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Abstract

Usability testing is expensive in some fields due to the resource requirements that go hand in hand with
taking the context of use into account. Crisis related applications are one such field, typically requiring
the reenactment of an extensive crisis scenario. To lessen the resource requirements crisis scenarios can
be reconstructed as virtual reality simulations. This paper outlines the development of an initial proto-
type of such a simulation. A refined prototype could eventually allow usability testing of a mobile app
in a virtual reality crisis simulation.

1 Problem Identification and Motivation

Crisis management is 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 in the lab is necessary but not sufficient to improve the usability of crisis related in-
teractive systems. Methods that focus on the context of use such as contextual design (Beyer
& Holtzblatt, 1999) and field research methods (Kantner et al., 2003; Rosenbaum & Kantner,
2007) are typically conducted during common work processes. These methods by themselves
are not suitable for usability tests of crisis related interactive systems because a crisis hap-
pens unexpectedly and is not part of the routine work. 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. The tests should therefore be stopped if a crisis
occurs and be turned into a post-crisis examination.

Due to the outlined problems, field exercises also known as crisis simulations (Boin et al.,
2004; Kleiboer, 1997) are used for usability testing of crisis related interactive systems
(Nestler, 2014). These real crisis simulations are resource intensive because they require
actors, extras, vehicles, equipment and space (see figure 1). Additionally, changing variables
during real crisis simulations, which is often desired for usability testing purposes, is not
easy.
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Figure 1: Excerpt of the overview of a real crisis simulation (Nestler, 2014) which shows some of the required
vehicles and indicates the space requirements.

Mann et al. (2004) point out, that improvements in disaster management are needed. Im-
proved usability of interactive systems in a crisis context can serve as a step in that direction.
If the resource constraints of real crisis simulations could be relaxed, more in depth usability
tests could be conducted on the same budget. Ceteris paribus this would lead to an improved
usability of the tested interactive system.

2 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 assump-
tion objectives can be identified based on the initial conditions (i.e., are real crisis simula-
tions already used or are they not used at all so far).

1. Real crisis simulations are not used for usability testing

- Problem: Real crisis simulations are too resource intensive and as a result only lab
based usability tests are conducted. The crisis context is not taken into account.

—  Objective I: 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.

2. Real crisis simulations are 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.
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- 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 re-
source 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 (Perry, 2004) objective 3 is excluded as a candidate.
The initial goal is to work towards 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 et al.,
2009; Seymour et al., 2002) therapy (Riva, 2005) and way finding (Tang et al., 2009). Fur-
thermore, virtual prototypes (Kuutti et al., 2001) and virtual worlds (Chalil Madathil &
Greenstein, 2011) have been suggested as potential tools for usability testing. 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 is a prolonged power outage because it is described in litera-
ture (Petermann et al., 2014) and the scenario is used in the INTERKOM research project'.
This ensures access to domain experts for future iterations of the VRCS. The interactive
system for which the usability tests will be conducted within the VRCS was limited to a not
further specified handheld mobile device that provides helpful information during the ongo-
ing crisis.

3 Design and Development

The developed prototype served as a first test for some ideas 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 mobile device that will even-
tually be tested within the VRCS. The simulation was limited to a small city that was con-
structed 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 gar-
bage 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. With one minor exception, buildings cannot be
entered. A playback component for a before-after effect of ten identified events (like in-

I See acknowledgements for further details.
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creased accidents due to the lack of working traffic lights) was also added. These effects are
triggered upon entering certain zones.

The mobile device for which the usability testing will eventually be conducted within the
VRCS was prototyped as a very simple virtual tablet (see figure 2).

Da Heizung und Kiichengerite ohne
Strom nicht nutzbar sind, wird
vermehrt mit offenem Feuer gekocht
oder geheizt. Dies fiihrt zur erhdhten
Brandgefahr und damit verbundenen
Einsétzen der Feuerwehr.

Figure 2: A scene from the VRCS depicting a power outage. The German text on the tablet 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 tablet and a virtual hand that holds it show up at the bottom of the simulation when cer-
tain trigger points are passed. There is no interaction with the virtual tablet. The device simp-
ly shows text related to the ongoing crisis. For example, when the trigger point for an acci-
dent is passed, the tablet will show a note that due to the lack of functioning traffic lights,
accidents increase significantly during the early stages of a power outage.

The two technology choices for the development of the VRCS were (a) picking a virtual
reality technology and (b) picking a 3D-engine. While there are many virtual reality technol-
ogies an approach based on the Oculus Rift (OR) and an Xbox controller was selected be-
cause the OR and controllers were already available to us and integrated into the teaching
process. 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 and already used in other projects at the Hochschule Hamm-Lippstadt.
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4  Qutlook

This paper outlined the motivation for the development of a VRCS prototype, defined objec-
tives for its construction and sketched a high level view of the design and technology choic-
es. While it proved to be feasible to build the prototype within a reasonable timeframe the
construction of the first version of the VRCS has already revealed some defects and ideas for
further improvements. Thus the next step is to iteratively improve the VRCS and to develop
experiments to test it before eventually moving on to conducting usability tests inside the
VRCS. Input from both domain experts in crisis management and human-computer interac-
tion (HCI) specialists is needed and welcome to achieve this. To kick-start this dialogue 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 et
al., 2014; McCauley & Sharkey, 1992) occurred while using the VRCS. The next iteration of
the prototype will thus focus on following best practices (Yao et al., 2014) that lead to a
reduction in cybersickness. 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 et al., 2000). For example, within-subject designs require a longer expo-
sure 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.

Presence: An evaluation of presence and how different variations of the VRCS influence the
feeling of presence is needed. The methods suggested by Witmer and Singer (1998) as well
as Poeschl and Doering (2013) provide instructions.

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. However the actual app that will be tested influences the design of the VRCS
scenario and as such knowing the exact system to be tested is a precondition for further ad-
vances.

Representation of mobile apps in virtual environments: There are multiple possible ways of
representing an app in a VRCS. Mirroring the screen of the actual device onto a virtual rep-
resentation of the device or a recreation of the app within 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 virtual keyboards or ges-
ture control (Cheney & Ancona, 2014) could prove fruitful. The problem of interacting with
the mobile device can be mitigated by moving form a HMD to a CAVE (Cruz-Neira et al.,
1993) which is planned in the near future. 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.

Crisis representation: The selected crisis scenario was built ad hoc without the input of do-
main experts based on the scenario description found in Petermann et al. (2014). Since most
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test subjects will not have experienced this crisis situation it is hard to measure how realistic
the reconstruction actually was. The most obvious approach is to involve domain experts and
rely on their feedback or create the crisis scenarios in cooperation with domain experts,
which is currently being done for three scenarios 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.
Additionally content development was an afterthought and mostly based on what was availa-
ble for free and some intuition regarding the construction of the city. A more rigorous ap-
proach following established principles (Isdale et al., 2002) is planned for a future iteration.

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 pro-
totype the next steps need to focus on actual actions that are taken during a crisis. These
interactions depend on both the app to be tested and the crisis scenario, which have to be
developed. The addition of a walking device like the Virtuix Omni as a replacement for the
need to walk via a gamepad is planned in the near future.

Usability testing of the VRCS: From an HCI point of view we jumped straight into the de-
velopment 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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