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ABSTRACT
Usability testing is expensive in some domains due to the resource requirements that go hand in hand with
taking a complex context of use into account. Crisis-related research is one such domain, typically requiring the reenactment of an extensive crisis scenario. To lessen the resource requirements and provide a more
flexible setup geared towards testing, crisis scenarios can be reconstructed as virtual reality simulations.
This paper outlines the development of an initial prototype of such a simulation following the design science
method. The prototype is used to test if injecting an item that will be tested into the simulation affects the
realism of the virtual reality crisis simulation. The realism was measured in a within-subject experiment and
equivalence tests showed that injecting a representation of a simple app had no significant influence on the
realism of the simulation.
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1. INTRODUCTION AND METHOD
This paper outlines the development of a virtual reality crisis simulation (VRCS) prototype to
enable a novel form of usability testing for crisis-related interactive systems. The nature of the
research, namely the development of an artifact (instantiation) that solves a previously unsolved
problem, suggests a design science (DS) approach (Hevner, March, Park, & Ram, 2004). While
DS has mostly been discussed in general information systems research during the last ten years
(Hevner et al., 2004; Peffers, Tuunanen, Rothenberger, & Chatterjee, 2007; Offermann, Levina,
Schönherr, & Bub, 2009; Österle et al., 2011) it is equally applicable for human-computer inDOI: 10.4018/IJISCRAM.2015070103

Copyright © 2015, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

International Journal of Information Systems for Crisis Response and Management, 7(3), 40-54, July-September 2015 41

teraction research projects (Hevner & Zhang, 2011; Tarantino & Spagnoletti, 2013) and in crisis
contexts (Schryen & Wex, 2015). The design science process model (DSPM) suggested by Peffers
et al. was chosen because it synthesizes different previous models and “defines a mental model
for presenting and evaluating DS research” (2007). The remainder of this paper is structured
according to the DSPM. Figure 1 shows the adapted process.
The research can be classified as a problem-centered initiation because the construction of
the artifact was motivated by an identified problem, namely that usability testing based on real
crisis simulations is resource intensive and inflexible. The activities problem identification and
motivation, definition of objectives of a solution and design and development were conducted
in sequential order. While a general problem and general objectives for a solution were identified the research question of this paper relates to the identified sub-problem that injecting an
item into the VRCS for testing purposes can influence the realism of the VRCS. Accordingly,
the evaluation activity is not aimed at the identified general problem but rather at advancing
the prototype to a stage where that problem can eventually be tackled. To reach that stage the
evaluation conducted in this paper is aimed at the identified sub-problem. The demonstration
activity was not conducted because the prototype is still at an early stage and cannot be used to
solve concrete problems yet. The publication of this paper and the anticipated discussions serve
as the beginning of the communication activity.

2. PROBLEM IDENTIFICATION AND MOTIVATION
Professionals (emergency medical services, fire and rescue service, police) use crisis-related
interactive systems during their work processes. Citizens can uses crisis-related interactive systems like apps or web applications to help them prepare for crises or in case a crisis breaks out.
However, crisis situations are a complex domain. In complex domains, the context of use has to
be taken into account for usability testing (DIS, 2009; Redish, 2007). Consequently, usability
testing of these systems in the lab is necessary but not sufficient. Human-computer interaction
methods that focus on the context of use such as contextual inquiry (Holtzblatt & Jones, 1993)
and field research methods (Kantner, Sova, & Rosenbaum, 2003; Rosenbaum & Kantner, 2007)
Figure 1. Adapted design science process model according to Peffers et al. (2007)
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are typically conducted during common work processes or day to day activities. Unmodified,
these methods by themselves are not suitable for crisis-related interactive systems because a
crisis happens unexpectedly and is not part of the routine work or typical daily activities. Even
if a crisis would occur while these methods are used they could negatively affect the outcome of
the crisis, for example by disturbing domain experts during their tasks. Therefore, these activities
should be stopped immediately if a crisis breaks out.
Due to the outlined problems, field exercises also known as crisis simulations (Boin, KofmanBos, & Overdijk, 2004; Kleiboer, 1997) are used for usability testing of crisis-related interactive
systems (Nestler, 2014). These real crisis simulations1 are resource intensive because they require
actors, extras, vehicles, equipment and space (see Figure 2). Additionally, changing variables
during real crisis simulations, which is often desired for usability testing purposes, is not easy.
During the ongoing research project INTERKOM2 the outlined problem of taking a complex
context of use into account became evident while prototyping a mobile app for the communication between citizens and crisis-professionals. This motivated the outlined research.

3. DEFINITION OF THE OBJECTIVES FOR A SOLUTION
To counteract the resource requirements of real crisis simulations these simulations can be transferred into virtual worlds. The resulting simulations are virtual reality crisis simulations (VRCS).
The development and use of VRCS is associated with costs. To provide a benefit for usability
testing these costs have to be lower than the resources saved by using the VRCS. It is currently
assumed as a working hypothesis that this can be achieved. Under this assumption objectives
can be identified based on the initial conditions of the usability testing setup (i.e., are real crisis
simulations already used or are they not used at all so far):
1.

Real crisis simulations are not used for usability testing yet:
◦ Problem: Real crisis simulations are too resource intensive and as a result at most lab
based usability tests are conducted. The crisis context is not taken into account;
◦ Objective 1: If some additional resources are available but not sufficient to conduct
an entire real crisis simulation they can be used to conduct VRCS and as a result the
crisis context is taken into account;

Figure 2. Excerpt of the overview of a crisis simulation (Nestler, 2014) which shows some of the
required vehicles and indicates the space requirements (faces blurred)
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2.

Real crisis simulations are already used for usability testing:
◦ Problem: Due to the resource requirements of running an entire real crisis simulation
both the number of design solutions that can be tested and the scenarios in which they
can be tested are limited;
◦ Objective 2: VRCS can serve as a pre-test to reduce the number of design solutions that
have to be tested in the real crisis simulation. VRCS can also be used to pre-configure
the real crisis simulation to fit the testing needs;
◦ Objective 3: VRCS replace the real crisis simulations entirely. Due to the reduced
resource requirements more scenarios can be tested or scenarios can be tested more in
depth and varied easily.

Since real crisis simulations are common practice and accepted as useful as a general tool
outside the realm of usability testing objective 3 is excluded as a candidate. The initial goal is
to develop a prototype that can eventually fulfill objective 1 or objective 2.
The development of the VRCS and its integration into the usability testing process should
be possible and feasible (Peffers et al., 2007). It is possible in principle because virtual reality
has been used successfully for other purposes like training in different domains (Orr, Mallet,
& Margolis, 2009; Seymour et al., 2002) therapy (Riva, 2005) and way finding (Tang, Wu, &
Lin, 2009). Furthermore, virtual prototypes (Kuutti et al., 2001) and virtual worlds have been
suggested as potential tools for usability testing (Chalil Madathil & Greenstein, 2011). However
the representation of the interactive system for which the usability test will be conducted in the
VRCS (henceforth referred to as testee) could influence the realism of the simulation. Therefore,
a necessary first step is to conduct a suitable evaluation to make sure that the presence of the
testee doesn’t influence the realism of the VRCS. Thus, the initial prototype was built with this
goal in mind and serves as tool to conduct the required equivalence tests. Consequently, the
research question of this paper is: “Can a testee be injected into a VRCS without influencing
the realism of that VRCS?”
To ensure that the development of the VRCS is feasible the scope was limited by concentrating on a single crisis scenario and by creating this scenario ad hoc without the direct consultation
of domain experts. The selected scenario was a prolonged power outage because it is described
in literature (Petermann, Bradke, Lüllmann, Poetzsch, & Riehm, 2014) and the scenario is used
in the INTERKOM research project. This ensures access to domain experts for future iterations
of the VRCS. Limiting the testee to a simple virtual recreation of a mobile app inside the VRCS
further reduced the scope.

4. DESIGN AND DEVELOPMENT
The developed prototype served as a basis to test the influence of the testee on the realism of
the simulation and to get a general feeling for the feasibility of creating a VRCS. The two major
design decisions were the transformation of the crisis scenario into a VRCS and the representation of the testee. The simulation was limited to a small city that was constructed from scratch
by using preexisting city components such as buildings and streets. The city is in a state of
power outage during the entire simulation with limited sound effects where appropriate and
additional small visual indications of the power outage such as garbage that wasn’t picked up.
Obstacles that strategically limit the route to a predetermined one were used which means that
one essentially walks from start to finish within the city while still retaining a feeling of free
movement. This feeling of free movement was not measured as part of the experiment and only
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confirmed informally in talks when the VRCS was shown to another group of students later as
a technology demo (i.e. not in an experimental setting).
With one exception, buildings cannot be entered. A playback component for a beforeafter effect of ten identified events, like increased accidents due to the lack of working traffic lights, was also added. These effects are triggered upon entering certain zones. A scene
from the VRCS that shows that people will resort to open fires due to the lack of electric
heating is depicted in Figure 3. The testee was prototyped as a simple virtual recreation of
a mobile app inside the VRCS. A tablet and a virtual hand that holds it fade in at the bottom
of the simulation when a trigger points is passed. There is no interaction with the virtual
tablet. The device simply shows text related to the ongoing crisis. For example, when the
trigger point for a burning apartment is passed, the tablet fades in and shows a note that
explains that open fires are used for cooking and heating due to the power outage and as
a result more fires break out (this is depicted in Figure 4). The German text translates to
“Because electric heating and kitchen appliances cannot be used without electricity the use
of open fires for cooking and heating increases. This leads to an increased risk of fires and
corresponding increases in fire fighter deployments.”
The two technology choices for the development of the VRCS were (a) picking the virtual
reality hardware and (b) picking a 3D-engine. While there are many possible virtual reality
hardware combinations an approach based on the Oculus Rift Development Kit 2 and an Xbox
360 controller was selected because this hardware was already available and integrated into the
teaching process3. Furthermore, this setup can be used with a laptop, which makes the solution
portable. Likewise there are many different 3-D engines. The Unity Engine was selected because
it is free, wide spread, supports direct rendering of Oculus VR views and is already used in other
projects at the Hamm-Lippstadt University of Applied Sciences.

Figure 3. A scene from the VRCS depicting a power outage

Copyright © 2015, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

International Journal of Information Systems for Crisis Response and Management, 7(3), 40-54, July-September 2015 45

Figure 4. A scene with the virtual tablet (testee) from the VRCS depicting a power outage

5. EVALUATION
To test if the injection of a testee influences the realism of the VRCS, the realism was measured
for the VRCS with and without the testee. This chapter outlines the experiment and the equivalence tests that were conducted to answer the research question.

5.1. Participants
32 participants were recruited from undergraduate students of the Hamm-Lippstadt University of
Applied Sciences by asking for participation during their lectures. 26 participants were male and
6 participants were female. The age of the participants was between 18 and 29 (M = 23.28, SD
= 2.67). The convenience sampling of the participants lead to a participant pool that has a high
pre-education in the field of virtual reality as it is part of their studies (47% of the participants
had previous knowledge about VR).
The participants were randomly assigned to two groups of 16 members each without any
pretests or matching. No power-analysis to determine the required sample size was conducted
prior to the experiment since the sample-size was limited to the available students regardless.

5.2. Variables
The nominal-scale variable simulation type (with the two levels “without testee” and “with
testee”) is the treatment variable. The four variables scene realism, audience behavior, sound
realism and realism of the VR-application are the dependent variables. They are interval scaled
from 1 (very low realism) to 5 (very high realism). The dependent variables are grand means of
corresponding sub-items from the questionnaire that was used.
To control for external factors the experiment was conducted in the same conditions with
each participant. All participants used the same equipment and computer and were tested in the
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same room under the same lighting and sound conditions. The individual characteristics of the
participants are treated as random variables.

5.3. Instruments and Materials
The experiment was conducted in a dedicated laboratory with constant lighting and no disturbing
sounds. The same computer and hardware (Oculus Dev Kit 2, X-Box-Controller, 3D-Headphones)
was used for all participants. A simple self-made questionnaire to collect demographic information was used.
The realism questionnaire that was used for the evaluation4 is based on the Simulation
Realism Scale (Poeschl & Doering, 2013) which is in turn based on the presence questionnaire
by Witmer and Singer (1998). The Simulation Realism Scale was adapted to meet the needs of
this evaluation in the following manner:
•
•
•
•

The items relating to Audience Appearance were removed since Audience Appearance
showed insufficient reliability in the original study by Poeschl and Doering and is not
deemed essential for this research;
Additional sound items were added as suggested by Poeschl and Doering. For the extension the sound items from the revised presence questionnaire (UQO Cyberpsychology Lab,
2004) were used;
The realness items from Schubert (2003) were added;
All items were adapted to five levels if necessary.

The resulting questionnaire contains a total of 17 items in 4 categories. Each category represents one of the dependent variables. The questionnaire is a summated rating scale. All items
except the original sound item from Poeschl and Doering have five levels ordered from least
agreement (left) to most agreement (right). Consequently, that sound item was collected but not
used for the calculation of the grand mean for sound realism5.

5.4. Experiment Design and Procedure
Due to the limited number of participants, the experiment was conducted as a within-subject
design. To avoid an ordering effect, a counterbalanced design in which participants were randomly assigned to one of the two groups was chosen. Each group consisted of 16 participants.
Following Campbell, Stanley, and Gage (1963) the design is depicted in Figure 5. All sessions
were conducted individually. Participants who were assigned to group A started with the simulation type set to “without testee” (X1) followed by simulation type set to “with testee” (X2). The
reverse setup was used for group B. OD depicts when the socio-demographic questionnaire was
conducted, OR depicts when the realism questionnaire was conducted and CD depicts when the
cool down period happened. The length of the lines indicates the duration of the exposure to
the VRCS and the cool down time respectively. The cool down time was set at five minutes.
Unfortunately the exact exposure time wasn’t collected. On average it was 10 minutes for X1 and
Figure 5. Design of the experiment following (Campbell et al., 1963)
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X2 for a total of 20 minutes of exposure with the cool down break in between (this is indicated
by the length of the lines in relation to each other).
The same experimental procedure was followed for each participant. The participants were
seated during the entire experiment. The experimenter greeted each participant and explained
the health risks of the VRCS6. Afterwards a socio-demographic questionnaire was handed out
and upon completion the VRCS was explained to the participant. After making sure that the
HMD was set up properly and that the participant understood how to navigate the VRCS the
first run through the VRCS begun. Upon completion of the first run, the participant filled out the
realism questionnaire, which was collected upon completion. After a cool down period of five
minutes the simulation type was switched and the participant conducted a second run through
the VRCS. Upon completion of the second run a second realism questionnaire was filled out and
the experimenter collected the questionnaire and thanked the participant.

5.5. Measures
Table 1 lists the descriptive statistics of the dependent variables for the conducted experiment as
taken from the realism questionnaires on a scale from 1 (very low realism) to 5 (very high realism).
Since the objective of the evaluation was to see if adding a testee to the VRCS leaves the
realism equivalent to the VRCS without the testee an equivalence test (Kirkwood & Westlake,
1981; D. L. Schuirmann, 1981) was conducted. The formulated research hypothesis (equivalence
assumption) is “after injecting the testee into the VRCS, the realism of the VRCS is equivalent
to the realism of the VRCS without the testee” which can be formulated for the scene realism,
audience behavior, sound realism and the realism of the VR-application. The corresponding null
hypotheses were tested with the Two One-Sided Tests procedure (TOST) (D. J. Schuirmann,
1987) for the four dependent variables scene realism, audience behavior, sound realism and
realism of the VR-application. Following Wellek (Wellek, 2010, p. 11), the null hypothesis of
nonequivalence has the general form:
Table 1. Descriptive statistics of the realism questionnaire
Variable

N

M

SD

Min

Max

Scene Realism
(without testee)

32

3.92

0.54

2.60

5.00

Scene Realism
(with testee)

32

3.84

0.54

2.40

5.00

Audience Behavior
(without testee)

32

3.42

0.85

1.50

4.75

Audience Behavior
(with testee)

32

3.47

0.80

1.25

4.75

Sound Realism
(without testee)

32

4.38

0.63

2.33

5.00

Sound Realism
(with testee)

32

4.40

0.60

2.67

5.00

Realism of the VR-Application
(without testee)

32

2.67

0.72

1.25

4.50

Realism of the VR-Application
(with testee)

32

2.61

0.69

1.50

4.25
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H:θ ≤ θo − ε1 or θ ≥ θo + ε 2
while the equivalence assumption has the general form:

K:θo − ε1 < θ < θo + ε 2
The chosen epsilon value was 0.25 as this represents the suggested strict value for paired
t-tests setups (Wellek, 2010, p. 16). The degree of dissimilarity θ was chosen to be the difference
between the dependent variable before and after the independent variable was changed7. The reference value θ was set to zero as this represents the case when the distributions under investigation
are equal. Table 2 summarizes the results of the equivalence tests for all dependent variables.

5.6. Discussion
Since all TOST-Confidence Intervals fall within the range of [-0.25; 0.25] the null hypothesis of
nonequivalence can be rejected for all four cases. Thus, the VRCS with and without the testee
is equivalent regarding all relevant realism measures. This indicates, that it is possible to add a
simple virtual app to the developed VRCS without disturbing the realism. This result is a first
step towards being able to test said app in the VRCS.
It was assumed that the constructed questionnaire measures the realism of the VRCS reliably
and that realism is a good base measure for a VRCS. The idea behind the latter assumption is
that if the VRCS is perceived as real, the results of usability tests conducted within the VRCS
could be transferable to the real world. Existing research of the applicability of VR learning
to the real world (Alexander, Brunyé, Sidman, & Weil, 2005) could be a good starting point to
justify this assumption. However, the potential gap between the general realism of the VRCS
and the realism of the crisis scenario was not addressed. Experiential Design applied to Virtual
Environments (Chertoff, Schatz, McDaniel, Bowers, & others, 2008) in conjunction with domain experts would be a viable approach. Lastly it is necessary to construct and validate a more
sophisticated questionnaire or other means of measuring the realism of a VRCS while taking
the realism of the scenario into account.
Table 2. Results of the equivalence tests
Dependent
Variable

Mean of the
Difference

Standard
Error of the
Difference

Confidence
Interval (1-α)

TOST-Confidence
Interval (1-2α)

p-Value

Scene
Realism

-0.081

0.063

[-0.188, 0.025]

[-0.170, 0.007]

.006

Audience
Behavior

0.047

0.110

[-0.140, 0.233]

[-0.108, 0.202]

.037

Sound
Realism

0.021

0.047

[-0.060, 0.101]

[-0.046, 0.088]

< .001

Realism of
the VRApplication

-0.063

0.070

[-0.181, 0.056]

[-0.161, 0.036]

.006

Note: The alpha level was .05 and an epsilon of .25 was chosen. The order for the mean of the difference and standard
error was kept constant. It was set to be the value of the case “with testee” minus the value for the case “without testee”.
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6. OUTLOOK
This paper outlined the general motivation for the development of a VRCS prototype as a means
to solve the problem of taking the crisis context into account in a less resource intensive way
than relying solely on real crisis simulations. It defined objectives for a solution and identified
the sub-problem that injecting a testee into the VRCS could influence the realism of the VRCS.
A high level view of the design and technology choices was sketched.
To answer the research question “Does the injection of a testee into a VRCS influence the
realism of that VRCS?” equivalence tests with regards to the realism of the VRCS were conducted. The tests showed that the VRCS with and without the virtual app were equivalent with
regards to scene realism, audience behavior, sound realism and realism of the VR-application.
While it proved to be feasible to build the prototype within a reasonable timeframe the construction of the first version of the VRCS and the conducted experiment have already revealed
some defects and ideas for further improvements. Thus, the next step is to iteratively improve the
VRCS before eventually moving on towards the goal of conducting usability tests inside the VRCS.
Input from both domain experts in crisis management and human-computer interaction (HCI)
specialists is needed and welcome to achieve this. To kick-start this communication activity (see
Figure 1) we list some identified weaknesses and some of our own ideas for further discussion.
Cybersickness: A major drawback is that the well-known problem of cybersickness (Davis,
Nesbitt, & Nalivaiko, 2014; McCauley & Sharkey, 1992) occurred during the early stages of
prototyping the VRCS. Frame rate improvements offset the initial issues and none of the participants of the experiment reported any problems with cybersickness. However there is no guarantee
that the issue is fully solved and further tests with a more heterogeneous group of participants
are needed. The next iteration of the prototype will focus on following the best practices (Yao et
al., 2014) that lead to a reduction in cybersickness even more in depth. Even if this problem can
be reduced it may still have influence on the design choices of future experiments as cybersickness gets worse with prolonged exposure (Kennedy, Stanney, & Dunlap, 2000). For example,
within-subject designs require a longer exposure to the VRCS than between-subject designs,
which could lead to a higher number of subjects dropping out during the experiment due to the
experienced sickness.
Relationship between the VRCS and the interactive system that will be tested: The exact
specifications of the mobile app that will be tested within the VRCS are currently being developed
in the INTERKOM research project. For now a simplified virtual tablet served as a placeholder
and proved useful for equivalence testing. However the actual app that will be tested influences
the design of the VRCS scenario and as such knowing the testee is a precondition for further
advances. Additionally, the equivalence results cannot be generalized and a similar experiment
needs to be conducted for every VRCS-testee pair that one designs.
App representation: There are multiple possible ways of representing an app in a VRCS.
Mirroring the screen of the actual device onto a virtual representation of the device or a recreation
of the app within the VRCS (as was done in a simplified manner for this version of the VRCS)
are two examples. One of the key problems is that it is hard to impossible to use the mobile
device while wearing a head-mounted display (HMD). Even if that wasn’t the case the interaction with the device provides interesting challenges. A transfer of ideas from the use of touch- or
device-based gesture control (Turk, 2015) could prove fruitful. The problem of interacting with
the mobile device can be mitigated by moving form a HMD to a CAVE (Cruz-Neira, Sandin,
& DeFanti, 1993). Even if a CAVE is used, a HMD based VRCS can serve as a prototyping
environment for the CAVE as long as the underlying technology (e.g. 3D-Engine) is compatible.
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Crisis representation: The selected crisis scenario was built ad hoc without the input of
domain experts based on the scenario description found in Petermann et al. (2014). Since most
test subjects will not have experienced this crisis situation it is hard to measure how realistic
the reconstruction actually is. The next iteration will involve domain experts and rely on their
feedback about the realism of the VRCS. Three crisis scenarios (prolonged power outage, pandemic and bio terrorism) are currently being developed in cooperation with domain experts in the
INTERKOM research project. Other alternatives are seeking subjects that have lived through the
specific crisis and relying on their memory of the past experiences (which is limited to types of
crises that have already happened) or developing a generic questionnaire to evaluate if the crisis
scenario felt real. The questionnaire by Chertoff, Goldiez, and LaViola Jr (2010) could be a good
starting point. Additionally, content development was an afterthought and mostly based on what
was available for free and some intuition regarding the construction of the city. A more rigorous
approach following established principles (Isdale, Fencott, Heim, & Daly, 2002) is planned for
a future iteration. Another challenge is the potential use of real-time data in the VRCS. Wang,
Bishop, and Stock (2009) provide an overview of a framework for the integration of real-time
data in collaborative virtual environments.
Lack of interaction: Currently users can only walk through the city by using a gamepad or
keyboard in combination with the direction they look in. The simulation ends when the final
destination is reached which leads to a fade to black. While this is acceptable for a first prototype
the next steps need to focus on actual actions that are taken during a crisis. These interactions
depend on both the testee and the crisis scenario, which have to be developed. In the future, the
crisis scenario could be split into smaller units that can be used to measure the performance during concrete tasks within the VRCS like using the app to navigate to collection points, getting
warned by the app when near an exclusion zone or using the app to communicate with the rescue
service via text message. The measurements of performance can be based on the work done by
Lampton, Bliss, and Morris (2015). The addition of a walking device like the Virtuix Omni as
a replacement for the need to walk via a gamepad could be considered.
Usability testing of the VRCS: From an HCI point of view we jumped straight into the development step of the EN ISO 9421-11 process (2009). While this is a good compromise when
developing software for your own use or to quickly see how much time it takes to build a prototype, a usability test of the VRCS itself has to be conducted especially if it is to be used by other
researchers. Bowman et al. (2002), Gabbard et al. (1999) and Tromp et al. (2003) provide some
insight into how this could be done. Sutcliffe and Gault (2004) provide some useful heuristics.
Comparison of VRCS and other methods of generating a crisis context: To test the assumed
working hypothesis of resource savings VRCS have to be compared to other methods of creating
a crisis context like non-VR 3D simulations, storytelling, paper based descriptions, low-fidelity
crisis-simulation and real crisis simulations.
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ENDNOTES
1

2
3

4

5

6

7

Throughout the paper, we use the term real crisis simulation to make the distinction between these
simulations and the virtual reality crisis simulations more clear.
See acknowledgements for more details.
The fact that the technology is integrated into the teaching process corresponds to the Humboldtian
model of higher education of integrating research and studies.
Since the experiment was conducted in Germany, the German version of all mentioned questionnaires
was used if available. Otherwise the questions were translated.
The original sound item has the levels way too quiet, too quiet, right, too loud, way too loud. Alternatively this could be mapped as a 1,3,5,3,1 scoring.
An additional written explanation was given as well and a warning text was shown within the VRCS
at the beginning of the simulation.
The order was kept constant. The degree of dissimilarity was always set to the value of the dependent
variable for the case “with testee” minus the value for the case “without testee”.
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