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1 Introduction

Habgood, Moore, Wilson and Alapont (2018) presented an alternative ap-
proach to player locomotion in stationary virtual reality setups that aimed
to keep the user oriented and increase their presence in comparison to other
techniques involving teleportation. However, no differences were found in
the reported levels of presence between the tested conditions — the authors
concede that this could be due to the way presence was measured in their
study (pp. 6–7). Over the last few decades, the research community discussed
many objective measures of presence and how these could be combined with
subjective measures, providing as many opportunities to improve this loco-
motion study through a more direct measurement of presence.

Further investigating this novel locomotion technique would be beneficial
for all developers of immersive virtual environments (IVEs) who are work-
ing with stationary setups. In fact, it is very rare for virtual reality setups
to allow the user to walk around freely, which creates the problem of hav-
ing to map locomotion controls from the most natural system (simply by
taking steps in the desired direction) onto an abstract system like pressing
buttons on a controller or additionally interacting with a user-interface for
most contemporary implementations. Especially in the emerging entertain-
ment industry, there is always the need to make a compromise in order to
develop cutting-edge technology that is still affordable for the wider mar-
ket. Although many innovations have recently made virtual reality more
accessible for consumers, there are still some quite fundamental problems
that need to be solved, mostly with regards to human perception. Motion
sickness — primarily caused in IVEs by a discrepancy between visual and
vestibular sensations — is one of them.

A common approach to avoid this problem with stationary setups is to tele-
port the user to key locations and let them examine their surroundings just
through head and torso movements. Instead of teleporting the user in the
blink of an eye, the proposed technique by Habgood et al. (2018) linearly
translates the user’s base position to the target location with a short, rapid
movement. Interestingly, participants reported significantly lower levels of
motion sickness both for teleportation and the rapid movement compared to
free control over their base position (p. 5). This means that if users were
to experience higher levels of presence with the rapid movement technique
than with teleportation, this approach would demonstrably be preferable to
the commonly implemented teleportation. The results of the corresponding
study did unfortunately not confirm this thesis.
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However, the authors state that they only used the presence questionnaire
by Witmer and Singer (1998) and had to remove 75 % of the questions
because they did not apply to the IVE the study was conducted with. Using
subjective measures of presence has been a controversial subject in literature
for many years now. Slater (2004) argued that the concept of presence itself
is something presence researchers made up in their head — and, in fact, there
is still no model everybody agrees on. Nonetheless, as Skarbez, Brooks and
Whitton (2017) showed in a recent literature survey, it is indeed possible
to significantly increase the comprehensiveness of presence measurements by
carefully combining subjective and objective measures. This can be a quite
sophisticated task, as objective measures of presence usually depend on the
specific IVE they are used with and need to be interpreted correctly.

The project outlined in this research proposal would build upon the original
study designed by Habgood et al. (2018) and incorporate a more detailed
IVE that would provide users with more context than the previous IVE did,
as well as a combination of subjective and objective measures of presence,
specifically selected for this context. The main hypothesis would still be that
participants experience higher levels of presence in the IVE when using the
novel locomotion technique with rapid movements between nodes instead of
immediate teleportation. With a refined method of presence measurement,
the results of the new study are expected to provide proof corroborating
this hypothesis. This would contribute an important insight to the field of
virtual reality — potentially helping the people of this large community of
researchers and developers to create more compelling IVEs.

2 Methodology

As a follow-up study to the work by Habgood et al. (2018), from now on
referred to as ‘the original study’, the proposed study will have many things
in common with the original study. Instead of repeating methodical details
that are likely to stay the same, this section will primarily be concerned
about what would be different from the original study and the reasoning
behind this. Appropriate methods for presence measurement will only be
determined as part of the project (see section 3), as these need to be carefully
considered and will also depend on more specific questions about what can
be implemented. Still, a first summary of the most promising methods will
already be included in section 2.2. This will provide a starting point and
make it easier to estimate which methods would best fit the study.
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2.1 Design Considerations

The original study showed that participants who could freely control their
base position in the IVE experienced a significantly higher level of motion
sickness. Since there were almost no advantages of this method (except for
experts feeling more in control), the proposed study will only compare the
rapid movement technique with teleportation. For the latter, participants
had to place a basic avatar representation of themselves at the location they
wanted to be teleported to. Their head rotation was mapped onto a two-
dimensional position space representing the floor. Although this system was
chosen ‘because of its ubiquity on Oculus and Vive platforms’ (p. 3) and was
expected to be intuitive and provide greater precision (p. 7), the usability
analysis showed that it had the lowest scores for ease of use and was more
difficult to understand than the other systems (p. 7). The authors propose
to improve the teleportation system for future studies, but it is argued in
this proposal that it should be replaced by a node-based system.

The main reason for this is that in terms of user interaction with the IVE,
there is too much of a difference between the two systems. This can be most
clearly deduced from the recorded timings: Participants needed on average
more than 1.5 times the time for executing their tasks using teleportation
than they needed for doing the same with the node-based system. But apart
from giving them more overall time to experience the IVE, the teleportation
system also made them actively place the avatar in their environment, which
seems require a much better sense of it before even performing any actions.
Depending on the model that is used to understand and define presence,
this can make an important difference — especially because the sought-after
difference in presence might be relatively subtle. It would therefore make
sense to remove any differences between the two systems except for the rapid
movement, which is the primary subject of this research. Alternatively, if
the results would need to be directly comparable to contemporary imple-
mentations, the avatar placement could be applied to the rapid movement
condition without changing the teleportation system.

One last aspect worth thinking about is what type of experimental design
should be followed. In the original study, two groups of participants were
gathered in order to both test (VR) gaming novices and experts. Further-
more, it implemented the within-subjects design, so that all participants
experienced all locomotion techniques. Depending on the chosen measures
of presence, learning could have an impact on the second condition, which
would pose a serious threat to internal validity.
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MacKenzie (2013, pp. 175–187) explains the general assets and drawbacks of
each approach. Implementing the between-subjects design where participants
would only experience one locomotion technique would allow to completely
hide the fact that the experiment actually tests two separate locomotion
techniques. Participants could focus more on actually engaging with the IVE
as a main task, which would logically lead to a much more natural response
on the presence measurements. To leave them time to adapt themselves
to the general feeling of being in virtual reality, calm down and potentially
forget about fact that they participate in a closely controlled experiment,
they could be introduced to their respective locomotion technique outside
the area they will have to accomplish the tasks in — potentially justified by
a small story that provides reasoning for the tasks, as well. On the other
hand, this design would provide less data for each participant and could
weaken the results when faced with the argument of predisposition.

2.2 Presence Measurement

Reliably measuring presence is a very sophisticated task and no methods exist
until now that are neither subjective measures nor closely linked to specifics
of the IVE they are collected in. However, in a recent literature survey
by Skarbez et al. (2017), the authors summarised the history of presence
research and recommended ‘the use [of] multiple measures of different types
whenever feasible. If all the measures suggest the same interpretation, then
the results can be used with greater confidence.’ (p. 96:32). Following this
advice is expected to make the results of the proposed study comprehensive
enough to answer the research question.

Three main categories of presence measures are currently discussed and used
within the literature: Subjective measures by directly letting the participant
answer questions, physiological measures and behavioural measures. Slater,
Spanlang and Corominas (2010) have presented a psychophysical evaluation
of the most important factors contributing to presence for specific setups,
but it is important to note that this work does not provide psychophysical
measures of presence itself. Almost all other approaches can be assigned to
one of the three mentioned categories. In the following subsections, each of
them is explained in more detail and the most appropriate implementations
for each category are considered for the proposed study.
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2.2.1 Subjective

The difficulty with subjective measures lies in the concept of presence used
to design questions and the way these are understood by the participants.
Slater (2004) compared this to asking a person how ‘colourful’ yesterday was
for them. Still, there are many questionnaires available that have been shown
to be ‘valid, sensitive, and reliable’ (Skarbez et al., 2017, p. 96:28).

Most of these are post-questionnaires, summarising the participant’s whole
experience in the IVE. The ones by Slater, Usoh and Steed (1994) and
Witmer and Singer (1998) are most commonly used, as well as the Igroup
Presence Questionnaire Schubert, Friedmann and Regenbrecht (2001). To
address the issue of them not assessing presence in real-time, it could be
worth considering the 1-item instrument presented by Bouchard et al. (2004),
which is reported to be working surprisingly well because of its simplicity.
‘Results show that the question is well-understood, reliable between tests for
the same users, correlates better with the Witmer-Singer PQ than either the
Perceived Realism Scale or the Witmer-Singer ITQ, and is sensitive between
high and low levels of presence’ (Skarbez et al., 2017, p. 96:27).

For the proposed study, it seems like there would only be a minor difference
between the post-questionnaires mentioned, as their sub-scales would all fit
the IVE used. But since the single question by Bouchard et al. (2004) was
reported to be working well with the presence questionnaire by Witmer and
Singer (1998), it could be beneficial to combine these two in order to both
collect post-experience data and subjective real-time measures. Still, further
research on this approach and how to best integrate it into the experiment
design is needed. This primarily regards how often and in which manner the
1-item measure should be retrieved and how it should be analysed.

2.2.2 Physiological

While physiological measures are the most objective ones and provide real-
time data, they often require special equipment attached to the participant,
which could potentially influence presence through distraction. They are
most frequently used in studies featuring IVEs that ‘are known to affect
physiological signals in certain ways’ (Skarbez et al., 2017, p. 96:31), for
example threatening or stressful situations. For the proposed study — one
that regards two different locomotion techniques which are expected to have
a more subtle but continuous effect on presence — randomly integrating
special events in order to trigger physiological reactions would yield the same
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results for both conditions. However, Meehan, Insko, Whitton and P. (2002,
p. 650) found that the difference in heart rate — the most distinct objective
measure for them — even correlated to subjective measures taken through
the questionnaire by Slater et al. (1994). It could therefore be considered as
a validation of the post-questionnaire in the proposed study.

2.2.3 Behavioural

Skarbez et al. (2017, p. 96:32) think that ‘behavioral measures represent a
promising area of study that has so far been understudied’ and point out
that these measures can be integrated into virtually any IVEs in a relatively
natural manner — unlike physiological measures — without disturbing the
participant or making the experimental design too complex. Even though
behavioural measures can seldom be compared between IVEs, they could be
of great use for the proposed study. Head position and rotation could for
example be captured during set key events such as an object at the ceiling
‘accidentally’ breaking loose from its mounting and swinging towards the
participant or an unexpected spider sitting at the back of an object they were
asked to investigate. Similar to the technique Slater, Usoh and Chrysanthou
(1995) applied, the participant could additionally be asked to orient their
head towards a place in the IVE they have visited before, indicating how well
they perceived their environment. These measures could be quite seamlessly
integrated into the IVE of the proposed study, but the same issue mentioned
for physiological measures in section 2.2.2 could arise: Maybe these measures
are not sensitive enough to reflect the presence levels in this study.

2.3 Experimental Design

In summary, the final experimental design depends on how exactly presence
will be measured, which in turn depends on what will be feasible to integrate
into the IVE. What can be said is the following: Participants would again
be randomly selected from (VR) gaming novices (non-specialist adults) and
experts (specialist ‘digital natives’). This ensures external validity, since
these two groups approximately represent both extremes of the spectrum of
gaming and virtual reality exposure. After a short briefing, each participant
would sign an appropriate informed consent form and fill out a demographic
questionnaire, just like in the original study. As much as possible should be
done through the user interface of the IVE, though, so all participants are
instructed exactly in the same way.
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They would learn how to use the locomotion system outside and then perform
the actual tasks inside, which would prevent their learning from interfering
with the mental model tested through behavioural measures and therefore
strengthen internal validity. Three to six tasks could be connected by a
little bit of story in order to keep the participants interested and create
the conditions for them to naturally engage with the experience. Construct
validity would primarily depend on the instruments that will be employed
to measure presence, but they are expected to validate each other when
carefully chosen. As always with experiments involving IVEs, participants
will be able to abort at any time. Breaks should not be made, as they would
introduce differences in experience between participants. More on the ethics
of the proposed study can be found in the appendix.

3 Project Plan

In the appendix, a preliminary Gantt chart is presented for the proposed
study. It is important to note that this was designed with the goal to carry out
the study within the 2.5 months available, which is why the implementation
itself was not planned to take up most of the time. Depending on the difficulty
level of the implementation, this might not be realistic — especially since the
game engine the IVE will be implemented with is know to be quite a technical
challenge to work with. However, the IVE itself has already been realised
in detail and an experimental system was implemented before in the same
context. It could therefore be fair to assume that the implementation itself
would only involve integrating parts of the old experiment system into the
current IVE and enhancing it by additional measures of presence and real-
time recordings. But without the necessary experience, this estimation is
admittedly a weaker point of the project plan.

Still, expecting the implementation (about one month in the Gantt chart)
to take twice the time that would presumably be needed to accomplish the
same in one of the common game engines like Unity or Unreal seems like a
realistic estimation. The yellow symbols in the Gantt chart symbolise the
most important milestones: After one week in the project, the final methods
of measuring presence should be decided on. Three weeks after that, at
least the basic functionality of the experiment scenario should have been
implemented. The subsequent two weeks should be used to test and improve
the IVE, which naturally needs to be completed when the experiment is
officially approved. In the remaining time, participants should actively be
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contacted and made appointments with before starting to actually conduct
the experiment. This will allow the last phase to be solely concentrated on
testing participants and keeping the procedure consistent. With three weeks
and about two participants per weekday, almost 30 should have been tested,
which is within the range of values commonly seen in related literature.

Form an organisational point of view, the experiment would still need to be
officially approved because it has not been decided yet on which measures
for presence to use. This will involve — as stated on the last page of the
ethics form in the appendix — preparing appropriate recruitment material,
the demographic and presence-related questionnaire, a consent form that
informs participants about what data will be retrieved and how it will be
stored, a health and safety project plan and an outline of the experiment
procedure itself. This could be done in only one week.

As already stated in the ethics form, participants are expected to feel very
comfortable in the IVE because it would involve an engaging sequence of
tasks. In case the study would be following a between-subjects design, each
participant would only have to accomplish the task sequence once, which
would make the whole procedure more pleasant for them. Although some
of the behavioural measures would be surprising and could scare some of
the participants, this is expected to have no significant influence on their
well-being during the experiment.
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