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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, during the 90s, very low fidelity and had

clear limitations which made it difficult to utilize for anything productive (Briggs,

1996). During the latest years however, VR-technology has gotten traction 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 novel ways of mobility which we will

discuss, both in the real world and in the virtual environment. Taking the almost

unlimited possibilities of virtual environments into consideration, how can virtual

reality systems enable spatial mobility and 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 mobility with VR through prototyping.

2 Aspects of mobility and VR

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 across time and space. A narrow definition

of mobility is humans’ independency from geographical constraints, but Kakihara
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and Sørensen (2001) suggests that the term should be expanded beyond just the

human aspect (Kakihara and Sørensen, 2001).

2.1 The dimensions of mobility

Kakihara and Sørensen (2001) propose that mobility can have multiple distinct

dimensions; temporal, contextual and spatial. Temporal mobility is how one can

work more effectively and save time through objectified parameters like a calen-

dar or timetable. This could also enable the possibility of doing multiple activities

simultaneously, almost like making time itself "mobile". Contextual mobility is

how information can "travel" across various contexts through things like post-it

notes or e-mail. This also includes information that travel across context through

Computer Mediated Communication (CMC) like social media, which is not de-

pendent on time, space or context. What we find most interesting related to mo-

bility with VR-technology however, is the spatial aspect of symbolic travel. This

implies the mobility of space itself, where geographical distance no longer mat-

ter, and – as Kakihara and Sørensen (2001) describe it – "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. Some

examples of use cases are found in Hilfert and König (2016), such as construction

of bridges, training for coal miners, serious game environments for evacuation

simulation, including end-users in design processes, etc.

2.2 Telepresence

The experience of achieving a sense of immersion that leads to an experience of

being there in VR is in line with Steuer (1992)’s definition of telepresence:
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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:

• Vividness: The ability of a technology to produce a sensorically rich medi-

ated environment.

– Breadth: The number of different sensory dimensions that are simul-

taneously presented, such as auditory, haptic, taste-smell, visual, etc.

– Depth: The resolution of the different sensory dimensions.

• Interactivity: The degree in which the users of a medium can influence the

form or content of the mediated environment.

– Speed: The rate at which input can be assimilated into the mediated

environment.

– Range: The number of possible actions at any given time.

– Mapping: The ability of a system to map its controls to changes in the

mediated environment in a natural and predictable manner.

We suggest that we can apply these definitions to the concept of spatial mobil-

ity, and that we can use telepresence to describe and even quantify how technolo-

gies can help achieving spatial mobility.

2.3 VR as an immersive technology

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

hardware, the same way Luff and Heath (1998) describes their — at the time

— current technologies. VR-technology which takes form as mobile smartphone

devices are currently still very limited, thus restricting the possibilities of mo-

bile productivity. An example of a popular device for mobile smartphone VR is

Samsung Gear VR. Even though mobile smartphone devices is portable and have

quite powerful hardware, the technology introduce limitations in terms of limited

interaction with the virtual environment, dependency on smaller phone batteries,

variation in performance depending on device and no spatial tracking for move-

ment. Using Figure 1 to look at this technology, we can see that while the user

can experience a high degree of audio-visual vividness, the lack of controllers in

most mobile VR systems leads to a lacking experience of interactivity, and there-

fore it is not currently able to achieve the same levels of telepresence as VR that

is geographically restricted by powerful stationary hardware. Overall, this results

in a limited and less immersive experience compared to the more advanced VR-

technology and stationary systems. This is somewhat ironic when compared to

how Luff and Heath (1998) described the irony in that their current communica-
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tion and collaboration technologies restricted the users to the desk. VR still have

the potential to create 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.

Figure 2: Gear VR by Samsung (Technolat, 2017)

The more advanced VR-technology however, is considered a non-mobile and

stationary device as it is wired to a powerful desktop computer. VR-systems like

HTC Vive and Oculus Rift requires powerful hardware to run properly and to pro-

vide the best VR experience. Even though these devices themselves lacks mobility

and portability compared to the mobile devices, the technology has a even higher

degree of immersion and interactivity by enabling realistic interaction with the

virtual environment and spatial tracking for movement. Such VR solutions also

opens for novel types of mobility within the virtual environment, both in terms

of local movement within the virtual environment and across different virtual lo-

cations. Additionally, it allows for a high level of telepresence that enable for a

high degree immersion. Overall, this can provide a way of spatial mobility which
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allows for unique collaborative activities in the virtual environments without the

need to physically travel.

Figure 3: The Oculus Rift with motion controllers (Techradar, 2017)

2.4 Locomotion and spatial mobility in VR

Among the earliest studies related to locomotion and mobility in a virtual real-

ity 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 consid-

ered as an early form of symbolic travel as proposed by Kakihara and Sørensen

(2001), where a virtual environment breaks the boundaries of geographical dis-

tance (Kakihara and Sørensen, 2001). However, this mobility didn’t provide any

form of productivity or better problem solving capacity in any specific field due

to the technological limitations at the time. More recent studies by Elvezio et al.
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(2017) has built upon Stoakley et al. (1995)’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 productivity in various

ways.

3 Use of VR and spatial mobility in work

The ability to be independent of geographical boundaries and the higher sense

of immersion and telepresence 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. We will look into examples of such fields where VR-technology is uti-

lized, and where it could be beneficial to include this technology.

3.1 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 colleagues at remote locations within a reasonable distance to

use shared resources and communicate. However, such local mobility had im-

plications on long distance collaboration, as these people would not be able to

respond to communication directed to their desks. Additionally, being restricted

to only local mobility would be even more challenging if the collaborative work

process goes beyond local geographical locations.

By transferring this mobility in collaborative work to VR, some of these chal-

lenges could be solved. Cooperative work in VR has for many years been a com-
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mon practice. Lehner and DeFanti (1997) describes engineers who utilize VR

to support distributed cooperative work (Lehner and DeFanti, 1997). Engineers

working on projects are often remotely located in different countries, so travel-

ing 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 environment to review and interact with

their work. The visualization of presence was provided through video and audio

so they could see each other, communicate and get an overview over the work

being done. Additionally, as the engineers would still be locally available in the

physical space, the local mobility discussed by Bellotti and Bly (1996) would still

be possible if needed.

Figure 4: Distributed work in VR (Lehner and DeFanti, 1997)
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The mobility described in Bellotti and Bly (1996) was conceptualized by

Dahlbom and Ljungberg (1998) as wandering, traveling and visiting (Dahlbom

and Ljungberg, 1998). Wandering is local mobility where the workers takes short

trips in the office to visit colleagues, make coffee or make a print. Traveling is

about moving from one place to another with a car or bus, often to visit another

workplace. By utilizing the VR technology, one could remove the traveling and

visiting aspects from Dahlbom and Ljungberg (1998) conceptualization. Again,

this could be less time consuming and more cost efficient compared to actually

traveling in physical space, and could in addition open for more efficient work in

distributed work activities.

Figure 5: Conceptualization of mobile IT work (Dahlbom and Ljungberg, 1998)

3.2 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
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spatial mobility in the virtual environment, multiple actors can work together in

a shared collaborative environment for cooperative reviews, independent of their

physical location.

Figure 6: Immersive testing of escape routes in buildings (Hilfert and König,

2016)

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

mobility. In a shared virtual environment, telepresence can provide a visual rep-

resentation of the users involved, as exemplified in Lehner and DeFanti (1997)

work. However, this can also be transferred across space through the use of robots.

Multiple studies have examined the use of robots as a way of for remote people
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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 Communica-

tions’ 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 (NoIsola-

tion, 2017). What we do see however, is that these solutions lack the immersive

experience of actually being 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.

Figure 7: NoIsolations telepresence robot, AV1 (NoIsolation, 2017)
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4 Prototyping

To further examine the use of VR-technology to enable spatial mobility, we will

create two prototypes to demonstrate this, as well as testing the prototypes with

users. The prototypes will be of low fidelity to give a proof of concept of spatial

mobility and symbolic travel. Trough the prototypes, we will "move" the user

to a remote, virtual location, which could be a replica of real locations where

you otherwise would not be able to travel to, or a shared office where users can

collaborate on various tasks. A virtual environment will also allow to change the

environment with little effort. For instance, one could review a location or design

of a building both during a day or night environment, or review furniture in various

rooms and locations.

4.1 Housing ad in VR

Internet is a good place for real estate agents to put various housing ads for good

exposure. For the potential buyers, it’s easy to go online, search for the location

you want to live in, and specify exactly what features you want the real estate

to offer. The housing ads also have pictures of the house including its features,

sometimes also video to get a better and more dynamic overview. A popular

website for online housing ads in Norway is finn.no.

However, sometimes the potential buyers do not have the opportunity to go

and visit the house in the housing ad in real life because of distance or other

factors like disabilities. Even though the pictures and video of the real estate can

give an impression of what to expect, we assume that most people would rather

like to look at the house in person. We suggest that by implementing VR into the

housing ads could provide a more immersive, and close to real life experience to

be able to get a impression of the features. In this case, the potential buyer could
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Figure 8: An housing ad on finn.no (finn.no, 2017)

symbolically travel inside the house in the housing ad to examine and review

rooms in the house in a 360 degree view. As this is a virtual environment made

to replicate the real house, the potential buyer should also be able to move around

the house by walking to freely explore the real estate.

To create this virtual environment, we take a real housing ad from finn.no and

try to replicate one of the rooms from this ad (Figure 8). The replica can be built

as a virtual environment in software like Unreal Engine or Unity with additional

assets like 3D models of furniture and textures for the floor, walls etc. To begin

with, the most important part is to set up the floor and walls. We have placed some
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temporary furniture into the early model to be able to get a sense of the scale of

the room (Figure 9). Additionally, holes in the walls are made to let the outside

light spread into the room. When working in mostly unlit environment, we have

put some temporary working lights into the environment.

Figure 9: Building floor, walls and windows. Furniture for scale.

After modeling the scale of the room with flooring and walls, it’s time to add

materials to the environment. As seen in the housing ad, both the walls and roof

is quite bright and with a wooden floor. Other things that need to be put in place

are the actual windows, tables, TV, pictures on the walls etc. It’s important to get

the details as similar as possible to the real house (Figure 10), to make sure the

viewer gets a sense of telepresence as defined by Steuer (1992).

With all the details added, it’s important to light the environment properly, and

make the scene look realistic to replicate a real environment. When in VR, the

lightning should dynamically react to how the user is standing and where he/she

is looking. Additionally, as the potential buyer will be able to look around 360

degrees, the remaining room has to be modeled as well.
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Figure 10: Getting all the details on place.

Figure 11: The finished room replicating the housing ad.
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In the end, we have a virtual room which can be experienced in VR which

replicates a real room from a housing ad (Figure 11). It is also possible to move

around the room by walking in real life, or with locomotion techniques like tele-

portation described by Elvezio et al. (2017). Additional possibilities would be to

allow to change the time of the day, or season of the year, to get an impression

of how the rooms would look like during these times. One could also expand

the functionality by enabling the potential buyers to customize the room with the

furniture and details of their liking to see if it’s possible to create their "dream

house" with the current house in the ad. Such functionalities would increase the

interactivity, thus possibly increase the feeling of telepresence in the room (Steuer,

1992).

4.2 Shared collaborative workspace

Google Docs and similar tools like Dropbox Paper are widely used today for

working in collaboration and can be used either locally or remotely. These docu-

ments work as permanent spaces that can be edited by multiple people at the same

time, and can include text, images, and in some cases audio and video. To increase

awareness of what other users are doing, most solutions of this type include some

form of textual communication in addition to the text editing, commonly in the

form of textual chat. For long term projects that depends on multimedia, we pro-

pose using VR technology to enhance collaboration through immersion, while

also taking inspiration from media spaces (Dourish, 1993; Gaver et al., 1995) to

create a persistent space for a range of work actitvities. These media spaces could

exist as a space for creative work, enabling the users to have a common space

where they can share ideas and work with different media both in a formal and

informal way.

The resulting work could either be accessed within or without of the scene
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asyncronously either for editing or viewing (ie. a semi-synchronous system (Dour-

ish and Bellotti, 1992)), but the scene is mainly intended to enable spatial mobil-

ity through telepresence for the users. In this way, the system will enable shared

feedback (as defined by Dourish and Bellotti) as presenting feedback on individual

users activities within the shared workspace.

(a) The punchkeyboard (b) The shared text panel

Figure 12: Shared collaborative workspace in VR

To investigate this we implemented a simple prototype (Figure 12) based on

the Punchkeyboard (Ravasz, 2017). In this scene, two keyboards are set up facing

a common text panel, so that two users could type in collaboration. The scene was

set up using Unity, and tested using an HTC Vive with room scale tracking and

motion controllers. To further advance the prototype, we would like to implement

a range of features:

• Multiplayer components to enable more than one user at the time.

• User avatars to enable visualization and expression.
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• 3D Audio for communication to enable users to be able to locate each other

through sound.

• The ability to draw, both on panels, or in 3D space.

• Text editing tools.

• Individual views for the text panels.

This technology is currently restricting the geographical mobility of the users

because of the hardware, which is the same as noted by Luff and Heath (1998) on

the issues with media spaces almost 20 years ago (while still enabling spatial mo-

bility on a different scale). These issues may be lessened soon, as more powerful

mobile hardware is coming.

4.3 Testing

We tested both solutions with convenience sampling of a few participants to get

an impression of their experience. The participants were mostly positive to these

type of VR-solutions, and told that it was a novel type of mobility. With the hous-

ing ad the participants were impressed of the fidelity of the room, and told that

the details made the immersion of actually being there, thus providing a strong

sense of telepresence. They felt like they were traveling to another location as

they forgot the real environment they were standing in. The fact that they actually

could walk around also added to the immersion. Compared to pictures of videos

of housing ad, this would be a preferred and more engaging way to look at real es-

tates. Even though this was something the participants would like to have applied

in real housing ads, it was stated that it’s also important to have a high fidelity and

be able to move around the real estate to actually benefit from this solution. Oth-

erwise, it would most likely just become a gimmick which most people would not
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utilize. Additionally, the technology used to enable this type of solution should

not be cumbersome to use, or an expensive investment for the user.

With the shared collaborative space, the users also confirmed the immersion

and came with useful suggestions that we would like to implement, such as the

ability to draw on the text panel. Further testing should be done with multiple

users to see how this could affect the users awareness of each other, and how we

can improve on the prototypes shared feedback.

5 Discussion

The definition of mobility was defined and expanded by Kakihara and Sørensen

(2001) to not only include the fact that people are traveling, but also the dimen-

sions of human interaction (namely temporal, contextual and spatial mobility)

(Kakihara and Sørensen, 2001). As we suggest, the mobility provided by VR-

technology would be most fitting into the spatial dimension of mobility as VR can

enable different ways of symbolic travel. As seen in the various examples of fields

where VR is utilized, the technology is used to "move" the user to a virtual envi-

ronment to conduct work which otherwise would be difficult, if not impossible, to

do in real life (Hilfert and König, 2016). In some cases, we suggest by moving a

workspace to a virtual (shared) environment opens many new ways of collabora-

tive work, and would be more effective and cost efficient. This also includes the

use of robots which could provide a higher sense of telepresence if VR were to be

utilized as an addition to robotics.

Our prototypes was made to give a proof of concept of how VR-technology

can "move" the user to another location to enable spatial mobility though symbolic

travel. The feedback we got from our participants during the tests, confirmed

the feeling of travel and the sense of telepresence and immersion in the virtual
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environments. We suggest that VR-technology can, in fact, enable spatial mobility

and telepresence due to the immersion and fidelity that is provided. However,

there are many factors to consider if this form of mobility actually is beneficial in

various fields and can provide better productivity in work. Factors like degree of

fidelity, interaction and various HCI aspects like UX are all important.

Even though spatial mobility is the dimension of mobility we mainly have

focused on, one could argue that temporal and contextual mobility also could be

included. Examples provided by Kakihara and Sørensen (2001) is that tempo-

ral mobility is how one could "manipulate" time and make time itself "mobile"

through objectified parameters. In VR, the virtual environments is no longer de-

pendent on time, and time itself can be manipulated. An example would be to visit

a house in VR from an online housing ad, and be able to see the house in during

different times of the day, or different seasons of the year. As with contextual mo-

bility, a shared workspace in VR could provide information to be presented across

contexts and geographical boundaries. Information presented in a shared virtual

environment could also be objectified in the physical environment as data printed

on paper etc.

5.1 Future work

VR-technology has been a field of study since the early 90s, and has since then

allowed for movement and interaction in virtual environments (Ware and Osborne,

1990; Briggs, 1996). As computer hardware has become more powerful, the VR-

technology has improved significantly as well as being more affordable (Hilfert

and König, 2016). This allows for VR to be utilized in a variety of fields, which

often includes traveling to "real" or shared spaces in a virtual environment. Future

studies should examine if mobility though VR-technology actually can have a

significant effect on work and productivity in various fields. Additionally, the use
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of VR itself should be examined in terms of the HCI-aspects. If this technology

will get an even bigger mainstream traction in different fields, conceptual work

such as UX-studies is important for the technology to offer better problem solving

capacity (Boletsis et al., 2017).

6 Conclusion

In this report we have been examining the possibility of how virtual reality tech-

nology can enable spatial mobility and telepresence. We’ve been looking at re-

lated theory within the field, where VR have been a core aspect of work-solutions

and enabled a form for symbolic travel. To demonstrate this and give a proof of

concept, we’ve developed two prototypes for VR which enables spatial mobility

and symbolic travel. With the prototypes, we tested the solutions with users to

get an impression of their experience, and to discuss whether the VR solutions

enabled spatial mobility, a sense of symbolic travel and a feeling of telepresence.

The feedback from the users confirmed that the prototypes gave a feeling of travel

and being present in another location. Even though this field should be subject for

more research, our conclusion is that VR-technology can enable spatial mobility

and telepresence.
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