
Preface

During the week of June 1–6, 2008, the Schloss Dagstuhl – Leibniz Center for Infor-
matics held a first-of-its-kind seminar in the area of Virtual Reality. Being the first
seminar in this area, both the organizers and the participants were not completely
sure what to expect from this event beforehand. In retrospect, we rate this Dagstuhl
seminar as a great success: it was the ideal venue to define and discuss key topics
and to initiate new collaborations.

What is Virtual Reality?

The definition of Virtual Reality (VR) depends on whom you ask and in what con-
text. For the purpose of planning this seminar, we defined it as a multidisciplinary
area of research aimed at interactive human–computer-mediated simulations of
artificial environments. This definition captures applications ranging from simula-
tion, to training, to scientific visualization, and to even entertainment. An important
aspect of such VR-based systems is the stimulation of the human senses – typically
sight, sound, and touch – such that a user feels a sense of presence (or immersion) in
the virtual environment. Different applications require different levels of presence,
with corresponding levels of realism, sensory immersion, and spatiotemporal inter-
active fidelity. These requirements lead to research ranging from human perception,
to psychological aspects, to physical simulation, and to VR technologies including
tracking, displays, user interfaces, rendering, and modeling.

Who Attended the Seminar?

We succeeded in bringing together a good mix of leading researchers and promising
young scientists. In total, 50 researchers from 11 different countries participated in
the seminar; nine of them were women. The attendees were mostly affiliated with
universities, with a few coming from research institutes (e.g., MPI, Fraunhofer) or
industry.

v



vi Preface

What Transpired During the Seminar?

The format of the seminar sessions changed during the week. Based on the responses
from the participants, the organizers tried to adapt to evolving needs for more dis-
cussions or lectures. One idea that turned out to be very fruitful was to concentrate
the discussion toward the end of each session, i.e., the talks were presented without
the usual question part. Instead at the end of the session, all speakers took a seat
in front of the audience and answered questions in panel style. This format allowed
questions to bridge between the talks, and stirred very lively discussions. These dis-
cussions were considered to be so productive that the lengths of the talks had to be
reduced in order to free up time.

On Wednesday morning, the entire group met for discussion of the “grand chal-
lenges” facing VR. Based on the results of this session, different topics were defined
for further discussion in subsequent parallel sessions. On Thursday afternoon, the
group split up to discuss the following themes: Latency, Augmented Reality, Expe-
rience Design, Virtual Humans, and Perception. As these themes were selected by
popular vote from a larger list, it is an indication that these topics were considered
some of the most important in VR.

Major VR Themes Discussed

Latency is recognized by VR researchers as a topic that is important but underre-
ported in the field. The group identified the main sources of latency: tracking and
other input devices, interface buffering, network delays, device driver and operating
system overheads, application simulation time, rendering (software and hardware),
and display devices. In a typical system, the end-to-end latency is the sum of these. It
is this end-to-end timing that was identified as the key measurement for comparing
different systems, and for understanding the impact of varying levels of latency on
task performance. There is also a need to measure the latencies in the contributing
components.

The discussion of existing methods for measuring and reporting end-to-end
latency made clear that these methods will have to be straightforward to use if they
are to be adopted widely by the VR researchers and practitioners. Two variants
were proposed: one for HMDs and the other for screen/projector-based systems,
and the group agreed to further develop these for dissemination. More generally, it
was agreed that there is an urgent need for a ‘field guide to latency’.

In Augmented Reality, the observer’s view of a real scene is enhanced by virtual
objects. Examples include to blend in repair instructions into the field of view of a
car mechanic, or to project MRI data onto a patient during a surgery. Obviously, AR
requires accurate tracking of the user. In moving environments, it might be necessary
to combine different kind of tracking devices in order to avoid situations, where the
tracked markers are lost. To make use of the full potential of AR, it is important
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to install AR infrastructure not only in laboratories but also in usual environments
(e.g., offices). In this context, the concept of AR-ready buildings was discussed.

The group that worked on Experience Design focused on the creative use of
existing VR equipment to create compelling experiences. This extremely fruitful
discussion took advantage from the different views of engineers, psychologists, and
practitioners in multimedia design.

The discussion made clear that not only the technical possibilities but also the
script of the presentation has a strong effect on the experience made by the user.
Visitors of virtual worlds are usually more impressed when technical explanations
(how it is done) are not given in advance. Depending on the application, it can also
be advantageous to leave certain details to the imagination of the observer. Also,
the element of surprise is an effective means for getting the observer involved in the
virtual environment.

An extremely important research topic in VR is that of virtual humans. Similar
to the Turing test of AI, the goal is here to design the appearance of virtual humans
and their interaction with the user so life-like that emotions are invoked similar
to those in interhuman interactions. One application presented in Dagstuhl was a
training environment for medical doctors. To improve their interaction with patients,
a virtual environment has been created in which difficult situations between doctors
and patients can be simulated.

In the perception group, it was discussed how recent results from perceptual
psychology could be used for the design of intuitive 3D human computer interfaces.
Another issue of this group was the problem of simulation sickness, and the question
of how the length of time humans can be exposed to virtual environments can be
extended.

This Book

This book comprises a collection of position papers, documentation of breakout
discussions, or extended research papers related to VR. The position papers include
topics such as constrained 3D user interfaces, social gaming and learning applica-
tions, and future VR software platforms. The breakout discussion papers included
the next generation of Augmented Reality systems, and the importance of experien-
tial fidelity. The extended research papers include topics ranging from fundamental
methods to compelling applications. All of the submissions were peer-reviewed for
appropriateness and quality.
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