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Vocabulary Development

VR/AR/XR, Blended 
reality, Spatial 
Computing,
Immersive Tech…



REAL

DIGITAL

REAL

DIGITAL

REAL

DIGITAL

Pre-internet Smartphones
+ Apps

XR
+
AI

Trends of Real + Digital



content inside the screen



from content inside the screen, to users inside the content



from content inside the screen, to users inside the content



The user is 
inside the 
content

Gonzalez-Franco, M., & Lanier, J. (2017). Model of illusions and virtual 
reality Frontiers in psychology, 8, 1125.



Gonzalez-Franco, M., & Colaco, A. (editing). Guidelines for Productivity in VR

Systems that 
interface with 

reality



Smolyanskiy, N., & Gonzalez-Franco, M. (2017). Stereoscopic first 

person view system for drone navigation. Frontiers in Robotics and 

AI, 4, 11.



perception



multisensory perception



MotionSight



Motion
Sight

Cognitive Latency to
measure VR system latency

Gruen, Ofek, Steed, Gal, Sinclair, M Gonzalez-Franco*, 2020. Measuring System Visual 

Latency through Cognitive Latency on Video See-Through AR devices. IEEE VR

https://github.com/microsoft/Microsecond-Arduino-Latency-Clock

https://github.com/microsoft/Microsecond-Arduino-Latency-Clock


HearingSight



Visual dominance
Recalibration of 3D Audio

Berger, C.C., Gonzalez-Franco, M., Tajadura-Jiménez, A., Florencio, D. and Zhang, Z., 
2018. Generic HRTFs may be good enough in virtual reality. Improving source
localization through cross-modal plasticity. Frontiers in neuroscience, 12, p.21.

Sight Hearing

Concurrent Talking

Gonzalez-Franco, et al. 2017 "Concurrent talking in immersive virtual reality: 
on the dominance of visual speech cues." Scientific reports 7.1: 3817.

Ready Charly, 

go to, red 2

now 

Ready Laker, 

go to, blue 3

now 



HearingMotion



HearingMotion



multisensory perception



Microsoft Soundscape

Clemenson, Maselli, Fiannaca, 
Miller, Gonzalez-Franco (2021). 
Rethinking GPS Navigation: 
Creating Cognitive Maps Through 
Auditory Clues. Sci Reps

https://www.microsoft.com/en-us/research/product/soundscape/

https://www.microsoft.com/en-us/research/product/soundscape/


Clemenson, Gregory D., et al. "Rethinking GPS navigation: creating cognitive maps 

through auditory clues." Scientific reports 11.1 (2021): 1-10.





J Gordon et al. 2023. Hearing the Way Forward: Exploring Ambient Navigational Awareness with Reduced Cognitive 
Load through Spatial Audio-AR. (CHI '23). 



J Gordon et al. 2023. Hearing the Way Forward: Exploring Ambient Navigational Awareness with Reduced Cognitive 
Load through Spatial Audio-AR. (CHI '23). 



User retention

Liu, Tiffany, et al. "Characterizing and Predicting Engagement of Blind and Low-

Vision People with an Audio-Based Navigation App." CHI 2022.



What is really 
impossible with 
other tech?



locomotionvault.github.io

Microsoft Rocketbox

margonzalezfranco.github.io





Avatars in Video Conferencing

P Panda et al. 2022. All Together! Avatars in Hybrid Conferencing 
Environments to Enhance Co-Presence



Enfacement



No N170 differences:

same class of object

P200/N250 250-300ms

self-recognition

Virtual FacesReal Faces

Self-recognition on Avatars

Gonzalez-Franco et al. 2016. The neurological traces of look-alike avatars
Frontiers in Human Neuroscience 



Complex system
Self-recognition on Avatars

Gonzalez-Franco et al. 2016. The neurological traces of look-alike avatars
Frontiers in Human Neuroscience 



Enfacement on Avatars

Gonzalez-Franco et al.  2020 Using Facial Animation to Increase the 
Enfacement Illusion and Avatar Self-Identification. IEEE VR. 
IEEE Transactions on Visualization and Computer Graphics



Enfacement on Avatars

Gonzalez-Franco et al.  2020 Using Facial Animation to Increase the 
Enfacement Illusion and Avatar Self-Identification. IEEE VR. 
IEEE Transactions on Visualization and Computer Graphics



Bodily illusions 
on avatars

EVENTLab – Universitat de Barcelona
Spanlang et al. (2014) How to Build an Embodiment Lab: Achieving Body 
Representation Illusions in Virtual Reality Frontiers in Robotics and AI



multisensory perception



multisensory perception

- Proprioception

- Interoception (internal state of the body, 

self-awareness, emotion)

- Exteroception (senses: vision, audition, 

touch, olfaction, gustation)

processing



Ramon y Cajal - Nobel Prize

Fetsch et al. (2013) 
Nature Rev. Neurosci



Stein, Barry E., and Terrence R. Stanford. "Multisensory integration: 

current issues from the perspective of the single neuron." Nature 

Reviews Neuroscience 9.4 (2008): 255-266.



Alice  Detector - CERN

multisensory perception

processing

cognition

behavior



Gonzalez-Franco, M., & Lanier, J. (2017). Model of illusions 
and virtual reality Frontiers in psychology, 8, 1125.



Botvinick & Cohen - Nature 1998



Bodily illusions 
on avatars

EVENTLab – Universitat de Barcelona
Spanlang et al. (2014) How to Build an Embodiment Lab: Achieving Body 
Representation Illusions in Virtual Reality Frontiers in Robotics and AI



Gonzalez-Franco et al. (2010) The Contribution of Real-Time Mirror Reflections of Motor Actions on
Virtual Body Ownership in an Immersive Virtual Environment IEEE VR

{Tao, et al. CHI ‘23}

Sense of Self Location

Sense of Agency

Sense of Body Ownership



Body plasticity: Pinocchio Illusion in VR

Gonzalez-Franco et al. (Frontiers in VR 2022)



Avatar 
Embodiment

Questionnaires
Gonzalez-Franco M and Peck TC (2018) Avatar Embodiment. Towards

a Standardized Questionnaire Front. Robot. AI

Peck TC and Gonzalez-Franco M (2021) Avatar Embodiment. A 

Standardized Questionnaire Front. In VR

400 

questionnaires later

Gonzalez-Franco et al. A threat to a virtual hand elicits motor 
cortex activation. Experimental Brain Research (2014)

Padrao, Gonzalez-Franco et al. 2016. Violating body 
semantics: neural signatures of self-generated and 
external-errors.  NeuroImage (2016)

How to create embodiment How to measure embodiment How to break embodiment

Brain (Electrophysiology)

Gonzalez-Franco et al. (2010) The Contribution of Real-
Time Mirror Reflections of Motor Actions on
Virtual Body Ownership in an Immersive Virtual 
Environment IEEE VR

Spanlang et al. (2014) How to Build an Embodiment 
Lab: Achieving Body Representation Illusions in 
Virtual Reality Frontiers in Robotics and AI

Follower Effect
Gonzalez-Franco et al (2020) The Self-Avatar 

Follower Effect in Virtual Reality IEEE VR

Effects of Embodiment

Enhanced Presence and 

Co-Presence



Follower Effect

If we drift the avatar, will the participant 
try to compensate? Yes

self-avatar follower effect.

González-Franco, Mar et al. “The Self-Avatar Follower Effect in Virtual Reality.” 2020 IEEE Conference on 
Virtual Reality and 3D User Interfaces (VR) (2020): 18-25.

Avatar 
Embodiment



Maselli, A., et al. 2022 Enhanced efficiency in visually guided online motor control 

for actions directed towards the body midline. Transactions of the Royal Society



Sense of Agency

Padrao, Gonzalez-Franco et al. 2016. Violating body semantics: neural signatures of 
self-generated and external-errors.  NeuroImage (2016)



[Gallagher 2000, Frith et al. 2000 ]

Disrupting the sense of agency of the VB

Error Monitoring Models. Motor Control

N400

ERN

Padrao, Gonzalez-Franco et al. 2016. Violating body semantics: neural signatures of 
self-generated and external-errors.  NeuroImage (2016)



Yujie Tao, et al. 2023. Embodying Physics-Aware Avatars in Virtual Reality. CHI '23Yujie Tao, et al. 2023. Embodying Physics-Aware Avatars in Virtual Reality. CHI '23



Cohn et al. “SnapMove: Movement Projection Mapping in Virtual Reality.” IEEE AIVR (2020): 18-25.



Ahuja, Karan, et al. "CoolMoves: User Motion Accentuation in Virtual 

Reality." Proceedings of the ACM on Interactive, Mobile, Wearable and 

Ubiquitous Technologies 5.2 (2021): 1-23.

F(x)=y



Distance Compression

Gonzalez-Franco & Berger (2019) Avatar Embodiment Enhances Haptic 
Confidence on the Out-of-Body Touch Illusion. IEEE Transactions on Haptics

Perception of touch



multisensory perception

- Proprioception

- Interoception (internal state of the body, 

self-awareness, emotion)

- Exteroception (senses: vision, audition, 

touch, olfaction, gustation)

processing

behavior



Avatar BEHAVIOUR



Meehan et al. Siggraph 2002

Place Illusion

Plausibility Illusion

Presence 
Illusion

Sanchez-Vives & Slater Nat Neurosci 2005

REALISTIC 

BEHAVIOR





Gonzalez-Franco et al. 2019 Participant concerns for the Learner in a Virtual Reality replication of the Milgram obedience study. Plos One 

Moral Dilemmas



locomotionvault.github.io

Microsoft Rocketbox



https://github.com/microsoft/Microsoft-Rocketbox

Gonzalez-Franco, Ofek, Pan, Antley, Steed, Spanlang, Maselli, Banakou, Pelechano, Orts Escolano, Orvahlo, Trutoiu, Wojcik,  
Sanchez-Vives, Bailenson, Slater, and Lanier. Frontiers in VR (2020) "The Rocketbox library and the utility of freely available 

rigged avatars.“ Frontiers in VR

https://github.com/microsoft/Microsoft-Rocketbox
https://www.frontiersin.org/Technologies_for_VR/10.3389/frvir.2020.561558/abstract
https://www.frontiersin.org/Technologies_for_VR/10.3389/frvir.2020.561558/abstract


https://github.com/microsoft/MoveBox-for-Microsoft-Rocketbox

Gonzalez-Franco et al. Movebox: democratizing MoCap for the Microsoft Rocketbox Avatar Library IEEE AIVR 2020

https://github.com/microsoft/Microsoft-Rocketbox
https://github.com/microsoft/MoveBox-for-Microsoft-Rocketbox


https://github.com/openVRlab/Headbox

Matias Volonte, Eyal Ofek, Ken Jakubzak, Shawn Bruner, Mar Gonzalez-Franco 
HeadBox: A Facial Blendshape Animation Toolkit for the Microsoft Rocketbox
Library. IEEE VR 2022

https://github.com/openVRlab/Headbox


locomotionvault.github.io

Microsoft Rocketbox

margonzalezfranco.github.io



Locomotion

Abtahi et al. I’m a Giant: Walking in Large Virtual Environments at High Speed Gains, CHI 2019

Limited Space



Max Di LucaHasti Seifi



Locomotion Vault (https://locomotionvault.github.io/), an interactive database and 

visualization of over 100 LTs (Locomotion Techniques) from academia and industry.

https://locomotionvault.github.io/


locomotionvault.github.io

Microsoft Rocketbox

margonzalezfranco.github.io



Gonzalez-Franco, M; Ofek, E; Holz, C; Steed, A; Lanier, J; Buxton, B; et al. (2022): Taxonomy of Hand-Object 

Haptics for Virtual Reality. TechRxiv. 



1 x force sensor
2 x VCA
1 x 2D Track Pad

Jaeyeon Lee, J., Sinclair, M., Gonzalez-Franco, M., Ofek, E. & Holz, C. (2019) TORC: A Virtual 

Reality Controller for In-Hand High-Dexterity Finger Interaction. Proc. 2019 CHI Conf. Hum. 

Factors Comput. Syst. (2019).



Kubacs, R., et al. (2020). Haptic Pivot: On-Demand Handhelds in VR. ACM UIST



Eric J Gonzalez et al (2021). X-Rings: A Hand-mounted 360° Shape Display for Grasping in Virtual Reality. 

UIST







(2019) Avatar embodiment enhances haptic confidence on the out-

of-body touch illusion IEEE Transactions on Haptics

(2018). Expanding the sense of touch outside the body.  ACM 

Symposium on Applied Perception

Asymmetry of Grasp

(2020) Gonzalez-Franco, Sinclair, Ofek

ACM Symposium on Applied Perception

https://engineeringcommunity.nature.com/posts/shape-displays-

building-the-next-generation-desktops

https://engineeringcommunity.nature.com/posts/shape-displays-building-the-next-generation-desktops
https://engineeringcommunity.nature.com/posts/shape-displays-building-the-next-generation-desktops


Just like smartphones,
XR is also a tech aggregator.

The selection of tech will be 
defined by the interactions we 
want to create.

That is why interaction 
research is at the core of XR.



S Marwecki et al (2019). Mise-Unseen. Using eye tracking to hide virtual reality scene changes in plain sight. UIST



Panda, P., Nicholas, M., et al. (2023). “Beyond Audio: Towards a Design Space of 
Headphones as a Site for Interaction and Sensing” DIS 2023





https://www.linkedin.com/in/miguelgfierro/

https://www.linkedin.com/in/miguelgfierro/


But how do we consume AI?

Stable diffusion



We augment the world around the user

But how do we consume AI?

https://www.youtube.com/watc
h?v=ePwKgKp69GE

https://www.youtube.com/watch?v=ePwKgKp69GE
https://www.youtube.com/watch?v=ePwKgKp69GE


https://github.com/NVlabs/instant-ngp

Instant Neural Graphics Primitives

https://github.com/NVlabs/instant-ngp


Gonzalez-Franco, M., & Colaco, A. (editing). Guidelines for Productivity in VR



Blockade labs – Skybox AI









Thanks!

Jaron Lanier

Tabitha Peck Laura Trutoiu Mel SlaterMax Di Luca

Ana Tajadura, Zhengyou Zhang, Dinei Florencio, Nikolai Smolyanski, Domna Banakou, Bigna
Lenggenhager, Baihan Lin, Rob Kovacs, Karan Ahuja, Sebastian Marwecki, Ryo Suzuki, Brian Cohn, 
Jaeyeon Lee, Parastoo Abtahi, Dane Clemenson, Payod Panda, Sean Rintel…

Eric Gonzalez

Andrea Colaço
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