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Paper contribution
[0] explores the concept of "Presence" within virtual environments. The notion of "Presence" is complex to
define: often perceived as "being there", it is thus a highly subjective measure, difficult to parameterize and
reproduce. [0] hypothesizes that a virtual environment causing more presence would be one where the user's
psychological response would be proportional to a psychological response in an equivalent real environment. In
order to exploit this hypothesis, [0] uses a virtual environment that is stressful for the user, and influenced by
elements of comparison, such as the presence of a passive haptic element, or a change in FPS.
[0] exploits a stressful environment proposed in [1]. The study focused on travel methods within a virtual
environment, and their impact on immersion, while [0] focuses on presence within the virtual environment.
Nevertheless, we can see that both papers are directly inspired by [2], notably for the use of the University
College London questionnaire, used to measure presence, with Reported Presence, Reported Behavioral
Presence, and Ease of Locomotion. The purpose is to compare the correlation with the previous studies, so that
results can be compared and exploited correctly.
Regarding the psychological response, it is difficult to effectively measure its influence. The use of physiological
measures is an ersatz of standard measures. [3] presents such measures. [0] starts with the measurement of
three natural reactions in the presence of stress from [3], i.e. increased heart rate, increased sweating (via
increased conductance, because if the skin perspires more, it is "saltier", and therefore conducts better), and
body temperature. [0] results show that indeed, and in accordance with control questionnaires, the heart rate
changes in response to the stressful environment. We can also see the influence of a passive haptic element, in
this case a "false ground" to simulate a pit, to increase the presence. The simulation’s quality, as measured by
the FPS, will also have an influence.
The study focuses on finding an unbiased representation of presence. Drawn from [4], [0] tries to present a
reliable, valid, sensitive and objective study. The authors also spend a whole section explaining how the
different measures respect these values.
To sum up:
-

[0] exploits an environment already present in [1];
[0] reuses a questionnaire from [1] and [2] to get comparable results;
[0] takes advantage of the psychophysiological shortcuts detailed in [3] to create a link between
psychological and physiological responses;
[0] attempts to follow the definitions in [4] regarding the characteristics of presence measurement,
namely "reliable", "valid", "sensitive" and "objective".
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Analysis
At the time of the writing of this report (February, 29th 2020), according to Google Scholar, this paper has been
quoted 580 times1. Essentially, the citations can be broken down into the following categories:
-

Exploitation of the results of the use of physiological responses to determine presence, in addition to
the traditional questionnaires;
Exploitation of avenues for future research to improve presence, including passive haptic devices or
the presence of others;
Exploring "types" of presence, and behavioural differences from real life.

With regard to physiological responses to determine presence, research in therapeutic settings is fond of these
topics. Virtual reality can be used to treat mental illnesses such as phobias or traumas. [5] proposes a "SWOT"
(Strengths, Weakness, Opportunities, Threats) study of virtual reality for therapies. The study exploits the
results of physiological responses of [0], in addition to other measures, such as medical imaging. Some studies
go even further, such as [6], which uses various studies of presence to create a cognitive model for
representation and analysis. Physiological responses are, of course, central to these studies. It is nevertheless
interesting to consider more recent studies, such as [7], which states that some of the responses examined in
some studies "resulted from exposure to the VR environment rather than stress". Virtual reality was indeed
rather innovative at the time, whereas it is becoming more common nowadays, so the stress induced by it will
have less influence on the studies.
Improvements in presence are also a very interesting subject of study. One example is passive haptic devices.
[8] explores the "realistic" responses of users to different interactions in order to optimize or even maximize
presence. The specific example used from [0] is the "board" to simulate a precipice. The influence of people is
also to be explored. With, nowadays, more and more social games on the market (like VRChat), it is common to
see the influence of people’s presence on presence. [9] proposes an exploration of the influence of additional
actors in the environment, while exploiting the physiological findings of [0]. [10] sums the progress of
immersion for interactions purposes.

Conclusion
As regards additional work, the study is ageing. Indeed, [0] proposes ways to improve presence, notably by
reducing latency, interaction between other people, and the total elimination of cables, for example. Since
2002, it can be seen that these various elements have been resolved (e.g. VRChat, 2017, a virtual reality chat
room game; e.g. Oculus Quest, 2019, a standalone virtual reality headset).
Physiological response as a way to measure presence is to be studied. [0] tries to hint to aim at it with a fiable
and scientific procedure. However, because of bias, a more recent study about the sense of presence against a
stressful environment could be of use.
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