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Abstract. In this paper we discuss the necessity to preserve the sense of presence 
in virtual reality (VR). A high sense of presence has proven advantages but is 
also very fragile to interruptions. We outline scenarios where interaction and 
communication between persons inside and outside virtual environments are nec-
essary and assess challenges for maintaining the immersed user’s sense of pres-
ence in such cases. We also use existing literature to outline an experiment that 
allows us to try out different methods of collaboration between immersed users 
and external facilitators in order to discern their effect on presence.  
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1 Introduction 

This paper discussed the concept of presence, or the feeling of being naturally part 
of an immersive virtual environment (VE). Our goal is to better understand the many 
uses and challenges of presence. Our goal is to increase the effectiveness of VR in some 
key tasks in collaborative problem-solving and co-design and to find suitable commu-
nication and interaction practices when working in asymmetric VR environments. 

Presence, the user’s subjective sense of “being there,” is a key element of virtual 
reality [1–3]. It has been shown that when a user experiences a high sense of presence, 
they respond to the virtual world as they would to the real one, displaying realistic 
responses such as emotions, reactions, and behaviors [4, 5]. 

This ability to elicit realistic responses makes VR a promising medium for studying 
human behavior, and as such, it has seen adoption in the fields of user research, partic-
ipatory design, co-design, psychology, psychiatry, and more. In many cases, the ability 
to simulate scenarios and environments at the click of a mouse is a significant advantage 
over more commonplace methods of immersing users in a desired context. Rather than 
trying to establish a sense of “being there” through design artifacts and narratives, or 
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having the user physically travel to the environment in question, researchers can anchor 
them in a context that would otherwise be impossible, impractical, or cost-prohibitive 
to set up. As long as the user maintains a high sense of presence, they will respond to 
the virtual environment as if they were actually there in real life. 

Unfortunately, presence in virtual reality is not guaranteed [6, 7]. A user’s sense of 
presence can fluctuate, or even break completely [8], in response to events in both the 
virtual and real world. One of the most common reasons for this sort of break in pres-
ence is interference from the external world; i.e. hearing somebody talking or having 
them try to get your attention [8, 9]. This is problematic, as interaction between a sub-
ject and facilitator is a staple of many design and research approaches. At any point 
during the experiment, the non-immersed facilitator may want to ask the immersed user 
to describe their experience, point to something in the virtual environment, or provide 
guidance if they are unable to proceed with the task at hand. All of these interactions 
carry with them a significant possibility of shattering the immersed user’s sense of pres-
ence if not properly integrated into the virtual environment. 

This paper makes the case for the search of context-appropriate methods of interac-
tion and communication between immersed users and external facilitators that are con-
ducive to maintaining the immersed user’s sense of presence, thus preserving the virtual 
environment’s ability to elicit realistic behaviors and emotions. 

2 The Meaning of Being There 

The lately booming interest in VR technology is shared among different variants of 
augmented reality (AR), mixed reality (MR) or virtual reality. We will concentrate on 
the right edge of the Milgram and Kishino’s [10] virtuality continuum, namely fully 
immersive virtual environments and augmented virtuality (see Fig. 1).  

While we are eagerly waiting for the fully immersive photorealistic massively multi-
user environments like the Oasis depicted in the 2011 bestseller Ready Player One [11], 
we must conclude that the most effective and meaningful VR collaboration requires 
active participation from parties external to the VR environment. The question of how 
to facilitate seamless interaction, collaboration and communications between a fully 
immersed user in the VR and the accompanying users in the real life remains. This kind 
of setting where users have access to variable levels of immersion is commonly referred 
to as asymmetric virtual reality. Some examples of interactions designed to support 
such asymmetry in collocated contexts are ShareVR [12] and RoleVR [13]. Peter et al. 

 
Fig. 1. Virtuality continuum [10]. 

 



[14] identified a rich set of conceptual features designed to support interactions between 
immersed users and external users in such a context (which they dubbed “VR-Guides”). 
These features were further categorized into four categories: 

• View-related features, allowing the VR Guide to observe the virtual scene from mul-
tiple perspectives, 

• Manipulation features, allowing the VR Guide to control, add, and delete objects in 
the scene 

• Meta-part features, allowing the VR Guide to control the simulation, e.g. start and 
end it, trigger a virtual event 

• Monitoring features, allowing the VR Guide to visualize parts of VE that the user 
has explored or is paying attention to, gather affective computing data (e.g. heart rate 
or skin conductivity), statistics about the VE experience such as time lapsed. 

Presence is often described as the user’s subjective psychological response to a vir-
tual environment and the experience of “being there” [1–3]. Presence is needed for 
eliciting realistic behavior i.e. reactions and emotions in a virtual environment [4, 5], 
and it has also been shown that the higher the user’s sense of presence is, the more 
realistic their responses are [15].  

3 Application Areas that Require Presence 

Our hypothesis throughout this paper is that maintaining high level of presence ena-
bles seamless collaboration and leads to good flow on interactive activities. VR opens 
new possibilities for user-centered design, user experience (UX) design, participatory 
design and co-design as long as the necessary interactions between all stakeholders can 
be kept as natural as possible. Brade et al. [16] concluded that virtual environments can 
substitute real environments for user experience studies if they achieve high presence. 
The use of VR environments and tools can enable cost effective prototyping and eval-
uation of products, services, and environments as shown by Rebelo et al. [17]. Some 
suitable contexts for VR enabled usability and UX research and co-design are hospitals 
and ATMs [18] and architectural design [19]. 

Another field that benefits from high level of presence is exposure therapy. This 
behavioral therapy technique involves exposing a patient to the source of their phobia, 
without danger, in an effort to gradually reduce the anxiety they associate with it. As 
the range of a patient’s possible phobias is endlessly broad, one can easily imagine why 
virtual reality would be useful in this endeavor. With the click of their mouse, a thera-
pist can simulate any stimuli, ranging from spiders to large crowds (given a VE built 
for such simulations). Indeed, as Koller et al. [20] stated, virtual reality exposure ther-
apy (VRET) is potentially a major improvement over both using real-world stimuli (in-
vivo exposure therapy), which may be difficult or cost-prohibitive to procure, and re-
lying on the patient’s imagination (in-situ exposure therapy).  Of course, VRET requires 
the virtual environment to elicit realistic reactions and emotions on the part of the pa-
tient, and thus, presence has been heavily researched in this context [20–23].  



More broadly, virtual reality has seen utilization in psychology for similar reasons; 
as Diemer et al. [5] describe, it allows us to study human behavior in highly controlled 
and customizable settings. Examples here include Yee & Bailenson [24] using virtual 
reality avatars to study the effect of self-presentation on behavior, Peck et al. [25] stud-
ying the effect of embodying an avatar representing a minority race in reducing racial 
bias, and Slater et a. [26] repeating the infamous Milgram obedience experiment in 
virtual reality, none of which would be possible without the medium. As before, the 
usefulness of these experiments depends on the virtual environment’s ability to elicit 
realistic reactions. 

4 Presence: On/Off 

Presence in VR is not guaranteed. The level of presence that a user experiences de-
pends on factors relating to hardware, software, and the individual user in question, as 
discussed below. Nor is it static. The level of presence that a user feels can fluctuate in 
response to events in both the virtual and real world, and can even break entirely, as 
discussed by Slater & Steed [8]. This is undesirable, as it reduces the virtual environ-
ment’s ability to elicit realistic responses. 

4.1 Things making Presence  

Presence can be increased by various factors. Some of these relate to the virtual re-
ality hardware itself. Cummings & Bailenson [7] highlight the tracking level, field of 
view, update rate, and stereoscopy as having a particularly significant effect on the 
user’s sense of presence. These features are important as they allow for a low level of 
latency between the user’s sensory data and sense of self movement, as emphasized by 
Slater [27]. In other words, it is important for what the user sees to accurately match 
how they feel their body moving, a dynamic which is heavily dependent on the quality 
of technology being used. Less impactful features include image quality and resolution 
[7]. Software-related design choices within the virtual environment are also highly rel-
evant in establishing a high sense of presence. For instance, having the environment 
appropriately react to the user’s actions is important. This includes realistic shadows 
and lighting [6], having objects that represent living being behaving appropriately in 
response to the user [27], and the user’s ability to participate in and modify the virtual 
environment [28]. Finally, as presence is a subjective phenomenon, the user in question 
has a significant effect on the level of presence that is provided by the virtual environ-
ment. Samana et al. [29] found that individual traits on the part of the user that affect 
their level of experienced presence include imagination, empathy, level of anxiety, cog-
nitive style, dissociative tendencies, and more. The user’s situational interest is also an 
important factor in how present the user feels [5, 30], along with their general state of 
mind and recent history at the time of the experience. [6]. 



4.2 Things breaking Presence  

Just as some factors can increase a user’s sense of presence, others can decrease or 
even break a user’s sense of presence completely. Slater & Steed [8] categorized rea-
sons for breaks in presence into two main categories: external causes (sensory infor-
mation from the external, real world intruding upon or contradicting what is happening 
in the virtual world) and internal causes (something is “wrong” in the virtual world, 
such as improper physics, incorrect or missing sounds, or objects not acting realisti-
cally). They also identified other categories, such as experiment-related causes, per-
sonal causes, attention-related causes, and spontaneous causes for breaks in presence. 
In their ranking, external causes such as hearing people talking in the background, or 
experiencing external touches or forces, were found to be two of the most common 
reasons for breaks in presence. This seems to be the case for any situation where the 
user interacts with, or becomes aware of, the external world [9, 31]. This susceptibility 
to external interruptions presents a problem in virtual reality; while a user is immersed, 
external people in the real world may want to interact or communicate with them - 
going as far as nudging them to get their attention before talking [9]. Problems relating 
to the virtual reality hardware being used have also been shown to be potential causes 
for breaks in presence. Two common factors here include awareness of the virtual re-
ality equipment and control apparatus [32]. In addition, cybersickness, which can be 
caused by technology-related factors such as latency in tracking or low refresh rates, 
has been well-established as a significant source of breaks in presence [33]. 

5 Measuring Presence 

Presence can be conceptually split to two categories: physical and social. IJsselsteijn 
et al. [34] declare that “The physical category refers to the sense of being physically 
located somewhere, whereas the social category refers to the feeling of being together 
(and communicating) with someone.” Measuring presence has two main approaches. 
In subjective measures participants provide a conscious assessment of their psycho-
logical state in relation to the mediated environment, while objective measures try to 
capture person’s responses automatically and without conscious deliberation [35]. 
Van Baren and IJsselsteijn [36] offer a complete compendium of measurements. They 
list subjective measures which include various questionnaires, continuous assessment, 
qualitative and psychophysical measures, while objective measures include psycho-
physical measures, neural correlates and behavioral and task performance measures. 
While the objective measures sound tempting given the limitations of subjective ap-
proaches [33], most researchers have concluded that for now, objective measures are 
a good addition to asking users to describe their subjective experience, not a replace-
ment [7, 37, 38].  

While questionnaires are the most common form of measuring presence, there has 
been some discussion on their limitations. As Slater [39] points out, by asking about 
one’s sense of presence, you are bringing into question the phenomenon that you’re 
supposed to be measuring, which may affect the phenomenon itself. As questionnaires 
are usually administered afterwards, they rely on the user’s memory of presence, rather 



than the experience of presence itself [40, 41]. This also means that you must break 
presence in order to leave the virtual environment and fill out a questionnaire [42]. To 
circumvent this one can of course implement self-reporting during the experiment, ra-
ther than afterwards. One option if to implement questionnaires into the virtual reality 
environment as explored by Schwind et al. [41, 43]. 

6 Discussion 

Based on the state of the art and our research requirements we were able to outline an 
experiment consisting of an asymmetric VR environment suited for creative problem 
solving that is discussed here in further detail. The current design will only fully support 
the VR experience, while the asymmetric desktop part is used by the experiment facil-
itator to enforce seamless integration of the various interactivity features in a Wizard 
of Oz fashion (for examples see [44–46]) 

6.1 VR environment 

Our VR test environment is built using the Unity game engine along with Valve Cor-
poration’s SteamVR plugin to power our integration with the headset and controllers. 
Our interactivity features require local networking and VOIP communication, for 
which we planning to use pre-existing frameworks such as Mirror1, an open source 
networking framework for Unity, and WebRTC Video Chat2, a Unity VOIP plugin with 
virtual reality support. The hardware used is an off-the-shelf HTC VIVE Pro 2.0 Starter 
Kit equipped with the VIVE Wireless adapter to enable untethered movement. 

Our virtual environment is split into two builds, each featuring a different set of 
functionality; one is for the immersed user and will run on the VR headset, while the 
other is for the external user and will run on a nearby desktop PC. The VR build is 
primarily focused on first-person interactions with the environment to perform the re-
quired tasks, while the desktop build is designed for guidance and communication-re-
lated features. The non-VR build shows a birds-eye view of the virtual environment 
and the view of the immersed user. These builds are synchronized in real-time via a 
local area network. In addition to these two Unity builds, we have also developed a 
web-based dashboard for preparing upcoming sessions and going through previous ses-
sion data.  

6.2 The Experiment 

The experiment design was guided by our requirements to enable seamless yet asym-
metric interaction between the fully immersed VR user and their counterpart in the real 
world. We wanted to support collaborative creative problem solving and be able to test 
several different kinds of presence preserving interactions.  

 
1  https://github.com/vis2k/Mirror 
2  http://because-why-not.com 



The whole of the experiment is expected to last no more than an hour including all 
transitions and putting on and taking off the VR equipment. Upon their departure each 
participant is given two movie tickets (value 20€) to thank them for their valuable con-
tribution. Selection criteria for the test subjects include equal gender balance, 18-45 
years old, no earlier observed or diagnosed VR or motion sickness, and that they do not 
professionally work with VR technologies. 
Chronologically the experiment test setup consists of four parts with expected durations 
in parenthesis. 

Welcoming the participants, pre-task questionnaire and informed consent (10min) 
The test participants are guided into our VR lab, and they fill a short pre-test ques-

tionnaire to verify the selection criteria and to collect their informed consent to take 
part to the test. Each user is informed of the common ethical consideration about the 
experiment [47]: we are testing the VR application and not the users,  emphasize that 
the software is not ready and may include errors, tell the users they may stop the test at 
any time, explain that activities both the VR environment and the lab room are recorded 
for further analysis, but the results are anonymized and their identities are kept confi-
dential. 

Introduction to VR gear and establishing presence baseline (10 min) 
In the start of the experiment, the user can try the VR headset and controllers in one 

of the three different example VR environments, chosen to represent low, medium and 
high physical presence with a between-subjects design. This will allow the users to 
learn the basics of selecting and activating objects inside VR environments. Filling a 
presence questionnaire after this initial trial takes place after removing the headset and 
before the introduction of our VR environment.  

Asymmetric creative problem-solving task (15min) 
We chose to use a virtual escape room as the template for our experiment. Real life 

escape rooms have become excessively popular lately, so we hope the goals and com-
mon practices in them are familiar to our test subjects. This lowers the need to draw 
detailed instructions for the tasks, which would inevitably hinder the immersion to the 
actual task. 

During the creative problem-solving task, the immersed VR user works through a 
series of activities with variable difficulty in a single room environment. Some tasks 
are designed to specifically require external assistance and guidance from the non-im-
mersed party/experiment facilitator. After each task, we will measure the immersed 
user’s sense of presence while they are in the virtual environment using integrated VR 
presence questionnaires (as seen in [42]). By integrating the questionnaires into virtual 
reality, we are able to reduce the downtime between each task and avoid having to re-
orientate the user to the environment. After filling out the questionnaire, the user is able 
to move onto the next task, thus starting a new iteration of this task-questionnaire cycle. 
In addition to the presence questionnaires at the end of each task, the user can also self-



report their sense of presence at any point throughout the experiment using a built-in 
mechanism, a handheld slider, similar to [8]. 

During the experiment the user must collaborate with the external party to complete 
some of the tasks. Together with trying out several interaction methods accompanied 
with an in-VR presence measurement, we can assess the effects of interactions between 
the virtual and real world on the experienced presence of the immersed user. Among 
the escape room tasks each immersed user will be reached through two different type 
of interaction conduits. Some of the conduits are considered highly disruptive to the 
presence such as shouting instructions to the immersed user while they complete the 
task. A practice common to current VR use, when a single person is playing a game 
and others offer their advice in a loud voice to make the VR user to hear them. More 
subtle conduits aim to enable communication and interactivity in a context-appropriate 
way and aim to preserve the immersed user’s sense of presence by interacting through 
objects in the VR environment. Example of such presence-preserving methods include 
talking to the immersed user via an available telephone or walkie-talkie (handheld two-
way radio transceiver), or pointing at objects in a way adherent to the laws of that spe-
cific virtual environment; for instance, in the case of a fantasy themed setting a spar-
kling fairy pointing at objects may be appropriate, but it would make less sense in a 
more realistic environment. Possible interaction methods, with examples of varying 
levels of integration into the virtual environment, are explored in Table 1.  

Table 1. Communication and interaction methods for asymmetric VR environments. 

Verbal communication 
The immersed user and exter-
nal facilitator interact directly 
through speech. The effect on 
presence is presumed to 
depend on the level of 
embodiment that is applied to 
the external user’s voice. 

• Unintegrated voice (the facilitator’s voice comes from 
the real, external world, with no modifications, e.g. per-
son shouting next to you) 

• Disembodied voice (the facilitator’s voice is heard in 
the virtual reality, with no integration to the VE) 

• Object-embodied voice (the facilitator's voice is em-
bodied in a dynamic virtual object in the VE, e.g. 
through a walkie-talkie or a loudspeaker) 

• Avatar embodied voice (the facilitator exists in the VE 
as a dynamic avatar or person on a video call, towards 
which the immersed user feels a sense of social pres-
ence) 

Spatial communication 
The facilitator provides 
spatial directions and calls the 
user’s attention to objects 
within the virtual environ-
ment.  

• Non-integrated highlighting (highlighting objects in a 
manner that is not at all context-appropriate, e.g. a big 
floating arrow or green ring around a virtual object, as 
commonly seen in video games) 

• Integrated highlighting (guiding the user’s attention in 
a manner that is a natural part of the VE; e.g. a virtual 
character appearing and pointing towards the object in 
question); 

Post-task questionnaire and interview (15min) 



After completing all of the tasks and escaping from the escape room, the VR users 
are shown end credits and are then asked to remove the VR headset. They are invited 
to fill out a post-task presence questionnaire, after which the experiment facilitator will 
interview them about the escape room experience in general. We are hoping for the 
participants to point out interruptions or positive incidents during their collaboration 
tasks which, with linkage to the in-VR presence measurements, can hopefully validate 
correlation between pleasant immersive VR experience and high level of presence.  

7 Conclusions 

In this paper we have outlined the challenges of conducting collaborative problem-
solving in an asymmetric virtual environment. We have identified the key elements 
promoting and hindering the perceived sense of presence in VR. We argue that high 
sense of presence is a critical ingredient for successful co-design and collaboration. We 
have described a VR environment and an experiment that will enable us to test different 
in-VR presence measurement methods for several identified communication and inter-
action practices in order to study their impact on the immersed user’s sense of presence.  

Our future work includes developing the described VR environment, preparing a 
collection of presence measuring instruments and conducting an extended qualitative 
user experiment based on the constant comparative method described in the grounded 
theory [48] that enables us to define, model and validate the most suitable methods for 
collaboration in asymmetric VR environments. 
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