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ARIVE
Outline

1. Virtual Reality
2. Immersion and Presence
3. Measuring Presence
4. Social and Co-Presence
5. Telepresence
6. MR Presence
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ARIVE

Virtual Reality
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ARIVE Virtual Reality

TechnologyConcept
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ARIVE Virtual and Augmented Reality

+
§ Real Environment
§ Spatially aligned VR
§ Impression of one 

environment

Virtual Reality

Augmented 
Reality

§ Computer generated 
environment

§ Three-dimensional
§ Interactive with real-time 

feedback
§ Sense of presence
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ARIVE Virtual Reality

movieweb.com

VR?
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ARIVE Virtual Reality

vrscout.com

VR?
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ARIVE Virtual Reality

virtualorator.com

VR?
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ARIVE Presence

PRESENCE

fc-union-berlin.de



regenbrechtaugust 2020 ARIVE Lecture Series XR--Presence10

ARIVE

Immersion and Presence
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ARIVE Holger’s WRONG Idea (mid/late 90’s)



regenbrechtaugust 2020 ARIVE Lecture Series XR--Presence12

ARIVE Presence

Steuer, J. (1992). Defining virtual reality: Dimensions determining telepresence. Journal of 
communication, 42(4), 73-93.
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ARIVE Presence

IJsselsteijn, W. and Riva, G.: 2003, Being there: The experience of presence in mediated 
environments., in W. I. G. Riva, F. Davide (ed.), Being There: Concepts, effects and measurement 
of user presence in synthetic environments, Ios Press, pp. 4–14.
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ARIVE Presence
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ARIVE Presence

Regenbrecht, H. (2000). Faktoren fuer Praesenz in Virtueller Architektur. PhD Thesis. Bauhaus-
University, Weimar, Germany.

Interface
Awareness

Drama

Quality of
Immersion

Exploration

Predictability

Spatial Presence

Realism

Involvement
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ARIVE The Presence Illusion

Regenbrecht, H., & Schubert, T. (2002). Real and illusory interactions enhance presence 
in virtual environments. Presence: Teleoperators & Virtual Environments, 11(4), 425-434.
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ARIVE Immersion

Control Measure

• Display Types
• Resolution
• Field of View
• Display frame rate
• Latency
• Noise/jitter
• …

• units (specs, measured)
• Perceived Fidelity
• Perceived 

Surroundedness
• “Fluidity” of interface
• Perceived Flicker
• …
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ARIVE Presence

Control Measure

• Immersion Factors
• Plot / Drama
• Interactivity
• Coherence
• Influence the 

suspension of 
disbelief

• …

• Subjectively reported
• Presence,
• Co-Presence,
• Social Presence, …

• Observed
• Actions,
• Breaks, …

• Measured
• Heart rate,
• GSR, …
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ARIVE Immersion and Presence [abbreviated]

sense of presence := sense of being there

immersion:= fidelity of technical surroundedness
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ARIVE

Measuring Presence
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ARIVE Presence Measures

Measures of PRESENCE
(spatial, social, co-, tele-, …)

Self Report
(questionnaires, interviews,

focus groups, …)

Observation
(video recordings,
raters, coding, …)

Physiological
(eye gaze, GSR, HR,

EEG, fMRI, …)
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ARIVE Presence Measures::Self-Report

…
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ARIVE Presence Measures::Self-Report

updated
Schwind, V., Knierim, P., Haas, N., & Henze, N. (2019, May). Using presence questionnaires in 
virtual reality. In Proceedings of the 2019 CHI Conference on Human Factors in Computing 
Systems (pp. 1-12).
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ARIVE

Schwind, V., Knierim, P., Haas, N., & Henze, N. (2019, May). Using presence questionnaires in 
virtual reality. In Proceedings of the 2019 CHI Conference on Human Factors in Computing 
Systems (pp. 1-12).

"[..] the IPQ questionnaire best reflects the construct of presence.“

“[..] we recommend the IPQ questionnaire as the measure of 
presence as it provides the highest reliability within a reasonable 
timeframe."

Presence Measures::Self-Report.IPQ
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ARIVE

Questionnaires, (Interviews, …)
Limitations

• Difference between what people say and 
what they really think/experience

• Can feelings be expressed properly? 
(“How colourful was your day?” (Slater)) 

• Retrospective reporting (not while people 
experience presence)

• Inherent flaws in Likert scales (which 
most questionnaires use)

Presence Self-Report Measures
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ARIVE Presence Observational Measures

PRESENCCIA

Mel Slater’s Blog: presence-thoughts.blogspot.com

Real Actions in Virtual Environments

http://www.presenccia.org/
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ARIVE Real Actions in Virtual Environments

Regenbrecht, H. T., Schubert, T. W., & Friedmann, F. (1998). Measuring the sense of 
presence and its relations to fear of heights in virtual environments. International Journal 
of Human-Computer Interaction, 10(3), 233-249.
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ARIVE

Real Actions in Virtual Environments
Limitations

• Observable actions must have real-
world equivalent

• Less suitable for unprepared 
(versus lab study) environments

• Limited to what is observable

Presence Observational Measures
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ARIVE Presence – Physiological Measures

Hoffman, H. G., Richards, T., Coda, B., Richards, A., & Sharar, S. R. (2003). The illusion 
of presence in immersive virtual reality during an fMRI brain scan. CyberPsychology & 
Behavior, 6(2), 127-131.
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ARIVE Presence – Physiological Measures

Kober, S. E., Kurzmann, J., & Neuper, C. (2012). Cortical correlate of spatial presence in 
2D and 3D interactive virtual reality: an EEG study. International Journal of 
Psychophysiology, 83(3), 365-374.
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ARIVE Presence – Physiological Measures

Alghamdi, M., Regenbrecht, H., Hoermann, S., & Swain, N. (2017). Mild stress stimuli 
built into a non-immersive virtual environment can elicit actual stress esponses. Behaviour 
& Information Technology, 36(9), 913-934.
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ARIVE
Presence – Combined Measures

Collins, J., Regenbrecht, H., Langlotz, T., Can, Y. S., Ersoy, C., & Butson, R. (2019, 
October). Measuring cognitive load and insight: A methodology exemplified in a virtual 
reality learning context. In 2019 IEEE International Symposium on Mixed and Augmented 
Reality (ISMAR) (pp. 351-362). IEEE.
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ARIVE

EEG, GSR, fMRI, …
Limitations

• Need for instrumentation (esp. users)
• Noisy data
• You really, really need to know what you 

are measuring
• Careful modelling and analysis required
• Results/findings often borderline 

“esoteric” (cf Bennett, Miller, & Wolford, 2009)

Presence Physiological Measures
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ARIVE

Social and Co-Presence
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ARIVE Social Presence – Co-Presence

Biocca, F., Harms, C. and Gregg, J.: 2001, The networked minds measure of social presence: Pilot 
test of the factor structure and concurrent validity, Presence 2001, 4th international workshop, 
Philadelphia, PA.
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ARIVE
Co-Presence

Biocca, F., Harms, C. and Gregg, J.: 2001, The networked minds measure of social presence: Pilot 
test of the factor structure and concurrent validity, Presence 2001, 4th international workshop, 
Philadelphia, PA.

Isolation/aloneness 

• I often felt as if I was all 

alone.

• I think the other individual 

often felt alone.

Mutual Awareness 

• I hardly noticed another individual.

• The other individual didn’t notice me in the room.

• I was often aware of others in the environment.

• Others were often aware of me in the room.

• I think the other individual often felt alone.

• I often felt as if I was all alone.

“Note: in this pilot study, items for

isolation loaded on the factor for mutual

awareness. Researchers believe isolation

is a separate factor and will be

investigated in future studies.”
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ARIVE Social Presence

Short, J., Williams, E. and Christie, B.: 1976, The Social Psychology of Telecommunications, Wiley, 
New York.

XR

?

“mental set” towards the medium
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ARIVE Social Presence Measures

Short, J., Williams, E. and Christie, B.: 1976, The Social Psychology of Telecommunications, Wiley, 
New York.

Semantic
Differential
Technique
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ARIVE Social and Co-Presence

Bailenson, J. N., Swinth, K., Hoyt, C., Persky, S., Dimov, A., & Blascovich, J. (2005). The 
independent and interactive effects of embodied-agent appearance and behavior on self-report, 
cognitive, and behavioral markers of copresence in immersive virtual environments. Presence: 
Teleoperators & Virtual Environments, 14(4), 379-393.
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ARIVE Co-Presence [abbreviated]

social presence :=
sense of being together

co-presence :=
sense of being there together

sense of [spatial] presence :=
sense of being there
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ARIVE

Telepresence
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ARIVE
Telepresence

Young, J., Langlotz, T., Cook, M., Mills, S., & Regenbrecht, H. (2019). Immersive 
telepresence and remote collaboration using mobile and wearable devices. IEEE 
transactions on visualization and computer graphics, 25(5), 1908-1918.
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ARIVE
Tele-Co-presence

Regenbrecht, H., Park, J. W. N., Ott, C., Mills, S., Cook, M., & Langlotz, T. (2019). 
Preaching voxels: An alternative approach to mixed reality. Frontiers in ICT, 6, 7.

Park, N. J., & Regenbrecht, H. (2019). Resolutions and Network Latencies Concerning a 
Voxel Telepresence Experience. Journal of Software Engineering and Applications, 
12(05), 171-201.
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ARIVE Telepresence / Tele-Co-presence

Rhee, T., Thompson, S., Medeiros, D., dos Anjos, R., & Chalmers, A. (2020). Augmented 
Virtual Teleportation for High-Fidelity Telecollaboration. IEEE Transactions on 
Visualization and Computer Graphics, 26(5), 1923-1933.



regenbrechtaugust 2020 ARIVE Lecture Series XR--Presence45

ARIVE Telepresence [abbreviated]

social presence :=
sense of being together

tele-co-presence :=
sense of being there together
[in a remote real environment]

[sense of] telepresence :=
sense of being there [in a remote real environment]

©
 m

icr
os

of
t



regenbrechtaugust 2020 ARIVE Lecture Series XR--Presence46

ARIVE

Mixed Reality Presence
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ARIVE
Mixed Reality Experience

Collins, J., Regenbrecht, H., & Langlotz, T. (2017). Visual coherence in mixed reality: A 
systematic enquiry. Presence: Teleoperators and Virtual Environments, 26(1), 16-41.
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ARIVE Mixed Reality Experience

Regenbrecht, H., Botella, C., Baños, R., & Schubert, T. (2017). Mixed Reality Experience 
Questionnaire (MREQ)—Reference. Technical Report. University of Otago.
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ARIVE
AR Presence

Regenbrecht, H., & Schubert, T. (2002). Measuring Presence in Augmented Reality 
Environments: Design and a First Test of a Questionnaire. In Proceedings of the Fifth 
Annual International Workshop Presence 2002.

Components:
1. realness
2. spatial presence
3. perceptual stress
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ARIVE MR Presence: some pointers

Waterworth, J., & Hoshi, K. (2016). Introduction: Divided Presence in Mixed Reality. In 
Human-Experiential Design of Presence in Everyday Blended Reality (pp. 3-11). Springer, 
Cham.

Wagner, I., Broll, W., Jacucci, G., Kuutii, K., McCall, R., Morrison, A., ... & Terrin, J. J. 
(2009). On the role of presence in mixed reality. Presence: Teleoperators and Virtual 
Environments, 18(4), 249-276.

Schaik, P. V., Turnbull, T., Wersch, A. V., & Drummond, S. (2004). Presence within a 
mixed reality environment. CyberPsychology & Behavior, 7(5), 540-552.

Regenbrecht, H., Meng, K., Reepen, A., Beck, S., & Langlotz, T. (2017, October). Mixed 
voxel reality: Presence and embodiment in low fidelity, visually coherent, mixed reality 
environments. In 2017 IEEE International Symposium on Mixed and Augmented Reality 
(ISMAR) (pp. 90-99). IEEE.
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ARIVE

Summary
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ARIVE Summary

• Presence is at the heart of all.
• XR: Designing for presence!
• Immersion ≠ Presence
• {Social | Co- | Tele- | Tele-Co-} Presence

• Measuring Presence:
Questionnaires are far from being flawless, but 
still the best we’ve got.

• More research into alternative measures 
needed.

• MR Presence concept and measures to be 
researched.

• Don’t forget reality! ;)
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ARIVE Reality…What a Concept
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ARIVE Contact (for this lecture)

Holger Regenbrecht
holger.regenbrecht@otago.ac.nz


