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One of the main measures to evaluate a head-mounted display (HMD) based experience is the state of feeling present in
virtual reality (VR). The detection of disturbances of such an experience that occur over time, namely breaks in presence (BIP),
enables the evaluation and improvement of these. Existing methods do not detect BIPs, e.g., questionnaires, or are complex in
their application and evaluation, e.g., physiological and behavioral measures. We propose a handy post-experience method in
which users reflect on their experienced state of presence by drawing a line in a paper-based drawing template. The amplitude
of the drawn line represents the state of presence of the temporal progress of the experience. We propose a descriptive model
that describes temporal variations in the drawings by the definition of relevant points over time, e.g., putting on the HMD,
phases of the experience, transition into VR, and parameters, e.g., the transition time. The descriptive model enables us to
objectively evaluate user drawings and represent the course of the drawings by a defined set of parameters. Our exploratory
user study (N = 30) showed that the drawings are very consistent between participants and the method is able to securely
detect a variety of BIPs. Moreover, the results indicate that the method might be used in the future to evaluate the strength of
BIPs and to reflect the temporal course of a presence experience in detail. Additional application examples and a detailed
discussion pave the way for others to use our method. Further, they serve as a motivation to continue working on the method
and the general understanding of temporal fluctuations of the presence experience.
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1 INTRODUCTION

The availability of consumer-grade head-mounted displays (HMDs) leads to a growing number of users in the
research community and gives industrial users new commercial perspectives. To improve virtual reality (VR)
experiences for these domains, methods and tools for evaluation are needed. A unique measure used for VR
systems is the quantification of the user’s state to feel present in VR. Feeling present in VR is a cognitive state
that is created by feeling spatially located in the virtual world, feeling involved in the actions and being able to
generate a sense of the things happening around oneself [27].
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Fig. 1. We propose a post-experience method to collect data about the temporal course of presence during an HMD based
experience. A er the experience (1), the usdnrawsthe course of the presence state (2) into a template we provide. The
horizontal axis represents the temporal progress, the vertical axis the experienced state of presence. Thenatateshe
drawing (2), in particular breaks in presence. An expert then analyses the drawings by identifying distinctive points and
phases (3). Oudescriptive modealescribes the distinctive points of a presence experience in the drawings. The model enables
to store the drawings as compact numerical data in a database, for storage, comparisoe\aldation(4) purposes.

Previous research showed that the state of feeling present in VR varies over tinie[31, 33 34. Particularly
negative e ects on presence in the course of an experience are sometimes noticed by a user, so-called breaks in
presence (BIPsB[l]. Mostly known are abrupt BIPs, e.g., people acting in the real world touching an HMD user.
However, cognitive processes like getting bored in a VR experience make a user's attention shift between VR and
the real world, over a longer period of time [33].

The detection and removal of individual BIPs contributes to a better overall experieheg 17, 31]. Practicable
and applied methods for the detection of BIPs are currently limited to interviews.

Due to ease of use, today more than 90% of studies rely on questionn&ir@<H, to quantify the presence
experience. However, questionnaires are not able to detect single B|Bs17. Interviews give more detailed
insights into the experiences of the users, but are only capable to a limited extent of supporting a continuous
and structured report. Hence, they bear the risk to miss the report of BIPs. Further, they do not quantify the
presence state, and the analysis of interviews is cumbersome. Physiological measurements enable a continuous
and objective evaluation of the users' state of being present. On the other hand, physiological measures are
complicated to use, intrusive to a user and the association of the measured signal and the state of presence is
often not clear B, 17]. Behavioral observations analyze users' state of being present based on their actions and are
unobtrusive to a user. They do not enable a continuous evaluation and do not t to a wide range of experiences,
as they rely on a certain behavior pattern in a de ned situation, e.g., the threat of being hit by aXarln
summary, a method is missing that is able to detect BIPs with the practicability of questionnaires and the detailed
insight of interviews.

A promising approach to a feasible method are user self-reports of BIPs, as they correlate with the presence
value used in presence questionnair&d]l In existing concepts VR users' are asked to orally report attention shifts
towards the real world B1], draw a line [6, 1§ or manipulate a slider §, 10 to express their presence experience.
Current approaches are either just in a conceptual stak fre time expensive in their applicatiord] 14, do not
o er a detailed evaluation of the temporal course of the presence statg 4nd might miss certain types of BIPs
which develop over a longer period of time [31], e.g., due to boredom.

Hence, we aim at providing a BIP detection method suitable for everyday practice. In addition, we found
throughout our work that our method shows potential to assess the strength of BIPs and represent the course of
temporal uctuations. Although, this ability was not the initial goal of our work, the results show great potential
for further research and applications. We propose a post-experience method that builds upon on the idea of
drawing the temporal course of a presence experiergjarito a template. Users can express the presence state
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by changing the amplitude of the drawn line either towards the real world or the virtual world (Figure 1(2)). The
method is a an improvement of existing methods, as it is not intrusive to the user, can reliably detect BIPs, is fast
and easy to use and re ects temporal uctuations of the presence experience. To enable storage of the data in
a database for quantitative evaluation and automation purposes, we propose a descriptive model (Figure 1(3),
Figure 3) that we derive from related work. It replaces the users' drawings by describing the important points
that occur during a VR experience, e.g., the point describing the end of the transition into VR (e.qg., [34]).

In an application example with 30 participants not familiar with the drawing method, we demonstrate its
feasibility and potential. In the progress of a 15 minutes long experience, participants were exposed to ve BIPs
with varying intensity [17] and type [27]. Participants were not asked for or being informed about the appearance.
We found that the method allows participants to report temporal progress according to the expected cognitive
model derived from related literature. 100% of introduced BIP could be detected and additionally we identi ed
BIPs that we did not nd in advance by using established methods. Further, there is evidence that the drawings
re ect the strength of a BIP.

With our work we contribute:

A drawing template and method to collect user reports about their presence experience over time.

A model describing temporal variations of presence using parameters to replace the drawings by compact
numerical data for storage, comparison and evaluation purposes.

A user study N = 30 that demonstrates that the drawings re ect the expected cognitive model of a VR
experience, that the method is superior to previous approaches in the detection of BIPs and that it has the
potential to quantify BIPs and the temporal course.

2 BACKGROUND
This section discusses the term presence, followed by the introduction of works that have inspired our method.

2.1 Presence

There are multiple de nitions of the ternpresencée.g. R1, 28 32 39g). Hence, we refer to the most common
ones in research, according to their application in the form of questionnaitg9[23, by Witmer et al. 3§ and
Schubert et al.2g. We distinguish presence from the term immersiofq. Immersion describes the measurable
attributes of a system enabling to evoke the feeling of being present. The sense of presence is a cognitive construct
that integrates incoming stimuli with user attributes, leading to a variable state of presence. The term presence
is often referred to a feeling of being there, the spatial presen@g [or place illusion [34. Other forms of
presence can be experienced like involvemebd[in a story, the general plausibility 30/ realness g of

an experience and social presené@ [[n our work, we follow a similar de nition by Schubert and colleagues
[29, who conducted a meta-analysis on the presence construct including Witmer's results. The orientation on
Schubert's three-component scale gives us the con dence to design our method in such a way that it corresponds
to most users' cognitive model of presence.

2.2 Assessing Temporal Variations of Presence

In related work we found it particular interesting that self reports depend on the point in time they are conducted
in, the time span of a measure and the scale of the measurement.

User report on the presence state during the course of an experience reduces the risk of inaccurate recall
or completely missing BIPs. However, continuous reporting interrupts the experiete An example is the
manipulation of a mechanical slider which redirects a user's attention towards the real world and occupies the
hand for other tasks4, 10. BIPs tend to be overemphasized here as users are made aware of #igri(irther,
users being new to a evaluation method, are challenged in reporting an absolute value, before they had a reference
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experience. In contrast, during a post-experience method, participants can revise their ratings and relate them
to each other. A post-experience method might su er from inaccurate recall and bear the risk of missing the
report BIPs §, 6, 17]. Watching the recording of an experience can support recd]| vhich is a time-consuming
process. We aim for a post-experience method to avoid distracting users from the experience being evaluated.

Slater and colleagues' presence countéf][asks participants to report the experience of BIPs when they
appear, at a speci c point in time. Users do not consciously perceive the state of presence in which they nd
themselves, but notice a disturbance of the stadd][ Although, this gives a discrete number to work with,
information around the measures are lost. Examples are the transition into and out of VR and slow attention shifts,
e.g. due to boredom, as they might be superimposed by a short-term disturbance. On the other hand, there is work
showing the possibility of participants to express di erences in the attention shifts between experiert;ad]|
Hence, we speculate that users are able to express a continuous presence experience if they are provided with
the right tools. Garau and colleague§] jproposed drawing a continuous line representing the presence state.
They found that the drawing fostered the participants' self-re ection and discussion in interviews. The drawing
template, method and evaluation was not grounded in related work and was left in a conceptual state. Hence, the
collected drawings were very diverse and did not show a course of the experience one would expect in regards to
related work. However, a bene t of a meaningful visualization of a continuous measure enables a quick overview
on an experience4, 10. The overview improves the recall of what you have experienced and thus prevents you
from forgetting something in the report. lllogical reports and BIPs become visible very quickly. Hence, we follow
Garau's [6] proposal of a line drawing method.

The presence state can be expressed bin&d ¢r on a scale 4, 10, 17. Slater's presence counteB]] is
a simple to use binary measure that can estimate the presence state. However, it is not able to determine the
strength of a BIP 17]. Brogni could con rm that there is a correlation that a growing number of BIPs leads
to a lower presence state in VR][ As a result, nding, our main goal in this paper, and removing BIPs will
increase the overall presence experience. Chung shows that participants are able to report the strength of BIPs
by manipulating the position of a slider along a continuous scalg [Garau reports that participants indicate
BIPs by drawing peaks in a hand-drawn line that indicates the state of being pre§gm\§ Chung's method is
very time consuming, we follow the promising approach of drawing a line, in which participants mainly report
the important shifts in their presence experience and leave out parts without any changes in between. The line
drawing approach, however, is not yet understood in its possibility to detect BIPs and estimate their strength.

To inform our design, we were inspired by Kujala and colleagu&§.[They propose a post experience graph
drawing method similar to Garaud] that successfully assesses user experience over several monthsZé.34].
Participants left comments on the curve describing relevant points and primary reported about the hedonic
quality of a system 16 2€. Kujala's method does not t the context of a VR experience due to the long time-span
and the di erent topic. Further, we expect a better remembrance of pragmatic qualities of a VR experience, as the
time between experience and evaluation is shorter.

Depending on the data, there are di erent approaches to analysis and formal description. As analysis strongly
depends on the type of data collected, we focus on the formal description of temporal e ects. Slater's presence
counter generates an overall presence value, but does not enable the identi cation of single&]Pisig¢bold
and colleagues discuss the rationale of BIPs and by this make it possible to estimate the strength ofid BIP [
Chung and colleagues describe the temporal course of a BIP by the relative change of the presence value and the
recovery time from a BIP3, 4]. Hence, Chung's approach misses a number of other values, e.g., the absolute value
of the lowest point of the BIP or the time it takes for a BIP to develop. Ultimately slow evolving BIPs, e.g., caused
by boredom, can lead to them not being detected. Hence, to the best of our knowledge, a full conceptualization of
the temporal progress of a presence experience is missing.
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In summary, we found that user self-reports post experience are a feasible approach to assess a presence
experience, in particular to identify BIPs and understand temporal variations. We aim at elaborating Garau's
method to enable reliable drawings and provides a comprehensive method for analyzing the data.

3 DRAWING THE PRESENCE EXPERIENCE

We combine the concept of drawing a line into a diagram indicating the presence sthteith previous concepts
that use line drawings as a user experience evaluation method for long term interactions with products [16].

3.1 Design Process of the Drawing Template

We designed the drawing template in an iterative design process based on 60 collected drawings. The drawings
were collected in four di erent user studies applying commercial (Job Simulator Y#) [and customized experi-
ences. The drawing template was improved between sessions based on participants' feedback. All variations were
designed with the goal to enable users' re ection on their VR experience without any moderation. Additionally,
we conducted interviews about the course of drawing and the participants' understanding of the drawing template.
The template for the drawings included event ticks along the time axis for about one third of the participants
(similar to Figure 6). The other two thirds did not have event ticks because the experiences were non-linear
(Figure 2). In the nal template (Figure 2), we added a dot that indicates the starting point for the drawing. Further,
we introduce a linear, gradual transition from pure white to 25% grey from the time axis towards the extremes
(See Figure 2). By this, we give the user orientation while drawing along the time axis.

3.2 The Drawing Template

Previous work uses a drawing area with a horizontal time axis and the presence state on top of it 3, 6, 11].
We propose a scale as shown in Figure 2, with the time axis indicating the middle between being present in
the virtual and the real world. By introducing a middle line, we provide a balanced diagram that represents a
common description of going over to another world when transitioning. The y-axis we chose tosbetdnm.
The time-axis we chose to be 200mm between the poigh&ion and the Bhysical exit (Figure 3). The end of
the experience is indicated by a dashed line with a symbol below it, indicating the moment of HMD removal
(Section 4). The recall of a presence experience can be supported by adding event ticks to the tirsleline [
Events in an experience are de ned by signi cant pre-
de ned tasks or actions, e.g., achieving a goal such as
building a furniture or an upgrade of a virtual charac-
ter to a new level. Ideally, these event ticks have the
same order and relative distribution on the timeline as
they appeared during the VR experience. Event ticks
might in uence drawing the line as participants might
feel the need to " t" the lines between the ticks. If
there is no possibility to provide event ticks, the su-
pervising person can manually note down signi cant
events during the experience and mark them on the
Fig. 2. The basic drawing template (Download: 3) can be us&tin€-axis afterwards. Alternatively, screenshots can
to collect user reports of temporal variations in a HMD based€ collected for later viewing during the experience.
presence experience. A definition of the term presence, in odhe simplest form of presentation is then on a digital
case the IPQ [28], has to be provided to the participant. drawing surface.
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3.3 Application of the Drawing Method

We imagine three ways of using the drawing method in the following. Due to the complexity and page limitations,
we only explore the rst suggestion. Hence, the other two examples might be incomplete in the current form and
need exploration and further re nement in future work.

3.3.1 First: BIP detectiofo improve a VR experience, the method enables a quick detection of BIPs in an expert
review or user study. We gave the blank drawing template (Figure 2) to the participant immediately after the
experience. In the exploration example we present in this paper, the participant was informed that the drawing
starts at the position being fully present in the real world at the moment they put on the HMDyaRition -

Based on Schubert'?f work we asked:Draw the feeling of spatially being in the virtual world, being involved in
the experience and interaction and how plausible the experience wadtocgses where the terms were unclear

to the participants, the examiner gave an example. We described spatial presence as how much one felt to be
surrounded by the virtual objects, or the virtual world in general compared to the real world. Involvement was
clari ed by explaining that it asks for the attention one devoted to the virtual world, how much one felt involved

into the actions and progress of the story in the virtual world. Plausibility, as a substitution for the origiealness

in the IPQ, asked if whether the experience made sense in general or whether things have happened that are
not logical. An example was a ball that falls upwards, which can make sense in the virtual situation, but if it did
not, then it was not plausible. After drawing, we recommend to discuss the drawing with the participant to gain
further insights and prepare for the labeling process. The aim is to assign the same labels between the participants
to corresponding BIPs. For long or very complex experiences where the user's actions are unpredictable, we
recommend collecting additional data, such as a recording of the VR experience or surroundings, to retrieve the
moments when a BIP arose.

3.3.2 Second: Detailed Analysisletailed analysiaims to better understand the temporal course of the presence
experience of a particular event. To achieve this, the supervising person may give additional information about
a particular phase of interest during the experience to the participant. For instance, the participant may get
introduced to the concepts of mental and physical exit from Knibbe [14] (Figure 3). Then the participant would
draw the line. In discussion with the supervising person, details of the drawing line are elaborated, and comments
about certain key events, e.g., what happened in VR when the phase began, are made by the participant. With
the comments for the events, the supervising person could, for example, review the recorded experience and get
a better impression and even measures of the temporal course.

3.3.3 Third: ComparisoA.comparisomakes it possible to contrast the temporal course of di erent variants
of the same experience in a drawing. In particular, it addresses the detection of BIPs which a ect only a short
part of an experience and, hence, are not re ected in an overall presence value. An example would be the design
of a smoother transition into the VR. To compare these phases, the participants will use the same drawing
template several times. After experiencing the rst condition they are asked to draw their line according to our
BIP detectiomethod. After experiencing the second condition, they will be given the same template again and
add a line for the second experience. Discussing the temporal progress in reference to the rst experience helps to
identify possible di erences. Previous work argues not to conduct within subject design when doing research on
presence 13. Chung recommends to be aware of possible e ects and counterbalance the order of condifjons [
Thedetailed analysiand thecomparisorran be combined to improve the outcome of the drawings.

3.4 The Analysis of Drawings

In order to derive data from the drawings that enable numerical analysis, descriptive points in the drawing
must be identi ed. First, the examiner marks descriptive pointgFigure 3, black points). A de nition of the
descriptive points is given in the following chapter (Section 4). Then all points are measured and the values
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Fig. 3. The drawing shows the phases experienced during a VR experience. For reasons of readability, the description shows
only one example for each point and parameter. Capital le ers indicate Points that define the course of the experience. Lower
case le ers encode the resulting parameters.

are stored in a database. The position along the time axis starts with Omm at the line indicating putting on the
HMD. The presence state is measured from the middle line, in our case 40mm upwards and -40mm downwards.
To balance templates of di erent sizes, we normalize the values collected in the previous step, by dividing the
measured position for time by the distance between the lines indicataigng on the HMIandtaking of the HMD

in our case 200mm. The presence measure is divided by the distance between the middle line and the maximum
positive distance, in our case 40mm. From these values, the parametard sh (Figure 3) are calculated by
subtracting the presence values of the according:k from Paropping: Which leads to a negative value.

In order to label the BIPs, the examiner should use annotations and, if existing, the event ticks. The combination
of both gives the label. For instance, the exemplary laleBcreenBallThrows a screen black out when the
participant threw a ball in the VR experience. Without event ticks, examiners need to use the comments and
notes they made as recommended above.

For statistical analysis, the data should be treated as being ordinal although the taken measures are in millimeters.
Similar to questionnaires using continuous scales, the presence value will not be equally distributed. For instance,
a change from 0.1 to 0.5 might express less impact on the users experience then the change from 0.5 to 0.6. The
application example in this paper shades some light on these e ects.

4 THE DESCRIPTIVE MODEL

Theoretical and practical ndings in uence our de nition of the descriptive model for temporal variations in a
presence experience. From literature we derive theee main phases of (1) transitioning into VR §, 24, 31, 33

35, the (2) experience itselfg 30, 31] and (3) exiting VR 14 (Figure 2). In the following, we de ne the phases,
their start and end points Pand important stages in a VR experience. In the following, we will call an attention
shift towards the real world a dropping presence and attention shift towards the virtual world raising presence,
as it is the common language in the community.
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4.1 Phases of a VR Experience

Transition into VR The transition into the virtual world can be divided into physical and virtuallp, 33.
During the physical transition, the users habit themselves to the hardware by putting on the HMDIG 33.

The virtual transition follows the habituation, as soon as the user can see a picture of thelZRBJ. The
transition is not accompanied by a distinct perception of the us&@|[ hence is is di cult to de ne a starting

point based on a cognitive model, such as by Wirth and colleag@&k We argue that an HMD based experience

is visually dominated 15 and one of the critical elements in a VR experience is to maintain a stable sensorimotor
loop [30, mainly based on the user's visual perception. Habituating with the hardware will in uence the transition
phase L2 18 33, but does not provoke a strong reaction in the user's presence experience. We argue that taking
on the HMD and perceiving a picture is the only conscious action that marks a distinct point in time, clearly
identi able for a supervising person and a participant. Since we are looking for a reliable BIP detection method,
this moment has proven to be the least misleading for the participants and is therefore used in our template. If
the transition to VR is of interest, the template we propose must be extended to the left. Pgiptiin marks the

start of transitioning. The end of a transitional phase is de ned by any pointiRdicating a change in the course

of presence (Figure 3, green).

The VR Experiened he experience phase is the summary of all stages of constant presence and temporal
variations while acting in VR. The rst Pde nes the start of the VR experienceeBerience after the transition
phase. The end of the VR experience is the beginning of the last phase of dropping presence, indicated by the
point Pmentalexit VWe could not de ne a presence parameter for the experience phase that would resemble an
overall presence rating. The experienced time is described:dence

Exiting VR The transition out of VR is the nal drop in presencel4. A VR experience ends after the VR exit
phase. We assume that théR exitphase follows a similar process as the transition phase but in reverse order,
as shown by Liebold]7. Liebold [L7 and Slater B]] describe the transition out of VR as a conscious act in
which the users suddenly realize that they have focused on the VR. Knibiecpllected user reports about the
experience of exiting VR and found a mental transition getting aware that the VR experience ends followed
by a physical transition taking o the HMD. But they also found reports that did not distinguish between these
two parts. The moment at which the user removes the HMD and can visually perceive the real world is chosen
as an anchor point for the model. XR exitphase starts at the beginning of the lgshase of dropping presence
which is called Rientalexit The end of thementalexitis de ned by the end of the user's visual immersion. The start
of the Rynysicalexitis always situated on the crossing of the drawn line and the auxiliary line. pyBcaiexitthe
user might not be fully present in the real world yet. By this, we take into account reports of possible aftere ects
like the need for reorientation14. The VR exitphase ends at the point,R,m, describing the moment when
participants report being fully present in the real world, again.

4.2 Stages in the Progress of a VR Experience

In the following, we provide our de nition for important stages in a VR experience.

Constant StageConstant stages of presence do not change in the reported presence level and therefore have
a slope close to zero. The starting point of a constant presence phase is the rst on the curve that does not show
a change in presence towards the one before it. The end of a phase of constant presence is the last point on the
curve before the slope changes from 0.

Raising StageThe start of a phase of raising presence is the rst point on the curve that does not show a
slope. The end of a raising stage can be any P

Dropping StageThe start of a stage of dropping presence is the rst point on the curve that shows a negative
slope. The end of a dropping stage can be any P
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4.3 Parameters

Parameters are relative measures between two relevant poin(EiBure 3, lower case letters). The proposed
concept includes known parameters, reveals new parameters and o ers the opportunity to derive measures of a
presence experience, e.g., ratios.

People need di erent amounts of time to feel present in VR, which is represented yiton. Breaks in Presence
(BIPs) B1] are represented by the Point,Rak and the parameter shear. Chung B, 4] de ned a parameter similar
to shyreak s the intensity of an attention shift. The parametegdoping Nelps to di erentiate between sudden BIPs
and longer lasting e ects, that let the user's attention drift slowly back to the real wor&j 17]. Further, the
relation between sheak and a following taising gives insights into the intensity of the break as recovery time
was shown to be slightly correlated with the intensity of the breal] [ We expect, according to SlateB]], that
taropping iN general will be shorter thenising. transition iS €xpected to be longer thar,;. Exiting VR is de ned
by three temporal parameters, total timgd, mental transition kentai aNd fhysical (S€€ Section 4.1).

5 EXPLORATION OF THE METHOD

In the previous sections we introduced a method to collect and store user reports about temporal uctuations
during a VR experience. Although we argue that our method can be used in di erent ways (Section 3.3), in this
work, we focus on exploring it as a BIP detection method. In addition, this chapter serves as an application
example for our method and its possibilities of storing and evaluating data. The goal of the exploration is to gain
insights into the reliability of the drawing method and the quality of detecting and evaluating BIPs.

5.1 Measures

To gather insights in the reliability of drawings, we argue that the drawings need to follow a certain progress.
The drawings will have strong interpersonal variations and will be dependent on the experience implemented
in our study. To make the results more general, we will look for the occurrence of key characteristics, such as
transition into VR and BIPs, as de ned in Section 4. The characteristics we expect a user to draw are:

a: Line drawing starts at the pointRnsition-

b: Point Return €xists.

c: A Break in presence is a dropping line (ay).

d: The experience phase covers most of the time axis.

e: An attention shift towards the virtual world takes a longer time span than towards the real world (e4gg]].

If the users draw these characteristics, our method is reliable as it enables them to represent their experience
according to the cognitive model we expect from the related work. To gain insights on the possibilities of the
method as a BIP detector we will count the detected breaks. Furthermore, we analyze possible order e ects, e.g.,
how an early occurrence of a BIP a ects the probability for it to get reported. Finally, we gain insights in the
possibility to re ect the strength of a BIP. Additionally, we collect qualitative feedback to gain better insights
into the understanding and usage of the drawing method by the participants.

5.2 Task

We designed a linear experience consisting of six subtasks to be solved by the user that did not include any
BIPs. To achieve that, we went through three iterative design steps with a total of 18 participants including four
experts. In the process we removed all unintended BIPs. We used the virtual experiencé]test[the igroup
presence questionnaire (IPQ{ during the design process. We conducted semi-structured interviews asking the
participants for the positive and negative aspects of the experience, reminders of the real world and aws in the
design of the virtual world. In a nal evaluation with eight novice participants the experience was rated to have

a high presence on the IP@L : 46; SP: 5:1; INV : 4:8; REAL: 3:1) and no events in uencing the experience
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were reported. The dimensions of the virtual room in the experience w&Bx2:5metersand tted into the lab
space with4:0x3:0meters(Figure 4).

During the experience, the participants ful lled six tasks. The rst was a paper-tossing task, in which they
threw paper balls in a garbage bin. The second task was to nd two pictures of cats in the room and hang it on
the corresponding spot on the wall. In the third task participants had to nd and tidy up pens. In the fourth task
the goal was to nd books and put them in the right order into a bookshelf to complete the waality. In the
fth task they had to solve a riddle which solution was to use a switch on the wall. The sixth task was also a
riddle which solution was to turn on the music and make it play Beethoven.

5.3 Stimuli Breaks in Presence

As stimuli we used BIPs and varied their intensity, which is a combination of violations of the user's cognitive
model about the VR and the strength of the distracting stimuld§][ The duration was chosen to be between

2 and 4 seconds, according to related woBk§]. The breaks targeted spatial presence (SP), realness (R), and
involvement (I) as de ned by Schuberff and were designed to meet ecological validity. The ve BIPs used are
ordered from the strongest to the weakest in the following:

(1) BIP Cable Malfunction (SP,R,l): A four second |dahge screearror is shown in the HMD and the examiner
asks the participants verbally not to move, followed by touching and moving the cable attached to the
HMD to "solve" the issue.

(2) BIP Whitescreen (SP, R, I): A four-second long white screen with a beeping audio track, similar to Garau [
(3) BIP Teleport (SP, R): The users are teleported for four seconds to an empty virtual room, having the same
dimensions as the main room, but showing pictures of the physical room surrounding them on the wall.

(4) BIP Failed Interaction (R, I): Users had to hang two framed pictures on the wall by holding them to a mark
and releasing the grab handle. The second picture was made not to stick before the seventh attempt.
(5) BIP Unrelated Controller Vibrations (R): The right controller vibrated for four seconds when it was not
used for any purpose.

The breaks were triggered between 5 and 10 seconds after a task was solved and the appearance of the BIPs
was counterbalanced in three groups. The concept was to have a weak and strong break at the beginning and the
end in the sequence of BIPs, in one condition each. Further, the strong breaks were clearly separated once and
one time close together. The resulting orders of BIPs are: A (2-4-5-3-1), B (5-4-2-1-3) and C (1-4-3-5-2).

5.4 Apparatus

We used an HTC Vive HMD with according controllérsthe TP-

Cast wireless systerhand Bose QC25 noise cancelling Headsets.

The virtual experience was run at 90 frames per second using

Unity 5.6 on a PC with a NVIDIA GTX 1080 graphics card and an

Intel I7 processor. The presented virtual scene was optimized to

evoke presence according to the ve parameters introduced by

Schubert Pg. Dramatic Involvementvas realized by giving the

user the overall task to clean up the o ce, as the boss will arrive

soon.Quality of Immersiomvas addressed by optimizing the visual ) o )
appearance of the VR scene regarding 3D models, texturing and F9- 4. Start position in the main room.
lighting. In addition, spatialized sound was used with three ambient sound sources and twenty audio sources. The
controllers vibrated when an object was touched. To suppexploration of VEall objects, but heavy furniture

Ihttps://de.wikipedia.org/wiki/HTC_Vive, accessed: October 18th, 2019
2https://www.tpcastvr.com, accessed: October 18th, 2019
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was movable or reactive to actions (e.g., spinning a globe on the desk, Figure 4) and behaved physically to support
Predictability Interface Awarenesgas optimized by enabling basic interactions with just one button all the time
the users had virtual hands that supported a grasping animation , and a wireless HMD.

5.5 Participants

30 participants (11 females, 19 males, age: 19 to 40) that did not take part in the iterative design process or had
knowledge about the method, were invited by mailing lists, paper displays, social media, and personal social
network. They had backgrounds from diverse elds. 12 participants had never used an HMD before, the rest used
HMDs less than one time a year. Participants were rewarded study credits or 10 euro according to their choice.

5.6 Procedure

Participants were welcomed, and the purpose of the study was explained as being a user experience study about
interaction in VR. The whole study took about 60 minutes (15 minutes in VR). The participants were welcomed,
informed about anonymous storage and evaluation of tracked movement data, recording of screen captures and
sound and were asked to Il out a consent form (10 minutes). The usage of the HMD, noise canceling headset and
controllers was explained to and tested by the participants in the standard grey Steam VR environment. After the
successful introduction, they removed the HMD again and were led to a starting position marked on the ground.
The participants were instructed that the examiner will not help them during the experience. They were informed
that the session will end after the last task, which will be indicated by a prompt that shows up. No information
about possible BIPs was given. They started the experience independently by taking on the HMD. They started
in a transitional room that had the same size and layout as the nal room, but only a few objects were presented
on a desk in front of the user. The objects were used to again train the interaction in VR. The participants were
guided by instructions, which were presented textually on a monitor on the desk, during the whole experience.
After the tutorial, users were teleported into the main room by pressing a virtual button themselves.

After the experience, the drawing task according to the procedure described in Section 3 was conducted. The
participants conducted the drawing without external help (2-5 minutes). When nished, the examiner conducted
an interview about the drawings to record details and to assign the appropriate drawn BIPs to the actual ones (10
minutes, 1-3 minutes were used to label the BIPs). Finally, the participants were asked to Il out theZ2®Q [
demographic questionnaire, followed by a debrie ng (15 minutes).

5.7 Results

To showcase our method as a BIP detector, we present
the processing of the collected drawings step-by-step.
By doing so, we want to communicate the possibili-
ties of using the data. We encourage future users of
the method to suggest alternative ways on using and
analyzing the data.

Figure 5 shows all collected drawings. Since all
the counterbalanced groups, indicated by colour, are
shown in the gure, it represents the possible result

Fig. 5. Alldrawings collected in the study. Itillustrates the neeoOf a reql appllcatlon where the occurrence ,Of BI,PS, IS
for our descriptive model based on numerical values that enapidnPredictable. Itis also an example for the diversity in

an evaluation independent of the drawings. Colours represeridS€r drawings. In this form it is very di cult or even
the counterbalanced groupsiieen= A;red = B;blue = C). impossible to work with the data. To obtain data that

Annotations removed for be er readability. can be evaluated, we use our proposed method and
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