks are 
represented holistically 

• Collaborative visual search can be 
significantly more effective 

Shteynberg, Garriy. 2010
A silent emergence of culture: the social tuning effect.
Journal of personality and social psychology 99.4 (2010): 683.

Richardson, Daniel C., et al. 2012
Joint perception: gaze and social context.“
Frontiers in human neuroscience 6 (2012).

Sebanz, Natalie, Günther Knoblich, and Wolfgang Prinz. 2003 
Representing others' actions: just like one's own?.
Cognition 88.3 (2003): B11-B21.



Joint Perception – Mutual Confirmation

3D Model of Castle Vianden ist Courtesy of Arctron 3D GmbH



Not Quite Real – Perceptual Issues of Virtual Reality

• Technically Solveable Problems
• Latency and Framerate

• Image Resolution and Dynamics

• Tracking Accuracy

• Calibration, Calibration, Calibration

• Conceptual Issues
• Missing Perceptual Modalities

• Simulator Sickness

• Spatial Perception



Missing Haptics

• Use Tools



Simulator Sickness through Virtual Locomotion

• Conflict of Visual and Vestibular
Perceptual System

Tim Weißker, André Kunert, Bernd Fröhlich, Alexander Kulik 2018
Spatial Updating and Simulator Sickness during Steering and Jumping in Immersive Virtual Environments
IEEE VR 2018



Simulator Sickness through Virtual Locomotion

• Minimize Virtual Locomotion
• Spatial Perception and Awareness?

Tim Weißker, André Kunert, Bernd Fröhlich, Alexander Kulik 2018
Spatial Updating and Simulator Sickness during Steering and Jumping in Immersive Virtual Environments
IEEE VR 2018



Simulator Sickness vs. Spatial Updating Accuracy

Tim Weißker, André Kunert, Bernd Fröhlich, Alexander Kulik 2018
Spatial Updating and Simulator Sickness during Steering and Jumping in Immersive Virtual Environments
IEEE VR 2018

Spatial Updating Performance Simulator Sickness Symptoms



Multitouch 3D View Manipulation

Kulik, A., Kunert, A., Keil, M., Froehlich, B.
RST 3D: A Comprehensive Gesture Set for Multitouch 3D Navigation
In Proceedings of the 25th IEEE Conference on Virtual Reality and 3D User Interfaces, Full Video: https://vimeo.com/266661191



Impaired Depth Perception

• Accomodation-Vergence Conflict

Renner, R. S., Velichkovski, B. M., Helmert, J. R. 2013
The perception of egocentric distances in virtual environments - a review
ACM Computing Surveys (CSUR) 46, 2 (2013), 23.

Accomodation

Vergence



Spatial Perception in HMD-based Virtual Reality



Spatial Perception in HMD-based Virtual Reality

Renner, R. S., Velichkovski, B. M., Helmert, J. R. 2013
The perception of egocentric distances in virtual environments - A review
ACM Computing Surveys (CSUR) 46, 2 (2013), 23.



Effects of Self Perception

Pillips, L., Ries, B., Kaeding, M., Interrante, V. Avatar self-embodiment enhances distance perception accuracy in non-photorealistic immersive virtual environments. IEEE VR (2010)
Mohler, B., Creem-Regehr, S., Thompson, W., Bülthoff, H. The effect of viewing a self-avatar on distance judgments in an HMD-based virtual environment. 
Presence: Teleoperators and Virtual Environments 19, 3 (6 2010), 230–242.



Effects of the Physical Surrounding

Interrante, V., Ries, B., Lindquist, J., Kaeding, M., Anderson, L. 2008
Elucidating factors that can facilitate veridical spatial perception in immersive virtual environments. 
Presence: Teleoperators and Virtual Environments 17, 2 (Apr. 2008), 176–198.



Effects of the Social Situation?



Projection-based Multi-User Virtual Reality



A 3D Display for up to Six Users

Kulik, A., Kunert, A., Beck, S., Reichel, R., Blach, R., Zink, A., & Fröhlich, B. 2011
C1x6: a stereoscopic six-user display for co-located collaboration in shared virtual environments. 
ACM Trans. Graph., 30(6), 188:1–188:12.



The Leftmost Perspective

Kulik, A., Kunert, A., Beck, S., Reichel, R., Blach, R., Zink, A., & Fröhlich, B. 2011
C1x6: a stereoscopic six-user display for co-located collaboration in shared virtual environments. 
ACM Trans. Graph., 30(6), 188:1–188:12.



The Center Perspective

Kulik, A., Kunert, A., Beck, S., Reichel, R., Blach, R., Zink, A., & Fröhlich, B. 2011
C1x6: a stereoscopic six-user display for co-located collaboration in shared virtual environments. 
ACM Trans. Graph., 30(6), 188:1–188:12.



The Rightmost Perspective

Kulik, A., Kunert, A., Beck, S., Reichel, R., Blach, R., Zink, A., & Fröhlich, B. 2011
C1x6: a stereoscopic six-user display for co-located collaboration in shared virtual environments. 
ACM Trans. Graph., 30(6), 188:1–188:12.



Six Stereo Views on One Screen

Kulik, A., Kunert, A., Beck, S., Reichel, R., Blach, R., Zink, A., & Fröhlich, B. 2011
C1x6: a stereoscopic six-user display for co-located collaboration in shared virtual environments. 
ACM Trans. Graph., 30(6), 188:1–188:12.



Mixed-Reality Headsets



Mixed-Reality Headsets

https://www.ethz.ch/de/news-und-veranstaltungen/eth-news/news/2018/02/hololens.html
https://youtu.be/bA3MaQ6GImU

https://www.ethz.ch/de/news-und-veranstaltungen/eth-news/news/2018/02/hololens.html
https://youtu.be/bA3MaQ6GImU


Sylvain Chagué. 2015. 
Real virtuality: immersive explorers. 
In ACM SIGGRAPH 2015 Computer Animation Festival (SIGGRAPH '15). ACM, New York, NY, USA, 195-195.



Real-Time 3D Video Avatars (e.g. Fusion4D)

Mingsong Dou, Sameh Khamis, Yury Degtyarev, Philip Davidson, Sean Ryan Fanello, Adarsh Kowdle, Sergio Orts Escolano, Christoph Rhemann, David Kim, Jonathan Taylor, Pushmeet Kohli, Vladimir Tankovich, and Shahram Izadi. 2016.
Fusion4D: real-time performance capture of challenging scenes.
ACM Trans. Graph. 35, 4, Article 114 (July 2016), 13 pages.



Group-to-Group Immersive Telepresence

Beck, S., Kunert, A., Kulik, A., Fröhlich, B. 2013
Immersive Group-to-Group Telepresence. 
TVCG, 19(4):616–625, 2013



Requirements for Effective Cooperation



Workspace Awareness

Gutwin, Carl, and Saul Greenberg 2002. 
A descriptive framework of workspace awareness for real-time groupware
CSCW 2002

• „up-to-the-moment understanding of another person’s 
interaction with the shared workspace”
• What

• How

• When

• Who

• Where



Workspace Awareness through Workspace Coherence

Gutwin, Carl, and Saul Greenberg 2002. 
A descriptive framework of workspace awareness for real-time groupware
CSCW 2002

• Consequential communication, 

• Feedthrough, and 

• Intentional communication



Emergent Territoriality

• Group

• Private

• Storage

Scott, S. D., Carpendale, M. S. T., and Inkpen, K. M. 2004 
Territoriality in Collaborative Tabletop Workspaces
ACM CSCW 2004



Multi-Window 3D Interaction



Complementarity

Benford, S, Bederson, B.B., Åkesson, K., Bayon, V., Druin, A., Hansson, P., Hourcade, J.P., Ingram, R Neale, H. O'Malley, C., Simsarian, C.T., Stanton, D., Sundblad, Y., and Taxén, G.. 2000
Designing storytelling technologies to encouraging collaboration between young children 
ACM CHI 2000



Tool Combinations



Workspace 
Coherence

Emergent
Territoriality

Complementary
Capabilities

Gutwin & Greenberg 2002 Scott et al. 2004 Benford et al. 2000


