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ABSTRACT

Virtual and digital worlds have become an essential part of
our daily life, and many activities that we used to perform
in the real world such as communication, e-commerce, or
games, have been transferred to the virtual world nowadays.
This transition has been addressed many times by science fiction literature and cinematographic works, which often show
dystopic visions in which humans live their lives in a virtual
reality (VR)-based setup, while they are immersed into a virtual or remote location by means of avatars or surrogates.
In order to gain a better understanding of how living in such
a virtual environment (VE) would impact human beings, we
conducted a self-experiment in which we exposed a single
participant in an immersive VR setup for 24 hours (divided
into repeated sessions of two hours VR exposure followed by
ten minutes breaks), which is to our knowledge the longest
documented use of an immersive VEs so far. We measured
different metrics to analyze how human perception, behavior, cognition, and motor system change over time in a fully
isolated virtual world.
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INTRODUCTION

While computer games provide the means to immerse someone into an interactive computer-generated space, virtual reality (VR) pushes this idea to the next level [4]. For instance,
with immersive head-mounted displays (HMD) and tracking
systems combined with computer graphics environments it
becomes possible to fully immerse a user into a spatial VE
and decouple the user’s perception from the real world (see
Figure 1). The user only perceives the visual scene displayed
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on the HMD (see Figure 1(left and bottom right inset)), while
all movements of the user in the real world such as walking
or head movements are transferred to corresponding motions
of the virtual camera providing an updated virtual view [2].
Such applications seek to invoke a place illusion, i. e., having
the sensation of being in a real place, as well as plausibility illusion, i. e., having the sensation that the scenario being
depicted is actually occurring [4]. These illusions occur despite the fact that the user is aware that the environment is a
simulation [4].
So far, immersive VEs are usually only used by experts in
very specific application domains such as training or simulation, or by subjects during experiments [2]. Furthermore,
these systems are mostly used for a very limited amount of
time, typically ranging from 30 minutes to a maximum of approximately four hours, for instance to investigate the effects
of collaboration for an extended period of time [5]. With current technology trends such as the Oculus Rift HMD or the
Microsoft Kinect tracking device, it becomes obvious that
soon more and more people will spend significant amount of
their time particularly for communication or entertainment in
such immersive systems.
However, to our knowledge, nobody has spent more than
three to four hours with a donned HMD in an immersive VR
system as described above. Hence, it is an open question how
long a human can use immersive technology and remain isolated in a fully-immersive system. Furthermore, the question
arises, what happens to the human perception, behavior, cognition, and motor system during and after using such user interfaces (UIs) for a longer period of time.
In order to get a notion how such scenarios would impact
human beings, we conducted a self-experiment in which we
exposed a single participant in an immersive VE in eleven
two-hour blocks for an entire day. The UI consisted of an optically tracked Oculus Rift HMD for displaying a computergenerated virtual living space as well as virtual island. Inside
the tracked lab space we arranged physical objects, such as
a chair, bed, table and couch, which provide passive haptic
feedback for their registered virtual objects [6]. While the
participant stayed in the VE, we measured different metrics
to analyze the impact of long-term use of a fully-immersive
VE. The results provide implications for current and future
immersive VEs, software, and technology.

EXPERIMENT

Due to the enormous effort to immerse and supervise someone for a long time in a continuously running fully-immersive
VR setup, we decided to conduct a case study as a selfexperiment in which a single participant was exposed to the
immersive VE. We choose this special case of a single-subject
scientific experimentation as it is used extensively in the experimental analysis of behavior and applied behavior analysis
with both human and non-human participants [1]. We chose
the AB design as principal method, which is a two phase design composed of a baseline phase (in our case: no VR exposure) with no changes, and a treatment or intervention phase
(in our case: VR exposure).
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Participant

One of the authors of this paper volunteered as the participant. The male participant (age: 37, height: 1.86m, weight:
89kg, body mass index: 25.7, right-handed) of our experiment is a professional in computer science with more than a
decade of experience in HCI, VR, 3D and spatial user interfaces, which allows a professional valuation of certain effects,
which might occur. According to a health check, the participant was healthy prior to the experiment without known disorders or physical challenges. Before the experiment, the participant signed an informed consent form and he was allowed
to abort the experiment at any time. We measured his interpupillary distance (IPD) of the participant, which revealed an
IPD of 6.4cm. We used this IPD for the generation of correct
head-coupled perspectives in the stereoscopically displayed
VE. The participant was not involved in the design of the VE,
but was brielfy introduced to the VE and the features one day
before the experiment.
Materials

As depicted in Figure 1 (top middle and top right inset) the
experiment was conducted with the participant wearing an
Oculus Rift DK1 HMD with an attached active infrared (IR)
target. The target was tracked by an optical WorldViz Precision Position Tracking (PPT X4) system with sub-millimeter
precision for position and orientation data in an 8m×8m laboratory room. We fused the PPT’s optical heading with the
inertial orientation of the Oculus Rift in order to provide robust head tracking without drifts. The Oculus Rift offers a
horizontal FOV of approximately 90◦ and a vertical FOV of
110◦ at a resolution of 1280 × 800 pixels (640 × 800 for
each eye). This setup supports wireless video transmission at
high interactive frame rates. We used an Asus WAVI wireless transmitter box to transmit the rendered images at 60Hz
from the graphics card of a rendering computer via the HDMI
protocol to the HMD. A Wii remote controller was available
to the participant, which could be used to control different
settings in the VE (in particular, turn on/off lights, radio or
movies, change volume etc.). Additionally, we used the same
wireless transmitter to transfer the real-time data from the
head orientation sensor in the Oculus Rift HMD back to the
rendering computer. The HMD and wireless transmitter box
were powered by an Anker Astro Pro2 20,000mAh long-life
portable battery. The boxes were carried in a small belt bag
during the experiment. We used a 5.1 surround sound setup
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Figure 1. Pictures of the experiment with real and virtual tables, chair,
couch, and bed. The insets show (top left) the participant’s virtual view,
(top middle) the participant during the experiment while laying on the
couch, (top right) sitting at the desk as captured by the cameras, and
(bottom right) a top view of the entire virtual living space.

for auditive feedback. The computers and experimental observers were spatially separated from the participant in an adjacent room with a large window screen to eliminate acoustic
interferences from outside the virtual world.
The virtual stimulus (see Figure 1) in the experiment consisted of a 3D scene, which was rendered with Unity3D Pro1
and our own software on an Intel computer with a Core i7
3.8GHz CPU, 8GB of main memory and Nvidia GeForce
GTX580 graphics card. As illustrated in Figure 1 the basis
of the VE was a virtual room furnished with a bed, chair
and tables, which were registered with corresponding realworld objects allowing the participant to sit or to rest on them
in the virtual and real world respectively. We implemented
a virtual computer (with registered physical mouse and keyboard), which was connected to a real computer using a virtual network computing simulation. The virtual room itself
provided a means for tele-transportation to another virtual location, which we modeled as a virtual island. Hence, the participant could transport himself between both VEs, and walk
around, work at the desk or enjoy the beach.
Methods

The participant spent a timespan of 24 hours in the immersive
system. We split the time in the immersive VE setup in two
types of blocks: (1) VR block and (2) break block. The VR
blocks lasted for two hours in which the participant had to
wear the tracked HMD on which the VE was continuously
displayed. During the entire time (except for the breaks),
the participant needed to stay within the range of the optical tracking system wearing the HMD on his head, so that
constant virtual feedback was provided; even during sleeping the HMD had to be worn. No communication with persons in the real world was allowed except for an abort code.
Each VR block was followed by a 10 minutes break block
(without HMD), which allowed for bathroom usage. During
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Figure 2. Results of SSQ questionnaires during the self-experimentation. The combined total score for the situation with immersive technology is shown
as black line, whereas the baseline (without usage of immersive technology) is shown by the gray line. The bottom rows show the participant’s dominant
activities during the time span.

these short breaks, the participant answered questionnaires
and informal questions, and we took photos of the participant. Hence, the breaks were mandatory for the participant
even during sleeping periods, and (if required) the participant
was woken. The experiment started on March 22, 2014 at
4:20pm.
Since nobody ever spent such a long time period in a fully immersive system, for safety concerns at least two experimental
observers monitored the participant and the setup from an adjacent room all the time. The participant was provided with
food and beverages with an amount of ca. 1.969 kcal according to his metabolic rate at rest.
Data Gathering

We measured qualitative and quantitive data. At least two experimental observers watched the hard- and software setup as
well as a camera feed during the entire experiment. The participant was allowed to continually speak aloud his thoughts
whenever desired. We also used retrospective probing, in
which the experimental observers asked questions during the
breaks and after completion of the experiment. We asked the
participant to complete subjective questionnaires at the beginning, during each break block and after the experiment. The
participant had to complete Kennedy-Lane Simulator Sickness Questionnaires (SSQ) [3] and Slater-Usoh-Steed (SUS)
presence questionnaires [7]. Finally, the participant had to
judge his subjective level of comfort on a five point Likertscale ranging from very discomfortable to very comfortable.
RESULTS

Since only a single subject participated in the experiment, we
visually analyzed the data to consider level, trend and variability of activities, simulator sickness and sense of presence.

Activities

Figure 2 (bottom rows) illustrates the participant’s activities
during the experiment. We categorized these activities into
predominant activities over the corresponding time frames
based on the recorded videos as well as notes and observations made by the experimental observers. The participants
switched between virtual living space and a virtual island several times, but preferred the virtual living room about 60%
of the time. In about 35% of the overall VR exposure time
the participant used the various entertainment options such
as watching movies, listing to radio stations or audio books.
Dinner and breakfast required about 7% percent of the VR
exposure time. At the beginning and at the end, the participant was working at the virtual desk, in particular reading and
writing emails. Finally, about 37% of the VR exposure time,
the participant was laying in bed and rested or slept. Overall, the participant spent only about 5% in an idle mode, for
instance walking around, exploring the different spaces.
Simulator Sickness

Figure 2 shows the results for nausea, oculomotor, disorientation and total score when the participant was equipped with
the immersive technology and the total score for the baseline
phase without immersive equipment, which was performed
two weeks after the experiment. In this baseline phase, we
exposed the participant with a congeneric setup (including
similar activities and timings as in the VR blocks), but without any immersive equipment that the participant had to wear.
The baseline phase in which the participant was not exposed
to any immersive technology shows a flat slope. Linear regression revealed a slight increase of simulator sickness during the baseline phase (y = 0.37 · x + 4.97). In contrast,
simulator sickness shows a trend to increase when the partici-

pant was exposed to the immersive system. Linear regression
of the total SSQ score revealed a significant increase of simulator sickness (y = 3.4 · x + 47.71), i. e., 10 times higher.
Visual analyses of the graph shows a cyclical behavior, i. e.,
alternate periods of increase and decrease, which approximately corresponds to sleeping and resting phases during the
experiment. Simulator sickness decreased in particular during the periods in which the participant was resting and/or
sleeping in more or less stable horizontal poses.
Sense of Presence

The average score of the SUS presence questionnaires during the experiment was 5.59, which underlines that the participant had a high sense of presence during the entire experiment. A linear regression reveals almost a flat slope
(y = 0.09 · x + 5.08), which underlines that the sense of
presence was rarely affected over time. According to the subjective comments, no significant breaks in presence occurred
during the experiment, which is also supported by the results
from the questionnaires.
DISCUSSION

According to the participant’s comments and responses, we
identified the following main observation:
• Simulator sickness: The participant reported serious, but
not harmful simulator sickness symptoms, in particular after periods of moving around extensively in the VE. In contrast, simulator sickness symptoms were soon decreased
when the participant rested on the bed or on the couch.
• Perceived accommodation: After about four hours in the
VE, the participant started to report that the accommodation distance seemed to vary from the fix accommodation
distance (160cm) of the HMD. In particular, the participant
reported the illusion of staying in a virtual sphere with a radius of 5 meters on which the virtual scene is projected.
• Ergonomics of HMD: The only concern of the participant
about the HMD was the latency causing simulator sickness
during exhaustive movements and the limited resolution
during working at the desk. During the first and second
VR block, the participant perceived a dry eye syndrome on
both eyes, which may result from decreased tear production due to the sealed HMD setup.
• Place and Plausibility illusion: Several times during the
experiment the participant was confused about being in the
VE or in the real world, and mixed certain artifacts and
events between both worlds.
The self-experiment revealed some first insights into how
“living” in a virtual world with immersive technology would
impact human beings. We were surprised that the participant
did not suffer more from simulator sickness. An interesting
finding is that according to the participant’s feedback a comfortable and stable pose has the potential to enormously reduce simulator sickness. This may be due to the fact that in
these poses the body senses (vestibular and kinesthetic feedback) inform the user that he is not moving. The participant’s
comments about the ergonomics of the HMD revealed that
latency is by far the most important aspect, which must be

improved for long-term use. In most situations, higher resolution appears to be more important than a larger field of
view for long-term use. The limited resolution was clearly a
problem when working at the virtual desk. For other activities
such as watching a movie or walking around, the resolution
was sufficient to provide compelling place and plausibility illusions.
CONCLUSION AND FUTURE WORK

To our knowledge, for the first time we document a selfexperiment in which a participant has spent such a long duration in an immersive system. The results of this explorative
self-experiment give interesting insights into the design of
immersive VEs. First, one needs to analyze the several effects reported by the participant and found in the results. In
particular, we would like to investigate the potential of reduced simulator sickness due to the horizontal and/or stable
body poses during an immersive exposure. For further future
work, it might be interesting to repeat the experiment with
different participants for longer periods such as several days,
and more triangulation of data (heart rate, skin conductance
etc.). With the raise of new immersive technology, more and
more people will use these systems for longer periods of time.
Our findings have shown some shortcomings and open challenges, which need to be addressed before these systems can
be used or even recommended for long-term usage.
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