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1 Introduction

In recent years, many new technologies has emerged as computer technology has
had a rapid development. Among these, virtual reality (VR) technology gained
popularity as a research field beginning in the early 90s as something highly ex-
perimental (Ware and Osborne, 1990). What can define VR is "a simulation in
which computer graphics is used to create a realistic-looking world" (Burdea and
Coiffet, 2003). The technology was however, during the 90s, very low fidelity and
had clear limitations which made it difficult to utilize it for anything productive
(Briggs, 1996). During the last 5 years however, VR-technology has gotten trac-
tion in various fields as computer hardware has gotten more powerful, affordable
and accessible (Hilfert and König, 2016). Due to this change, it allowed for more
productive applications, like simulation, architecture, education and cooperative
work. In VR, such applications introduces many levels of mobility, both in the real
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world and in the virtual environment which opens many new possibilities. Tak-
ing the unlimited possibilities of virtual environments into consideration, how can
virtual reality systems enable spatial mobility in collaborative settings (through
telepresence)? We will examine this question through related work, fields where
VR is applied to facilitate for spatial mobility, and explore the idea of spatial mo-
bility with VR through prototyping.

2 Levels of mobility

Moving around is one of the most essential aspects of the interaction with the
world in a virtual environment, but is also one of the most challenging topics in
studies of VR (Bowman and Hodges, 1999). Virtual reality technology allows for
the user to be mobile within a virtual environment without any boundaries, but also
introduce the possibility of mobility through space. A narrow definition of mo-
bility is humans’ independency from geographical constraints, but Kakihara and
Sørensen suggests that the term should be expanded beyond just the human aspect
(Kakihara and Sørensen, 2001). Kakihara and Sørensen propose that mobility
can have multiple distinct dimensions; spatial, temporal and contextual. What’s
most interesting related to mobility with VR-technology is the spatial aspect of
symbolic travel. This implies the mobility of space itself, where geographical dis-
tance no longer matter, and "the boundary between "here" and "there" dissolves".
In practice, this means that VR-technology allows for a type of symbolic travel
where the user can be stationed at one place in the physical world, but have a
presence in another place in the virtual world.

Even though VR-technology can take form as mobile smartphone devices,
these solutions are very limited in terms of interaction, thus limiting the possi-
bility of mobile productivity. The more advanced VR-technology however, is
considered a non-mobile and stationary device wired to a desktop computer. Even
though the device itself lacks mobility, the technology has a even higher degree
of immersion, interactivity, and also opens for novel types of mobility within the
virtual environment. The experience of achieving a sense of immersion that leads
to an experience of being there in VR is in line with Steuer’s definition of telep-
resence:
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Telepresence is defined as the experience of presence in an environ-
ment by means of a communication medium. (Steuer, 1992)

Steuer further defines the dimensions for achieving telepresence; vividness and
interactivity, which in turn are influenced by several variables.

Figure 1: Technological variables influencing telepresence. (Steuer, 1992)

2.1 Mobility in collaboration

While modern ICT’s are getting far more mobile and free of physical and ge-
ographical restrictions, immersive VR is still hindered in these dimensions by
hardware, the same way Luff and Heath (1998) describes their — at the time —
current technologies. While there are multiple implementations of VR on smart-
phones which allows for using VR on the go, these currently lack interaction tech-
niques like motion tracking for hands, and also proper tracking for 3D motion.
Using Figure 1 to look at this technology, we can see that while it can score high
on vividness, the interactivity is still lacking, and therefore it is not currently able
to achieve the same levels of telepresence as VR that is geographically restricted
by stationary hardware. This is somewhat ironic when compared to how Luff and
Heath described the irony in that their current communication and collaboration
technologies restricted the users to the desk. VR still have the potential to create
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new forms of remote collaboration and we think it is fair to assume that todays
technical limitation that hinders high levels of telepresence in VR on smartphones
is solvable in the not so distant future. Today, though, immersive VR using sta-
tionary computers, still allow for a high level of telepresence that enable spatial
mobility and new collaborative activities in the virtual environments without the
need to physically travel.

2.2 Locomotion and spatial mobility in VR

Among the earliest studies related to locomotion and mobility in a virtual reality
environment was conducted by Stoakley et al. with the world in miniature (WIM)
metaphor (Stoakley et al., 1995). This allowed the user to see the whole virtual
environment in miniature, and move to remote locations by "flying" or "picking"
yourself up to be placed into the miniature world. This can be considered as an
early form of symbolic travel as proposed by Kakihara and Sørensen, where a vir-
tual environment breaks the boundaries of geographical distance (Kakihara and
Sørensen, 2001). However, this mobility didn’t provide any form of productivity
or better problem solving in any specific field due to the technological limitations
at the time. More recent studies has built upon Stoakley et al.’s study and included
"teleportation" as a more accessible technique to travel the miniature world with
more recent VR technologies (Elvezio et al., 2017). Additionally, VR-technology
has during the latest years been adopted into different fields to increase produc-
tivity in various ways. The ability to be independent of geographical boundaries
and the higher sense of immersion compared to regular desktop software has been
proven useful in fields like design and architecture reviews and collaborative work
activities, as well as possibilities within the field of robotics combined with telep-
resence. Next, we will look into examples of such fields where VR-technology is
utilized, and where it could be beneficial to include this technology.
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3 Use of VR and spatial mobility in work

3.1 Architecture and construction planning

The sense of immersion provided by VR-technology is a key argument to uti-
lize VR in engineering, architecture and construction. This allows for detailed
planning and review of 3D-models of planned constructions and architecture, and
the possibility to perceive all aspects of a scene (Hilfert and König, 2016). VR-
technology is a relatively low-cost solution to fulfill this requirement, and makes
the work more productive. As the users can be stationary, but still be able to utilize
spatial mobility in the virtual environment, multiple actors can work together in
a shared collaborative environment for cooperative reviews, independent of their
physical location.

3.2 Distributed VR in engineering

Distributed collaborative work was examined by Bellotti and Bly (1996) where
local mobility was a big part the workers daily routine (Bellotti and Bly, 1996).
Many engineers spent most of their days away from the regular desktop, and rather
walked to colleges at remote locations within a reasonable distance to use shared
resources and communicate. However, such local mobility had implications on
long distance collaboration, as these people would not be able to respond to com-
munication at their desks. Additionally, local mobility would be even more chal-
lenging as the collaborative work goes beyond geographical locations. Cooper-
ative work in VR has for many years been a common practice. Lehner and De-
Fanti describes engineers who utilize VR to support distributed cooperative work
(Lehner and DeFanti, 1997). Engineers working on a project are often remotely
located in different countries, so traveling to each others location in physical space
would be both time-consuming and not so cost-efficient. Having distributed VR-
systems would allow the engineers to symbolically travel to a shared virtual en-
vironment to review and interact with their work. The telepresence was provided
through video and audio so they could see each other, communicate and get an
overview over the work being done.
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3.3 Telepresence and robotics

Telepresence is an important aspect of being present in a virtual reality environ-
ment, and is often discussed in relation (Steuer, 1992). As described by Steuer,
telepresence is the feeling of "being present in a mediated environment rather in
the immediate physical environment", which can be put in relation to spatial mo-
bility. In a shared virtual environment, telepresence can provide a visual represen-
tation of the users involved, as exemplified in Lehner and DeFanti work. However,
this can also be transferred across space through the use of robots. Multiple stud-
ies have examined the use of robots as a way of for remote people communicate,
especially in relation to people with disabilities or special needs (Tsui et al., 2011).
As an example Tsui et al. describes a "Vi Go Communications’ robot" which can
be controlled by remote users though video, audio and sensory communication
(Tsui et al., 2011). On the user-side of the interaction, a screen is provided to let
the user see the robots’ perception. According to the study, this type of robotic
communication has proven to have lots of potential. Recently, the robot AV1 by
NoIsolation has gained attention in Norway, allowing kids and young adults to
attend school through an app and telepresense (NoIsolation, 2017). What we do
see however, is that these solutions lack the immersive experience of actually be-
ing present at the remote location. We believe that VR-technology could provide
a big improvement in this field, as this could allow for an even more immersive
experience of presence through the robots.

4 Prototyping

To further examine the use of VR to enable spatial mobility, we plan create proto-
types for use with VR-technology. The prototypes will be of low fidelity to give a
proof of concept of spatial mobility and symbolic travel. Trough the prototypes,
we wish to "move" the user to a remote, virtual location, where one can conduct
a design review of something yet to be built in physical space. This can be things
like objects and furniture, but also larger things like various vehicles and struc-
tures. A virtual environment will also allow to change the environment with little
effort. For instance, one could review a design of a building both during a day
or night environment, or review furniture in various rooms and locations. This is
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Figure 2: NoIsolations telepresence robot, AV1 (NoIsolation, 2017)

something we will try to implement into the prototype. Such an environment can
also be expanded into a shared environment, allowing remote users to take part
in the same review session. Depending on the time we have available during the
project, we can possibly do a pilot study to test the solution with users and record
their experience.
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