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Intro to AR/VR



Rekimoto, J., & Nagao, K. (1995, December). The world through the computer: Computer augmented interaction with real world environments. In Proceedings 
of the 8th annual ACM symposium on User interface and software technology (pp. 29-36).
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http://www.youtube.com/watch?v=eJCiyf8Kn9w&t=15


Mark Billinghurst



http://www.youtube.com/watch?v=cCL3bFuC4IA&t=40


Reality-Virtuality Continuum

Milgram, P., & Kishino, F. (1994). A taxonomy of mixed reality visual displays. IEICE TRANSACTIONS on Information and Systems, 
77(12), 1321-1329.



https://docs.google.com/file/d/1BJHvh0nu8gQwWrEgOeW17BjHKSiPh1_k/preview




Brief History



The Ultimate Display

“.. it should serve as many senses as 
possible..”

By Ivan Sutherland

https://worrydream.com/refs/Sutherland_1965_-_The_Ultimate_Display.pdf 

https://worrydream.com/refs/Sutherland_1965_-_The_Ultimate_Display.pdf


Sword of Damocles

http://www.youtube.com/watch?v=osH3Bmp-36k&t=158


https://www.youtube.com/watch?v=rBK3kPDwOgY 

https://www.youtube.com/watch?v=rBK3kPDwOgY


https://www.youtube.com/watch?v=rBK3kPDwOgY 

https://www.youtube.com/watch?v=rBK3kPDwOgY


Job Simulator

- Interaction is king
- First VR game to make $3M in 1 

year
- Top downloaded game in PSVR for 

3 years



Beat Saber

- $2M in 1 month
- Developed by a team of 3 in Czech 

Republic 
- Hand mapped levels with smart 

movement design



HALF-LIFE: ALYX

- First true AAA VR game
- Less is more
- Environment design



Keywords



https://www.avsystem.com/blog/linkyfi/time-of-flight/





http://www.youtube.com/watch?v=2ZSvg22oK-8&t=12


Not real time?

http://www.youtube.com/watch?v=P2VMHzN-bq8
http://www.youtube.com/watch?v=_fNp37zFn9Q


Degrees of Freedom (DoF)

https://virtualspeech.com/blog/degrees-of-freedom-vr



3 vs 6 DOF: devices 

3 DOF

● Google Cardboard
● Oculus Go
● Merge VR
● Samsung Gear VR
● Google Daydream

6 DOF

● Oculus Rift
● Oculus Quest
● Pico Neo
● HTC Vive
● Windows Mixed Reality
● Apple Vision Pro



Field of View (FOV)



Optical vs Video see-through



Optical see-through

Hololens 2 Magic Leap 2 EPSON BT-200



Video see-through

Meta Quest 3 Varjo XR-4 Apple VisionPro



Outside-in vs Inside-out Tracking 

https://delight-vr.com/xr-glossary/



Handheld AR



Device vs User Perspective Rendering



Mirror AR

http://www.youtube.com/watch?v=Mr71jrkzWq8


Vision-based Tracking

SLAM – Simultaneous Localization and Mapping



Kari, M., Schütte, R., & Sodhi, R. (2023, October). Scene Responsiveness for Visuotactile Illusions in Mixed Reality. In Proceedings of the 36th Annual ACM Symposium on User Interface Software 
and Technology (pp. 1-15).

Diminished reality: blurring virtual and physical objects

http://www.youtube.com/watch?v=-GwLu82QLCw


AR/VR Tools
Digital & Immersive Authoring Cross-platform Development 

Web-based Development Native Development 



Left vs Right

https://twitter.com/FreyaHolmer/status/1586075309241028608



Affordance

Affordances

“… the perceived and actual 
properties of the thing, primarily 
those fundamental properties that 
determine just how the thing could 
possibly be used…

…Affordances provide strong 
clues to the operations of things.” 

(Norman, The Psychology of 
Everyday Things, 1988)



Affordances in VR

Design interface objects to show how they are used

● Use visual cues to show possible affordances
● Perceived affordances should match actual affordances
● Good cognitive model – map object behaviour to expected behaviour



M
utual H

um
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https://docs.google.com/file/d/1jNDGpH65ybYMXyLYlVFtkLkGm35mhvXb/preview


3D Interaction

3D User Interfaces

● User interfaces for VR systems
● Need good 3D UI guidelines

But 3D interaction is difficult

● Needs spatial input
● Interface layout more complex
● Lack of constraints, precision
● Lack of standards, tools
● User fatigue, perception needs
● Endless possibilities…



Universal 3D Interaction Tasks in VR

Object Interaction

● Selection: Picking object(s) from a set
● Manipulation: Modifying object properties

Navigation

● Travel: motor component of viewpoint motion
● Wayfinding: cognitive component; decision-making

System control

● Issuing a command to change system state or mode



Object Interaction



Selection and Manipulation

Selection

- Specifying one or more objects 
from a set

Manipulation

- Modifying object properties: 
position, orientation, scale, shape, 
color, texture, behaviour…



Goal of selection

● Indicate action on object
● Query object
● Make object active
● Travel to object location
● Set up manipulation



Common Selection Techniques

● Virtual hand ● Occlusion



Common Selection Techniques

● Ray-casting ● Go-Go (arm-extension)



Go-Go

https://docs.google.com/file/d/1684PcCr_xnG2Jo_zGrR66u5NQFnLkVjY/preview


Goal of Manipulation

Object placement

● Design
● Layout
● Grouping

Tool usage

Travel



M
anipulation in H

oloLens

https://docs.google.com/file/d/1CwM9ZJhvgtbUDSCNztukgPRH3dfx7HEZ/preview


XR UI Reference Library 

https://giddy-lodge-dad.notion.site/49605e613ec148cd87d48b3cb78b05c8?v=c6ff5825e67b44ac9360c5a15830e658 

https://giddy-lodge-dad.notion.site/49605e613ec148cd87d48b3cb78b05c8?v=c6ff5825e67b44ac9360c5a15830e658


Scaled-world

https://docs.google.com/file/d/19d19FuzpNhE6wAWNXQTmxsZeUQQGXB4T/preview


HOMER

Hand-Centered
Object
Manipulation
Extending
Ray-Casting

● Selection: 
ray-casting

● Manipulate: directly 
with virtual hand

https://docs.google.com/file/d/1vB4UpZQHYsasOLUaOS2oiPSgWrOQD1jl/preview


Snow Dome

https://docs.google.com/file/d/1xCohT-3U3Zjly8FMkA6O9HcXBG02xiW2/preview


https://store.steampowered.com/app/1220100/Tentacular/

https://docs.google.com/file/d/1yDBvjdjB-b3hUl7aOh0vZDMwLCY0wk-r/preview




Navigation



Tethered vs Standalone 

http://hologramsociety.wimiar.com/en/index.php?m=Home&c=Index&a=news_view&id=159 

http://hologramsociety.wimiar.com/en/index.php?m=Home&c=Index&a=news_view&id=159


Travel

The motor component of navigation

Movement between 2 locations, setting the position (and orientation) of the user’s 
viewpoint

The most basic and common VE interaction technique, used in almost any 
large-scale VE



Types of Travel

Exploration

● No explicit goal for the movement

Search

● Moving to specific target location
○ Naïve – target position not known
○ Primed – position of target known

Manoeuvring

● Short, precise movements changing 
viewpoint



Locomotion

Physical locomotion metaphors

- Treadmills, cycles, etc…

Steering metaphor

Route planning metaphor

Target specification metaphor

Manual manipulation metaphor

Scaling metaphor



https://docs.google.com/file/d/1rC-ksEcyfeTjVVN7IUdNXVwkA2CoBkUr/preview


Redirected Walking (RDW)

- RDW fundamentally manipulates human 
spatial perception below the conscious 
threshold.

- Translation and Rotation Manipulation: 
Scaling virtual movement non-linearly against 
physical movement (e.g., 5° physical = 7.5° 
virtual).

- Path Redirection: Subtly guiding users away 
from physical boundaries

Razzaque, S., Swapp, D., Slater, M., Whitton, M. C., & Steed, A. (2002, May). Redirected walking in place. In Egve (Vol. 2, pp. 123-130).



Nilsson, N. C., Peck, T., Bruder, G., Hodgson, E., Serafin, S., Whitton, M., Steinicke, F., & Rosenberg, E. S. (2018). 15 Years of Research on Redirected Walking in Immersive Virtual Environments. 
IEEE Computer Graphics and Applications, 38(2), 44–56. https://doi.org/10.1109/MCG.2018.111125628 

https://doi.org/10.1109/MCG.2018.111125628


Redirected Walking with Walls

https://docs.google.com/file/d/1Q6SGLmC1SKvbEpY4p8xuxe4p6QtLvVzv/preview


Teleportation

Use controller to select end point

- Usable with 3-DOF controller

Jump to a fixed point in VR

Discrete motion can be confusing/cause sickness



Locomotion: techniques

https://docs.google.com/file/d/1AiMuT8Jd-JdBlWIcZujMKKq5LM2fVAST/preview


Half-Life: Alyx - Locomotion

https://docs.google.com/file/d/1Z9ES5pU9WFs3_kKBKUhpGzU0ny8WQxeG/preview


The Climb

http://www.youtube.com/watch?v=91E0IhtxqfY&t=73


Eight360

http://www.youtube.com/watch?v=FhZD-X1LWhY


Boletsis, C., & Cedergren, J. E. (2019). VR locomotion in the new era of virtual reality: an empirical comparison of prevalent techniques. Advances in Human‐Computer Interaction, 2019(1), 7420781.



https://locomotionvault.github.io/index.html 

https://locomotionvault.github.io/index.html


System Control



System Control

Issuing a command to change system state or mode. 
E.g.

● Launching application
● Changing system settings
● Opening a file

Key points

● Make commands visible to user
● Support easy selection





Physical Control



Graphical Menus

adapted 2D menus

1-DOF menus

3D widgets





https://docs.google.com/file/d/1tUtbOi9aIDDvpNHnHRmDJhAAHS2RBDTj/preview


TULIP Menu

Menu items attached to virtual fingertips

Ideal for pinch glove interaction

Use one finger to select menu option from another 

Bowman, D. A., & Wingrave, C. A. (2001, March). Design and evaluation of menu 
systems for immersive virtual environments. In Virtual Reality, 2001. Proceedings. 
IEEE (pp. 149-156). IEEE.

























https://doi.org/10.1007/978-3-031-05804-2_2 

https://doi.org/10.1007/978-3-031-05804-2_2






https://developers.meta.com/horizon/documentation/unity/unity-keyboard-overlay/



Voice Command
Implementation

● Wide range of speech recognition engines available
● E.g. Unity speech recognition plug-in, IBM VR speech 

sandbox

Factors to consider

● Recognition rate, background noise, speaker 
dependent/independent

Design Issues

● Voice interface invisible to user
● no UI affordances, overview of functions available
● Need to disambiguate system commands from user 

conversation
● Use push to talk or keywords
● Limited commands – use speech recognition  
● Complex application – use conversational/dialogue 

system

Utterance Action

“Take me to block twelve” section teleport

“Show me the view from row F” seat preview

“Where are the toilets?” semantic query + beacon

“Quieter” / “louder” crowd volume

“Compare” open compare widget



https://docs.google.com/file/d/18O7oPr77Rc5SpV3U2KZxQcAym9jk_o3i/preview


Tools

Use tools for system commands

● Tangible user interfaces (real tools)
● Virtual tools (3D objects)

Design issues

● Support eyes-off use
● Use of physical affordances 
● Base on familiar objects
● Provide tactile feedback
● Map real tool to virtual operation





Design Guidelines

● Avoid disturbing the flow of action of an interaction task.
● Prevent unnecessary focus switching and context switching
● Design for discoverability.
● Avoid mode errors.
● Use an appropriate spatial reference frame.
● Structure the functions in an application and guide the user
● Consider using multimodal input.
● 3D is not always the best solution - consider hybrid interfaces



Research Trends

Wentzel, J., Lakier, M., Hartmann, J., Shazib, F., Casiez, G., & Vogel, D. (2025). A 
Comparison of Virtual Reality Menu Archetypes: Raycasting, Direct Input, and 
Marking Menus. IEEE Transactions on Visualization and Computer Graphics, 31(9), 
4868–4882. https://doi.org/10.1109/TVCG.2024.3420236



Tools & Unity



Frameworks

https://xrbootcamp.com/the-best-5-vr-sdk-for-interactions/



Which framework?

Meta XR All-in-One SDK XR Interaction Toolkit (Unity)

For Meta Quest devices only - Hardware focused Cross-platform (Quest, OpenXR, Windows MR, etc)

Build for Windows and Mac Build for Windows and Mac

Simulator run on Windows Simulator run on Windows and Mac



Which Application

Meta Quest Developer Hub Quest Link

Run on Windows and Mac Run on Windows

Comprehensive portal for managing device and 
installing app

Good for live debugging



XRI Toolkit 

https://docs.unity3d.com/Packages/com.unity.xr.interaction.toolkit@3.5/
manual/interactor-components.html
https://docs.unity3d.com/Packages/com.unity.xr.interaction.toolkit@3.5/
manual/interactable-components.html 

https://docs.unity3d.com/Packages/com.unity.xr.interaction.toolkit@3.5/manual/interactor-components.html
https://docs.unity3d.com/Packages/com.unity.xr.interaction.toolkit@3.5/manual/interactor-components.html
https://docs.unity3d.com/Packages/com.unity.xr.interaction.toolkit@3.5/manual/interactable-components.html
https://docs.unity3d.com/Packages/com.unity.xr.interaction.toolkit@3.5/manual/interactable-components.html




Poke Interactable



Gaze Interactable



https://docs.unity3d.com/Packages/com.unity.xr.interaction.toolkit@2.6/manual/locomotion-system.html 

Locomotion in Unity

https://docs.unity3d.com/Packages/com.unity.xr.interaction.toolkit@2.6/manual/locomotion-system.html




Movement Type



http://www.youtube.com/watch?v=H1NDNfCrLeA


https://github.com/Unity-Technologies/XR-Interaction-Toolkit-Examples/blob/main/Documentation/GrabInteractables.md

More Examples



Meta XR

https://developers.meta.com/horizon/documentation/unity/unity-isdk-grabbing-objects/



Evaluation



Evaluating your prototype
Questionnaires

SSQ (Kennedy 1993): 16 symptoms, 
before and after each session

IPQ (Schubert 2001): 14 items on 
presence

SUS (Brooke 1996): 0–100; >68 is 
above average

NASA-TLX for workload in the 
wayfinding task

FMS every minute, with the stop rule

Task metrics

• Time to find the assigned seat; 
wrong turns; help requests

• Seat preview: agreement between 
the seat chosen in VR and 
satisfaction on site (photo 
comparison)

• Comfort: dropouts, SSQ delta, 
session length

Protocol

• Informed consent
• 10–15 min sessions, breaks, stop 

on discomfort
• Within-subject VR vs AR, 

counterbalanced order
• n = 12–20 for a pilot



Banakou, D., & Slater, M. (2023). A comparison of two methods for moving through a virtual environment: Walking in place and interactive redirected walking. Frontiers in Virtual 
Reality, 4, 1294539. https://doi.org/10.3389/frvir.2023.1294539 
Boletsis, C., & Cedergren, J. E. (2019). VR Locomotion in the New Era of Virtual Reality: An Empirical Comparison of Prevalent Techniques. Advances in Human-Computer 
Interaction, 2019, 1–15. https://doi.org/10.1155/2019/7420781 
Bowman, D. A., & Hodges, L. F. (1997). An evaluation of techniques for grabbing and manipulating remote objects in immersive virtual environments. Proceedings of the 1997 
Symposium on Interactive 3D Graphics  - SI3D ’97, 35-ff. https://doi.org/10.1145/253284.253301 
Bowman, D. A., & Hodges, L. F. (1999). Formalizing the Design, Evaluation, and Application of Interaction Techniques for Immersive Virtual Environments. Journal of Visual 
Languages & Computing, 10(1), 37–53. https://doi.org/10.1006/jvlc.1998.0111 
Buttussi, F., & Chittaro, L. (2021). Locomotion in Place in Virtual Reality: A Comparative Evaluation of Joystick, Teleport, and Leaning. IEEE Transactions on Visualization and 
Computer Graphics, 27(1), 125–136. https://doi.org/10.1109/TVCG.2019.2928304 
Darken, R. P., Cockayne, W., & Carmein, D. (n.d.). The Omni-Direct A Locomotion Devic.
Franz, R. L., Yu, J., & Wobbrock, J. O. (2023). Comparing Locomotion Techniques in Virtual Reality for People with Upper-Body Motor Impairments. The 25th International ACM 
SIGACCESS Conference on Computers and Accessibility, 1–15. https://doi.org/10.1145/3597638.3608394 
Hung, H.-C., & Chuang, J.-H. (2026). Teleportation with Reorientation for Redirected Walking in VR.
Iwata, H. (1999). Walking about virtual environments on an infinite floor. Proceedings IEEE Virtual Reality (Cat. No. 99CB36316), 286–293. https://doi.org/10.1109/VR.1999.756964 
Jacob Habgood, M. P., Moore, D., Wilson, D., & Alapont, S. (2018). Rapid, Continuous Movement Between Nodes as an Accessible Virtual Reality Locomotion Technique. 2018 IEEE 
Conference on Virtual Reality and 3D User Interfaces (VR), 371–378. https://doi.org/10.1109/VR.2018.8446130 
Kim, J., Luu, W., & Palmisano, S. A. (n.d.). Multisensory integration and the experience of scene instability, presence and cybersickness in virtual environments.
Liu, J., Parekh, H., Al-Zayer, M., & Folmer, E. (2018). Increasing Walking in VR using Redirected Teleportation. Proceedings of the 31st Annual ACM Symposium on User Interface 
Software and Technology, 521–529. https://doi.org/10.1145/3242587.3242601 
McMahan, R. P., Bowman, D. A., Zielinski, D. J., & Brady, R. B. (2012). Evaluating Display Fidelity and Interaction Fidelity in a Virtual Reality Game. IEEE Transactions on 
Visualization and Computer Graphics, 18(4), 626–633. https://doi.org/10.1109/TVCG.2012.43 
Polechoński, J., & Nawrocka, A. (2025). Comparison of Physical Activity Intensity During Virtual Reality Gaming: Omnidirectional Treadmill Versus Traditional Controllers—A 
Physiological Assessment. Applied Sciences, 15(16), 8914. https://doi.org/10.3390/app15168914 
Razzaque, S., Swapp, D., Slater, M., Whitton, M. C., & Steed, A. (n.d.). Redirected Walking in Place.
Sra, M., Jain, A., & Maes, P. (2019). Adding Proprioceptive Feedback to Virtual Reality Experiences Using Galvanic Vestibular Stimulation. Proceedings of the 2019 CHI Conference 
on Human Factors in Computing Systems, 1–14. https://doi.org/10.1145/3290605.3300905 
Steinicke, F., Visell, Y., Campos, J., & Lécuyer, A. (Eds.). (2013). Human Walking in Virtual Environments: Perception, Technology, and Applications. Springer New York. 
https://doi.org/10.1007/978-1-4419-8432-6 
Wendt, J. D., Whitton, M. C., & Brooks, F. P. (2010). GUD WIP: Gait-Understanding-Driven Walking-In-Place. 2010 IEEE Virtual Reality Conference (VR), 51–58. 
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Locomotion Vault · uxofvr.com · XR UI Reference Library · SDK comparison (XR Bootcamp)
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