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Abstract

Every Virtual Reality (VR) experience has to end at some point. While there already exist
concepts to design transitions for users to enter a virtual world, their return from the physi-
cal world should be considered, as well, as it is a part of the overall VR experience. We call
the latter outro-transitions. In contrast to offboarding of VR experiences, that takes place
after taking off VR hardware (e.g., HMDs), outro-transitions are still part of the immersive
experience. Such transitions occur more frequently when VR is experienced periodically
and for only short times. One example where transition techniques are necessary is in an
auditorium where the audience has individual VR headsets available, for example, in a pres-
entation using PowerPoint slides together with brief VR experiences sprinkled between the
slides. The audience must put on and take off HMDs frequently every time they switch from
common presentation media to VR and back. In a such a one-to-many VR scenario, it is
challenging for presenters to explore the process of multiple people coming back from the
virtual to the physical world at once. Direct communication may be constrained while VR
users are wearing an HMD. Presenters need a tool to indicate them to stop the VR session
and switch back to the slide presentation. Virtual visual cues can help presenters or other
external entities (e.g., automated/scripted events) to request VR users to end a VR session.
Such transitions become part of the overall experience of the audience and thus must be
considered. This paper explores visual cues as outro-transitions from a virtual world back
to the physical world and their utility to enable presenters to request VR users to end a VR
session. We propose and investigate eight transition techniques. We focus on their usage in
short consecutive VR experiences and include both established and novel techniques. The
transition techniques are evaluated within a user study to draw conclusions on the effects
of outro-transitions on the overall experience and presence of participants. We also take
into account how long an outro-transition may take and how comfortable our participants
perceived the proposed techniques. The study points out that they preferred non-interactive
outro-transitions over interactive ones, except for a transition that allowed VR users to com-
municate with presenters. Furthermore, we explore the presenter-VR user relation within a
presentation scenario that uses short VR experiences. The study indicates involving present-
ers that can stop a VR session was not only negligible but preferred by our participants.
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1 Introduction

It is commonly accepted that transition techniques from the physical to a virtual world
can enhance the experience of VR users [25, 27, 35-39, 44], such as distance perception
improvements or presence perception. These techniques are considered intro-transitions as
they transfer users from their physical to a virtual environment. Qutro-transitions, which
let VR users return from a virtual to the physical world, are not in the focus of research.
Literature indicates that intro-transitions can influence the virtual reality (VR) experience
more directly and are more important (e.g., [36]). Furthermore, average VR sessions take
a considerable amount of time (e.g., 19.7 min [41] or even 38 min [40]), and VR develop-
ers (e.g., Oculus/Facebook [8]) recommend breaks of at least 10 to 15 minutes after such
sessions. For example, with HMD-based VR, a user would put on an HMD for one VR
session, experience the VR for a while, and then put off the HMD for a while. Therefore, it
is reasonable that transition techniques for average VR sessions may take longer than tech-
niques used with short experiences. After all, we consider VR sessions to be singular and
disjoint events, which reduce the impact of outro-transitions on a potential next session.
The next session will be several minutes ahead.

But there are relevant use-cases where VR might be experienced periodically and for
only short times so that users likewise must put on and take off HMDs frequently and
consecutively. Furthermore, there are use-cases in which timely constraints matter. Here,
outro-transitions might be able to influence the overall experience of VR users. In such
use-cases, even short transition techniques would take an unreasonable amount of time
compared to the actual VR session that the transition leads into. One example is VR usage
within demos or presentation-like structures [14, 16, 22, 31]. This application also reflects
the educational microlearning trend [20] within the e-learning domain, where different
media are used within curricular structures and where learners can switch between media
at frequent intervals. For example, a presenter gives a presentation to an auditorium. Both
common media (e.g., slides, vidoes, images) and VR is used. Short VR experiences are
utilized to enhance parts of the presentation. Presenters can use VR to substitute single
slides in his deck with small VR applications [15] to make use of the vividness and interac-
tivity [45] at only specific suitable places within the presentations. However, the audience
has individual VR headsets available and switches between the virtual experiences and the
slides and put on and take off HMDs frequently every time they switch.

Presentations in auditoria are time-critical events with fixed time schedules. In a such a
one-to-many VR scenario, it is challenging for presenters to explore the process of multiple
people coming back from the virtual to the physical world at once. The question arises:
Who triggers the transitions that signal VR users the end of the VR session? In a tradi-
tional presentation, presenters decide when to switch from one to the next slide as they are
the active participants of presentations. When VR users can decide when to end the VR
experience, it will be challenging to stick to the schedule. Furthermore, asymmetric virtual
environments constrain the communication between users [3], which can lead to a lack of
mutual communication between the VR user and the presenter in our case that would be for
such co-located experiences [4].

At this point, virtual visual cues can help presenters or other external entities (e.g., auto-
mated/scripted events) to request VR users to end a VR session and return to the presenta-
tion at once. However, giving presenters such a tool to overcome organizational challenges
also influences the overall experience of users since the cues are part of their virtual world.
Furthermore, giving presenters the ability to initiate transitions could be perceived as a loss
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of control for VR users. Similar to the offboarding concept [17] of virtual experiences, that
takes place during and after the VR users take off their HMDs, transitions before this step
will influence the overall experience of the audience.

In this paper, we make the following contributions:

— We explore transitions from a virtual world back to the physical world. We introduce
this concept as outro-transitions and focus on short and frequent usage times of VR,
such as the described presentation scenario. We identified 3 established and propose 5
novel techniques. All 8 transition techniques for outro-transitions can signal VR users
to end a VR session without the need for further verbal instructions by presenters.

— We introduce a conceptual model for outro-transitions that also serves as taxonomy
for VR transitions. We divide the transition concept into three distinct and sequential
phases that a transition consists of: initiation, interlude, and exit. The considered outro-
transition concepts are classified within the proposed taxonomy.

— The techniques are evaluated within a user study to draw conclusions on the effects
of outro-transitions on the overall experience and presence of participants. We investi-
gate how long outro-transitions should take in a presentation use case. Our user study
also distinguishes who triggers the transition to investigate the influence of presenter-
or user-initiated outro-transitions. Based on that study, we give practical advice about
which types of transition presenters should use in their applications to request VR users
to end the VR session and ensure all return at once.

This paper is organized as follows: The next section discusses related work. In Section 3,
we explore outro-transition techniques. In the fourth section, we state our evaluation of the
techniques within our user study. Section 5 provides a conclusion and points out directions
for future work.

2 Related work

In this section, we focus on related work about concepts and studies on transitions and VR
and consider work that uses VR as a medium for presentations.

2.1 Virtual reality transitions

Pioneering work on VR and transitioning by Slater, Usoh, and Steed [35] proposed several
aspects about transitioning users into virtual worlds and the potential positive impact on
the subsequent VR experience. Furthermore, they propose two HMD-based transition tech-
niques. The authors could indicate that taking on a virtual HMD showed a positive asso-
ciation with the corresponding VR experience. In contrast, a virtual door was associated
with a negative association by their participants. A study focuses on the influence of these
transitions on the experienced presence of the participants.

Following work by Steed et al. [36] describes the importance of considering the
complete experience with a VR system, ranging from preparation to enter, to retirement
from the place of usage. They state lessons learned from demonstrations that they have
given with a VR system and conclude that it is relevant for demonstration scenarios to
incorporate possible conversations and discussions after or during the experience. The
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authors divide the procedure of a VR experience into five steps. The instruction step (1)
incorporates all pre-entry instructions that users should know before interacting with
the VR technology, such as a verbal introduction to the hardware. With the entry step
(2) they refer to the few seconds where users enter the system, for example, putting on
an HMD or walking into the projection space. They clarify that this is an essential step
for the overall experience, as it blocks out the real world, and introduces the virtual.
Steed et al. specifically emphasize the importance of smooth transitions from the physi-
cal to the virtual world. In the boot-strapping step (3) users learn the controls which is
a less crucial aspect for the VR experience of users. The main experience follows (4).
Here, users are familiar with the controls and explore the VR scene. The exit step (5) is
the last step in their process. They state that this step might be of negligible importance
for the experience and that people could exit fast. However, the evaluation of this aspect
remains future work. Steed et al. also have put this claim into perspective by describing
that the importance of the exit might also depend on the use-case. For example, they
describe the exit to be more important in the case of an experiment, where a participant
has to fill out a questionnaire directly after the VR experience. They already outline that
a controlled exit such as a prompt for the audience to leave might be a valuable tool to
perform the exit within such scenarios, but it remains to investigate and evaluate such
prompts. We argue that the overall experience of our use-case can be influenced simi-
larly to such an experiment. Instead of a questionnaire, other presentation elements such
as slides or physical exhibit stations might follow directly.

Work by Steinicke et al. [37-39] and Neves et al. [27] investigated transition tech-
niques for HMD-based and CAVE VR setups, respectively. Regarding HMD-based VR,
they explored the impact of transitional environments on the distance perception in immer-
sive VR [37] and the influence of a gradual transition on their participants’ presence. They
described transitional environments as virtual replicas of the physical environments in
which users would put on HMDs. Users find themselves within the virtual replica and see
a virtual portal within the room through which they can see the actual virtual world that
they transitioning into. They could show that the participants well perceived this portal
transition. The authors could indicate that distances estimations of their participants within
the virtual environments significantly improved by using transitional environments. Within
their second study [39], they used the same transitional environment and showed a signifi-
cant increase of their subject’s sense of presence. These replica experiments were reasoned
upon a preceding experiment by Slater et al. [34], where they propose a virtual ante-room.
The participants walked through a door within the virtual ante-room in this study, whereas
in the studies by Steinicke, [37, 39] the participants initiated the transition effect them-
selves. Pushing a virtual button within the room started a teleporter visualization. Both the
user-initiated transition and the given transition indicated a positive influence on the sense
of presence.

Recent work by Valkov and Flagge [44] proposed a concept of smooth immersion into
HMD-based immersive virtual environments. They define a smooth immersion as a tran-
sition that includes at least four components: The real world, virtual replica, and user-
initiated smooth transition that increasingly transitions from the replica to the virtual world,
which is the last component. Furthermore, they define a smooth transition as a continuous
morphing process where objects of the replica successively turn into objects of the virtual
world.

Men et al. [25] investigate the impact of four specific transition implementations on the
participants’ presence. Their transition techniques build on established film-based tech-
niques between different shots, such as a simple cut transition or a fade to black transition.
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Their study indicated that short and basic transitions were more suitable to support the
sense of presence than visually complex techniques that they compared them to.

At last, recent work by Hovhannisyan et al. [17] elaborate on the offboarding process of
VR experiences. Opposed to onboarding of an application, offboarding refers to the pro-
cess of users who want to cancel a subscription of a provider or remove their account, for
example, from social networks. The authors refer to the offboarding of VR experiences
as a post-immersion process. They argue that an immersive VR experience does not end
abruptly, but that the experience fades during and some time after the participants have
removed the headset. Consequently, the offboarding process as defined by Hovhannisyan,
Henson, and Sood begins right after the concept of outro-transitions. However, it can
be argued whether offboarding of VR applications can be extended to include outro-
transitions. For example, an outro-transition that shows the audience a camera stream of
their physical surrounding might also include sensorimotoric aspects and foster the reori-
entation of them even before taking off the HMD. Besides scientific work, practitioners’
VR installations recently address questions on how to design on- and offboarding for VR
experiences. For instance, ‘The Collider’ by Anagram [2] includes such processes. It inte-
grates them within the narrative of their experience, for example, by letting the participants
of their multi-user installation conclude the experience together within a communicative
exchange about the experiences. Still, such oftboarding rituals and bespoke processes take
place after the participants took of the HMDs, which is after the point of the experience
that we place an outro-transition.

The above-mentioned related work focuses on intro-transitions that were either omni-
present or initiated by the VR users themselves. Outro-transitions are out of the scope and
not further regarded, also since their participants did not use VR in short and frequent inter-
vals. Asymmetric presenter-initiated transition techniques are not mentioned. This insight
motivates the exploration of externally triggered outro-transitions within our use-case.

2.2 Presenters and presentations with virtual reality

Steed et al. [36] proposed to have a virtual presenter in their ante-room. The presenter
represented the experimenter that gave the participants instructions during their studies.
The experimenter controlled the virtual presenter visualization from a desktop. They could
reinforce the users’ sense of traversal by making the presenter visibly transition from the
physical to the real world.

Klinker et al. [22] propose a pattern-based approach for creating Augmented Reality
(AR) applications. The resulting applications are rather small, for example, one lets users
rotate a car and another one compares two cars visually. In their use-case, an entire pres-
entation consists of AR as a medium, so that they do not have to switch between AR and
other media. The authors specifically investigate the authoring of those small applications
derived from recurring scenarios for an automotive design presentation. Schmalstieg et al.
[31] propose another AR presentation system. Again, presenters and audiences can com-
municate naturally. They can see each other using AR as a medium.

Work by Peter et al. [29] investigates asymmetric interaction concepts that include a
presenter and the audience during VR demo situations. They propose the VR-guide role,
which can steer the VR users’ attention to guide them through the demo. VR-guides use
desktop PCs to get involved in the virtual environment. The authors provide the guides
with five tools to interact with the VR users and the scene. They focus on pointing and
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highlighting metaphors. Transitioning is not among the tools. Following work by Horst
and Dorner [15] explores the creation of bite-sized VR applications and their integration in
demos. They indicate that a shift of control from VR users to presenters may not affect the
overall experience of VR users in a demo setting that utilizes short VR applications.

The work we mentioned about VR presentation scenarios does not include transitions.
Furthermore, existing work exploring the presenter-audience relationship in such use-cases
does not investigate the impact of outro-transitions as a link between short VR experi-
ences and other media. The influence of the choice of who triggers such transitions remains
unexplored, as well.

3 Outro-transitions

This section proposes our model and taxonomy for VR transitions, then describes eight
outro-transition techniques and classifies them according to the taxonomy.

3.1 Model and taxonomy

Outro-transitions aim to give VR users a non-verbal cue to end their VR experience and
smoothly guide them to exit the virtual environment. Generally, we divide a VR transition-
ing process into three distinct phases within our model, that are initiation, interlude, and
exit (Fig. 1):

1. Initiation — As the name suggests, initiation is the aspect that triggers the beginning of a
transition. Before the initiation, the actual content of the VR scene that the user transi-
tions from takes place. Different user roles of a VR system can perform initiations, and
they can be carried out using different interfaces. For example, Steinicke et al. propose

1. Initiation A LCHLC 3. Exit

Outro-transition

I

Immersive experience with outro-transition

Fig. 1 Our conceptual model of outro-transitions. The three distinct phases also serve as a taxonomy for VR
transitions. Outro-transition integrate into the immersive experience of VR users by extending the initial
VR scene. After the outro-transition, the post-immersive phase begins, for example, offboarding [17]
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[37] a user-initiated transition by providing a button to the VR users within the virtual
room, whereas Slater et al. [34] use an omnipresent transition presented as a simple door
within the virtual room. Another possibility is an externally initiated transition. These
externally triggered initiations also include presenter-initiations. A presenter could trig-
ger transitions via a desktop interface. External initiations also include automated trig-
gers, where a transition launches without user interaction. Triggers could, for example,
be predefined time- or event-based mechanisms.

2. Interlude — While initiation refers to one discrete point in time (e.g., a button click), the
interlude phase can take a certain time span. It represents an optional transition state in
which VR users find themselves in after transitions are triggered. Here, visualizations
and interactions are provided to VR users to steer their attention away from the original
VR scene. These can be common transition metaphors and affordances [28], such as
teleporters or doors and other mechanisms that connect initiation and exit. The optional
interlude allows designers to make transitions less abrupt and prepare VR users for the
following exit phase of the immersive experience.

3. Exit— Exits reflect the part of transitions that indicates VR users to end their immersive
experience. Examples of HMD-based techniques that point VR users to the end of their
experience are fading the view out to black or overlaying instructions on how to take off
the HMD. The exif concept includes not only guidance, but also interactions necessary to
exit the virtual environment, such as taking off HMDs or stepping outside tracking areas.
These last steps of the exit phase are intersecting with the first steps of VR oftboarding
methodology [17], where it can be argued whether it is part of the immersive experience
or already belonging to the post-immersive experience. After the exit, other offboarding
methodology can be performed with the participants, such as supporting the VR users’
reorientation in the physical surrounding or letting them reflect upon their experiences.

As described, a minimal transition consists only of an initiation and an exit. Such a
fast-paced transition guides VR users toward exiting the VR directly after initiating the
transition process and without further gradation. Table 1 illustrates how also into-transition
examples mentioned within the related work section can be classified and divided using the
proposed taxonomy.

3.2 Transition techniques

We consider eight transition techniques in this work that can be used as outro-transitions.
Figure 2 illustrates them. These transitions were selected because of their short duration
and simplicity. Complex and lengthy techniques are not covered in this work, as they would
take too much time compared to the relatively short VR experiences we address in our
use-case. The techniques are of different types relating to our model and can be classified
as interlude-based or exit-based techniques, depending on whether or not a interlude or a
exit shapes the major part of the transition. In the following, we describe the techniques
in detail, relate them to our taxonomy, and point out further aspects that classify outro-
transitions. The following techniques are not determined to a specific initiation and begin
at the interlude or the exit state. Possible initiations are mentioned in the previous section.
Table 2 illustrates the classification of the proposed transition techniques that follow.

The first technique we consider is the feleporter technique (Fig. 2(a)). This technique
builds on visual effects known from science fiction movies such as Star Trek or Star Wars,
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Fig.2 Illustrations of eight techniques we consider outro-transitions. (a) teleporter, (b) gong, (¢) video, (d)
wipe, (e) minigame, (f) dialog, () fade to black, (h) fade to cam

where teleporters are commonly used to travel between space or time which make teleport-
ers a suitable metaphor for transitions. It is also related to other sci-fi techniques such as
portals used in [37-39]. In the interlude state, a teleporter animation processes for a prede-
fined time. After the teleporter animation, an exit must be appended to notify users about
the end of the experience, similar to the equivalent for intro-transitions, where the new
virtual scene is appended after the animation.

The second transition is gong (Fig. 2(b)). This technique, again, is shaped by its inter-
lude. A visual countdown begins after the transition is triggered. When the countdown
reaches 0, a gong audio effect plays. However, gong is a special case. Its exit transports
only auditory cues after the countdown. To support gong’s exit visually, the technique
should incorporate a visual exit, as well. For example, a simple fade effect can conclude
it. The design rationale of this technique is related to spiritual methodologies, such as hyp-
nosis or meditation. In these areas, a gong is used to bring practitioners’ minds focused on
their inward back their physical surrounding. Analogous we propose to transfer this tech-
nique to VR as a cue for immersed users to return from the virtual back to the physical
world.

Table 2 The table shows the

X . X Techniques Serves as Serves as Serves as exit
classification of the eight L .
. . initiation interlude
transition techniques that are
considered in this work. Four
. Teleporter X
can serve as interlude and four as )
exit. Only dialog has an influence ~ Gong X (X) only auditory
on the initiation phase Video X
Wipe X X
Minigame X
Dialog X X
Fade to Black X
Fade to Cam X
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The video technique (Fig. 2(c)) shows a video within the view that displays a video of a
person taking off an HMD. It is a less metaphoric cue than the aforementioned techniques
and gives the audience direct advice to take off the headsets. Video is a techniques that
serves directly as exit. It signals users to take off the HMD without additional exit cues or
any supplemental visualizations.

Wipe projects virtual mud within the VR users’ field of view after the initiation
(Fig. 2(d)). It can be removed using wipe gestures. Behind the mud layers, there is a
stream, video, or image of the users’ physical environment, which gets more visible the
clearer the view gets. Providing cues from the physical world that surrounds the users are
used to signal them that the VR experience ended and they are back in their physical sur-
rounding. It can encourage users to take off the HMD when the view was cleared. By using
multiple layers of mud, this technique transitions VR users gradually. This design is chosen
as a negative incentive or challenge for VR users that they must overcome. At the end, the
audience participated actively overcoming the challenge within the transitioning process
and is rewarded with a clear view of their surrounding, guiding them positively to the fur-
ther course of the presentation.

Game and gamification elements find a place in different application areas and can
motivate users to interact with a system [6, 7, 24]. Our design rationale for minigame is
that game elements can be used to convey tasks that are not intrinsically motivated (e.g.,
learning tasks for students). When users are immersed and emotionally addressed by a vir-
tual world, our design counteracts the barrier of wanting to stay within the VR instead of
exiting at a given point in time that is not self-determined. Minigame gives the audience
a positive incentive in the transitioning process to overcome barriers using gamification
elements. Furthermore, at the example of a presentation with a larger audience within an
auditorium, minigame can also include overarching motivators such as a scoreboard which
is available to the entire audience and is adjusted after each VR experience throughout the
entire presentation. Minigame functions as infterlude, adds game elements to a transition,
and provides a short and simple game to be solved by VR users before their exit from the
virtual environment (Fig. 2(e)). This minigame shall motivate to exit the VR and create an
incentive for frequent usage of VR. Our example technique for a minigame utilizes balls
of different colors. Users have to select balls of a given color as fast as possible to obtain a
high score at the end. A scoreboard [9] and a timer [6] are used as established gamification
elements. After the task is completed, minigame switches to a exit technique to conclude
the transition.

The dialog technique is a special case regarding its initiation (Fig. 2(f)). It builds on
mutual consent instead of letting one stakeholder (e.g., VR user vs. presenter) decide
when to initiate the transition. Both user groups can begin dialog by asking their oppo-
site whether they are ready to exit the VR experience. A visual dialog opens that leaves a
binary option to answer positively or negatively and respectively triggers the exit or lets the
VR user continue to explore the VR scene. If responded negatively, dialog can be triggered
repeatedly by both user-roles later until answered positively. As a fallback, a maximum
amount of request can be defined after which the technique continues with the exit. Dialog
serves as initiation and interlude within a transition but not as exit. It does not give cues or
a prompt for VR users to make them exit the virtual environment.

Finally, we consider two techniques that substitute an interlude and define a transition
directly by its exit mechanism. Fade to black (Fig. 2(g)) and fade to cam (Fig. 2(h)) fade
the image within an HMD to black or a camera stream that records the physical environ-
ment from a first-person perspective. For the latter, small cameras could be attached to the
HMDs or cameras used for inside-out tracking that are already present at the technology

@ Springer



Multimedia Tools and Applications (2021) 83:46683-46706 46693

(e.g., [18]) can be used. Both techniques give VR users a cue that the VR experience is
coming to an end. Like video, these exit-defined transitions can serve as exit for the men-
tioned interlude-defined techniques by appending them.

4 Evaluation

We evaluated the suitability of the considered transition techniques to be used as outro-
transitions within a user study. Furthermore, we evaluated the general concept of outro-
transitions within the use-case of short and frequent usage of VR. Our study considers the
following six aspects and associated research questions:

[A1]  Distinction: How clearly could the participants distinguish between the VR scene’s
content and the transitions?

[A2] Disturbance: How much did the participants feel disturbed by each transition?

[A3]  Duration: How much time may a transition take with regard to the short VR experi-
ences?

[A4]  Acceptance: How did the participants accept the concept outro-transitions in gen-
eral, and how did they rate each transition technique? Were there differences relat-
ing to the transitions’ hedonic and pragmatic qualities [13]?

[A5]  Presence: How did the outro-transitions influence the participants’ perceived pres-
ence regarding a session that includes several short VR experiences?

[A6]  Trigger: How did the aspect of who triggered the transitions impact the presence
or other facets of the experience (user-initiated vs. presenter-initiated)?

Next, the evaluation section describes the prototype that we used within our study. Then
we describe our user study and the used methodology. Separate sections for analyzing and
discussing the results of our study follow.

4.1 Prototype

Our techniques were implemented using modern game engine technology. We used Unity
[42], an HTC Vive [19], and a gaming PC (GeForce GTX 1070, i7 processor, and 8 GB
RAM) to implement and run our prototype implementation. We chose an HTC Vive to be
used as VR hardware as it provides front cameras to use for the camera stream of the fade
to cam technique. Implementation results are illustrated in Fig. 3. We used a modular sys-
tem design and encapsulated techniques regarding the three components (initiation, inter-
lude, and exit). This design allows to append each alternative of the categories to each other
and create combinations of the techniques. For example, the two fade techniques could
serve as exit component for each of the interlude-based transitions. Furthermore, we could
easily modify if a VR user- or presenter-initiation of the transitions was required. For the
following study, we utilized the established [25-27] fade to black as exit for the techniques
that needed one. Table 3 illustrates which combinations were used for our prototype. The
presenter-initiation was implemented as a button click on a keyboard and the user-initiation
as a button click on the HTC Vive controller.
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Remaining

® 6

Fig.3 Screenshot-images that give an impression on possible implementations of the techniques considered
in section 3: (a) teleporter, (b) gong, (¢) video, (d) wipe, (e) minigame, and (f) dialog. Fade to black and
fade to cam are not illustrated

4.2 User study

The user study involved 18 unpaid, voluntary participants (4 female, aged between 20
and 58 years with @ 33.28 and SD 13.56). Their VR experience was captured on a 0-3-
point scale with @ 2.33 and SD 0.57, where 0 means they never used VR technologies
and 3 means they regularly use VR. On that basis, we classify the participants of our
study as experienced or expert users in the field of VR.

The study took place as follows: At first, participants were welcomed and then
informed about the topic of the study. They were briefly introduced to the user interface
of the prototype and the VR hardware. Then the actual task phase of the study started.
For this phase, we assigned the participants to groups to evaluate the influence of user-
initiation vs. presenter-initiation based on a between-subject design. Still, a within-
subject design was utilized to evaluate the eight techniques, as they were not altered
content-wise. We utilized the implementations from our prototype and an existing set of
short VR applications, which informed our participants about the use, the structure, and
the physical model of a proton-exchange membrane (PEM) fuel cell.

Table 3 The table shows how each phase of the eight transition techniques was implemented within the
prototype. The established fade to black served as exit for the techniques that are lacking one or need addi-
tional motive

Techniques Initiation Interlude Exit
Teleporter Button click Teleporter animation Fade to black
Gong Button click Countdown Gong sound and fade to black
Video Button click None Repeating video overlay
Wipe Button click Mud and active gestures Cleared camera stream
Minigame Button click Interactive minigame Fade to black
Dialog Button click to start ~ Answering dialog request fade to black

the dialog
Fade to Black Button click None Fade to black
Fade to Cam Button click None Fade to cam
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In the task phase, the experimenter assigned the participants the task to explore the con-
tent of the VR applications and to inform themselves about the functionalities of a PEM
fuel cell. The VR applications were used in a fixed sequence for all participants as their
content built upon each other. However, we used a randomized block design [1] for the
order of the transition techniques to encounter a possible learning process’ impact or an
influence of the content of each application on the scores throughout the study. So, each
participant experienced the transition techniques in randomized orders. The participants
used each of the VR applications for about 2 minutes and then used a transition before exit-
ing the virtual environment.

Different tools were used within our evaluation to draw conclusions on the research
questions concerning A1-A6. Quantitative data was captured with questionnaires filled
out in between each of the VR applications. Individual questions were asked to answer
questions of the non-standardized aspects A1-A3. Relating to the acceptance (A4), the
AttrakDiff [12, 43] questionnaire was utilized to measure how the participants perceived
the product character [11] of the prototype based on pragmatic qualities (usability) and
hedonic qualities [13]. Usability is an established criterion in the evaluation of human-
centered products and the assessment of hedonic qualities enables to make assumptions
about the educators’ desire for pleasure and avoidance of boredom during the usage of
outro-transitions.

Each questionnaire incorporated the four following individual questions targeting
aspects A1-A3: How clearly could you distinguish the actual VR application from the tran-
sition (A1)? Did you know at any time whether a transition was taking place (A1)? How
much did you feel disturbed by the transition (A2)? How do you rate the duration of the
transition compared to the duration of the VR application (A3)? These questionnaires also
contained standardized items from the abbreviated version of the AttrakDiff questionnaire.
Our participants used a version of the questionnaire, which was translated into their native
language. We used a 7-point semantic differential scale for each of the questionnaire items
to capture the scores.

At the end of the user study, after our participants experienced all eight VR applications
and transition techniques, they filled out a post-study questionnaire. This questionnaire
included the items of the standardized IPQ questionnaire [21] to capture their presence of
the entire session (A5). This questionnaire measures the overall presence relating to three
established factors [32, 33] — spatial presence, involvement, and experienced reality. This
tool enables the evaluation, for example, to draw conclusions on whether our participants’
presence over the entire experience was influenced by who triggered the outro-transitions.
Again, a translated version was used. Furthermore, our participants were asked to bring
each of the techniques in an order from best to worst (’sequence assessment’ in the follow-
ing). This brief post-study questionnaire was also used to capture demographic data and
individual comments. A single session of the study was performed within one hour.

4.3 Analysis of the results

We aggregated the outcome of the questions for Al and then performed non-parametric
and dependent Friedman tests [10] on the scores for the three aspects A1-A3 to test the
data on significant differences. With a threshold for statistical significance of 5%, all three
tests point out that there were significant differences with p < 0.00001. We conducted fur-
ther post-hoc tests (after Conover [5]) to identify between which techniques the significant
differences occurred. Table 4 shows the output of the Friedman and the post-hoc tests.
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Table 4 also shows the absolute mean values for each of the techniques regarding each
aspect, rounded up on four decimal places. We conducted a non-parametric and independ-
ent Mann-Whitney U test [23] with a threshold for statistical significance of 5% on the
separated data for each technique (also shown in Table 4) to explore differences between
user- and presenter-initiated outro-transitions.

Regarding the perceived separation (A1) of the core VR application and the outro-transition,
Table 4 depicts that gong and video have the highest overall scores. Video differs significantly
from minigame and wipe, which have the lowest values of our set of techniques, whereas gong
also differs from teleporter and dialog. Minigame has the lowest value regarding its separation
aspect and differs significantly from every other technique. For the three techniques with the
highest overall scores (gong, video, and fade to black), the case distinction about who initiates
the transition shows that the initiation-type had no significant influence on their scores. How-
ever, the statistical tests confirmed a significant difference between the initiation-type for the
other techniques. All were in favor of the presenter-initiated ones. The highest absolute scores
were reached by gong and dialog, again, at the presenter-initiated versions. Except for minig-
ame, which has a lower value, all presenter-initiated techniques scored a value of approximately
5 or higher. The only user-initiated technique that has a value of 5 or higher is video. It is the
only technique with a higher user-initiated score than the presenter-initiated equivalent. Figure 4
(Q1 and Q2) depicts the distinguished absolute scores for Al.

The second aspect illustrated in Table 4 (disturbance, A2) shows the highest values for
fade to black, video, and dialog, ranging from 4.55 to 4.1, respectively. The tests depict
that dialog only differs significantly from wipe, whereas fade to black and video addition-
ally differ from fade to cam, and minigame. Wipe received the lowest overall score and
differs significantly from every other technique. A significant difference between user- and
presenter-initiation is only observed for gong, which also received the highest score (5.4)
of all techniques in this category. The next highest values above 5 were received for video
(user-initiation), and fade to black (presenter-initiation). The user-initiated gong only has a
score of 2, which is the third-lowest value. The next lowest values were both received for
wipe with 1.8 (user-initiation) and 0.7 (presenter-initiation). Distinguished absolute scores
for A2 are depicted in Fig. 4 (Q3).

The duration of each was assessed as well (Table 4) within our study. The durations for
gong, teleport, fade to cam, and fade to black were predefined, whereas the mean duration
for video, wipe, minigame and dialog were measured with the following times: gong: 8s
(5s countdown + 3s sound); feleport: 15s (8s until ring animations appeared + 13s until
fade was triggered); fade to cam and fade to cam: 2s; video: approx. 2s; wipe: approx. 5s;
minigame: approx. 10s; dialog: approx. 11s. The techniques fade to black, dialog, video
and fade to cam received a value close to the optimum value of 3. In contrast, wipe, and
teleporter have values below 2, being the techniques the farthest away from 3. Only two
techniques were rated with a value above 3 (fade to cam and video). The video score dif-
fers significantly from every other technique, while dialog and fade to black differ signifi-
cantly from every technique, except from fade to cam and each other. The consideration of
the divided categories after user- and presenter-initiation shows no significant differences
between these two cases within each technique. Distinguished absolute scores for A3 are
depicted in Fig. 4 (Q4).

We analyzed the outcomes of the AttrakDiff questionnaire and compared the techniques
relating again for being user-initiated or presenter-initiated. Figure 5 illustrates each tech-
nique relating to their hedonic and pragmatic characteristics. One similarity between both
peculiarities is that teleporter and video are arranged closest to the ’desired’ region. 7el-
eporter has a higher amplitude towards self-orientation in both graphics, whereas video
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Q1: How clearly could you distinguish Q2: Did you know at any time whether
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Fig.4 Bar charts comparing presenter-initiated transitions (blue) with user-initiated transitions (orange). Q1
and Q2 were used to capture Al (separation), Q3 reflects A2 (disturbance), and Q4 displays the perception
of an adequate time for the transitions (A3)

Portfolio-presentation
User-initiation Presenter-initiation

self-. desired too self-oriented EER-T| eIy llai <l desired

too self-oriented

hedonic quality (HQ)
hedonic quality (HQ)

superflous too task-oriented superflous too task-oriented

pragmatic quality (PQ) pragmatic quality (PQ)
. medium value confidence . medium value confidence
. wipe mm video m teleporter WM minigame
mmm fadetoblack mwm fadetocam mmE gong mm dialog

Fig.5 AttrakDiff analysis of the portfolio presentation. It compares the eight transition techniques regard-
ing hedonic and pragmatic aspects. Left: User-initiated techniques. Right: Presenter-initiated techniques
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is illustrated towards task-orientation. The wipe technique lie closest to the ’superfluous’
field. Between the charts in Fig. 5 can a shift be observed of each technique towards higher
pragmatic qualities when they were initiated by a presenter instead of the VR user. Further-
more, the techniques were rated with a similar or lower hedonic quality when a presenter
initiated them compared to user-initiation.

The word-pair visualizations of both characteristics (Fig. 6) illustrate the mean scores
of the single items that the AttrakDiff consists of. The above mentioned phenomena can
be observed in these graphics, as well. While the user-initiated versions show a scatter
among most parts of the chart, especially the items relating to the hedonic qualities are
more clustered around the neutral value for presenter-initiated techniques. Only the item
“unimaginative-creative’ for teleporter stands out visually with a positive value. Gong was
rated notably higher at the item ’bad-good’” when initiated by the presenter. The interactive
techniques wipe and minigame stick out visually at most of the items in both character-
istics. In contrast, minigame obtained higher pragmatic and lower hedonic scores at the
presenter-initiated versions.

Figure 7 (left) shows the individual scores of the outro-transitions after the sequence
assessment. Except for the interactive minigame and wipe, the techniques received similar
overall scores, ranging from approx. 4 to 4.5. The first mentioned ranged techniques got a
score of 1.61 and 0.72, respectively. Large visual differences between user- and presenter-
initiation can be observed for dialog, teleporter, and gong in descending order. Dialog and
gong received a higher score when initiated by the presenter, whereas one can observe the
contrary for feleporter. The figure shows that most outro-transitions obtained a higher user-
initiated score compared to their counterpart. We conducted a Mann-Whitney U test with a
threshold for statistical significance of 5% on the separated data for each technique to test
the differences on significance. The values for feleporter and dialog showed a statistical
significant difference with p-values of p = 0.00148 and p = 0.00544, respectively. Figure 7
(right) illustrates the outcome of the IPQ questionnaire. The graph shows an overall value
of 4.38 for spatial presence, a value of 3.1 for involvement, 1.95 for perceived realism,
and 3.14 for the overall presence. A Mann-Whitney U test with a threshold for statistical

Description of word-pairs
User-initiation Presenter-initiation
complicated - simple I

impractical - practical

unpredictable - predictable
confusing - clearly structured
tacky - stylish

cheap - premium

unimaginative - creative
dull - captivating

ugly - attractive

bad - good
0 6 0 1 2 3 4 5 6
PQ HQ ATT m wipe B video | teleporter W minigame
mmm fade to black fadetocam W gong B dialog

Fig. 6 AttrakDiff analysis of the description of word-pairs. It shows the mean scores of the single items that
the AttrakDiff consists of. Left: User-initiated techniques. Right: Presenter-initiated techniques
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significance of 5% could not identify any significant differences between the two test con-
ditions for any of the aspects. The user-initiated techniques’ absolute values are higher for
involvement, perceived realism, and overall presence (approx. 0.11 to 0.4 higher than their
counterpart). The values are equal for spatial presence.

We evaluated our participants’ free-text comments of by identifying different themes
and aspects, utilizing affinity diagrams as proposed by Preece et al. [30]. The free text
comments could be clustered into two categories. The first category consists of individual
negative comments about both wipe and minigame. Participants mentioned that they would
not want to complete a short game each time they exit a VR. One participant noted that, if
necessary, there should be several alternative minigames to make it more diverse. Several
participants mentioned that the wipe technique needs experience to accomplish the task
and was complicated and not intuitive at first. They stated that ’dirt’ on their glasses was
connoted negatively. The second category includes several comments, which expressed
that they especially liked the diversity of outro-transitions. They stated that they liked the
experience of more than one transition within our study.

4.4 Discussion of the results

Regarding A1 (separation), our user study results indicate that our participants could sepa-
rate between all considered outro-transitions and the actual content of the VR application,
except for the minigame technique. Generally, our users could better distinguish between
outro-transitions and the actual VR content when initiated by a presenter instead of initi-
ated by themselves (A6). Again, participants did not immediately know that minigame was
part of a transition, especially when they initiated it themselves. Gong, video, and fade to
black were highest rated by our participants. For all three, there were no significant differ-
ences between the two test conditions.

There are wider variations between the techniques concerning their disturbance (A2),
which impacts the overall experience of participants. Participants were overall least dis-
turbed by the fade to black and video techniques. But the differentiated values show that
gong obtained the highest score of all techniques (A6). It was recorded for the presenter-
initiated condition. The evaluation particularly indicates that our participants were less dis-
turbed when they initiated the transitions themselves, making the score of gong a phenom-
enon within our data. It was also the only significant different technique in this section.
Except this, only both fade techniques were perceived as less disturbing when the presenter
initiated them. All other techniques were rated in favor of the user-initiation.

The evaluation of how long outro-transitions may last (A3) indicates contradictions. The
participants stated that dialog and fade to black felt most adequate regarding their dura-
tion after the short virtual experiences. Fade to black was the shortest outro-transition and
dialog the second-longest one. A factor for this contradiction is that the participants could
extend their VR experience within the dialog technique and thus could determine the end
of it. Video and fade to cam were perceived as next suitable after the first-mentioned. These
two were also the only techniques that were considered slightly too short and were similar
short as fade to black. This insight shows a trend towards the shortest of our considered
transition techniques. There were no significant differences between the test conditions
regarding the duration. Whether they or the presenter initiated the transitions was not rel-
evant for the perception of the duration for our participants (A6).
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Our participants indicated with the items from the AttrakDiff questionnaire that the two
techniques feleporter and video were accepted most, regarding their hedonic and pragmatic
qualities (A4). While feleporter only obtained average scores concerning A1-A3, this tech-
nique got a high score within the AttrakDiff evaluation due to its high hedonic quality. In
contrast, video was rated highly due to its pragmatic quality, and it was also within the top-
rated techniques relating to A1-A3. Both fade techniques were only average or low rated
by our participants, whereas they were favored by participants within other disciplines.
Between our two test conditions, a shift took place from hedonic to pragmatic qualities
when we compared user-initiation and presenter-initiation, respectively (A6). This indi-
cates that our participants did not perceive the techniques particularly worse when a pre-
senter took over the competence of ending the session but instead thought of this condition
as more task-oriented than self-oriented as before.

Regarding the presence (A5) within the short and consecutive usage of VR, we could
identify a trend similar to results in related work (e.g., [16]). Furthermore, we could not
identify notable differences between the two test conditions (A6). This indicates that the
competence shift, which supports the presenter roles within our scenario and enables them
to end the VR session to their convenience, did not negatively impact the presence of our
participants.

5 Conclusion and future work

In this paper, we explored transitions from a virtual world back to the physical world. We
introduced this concept as outro-transitions and investigated the usage of them to enable
presenters to end short and frequent VR sessions and still provide a good overall expe-
rience for VR users. We introduced a conceptual model and considered eight transition
techniques than can serve as outro-transitions. This model can be used as a taxonomy
to classify outro-transitions regarding three aspects that can be included in these transi-
tions: initiation, interlude, and exit. A user study has shown that presenters can use outro-
transitions to end VR sessions for VR users as intended without negative impacts on the
VR users’ perceived presence or overall experience. The video technique was indicated
to be most suitable within our use-case, relating to its short duration, the small amount of
disturbance during the usage, the separation between transition techniques and VR scene,
and the acceptance of our participants. Further suitable candidates were teleporter, dialog,
and gong, as these performed well in one specific aspect each. These were hedonic qual-
ity, duration and, separation/disturbance, respectively. Simple fade techniques performed
well in most categories when initiated by presenters, but not best. Most notably, our par-
ticipants did not favor more interactive outro-transitions such as minigame or wipe. These
insights give practitioners an application-oriented advice on which techniques to use when
required for presenters to end VR experiences to their convenience instead of letting VR
users decide.

Future work based on our findings about outro-transitions is divided into three catego-
ries: (1) short intro-transitions, (2) longer outro-transitions, and (3) exploring the VR user-
presenter relationship in asymmetric VR setups. In this work, we have lain the foundation that
presenters can use outro-transitions as intended and without negative impacts. Furthermore, it
can be argued that outro-transitions could be a substantial and novel part of VR offboarding,
extending it by immersive aspects. This relation should also be explored in the future. But our
model for transitions is not limited to be used exclusively for outro-transitions as a part of the
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offboarding process and can also be used to describe and classify other types of transition tech-
niques. Initiation, interlude, and exit are valid concepts that can be transferred to, for example,
describe intro-transitions, as exemplary shown in Table 1. This indicates that our considered
outro-transitions can be used as intro-transitions, as well. A reproduction of our study, incor-
porating our eight techniques as intro-transitions, could explore whether these short transition
techniques can bring benefit to the users’ presence, as well. If this is the case, then these short
and generic transition techniques would be valuable alternatives to more elaborate techniques
that require knowledge about the physical environment or include distinct authoring processes
before usage. The second category for future work will explore more extensive and longer
outro-transitions. Gradually transitioning from a virtual to the physical world is more appli-
cable to wider contexts or where timekeeping is less important than the quality of the experi-
ence. In the course of this, it should also be explored in which contexts outro-transitions are
generally applicable. The third direction for future work lies in the area of asymmetric VR
setups, where users of the system do not exclusively use the same technology to interact with
the virtual environment. In our work, the presenter user-role would use a desktop PC or laptop
to get insights within the virtual world and trigger the outro-transitions. But as we consider
the initiation as a separate phase within our model, this initiation is not limited for use on the
same hardware that operates the VR rendering. Future work will focus on different devices
for presenters and distributed VR setups. By adopting the view of presenters in our use-case,
other technologies can be used in presentations or demonstrations. Outro-transitions could be
triggered from mobile technologies, as well. But such an interface for presenters could also
include more functionality than just starting transitions. It can also help presenters guiding
VR users through virtual worlds, give presenters insights into the condition of their VR users,
or letting presenters interact with the virtual content, as well. Such a tool would facilitate VR
usage within presentations and help VR as a medium to be used even by non-VR-experts.
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