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ABSTRACT
The main aim of the CRISIS project is to develop a simula-
tion that will train first responders and crisis managers how
to respond when a crisis occurs. By building an interactive
graphical simulation based on video games technology, the
aim is to allow trainees to safely train, on demand, in a vir-
tual environment. This paper summarises how the CRISIS
project will attempt to extend the state of the art in crisis
training. A broad statement of CRISIS simulation priorities
follows and the paper continues with a review of how some
aspects and techniques of game development may apply to
the development of a training simulator.
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INTRODUCTION
CRISIS (CRitical Incident Management training System, us-
ing an Interactive Simulation Environment) is a three year,
EU FP7 funded project. The main deliverable of the project
is an immersive simulation-based training system. The sys-
tem aims to be on-demand, meaning that a single user could
use the system to perform catch-up training between shifts,
or allow multiple users to run through large scale, day long
scenarios. The multiple users can either be within teams
(e.g., a team of on-scene fire fighters) or across teams (e.g.,
the fire team communicating with the local command post).
The key training foci are decision making, problem diagno-
sis, planning and acting beyond procedural familiarity.

As well as the core simulation, CRISIS will also contain so-
lutions for planning training exercises and executing a com-
prehensive after action review. The exercises planning sys-
tem will allow the instructor to select both the main scenario
and a set of distractors (small, unexpected events) to com-
plicate the exercise. The after action review will allow for
trainees to receive detailed feedback almost instantly after
the exercise has finished.

The system will need to be reconfigurable such that different

corporations and public services can easily adopt the train-
ing system; ranging from airports and train stations to oil rigs
and nuclear power plants. Procedures and command struc-
tures must also be configurable, providing a test bed to try
out new tools and procedures in a safe environment. Any
new tools or procedures that perform well in training can
then be implemented in the real world.

The remainder of this paper is divided into four sections: (i)
the related research in the area of training simulations, (ii)
six ways in which the CRISIS project can advance the state-
of-the-art in training, (iii) the main priorities of CRISIS in
the area of simulation and interaction, and (iv) the research
issues that are raised when tackling these priorities. Some
of these issues have already been identified in the gaming
industry, where appropriate examples will be described. The
remaining areas help identify the novel research core of the
CRISIS project.

BACKGROUND
Table top training is common in many workplaces and helps
decision makers to play out a crisis scenario and see the out-
comes of the decisions they make. These exercises tend
to use only pen and paper, and sometimes a map. While
trainees often immerse themselves in this type of training, it
is difficult for them to both visualise the scene and see the
consequences of their actions. Another problem with table
top exercises is that they usually focus on the high level de-
cision makers, and not those who are first to respond to a
scene.

Computer based training simulations have become more pop-
ular since their early use in the 1990s, for example, train-
ing new road drivers [1]. The improving ability to simulate
the human body has increased the demand for medical train-
ing simulations. By combining virtual reality and haptics,
medics can be trained in fine grain techniques such as sutur-
ing [4]. Simulators for more coarse grain medical training
such as triage are also available [3]. Other examples of sim-
ulated training include military training [5] and launch team
training at NASA [6].

Training simulations that place the user in a virtual world
share many attributes with video games known as first per-
son shooters, where the gamer plays the game from the first
person perspective of the main character. The unfortunate



truth is that there is lot more financial investment in the
gaming industry, leading to more research and development.
Larger game companies tend to develop their own game en-
gine, which gives them a base for building new games. A
game engine is a piece of software designed for creating
and developing video games, and typically includes func-
tionality such as a rendering engine for creating the 3D or
2D graphics, a physics engine for movement and collision
detection, and other functionalities such as sound, anima-
tion, artificial intelligence, networking, and memory man-
agement; and may also provide an integrated development
environment for rapid game development.

Game companies will offer the use of their engines, either
under licence or for free, to smaller game companies and
simulation developers, which helps to reduce costs and de-
velopment time. One example of a simulation that uses a
third party game engine is America’s Army, which uses the
Unreal Engine [8]. America’s Army is a primarily used as
a recruitment tool for the U.S. Army. It is free to down-
load and allows teenagers to interact with realistic weapons
and environments, and work together to overcome a com-
mon goal. It has a community of over 10,000 members at
the time of writing, and is now in its third generation. The
Source engine has been used to develop a training system
for laboratory accidents [2], and a more recent version of
the same engine was used to simulate fire drill training [7].
In both cases, the game engine made it much easier for the
researchers to develop their own virtual world, and create
visual effects such as smoke and fire.

HOW CRISIS ADVANCES STATE-OF-THE-ART IN SIMU-
LATION TRAINING
From a research perspective, it is important that CRISIS ad-
vances the state of the art in simulation training. There are
six broad area in which CRISIS can specialise:

(1) Generating an understanding of how crisis management
is currently coordinated in large scale, multi-agency scenar-
ios. This includes identifying the team coordination, the hi-
erarchical command structure and human interoperability.

(2) Complementing current expensive, live training exercises
with a cost effective simulation, including techniques to re-
duce the effort for after action review data analysis and in-
corporate training on-demand.

(3) Developing an immersive simulation environment that is
based on cutting edge game technology and integrates both
the first response and command levels involved in managing
a crisis incident.

(4) Developing real-time decision support and knowledge
management tools to access procedures and security policies
mid-training, including solutions for querying events and ac-
tions that occur within a training exercise using natural lan-
guage.

(5) Developing user interfaces that are natural and compati-
ble for use in emergency management training.

(6) Developing a theoretical framework for identification,
abstraction, and representation of relationships that are cru-
cial for sense-making in critical incidents.

The above list is broad and covers many research areas. For
this reason, the remainder of this paper will focus on simu-
lation (3) and interaction (5).

CRISIS SIMULATION PRIORITIES
For the main training simulation, which will be the core of
the CRISIS system, a set of six priorities have been identi-
fied, they are as follows:

Training
The training priorities for CRISIS are in situation assess-
ment and decision making. The aim is that a realistic immer-
sive world will provide trainees with enough detail to assess
the situation as they would do in real life. This assessment
would then be passed on to the command team, who again
can make realistic decisions based on this information.

In addition to the types of training, it is also important to
understand the transfer of learning. Rather than just play-
ing through the scenario, trainees need to learn the proce-
dures to follow, and correct decisions to make. How can the
transfer of knowledge be maximised so that trainees learn
everything they need to from the simulation? If this cannot
be maximised, how does one measure the amount of knowl-
edge that has been transferred?

Realism
Realism is a difficult term to define, and can cover a broad
range of topic areas, ranging from graphical realism to pro-
cedural realism. It is much more than just high fidelity graph-
ics and accurate physics. Realism can also refer to the way
in which characters in the simulations behave; rigid move-
ments or poor voice acting are not realistic and can break the
immersion. Another example of realism involves the train-
ing scenarios themselves; if events occur that would not hap-
pen in real life, then trainees will find it difficult to immerse
themselves in the simulations. The question is what aspects
of realism are important in training?

Engagement
Engagement follows on from realism; having a realistic sim-
ulation will help to engage trainees. There are, however,
other methods to further the engagement. One method is to
tailor the simulation to suit an individual, which can make
the training feel more personal. An example of this is psy-
chologically profiling trainees before the simulation. Their
current attitudes and stress levels can be captured, altering
either the pace of the scenario or interactions with non-human
characters. Another possible method of engagement is to
make trainees work along side their real team-mates. We
need to establish whether engagement matters in training, in
addition to how it can be produced.

System Performance



High fidelity graphics, artificially intelligent characters and
multi-player capability all require a large amount of process-
ing power. To keep the simulation running smooth and in
real time, optimization and performance are important fac-
tors in the design of the simulation. The use of a game en-
gine can help since they often come with plug-ins and al-
gorithms to improve performance (e.g., occlusion culling).
Rendering a large geographical area is often done by seg-
menting it and loading the segments when required, produc-
ing loading screens. Breaking up the interaction in this fash-
ion may be detrimental to keeping trainees immersed, and is
unacceptable for the CRISIS project. How can system per-
formance be managed to produce an acceptable experience?

Situation Assessment and Decision Making (No-Prompts)
Computer-based training systems often omit the situation as-
sessment stage of the decision making process and instead
present trainees with a set of multiple choice options from
which they choose one. In such computer-based training
simulations, wrong or poor assessments of the situation can
be compensated by selecting a recognisable action that is
likely to be correct. This is limiting in two ways: (i) trainees
are not practised in assessing a situation and understanding
the nature of the problems that the situation presents, and (ii)
trainees are not practised in developing courses of action as
they would have to in a real-world situation. CRISIS aims
to address this by designing the simulation such that trainees
will be required to assess a situation and to know when a
decision is required and what makes it appropriate, without
being prompted by the system. This is a much more diffi-
cult approach since the simulation needs to offer these affor-
dances without relying on recognition of artificial prompts.
For example, when performing triage, trainees should spon-
taneously know (and be able) to check the pulse, rather than
prompted to choose the action from a set of options.

Variable Uncertainty
The problem with repeated, on-demand training is that trainees
start to complete the scenario from memory rather than by
following real world procedures. As mentioned earlier, CRI-
SIS scenarios will offer variable uncertainty by injecting dis-
tractors (a set of events) into the system. Variable uncer-
tainty is the functionality in CRISIS to control the number
of events that occur in the simulation per period of time, the
randomness of event presentation during the simulation, and
situational complexity of the event. By randomly varying
the uncertainty with which events are generated along these
three dimensions, it is possible to have a different training
exercise each time the simulation is run. In addition, by be-
ing able to control the variation along the three dimensions,
it is possible to create classes of events that are focused on
training different levels of skills (Figure 1).

For example, we can create exercises for drill-type train-
ing by minimising the number of events, tightly controlling
when an event occurs, and minimising situational complex-
ity. This makes such drill repeatable. We can create ex-
ercises for intermediate levels of expertise by keeping the
number of events low while increasing the situational com-
plexity and the randomness of the event occurrence. In the

Figure 1. The three degrees of variability; number of events, random-
ness of events and situational complexity.

final class of training exercises, we can create exercises for
advanced levels of expertise by maximising the number of
events, their situational complexity, and their randomness of
occurrence

Another interest for CRISIS is the use of uncertainty in the
decision making process. Normally the correct decision will
provoke a correct response, however, varying the response
would allow for multiple outcomes. The difficulty here is
the variability; how to introduce a variable set of outcomes
and avoid a rigid scenario structure. How can variable un-
certainty be systematically managed?

VIDEO GAME DEVELOPMENT TECHNIQUES AND THEIR
APPLICATION TO TRAINING
This section reviews video game development techniques
that are relevant to the design and implementation of the
CRISIS project as a new form of training capability. These
techniques would differentiate on issues that matter in a train-
ing as opposed to computer games. A computer game’s suc-
cess is determined by the degree of emotional engagement
of gamers with the game, if gamers do not enjoy the game
the game fails. This may be contrasted with a training sim-
ulation in which success may be determined by whether the
learning outcomes have been achieved. Given these different
evaluation criteria there are a range of open questions as to
how techniques used in games may be applicable in training.
Another difference between video games and simulations is
the development cost. Modern video games have enormous
development budgets, allowing them to invest heavily in the
creation of highly detailed and realistic environments. Infin-
ity Ward’s Call of Duty: Modern Warfare 2 had a budget in
the region of $45 million for development alone. Simula-
tions systems must be developed for a fraction of this cost.

Based on the above priorities, a set of research areas have
been identified. System performance has already been ad-
dressed in the CRISIS project by the decision to use an ex-
isting game engine (Unity 3D), which is pre-packaged with
optimisation tools (e.g., occlusion culling). Two areas that
are implicit to the priorities are interaction and the simula-



tion of people, which will also be discussed. For each of
the research areas, there are examples of game development
techniques. Although we are able to learn from all of these
examples, some highlight how simulation training requires a
much different approach than those found in video games.

Realism
One aspect of realism is high fidelity graphics. Large devel-
opment teams and budgets enable video game companies to
show detailed examples of how the real world (with build-
ings, vehicles, people, etc) can be simulated to produce en-
gaging experiences. The issue here is whether a 3D train-
ing simulation can achieve a level of realism comparable to
modern video games using only a fraction of the cost. The
use of game engines, as described above, is one method. The
problem is that game companies tend to make their engine
available only after they have started work on a new engine
for their next generation of games. This always leaves those
who do use third party games engines a generation behind.
It is most likely the case that the same level of fidelity cannot
be reached without matching video game development bud-
gets. If this is so, then it may be more beneficial to put more
effort into other areas such as believability.

Believability is a loosely defined term since it has many at-
tributes; from the way in which non-human characters move
and respond, to the events that occur within a training sce-
nario. Video games tend not to have an issue with scenario
based believability since they are mostly works of fiction,
and as such the gamer accepts the fantasy world they are in.
This is much different than in training simulations, where a
trainee is proceeding through a scenario based on real life
events.

What we can learn from the gaming industry is how to an-
imate characters in the simulation; how they walk, run and
talk has a big impact on believability. Games such as Rock-
steady Studio’s Batman: Arkham Asylum contain sophisti-
cated fight scenes, and so it important to make the villains
punch and kick in a believable manner. For the development
of Mass Effect 2, Bioware employed professional film actors
(rather than just voice actors), and used motion capture and
artificial intelligence to generate realistic human behaviour.
Again these techniques have a large financial demand and
so it is important to establish if they can imported into the
simulation world at a fraction of the cost.

Engagement
Games are very good at engaging the user by playing on
their psychology (e.g., in liking challenges, in being pleased
in solving puzzles, in getting pleasure in virtual rewards, or
being flattered or praised). Keeping the user engaged and
happy in a game is foremost. The question is which games
techniques are appropriate in training? Some probably are
(e.g., giving the gamer/trainee graded challenges and feed-
back on their performance) while others are not (e.g., allow-
ing the gamer/trainee to earn virtual money to upgrade their
weapons).

Personalised engagement can help to further draw trainees

into a simulation environment. For example, Climax Group’s
Silent Hill: Shattered Memories is one of only a few exam-
ples where this occurs in the game industry. In Silent Hill,
the gamer is psychologically profiled at the start of the game
(using multiple choice questions). The results of these pro-
files are then incorporated into the main game play. Exam-
ples include the appearance of the main non-playable char-
acter (whether she is reserved or sultry), or your character
being either weak, angry, sleazy or loving.

Tailoring simulations allows the training outcomes to be based
on the trainee’s strengths or weaknesses. Rather than just
asking a set of multiple choice questions, trainees could have
their biometrics read. If they are found to be particularly
stressed then more random distractors could occur to really
test their ability in the training simulation.

Providing Affordances and Avoiding Prompts
Perceived affordances are what the trainee or gamer can per-
ceive to be able to do in their 3D world. For example, in
Valve’s Half Life 2, gamers discover they can pick up ob-
jects such as palette crates, and they also discover that step-
ping into dark green water kills them. At one point in the
game there is a large stretch of toxic water and a lot of crates
scattered about. The affordances offered let the gamers pick
up the crates and make a walk way through the toxic water.
At no point are they directly told by the system that they can
do this.

Alternately, games often borrow from the WIMPS metaphor
and use menus and icons to assist in the mechanics of the
game. The use of these supports the old interface adage
that recognition is better than recall, you can offload gamers
having to remember information by showing them represen-
tations that they can recognise as showing the options that
are available. Telltale Games’ CSI: Deadly Intent is a good
example of a menu based driven game. When gamers in-
vestigate a piece of evidence, they then have a choice of four
methods of forensic analysis. Recognition allows the gamers
to select the correct method.

In real life situations, however, we have to rely on our knowl-
edge and skills in reading and dealing with situations, this
leads us to the challenge of the no prompts requirement.
How can we design affordances in the simulated world such
that gamers can interact in a natural manner without resort-
ing to unnatural prompts?

Variability
Video games often praise themselves on having multiple end-
ings. A recent example is Quantic Dream’s Heavy Rain. The
ability to choose who you kill as the game progresses allows
for 22 different endings. The development problem here is
that each of the endings needs to be written, designed and
implemented. This becomes a long and costly process, and
is always restricted by the structured way in which the sto-
ryline may flow. This design of scripted variability will not
map well to training simulations that require high variability.

An alternative answer to such an issue is to use simulation



as in real time strategy games such as E.A. Games’ Com-
mand and Conquer: Generals. Here the gamer is given the
ability to build an army with the object of defeating the op-
ponents army. It is up to the gamer to decide how to do this.
The ability to build different types of units and attack from
multiple directions at any given time gives the gamer a lot of
freedom in how to proceed through the level and allows it to
be different every time. Basic artificial intelligence defines
how the enemy attacks back, and again this can be varied
in the same way, each time making the user plan a different
defence system.

Although there are only two outcomes from this type of the
game (win or lose), this can map well to a training simu-
lations where trainees either performed well or performed
poorly. The path that they freely chose to get to the end of
the scenario can be assessed in the after action review.

Interaction
In driving and flying simulations the trainee tends to be seated
in a real car or cockpit and look out onto a projected vir-
tual world. In these situations trainees interact with real de-
vices, so the interaction techniques they learn apply to the
real world. In simulations such as CRISIS, trainees may
need to walk around a virtual world. This requires them to
learn how to interact with that virtual world, which would
be much different than if they actually walked around the
real equivalent. While how they interact is an important im-
plementation question, it is something that occurs in almost
all computer games. In most first person shooters, gamers
navigate through large 3D worlds using either a mouse and
keyboard or a game controller. These gaming interactions
can be quickly and easily applied to training simulations.

The question is how will non-gaming, variable age-range
trainees cope with this? How can we accommodate them,
and design for them? We can also ask what differences are
there between expert gamers of 3D games and non gamers.
It is likely that there are at least two key differences, (i)
in physical skill and hand eye coordination in manipulat-
ing input devices and (ii) in game literacy, in understanding
the constructs of and flows in gaming, in questions around
views and cameras, in recognising affordances and presum-
ably many other issues we have yet to identify.

Simulation of People
Infinity Ward’s Call of Duty: Modern Warfare 2 and Naughty
Dog’s Uncharted 2: Among Thieves both have example of
simulated colleagues. These colleagues talk to the gamer
and help them feel immersed in the game. There is almost
no interaction with the colleague, however, since they follow
a strict script of dialogue and actions as they accompany the
gamer through the level.

As discussed, the CRISIS simulation is for both individu-
als and teams. When trainees are training individually, their
colleagues need to be simulated. The issue here is that there
needs to be heavy interaction with the colleague, such as
communication, following orders and receiving feedback. If
only a small number of interactions are required then they

can be scripted into the system, but for a more free flowing
set of interactions, and complex artificial intelligence sys-
tem is required. The games industry experience shows us
that simulation of people is hard, and interacting with these
people is even harder. Consequently the question is how can
we tailor training so that simulation of people or interaction
with them is at an acceptable level?

Transfer of learning
The training and learning that happens in first person shooter
video games is different to that in crisis training. Gamers do
learn new skills and improve over time, but they are learning
how to better their interactions with the system. Killing op-
ponents by aiming the cross-hair requires high precision and
speed, and is a skill that gamers learn over time. The more
skilled the gamers are, the easier the game becomes and the
higher the score they can achieve.

In CRISIS, we do not want performance to be based on how
well trainees can interact. We want their procedural knowl-
edge and decision making skills to improve. A more ap-
propriate video game for this type of learning is Blizzard’s
World of Warcraft, where a less precise point and click style
interface is used to cast spells and flight monsters. The skills
that gamers learn instead include knowing the procedure of
which spells to cast, and when, assessing when your team-
mates need help, and working together to defeat the enemy.
The question is how can these measures be adapted to as-
sessment of training?

CONCLUSION
This paper has discussed in some detail the EU FP7 funded
CRISIS project, which aims to train crisis staff in emergency
situations using an immersive simulation. A broad scope
of how CRISIS will advance the state-of-the-art in training
has been documented and, focusing specifically on the core
simulation, a set of priorities have been identified. These
priorities lead to a set of research and implementation issues,
for which some solutions can already be found in the gaming
industry.

At the time of writing, the end user requirements are still
being gathered, so it is hard to prioritise the research issues.
This will hopefully be identified in the near future; establish-
ing those that can borrow from modern gaming technology,
and those that have to be innovative and new. The latter are
what will become the research core of CRISIS; advancing
the state-of-the-art and improving training simulations for
both crisis management and many other domains.
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