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 Virtual Reality



When do you believe that  
Virtual Reality was invented?



1930's
1940's

1950's
1960's

1970's
1980's

1990's



Sketchpad (1963)
Ivan Sutherland



https://www.youtube.com/watch?v=6orsmFndx_o



Mother of All Demos (1968)
Douglas Engelbart



https://www.youtube.com/watch?v=yJDv-zdhzMY



https://www.youtube.com/watch?v=yJDv-zdhzMY



When do you believe that  
Virtual Reality was invented?



iPad (2010)



Dynabook (1968)
Alan Kay



https://www.youtube.com/watch?v=r36NNGzNvjo



“The best way 
to predict the 

future is 
to invent it.” 



Buxton, B. (2008). The long nose of innovation. Business Week, 2.

https://www.billbuxton.com/01%20The%20Long%20Nose%20of%20Innovation%20Revised.pdf

The Long Nose of Innovation
Bill Buxton



Buxton, B. (2008). The long nose of innovation. Business Week, 2.

https://www.billbuxton.com/01%20The%20Long%20Nose%20of%20Innovation%20Revised.pdf

The Long Nose of Innovation
$1B

Bill Buxton



Myers, B. A. (1998). A brief history of human-computer interaction technology. interactions, 5(2), 44-54.







The ultimate display would, of course,  
be a room within which the computer 
can control the existence of matter.  

 
A chair displayed in such a room would 

be good enough to sit in. Handcuffs 
displayed in such a room would be 
confining, and a bullet displayed in 

such a room would be fatal.

The Ultimate Display (1965)
Ivan Sutherland



“With appropriate 
programming, such a 

display could literally be 
the wonderland into which 

Alice  walked.” 



Ivan Sutherland’ VR Challenge (1965)
• Complete visual immersion in virtual world


• Viewpoint and other tracking; the world stays stationary as viewpoint 
moves


• Improve image generation until world looks real


• User directly manipulates virtual objects


• Manipulated objects move realistically 

• Computer maintains world model in real time 

• Virtual world also sounds real, and feels real



What did the vision require? (1/2)
Display 

• Visual: Resolution, color, stereo, field-of-view


• Sound: binaural, 3D?


• Haptics: touch, pressure, heat-flow


Modelling the Virtual World 

• Geometry, texture, color


• Illumination, optics, mechanics



What did the vision require? (2/2)
Rendering 

• 104 polygons to pixels  

Tracking 

• Position, and pose of eyes, etc… 


 
System 

• Update rate, no latency


• Cost



https://www.youtube.com/watch?v=eVUgfUvP4uk



The Sword of Damocles (1968)
Ivan Sutherland



Pygmalion’s Spectacles (1935)

“a movie that gives one 
sight and sound [...] taste, 
smell, and touch. [...] You 
are in the story, you speak 

to the shadows 
(characters) and they reply 
[...] the story is all about 
you, and you are in it.” 

Stanley Weinbaum



Sensorama (1956)
Morton Heilig



Telesphere Mask (1960)
Morton Heilig



HeadSight (1961)
Comeau and Bryan







https://www.youtube.com/watch?v=dji9YiPZ4AM

https://www.youtube.com/watch?v=dji9YiPZ4AM



Ivan Sutherland’ VR Challenge (1965)
• Complete visual immersion in virtual world


• Viewpoint and other tracking; the world stays stationary as viewpoint 
moves


• Improve image generation until world looks real


• User directly manipulates virtual objects


• Manipulated objects move realistically 

• Computer maintains world model in real time 

• Virtual world also sounds real, and feels real



“VR is Dead…” 





Milgram’s Mixed Reality (MR) Continuum

Milgram, P., & Kishino, F. (1994). A taxonomy of mixed reality visual displays. 

IEICE TRANSACTIONS on Information and Systems, 77(12), 1321-1329.

Mixed Reality

“… anywhere between the extrema of the virtuality continuum” 



Mixed-Reality (MR) Technology







Ivan Sutherland’ VR Challenge (1965)
• Complete visual immersion in virtual world


• Viewpoint and other tracking; the world stays stationary as viewpoint 
moves


• Improve image generation until world looks real


• User directly manipulates virtual objects


• Manipulated objects move realistically 

• Computer maintains world model in real time 

• Virtual world also sounds real, and feels real





Tracking









Outside-In Tracking Inside-Out Tracking



Steinicke, F., Bruder, G., Jerald, J., Frenz, H., & Lappe, M. (2009). Estimation of detection thresholds for 
redirected walking techniques. IEEE transactions on visualization and computer graphics, 16(1), 17-27.







Han, S., Liu, B., Cabezas, R., Twigg, C. D., Zhang, P., Petkau, J., ... & Wang, R. (2020). MEgATrack: monochrome 
egocentric articulated hand-tracking for virtual reality. ACM Transactions on Graphics (TOG), 39(4), 87-1.



CTRL Labs



Haptics



Araujo, B., Jota, R., Perumal, V., Yao, J. X., Singh, K., & Wigdor, D. (2016, February). Snake charmer: Physically 
enabling virtual objects. In Proceedings of the TEI'16: Tenth International Conference on Tangible, Embedded, 
and Embodied Interaction (pp. 218-226).



Benko, H., Holz, C., Sinclair, M., & Ofek, E. (2016, October). Normaltouch and texturetouch: High-fidelity 3d 
haptic shape rendering on handheld virtual reality controllers. In Proceedings of the 29th Annual Symposium on 
User Interface Software and Technology (pp. 717-728).



Meta Reality Labs (Nov. 2021)



Azmandian, M., Hancock, M., Benko, H., Ofek, E., & Wilson, A. D. (2016, May). Haptic retargeting: Dynamic 
repurposing of passive haptics for enhanced virtual reality experiences. In Proceedings of the 2016 chi 
conference on human factors in computing systems (pp. 1968-1979).



Graphics Turing Test







Wei, S. E., Saragih, J., Simon, T., Harley, A. W., Lombardi, S., Perdoch, M., ... & Sheikh, Y. (2019). Vr facial 
animation via multiview image translation. ACM Transactions on Graphics (TOG), 38(4), 1-16.



Facebook Connect Keynote (2021)



Applications







Learning



Therapy

Arachnophobia Acrophobia Social Phobia

Bouchard, S., Côté, S., St-Jacques, J., Robillard, G., & Renaud, P. (2006). Effectiveness of virtual reality exposure in the treatment of arachnophobia using 3D 
games. Technology and health care, 14(1), 19-27.

https://www.youtube.com/watch?v=l8_XTD_F0Cw https://ovrhealth.com/ https://www.youtube.com/watch?v=ZpC3f0G0RX0

Freeman, D., Haselton, P., Freeman, J., Spanlang, B., Kishore, S., Albery, E., ... & Nickless, A. (2018). 

Automated psychological therapy using immersive virtual reality for treatment of fear of heights: a single-blind, parallel-group, randomised controlled trial. 

The Lancet Psychiatry, 5(8), 625-632.
Klinger, E., Bouchard, S., Légeron, P., Roy, S., Lauer, F., Chemin, I., & Nugues, P. (2005). Virtual reality therapy versus cognitive behavior therapy for social phobia: A 
preliminary controlled study. Cyberpsychology & behavior, 8(1), 76-88.



Ultimate Empathy Machine

The Machine to Be Another Event Lab Clouds over Sidra

Muller, D. A., Van Kessel, C. R., & Janssen, S. (2017, October). Through Pink and Blue glasses: Designing a dispositional empathy game using gender stereotypes and 
Virtual Reality. In Extended Abstracts Publication of the Annual Symposium on Computer-Human Interaction in Play (pp. 599-605).

https://www.youtube.com/watch?v=_Wk489deqAQ https://ovrhealth.com/ https://www.youtube.com/watch?v=mUosdCQsMkM

Bertrand, P., Guegan, J., Robieux, L., McCall, C. A., & Zenasni, F. (2018). Learning empathy through virtual reality: multiple strategies for training empathy-related abilities using 
body ownership illusions in embodied virtual reality. Frontiers in Robotics and AI, 5, 26.

Alberghini, D. (2020). Improving empathy: is virtual reality an effective approach to educating about refugees?.



The future?



Smart Glasses




