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Abstract Despite the growth of advanced communication

technologies, smart devices etc. the main approach to train-

ing strategic planners for crisis management (Gold Com-

manders) continues to be a paper-based, collective group

dynamic exercise. The Pandora project has developed an

advanced smart environment for the training of Gold Com-

manders which uses AI planning techniques to provide a

crisis scenario modelled as an event network. This includes

points of decision for trainees managed by automated rules

from a knowledge base, behavioural modelling of the train-

ees, and ambient management of the environment to provide

affective inputs to control and manage trainee stress. In this

context, the system controls and reacts to trainee perfor-

mance in relation to the events and decision points and can

dynamically remodel and reconfigure the event network to

respond appropriately to trainee decisions. Trainees can also

be pressurised through compression of the timelines or

ambient management of the multimedia information pre-

sented within the environment, causing them to make deci-

sions under stress or with inadequate information. The

environment can also represent any missing trainees within

the scenario, which provides the potential to offer a com-

pletely autonomous facility for scenario design and test, and

potentially a decision support facility, based on a build-up of

empirical evidence from real world and training situations. In

summary, the Pandora system integrates its computational

intelligence, with the intelligence of the trainer and the

trainees, to provide an emotionally engaging, augmented

reality/virtual reality training environment for crisis

managers.
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1 Introduction

The Pandora advanced training environment (PATE) is a

smart environment designed specifically to train Gold Com-

manders in crisis management. Gold Commanders operate at

the strategic level and may deal with a crisis at a local, national

or international level. They will be individuals in an organi-

sation who have senior management or executive level

responsibility for services typically involved in crisis man-

agement, such as the police, fire and health authorities, or local

government executives with direct responsibility for protect-

ing the functions of civil society. Crises in which Gold

Commanders will be involved, will typically present complex

situations, and require a coordinated, multi-agency response.

Whilst Gold Commanders will bring a wealth of experience

and knowledge from their own specific areas, they need

training to develop their skills in working with senior execu-

tives from other agencies and to understand the constraints

under which they are working. A key component of this

training includes the development of negotiation skills and the

ability to understand the need for pragmatic trade-offs
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between agencies that may be necessary in order to manage

and lead a crisis situation as a team.

All Gold Commanders will generate pre-prepared plans,

in the calm of an office environment, outlining how they

intend to mobilise and use resources in the event of a crisis

situation, however, those plans will largely if not entirely,

be developed in isolation from other agencies. All crisis

situations will present Gold Commanders with some

unique circumstances and problems to solve, and that

might include stressful situations such as the requirement

to make life and death decisions under extreme pressure

and in a time constrained manner.

Developments in rich multimedia environments and

artificial intelligence techniques, often brought together in

computer games and serious games technologies have now

afforded us the opportunity to not only provide realistic

game-based simulations but intelligent and autonomous

systems that can be used for training purposes. Methods

from games, film, education, and artificial intelligence have

been brought together in the Pandora environment to pro-

vide a rich, multimedia, semi-autonomous and smart

environment for training Gold Commanders. The focus of

the smart environment in Pandora is based around the

intelligent support and management of trainee stress during

a training exercise (Bacon and Windall 2011).

The rest of this paper provides an overview of the

problems with the current approaches to training Gold

Commanders. This is followed by a detailed description of

the Pandora smart environment and a discussion about how

collective and ambient intelligence is supported currently

and the potential for future development. Finally we briefly

discuss the evaluation of the system and outcomes from

the user trials, concluding with a short discussion about

the contributions to-date and the future work, outlining the

potential of the Pandora project both within and beyond the

field of crisis management.

2 Current challenges in training

As outlined above, the Pandora system is designed to train

Gold Commanders to manage a crisis situation as a group,

each trainee representing their agency e.g. police, fire. During

a crisis situation, Gold Commanders will communicate with

Silver (tactical) Commanders who will in turn communicate

with Bronze (operational) Commanders in order to resolve a

crisis situation. The sort of crisis that all levels of commanders

might be involved with could be caused by man-made or

natural events such as extreme weather, earthquakes, plane,

train or vehicle crashes, service failures such as power plant

failures, water supply problems, health crises such as pan-

demics, epidemics, toxic chemical releases, terrorism events

such as fires or explosions, or some combination of these. Gold

Commanders are generally involved when an event threatens

human health and life, the critical national infrastructure or

there is likely to be an impact on the supply of essential ser-

vices. Their remit being:

• To save and protect life

• Relieve suffering

• Contain the emergency

• Provide the public with information

• Protect the health and safety of staff

• Safeguard the environment

• Protect property

• Maintain/restore critical services

• Maintain normal services appropriately

• Promote and facilitate self-help

• Facilitate the investigation/inquiry

• Facilitate community recovery and to evaluate and

identify lessons learned.

There are many purposes/desired outcomes from a

training event, such as:

• The development of collaborative skills

• Assessment of how trainees work with other Gold

Commanders

• How they negotiate, work in teams to come up with

appropriate solutions in a timely manner

• To help them think about alternative solutions to solve

problems

• Consider the impact of decisions on other services

• Assessment of a trainee’s performance in making

decisions under pressure

• Assess how flexible trainees are in working with others

• To force trainees to move away from their pre-prepared

plans and to think of innovative solutions to problems

in a time-constrained and stressful environment

• To prepare trainees to deal with the media, which is

inevitable in the event of a crisis

• To help trainees to recognise assumptions, challenge

each other’s and to justify them as being reasonable at a

specific point in time. The reason being that if the crisis

situation worsens, the validity of the assumptions made

will inevitably be the focus of a post-crisis analysis.

• To monitor the risk taking behaviour as a group, given

research evidence suggests that risk taking behaviour

increases in a group situation (Clark 1974).

• To reflect on whether their decisions made the situation

worse or better.

In order to prepare for these situations, Gold Com-

manders are typically trained in the following two ways:

(a) Through the use of table-top exercises. These are

where a scenario for a crisis is presented to a group of

multi-agency trainees who sit around a tabletop and
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try to engage emotionally with the description of the

crisis that they have been presented with. The exercise

is overseen by a trainer who will attempt to enthuse

and engage the trainees in the unfolding scenario. The

occasional media clip might be played to help make

the exercise feel more real however, the nature of the

exercise predominantly involves discussion by the

trainees, around a table, as they try to solve problems.

This is coupled with the occasional interject of a new

event by the trainer at specific points during the

training exercise in order to explicate or complicate

the training scenario, as deemed necessary by the

trainer. The benefit of this type of training is that it is

cheap to run however, there are many more chal-

lenges such as:

(i) It is not easy to engage Gold Commanders

emotionally in the scenario using this approach,

they tend to be relatively relaxed

(ii) There are a limited number of outcomes that the

trainer can realistically manage using a paper

based scenario

(iii) There are also problems if the training scenario

requires an agency to be present in the role-play

exercise and no trainee from that agency is

available. In these situations, the trainer will

invariably take on that role thus distracting

them from their role as a trainer.

(b) The second approach is the use of real-world

exercises to simulate part of a particular crisis

scenario that might occur. The benefit of these are

that they are extremely realistic however, they are

very expensive and time consuming to set up and run,

and can only simulate a small part of a potential

crisis, with a limited number of possible outcomes

3 The Pandora smart environment

The Pandora smart environment has three key components

which make up the smart environment, the artificial intel-

ligence (AI) planner, the behavioural framework and the

emotion engine.

The smart system is a combination of computational and

trainer intelligence working together. The system was

originally intended to be completely autonomous however,

it became semi-autonomous for two reasons: the first being

that the user requirements showed that the current demo-

graphic of Gold Commanders were likely to be less

accepting of a fully virtualised and independent system; the

second being the complexity of capturing the intelligence

used by the trainer to steer a training session. Future

developments plan to capture and automate more of this

expertise, possibly through a system which can learn from

observations of trainer behaviour and then use case-based

reasoning to understand how and when to apply similar

behaviour in a future training session.

3.1 Overview of the smart feedback loop

A crisis scenario is described in terms of events that occur

as a crisis unfolds. Events, such as a hurricane hitting a

town, followed by loss of the water supply to the town can

be conveyed to trainees in a variety of forms such as a text

message, multimedia clip or email. These events, along

with decisions about what actions to take, by the group of

trainees, are placed on an event network and managed

through a knowledge base, utilising AI rules for their

management. Each communication channel is modelled on

its own timeline as shown in Fig. 1.

The three smart components work together as follows.

Prior to the start of a training session, the trainer will

choose a scenario which will be used as the basis to pop-

ulate the event network. The trainees will be asked to fill in

a questionnaire to ascertain various psychological traits.

Some traits are considered static in that they cannot change

e.g. background experience, others are dynamic, in that

they can change during a training event e.g. stress and

anxiety. Based on the profile of individual trainees, the

trainer will set goals for each trainee through a training

strategies expert system (TSES), located within the

behavioural framework. For example, if a trainee has a

profile showing insecurity, a goal could be set to put them

through a major confidence building exercise, or, if

someone has an ambitious profile then to put them through

a challenging conflict resolution and leadership exercise.

Essentially the TSES takes as input a trainee profile and the

training goals and outputs a set of actions for how the

training goals will be delivered.

Fig. 1 Example of timelines and events

Developing a smart environment for crisis management training

123



During the training exercise, there is a continuous

planning, execution, re-planning cycle. The stress levels of

individual trainees are measured in several ways during the

training exercise, through self-reporting, trainer observa-

tion and assessment of stress levels, through biometric

sensors, such as a heart rate monitor. All these factors are

intelligently combined to assess the level of stress for an

individual trainee at a specific point in time. The trainer

may decide during a training session that one or more

trainees are too relaxed or too stressed and that the stress

levels for one or more trainees should be increased or

decreased, to better reflect a real world crisis scenario. This

can be done through a variety of mechanisms, during

scenario execution e.g.:

• Interjecting new events into the scenario

• Compressing or expanding timelines to speed up or

slow down scenario execution

• The trainer playing a role using an non-playing

character (NPC) thus being able to provide more

intelligent behaviour

• Updating the goals for one of more trainees

• Providing the Pandora system with a new target level of

stress for one or more trainees

The behavioural framework takes as input, a trainee’s

profile, their goals, stress level indicators and the target

stress level, and plans, in conjunction with other compo-

nents such as the crisis planner, the event network. This

intelligent aspect of the system is supported by the emotion

engine which is provided with an individual trainee’s

current and target stress levels. Its role is to respond with

new events which can be placed on the event network at a

relevant point in time to try and influence the stress level of

a trainee towards the desired target. It does this by selecting

appropriate media from its multimedia asset database that

can be used in a mashup. An example of this might be to

take a picture of a hospital that is flooded and overlay an

appropriate piece of audio either saying that the water is

receding, if the desired effect is to reduce the stress of a

trainee, or that the water is rising and people are about to

drown, if the desired effect is to increase the stress of a

trainee.

3.2 The AI planner

The planning process generates an initial event network

that aims to deliver, and is consistent with, the starting

goals. Events are represented by a predicate identifying a

time interval for the event, a start time and an end time. All

events have a cause and relationships to other events which

must be defined. The event network is essentially a hy-

pergraph with the events representing nodes and the rela-

tions as hyperedges (Cesta et al. 2011).

Updated goals and new events, either interjected by the

trainer directly or by the emotion engine, cause the AI

planner to review the event network after each planning/

execution cycle. A key role of the AI planning component

is to check that these causal relations remain consistent

after the new inputs have been included on the event net-

work for execution, and as decisions by trainees steer the

scenario through various branches of the decision tree

towards a potentially infinite range of outcomes. Note that

new events interjected by the trainer during execution may

yield new branches of the decision tree which require the

plans to be adapted on the fly and these updates to the event

network must include consistency checks.

If it appears that a rule cannot be applied as it would

render an inconsistency, for example by violating a con-

straint, then the event network is returned to a previously

consistent state and the planning proceeds from there. If a

planning process is successful i.e. the event network is

consistent with the goals provided and no constraints have

been violated, then the plan is executed.

3.3 The behavioural framework

Research from the fields of psychology and neuroscience

have shown a strong link between cognition and emotion.

Emotions have been shown to cause a wide range of effects

on perception, attention and cognitive processes in decision

making, problem solving and learning etc. A core activity

in the Pandora system is related to the use of artificial

intelligence to interpret the emotional state of the trainees,

and as a result, adapt its behaviour, in order to affect the

trainees emotions and behaviours. Based on the literature,

interviews with the expert trainers and participation in

simulation exercises as trainees and observers, the fol-

lowing factors were selected for inclusion in the model as

the key ‘‘affective factors’’ that play a role in decision

making in a crisis situation. These are personality traits,

leadership style, background experience, self-efficacy,

stress and anxiety.

3.3.1 Personality traits

According to Funder (2007), personality refers to an

‘‘individuals characteristic patterns of thought, emotion,

and behaviour, together with the psychological mecha-

nisms, hidden or not, behind those patterns’’. There is a

general consensus in the research that personality traits can

be broadly organised into the following labels or factors:

neuroticism or emotional stability, extroversion, openness

to experience, agreeableness and conscientiousness. It

should be noted that some of them have been found to

predict job performance of managers (Salgado 1997; Ste-

vens and Ash 2001; Zaccaro et al. 1997).
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3.3.2 Leadership style

Northouse (2007) defines leadership as the ‘‘process

whereby an individual influences a group of individuals to

achieve a common goal’’. (Bales 1958) distinguishes

between socio-emotional and task oriented leaders. The

former being focused on the feelings and moods of the

individuals being led and the interpersonal relationships,

whereas the latter is focused on the achievement and

delivery of the task by the group. Both are required for

successful leadership. A person’s leadership style cannot

easily be changed however they can be provided with

evidence to let them see the effects of their leadership style.

3.3.3 Background experience

This is critical in the creation of tacit knowledge and use of

decision-making skills. The relevant experience for crisis

management is composed of education, training, exposure

to a similar or current situation. Because one of the

defining characteristics of a crisis is the unknown/unpre-

dictable cause (Zinn 2008), an effective link between the

experience and the rational decision by an individual is

clear in that an experienced manager has a larger collection

of causes at his/her disposal to refer to in a crisis situation.

3.3.4 Self-efficacy

Bandura (1986) defines self-efficacy (SE) as an individ-

ual’s belief in their capability to perform a certain task

successfully. The belief will vary according to what

activity is being undertaken so self-efficacy might vary

throughout a training session however it has been shown

that in an educational context, self-efficacy may predict

how well students will solve certain problems, how long

they will persist etc. (McQuiggan et al. 2008).

3.3.5 Stress and anxiety

Stress is defined as ‘‘a process by which certain work

demands evoke an appraisal process in which perceived

demands exceed resources and result in undesirable phys-

iological, emotional, cognitive and social changes’’ (Salas

et al. 1996). Evidences suggest that individuals under stress

and anxiety often fail to adopt rational-choice models, they

may devote insufficient time to considering alternatives or

rush decisions before gathering all the information or

behave in a disorganised manner. There are two funda-

mental types of anxiety: ‘‘state anxiety’’ which may be tran-

sitory, based on the current experience of the individual, e.g.

being in a stressful situation; and ‘‘trait anxiety’’ which

denotes stable individual differences in proneness to anxiety,

and a tendency to respond with anxiety to perceived

environmental threats, e.g. prone to stress. Both of these can

affect strategic decision making in a crisis situation.

Within Pandora, trainee information is modelled

through 13 state resources: Extraversion, Neuroticism,

Openness To Experience, Agreeableness, Conscientious-

ness, General Self Efficacy, Heart Beat Rate, Group Self

Efficacy, Leader Self Efficacy, Induced Stress, Physiolog-

ical Anxiety, Perceived Anxiety, performance, and three

state variables: Leadership Style, Profile, Update Profile.

Throughout a training session trainees are regularly

prompted for feedback on their self-efficacy. Once the

trainee has answered this question, their profile is updated

and the behavioural planner reacts by deciding a new

sequence of training stimuli that better match his/her cur-

rent status according to the behavioural planning rules.

These correspond to different levels of planned induced

stress and different trainees will receive different, per-

sonalised stimuli on their interface.

3.4 The emotion engine

The emotion engine is a middleware component providing

facilities for the development, configuration and introduc-

tion of NPC into the crisis scenario to interact with the

trainees, and multimedia information assets, which are

tagged for emotional affect. The engine is divided into two

major components: the NPC framework and the affective

state framework which are described below.

3.4.1 NPC framework

A non-playing character, in the context of Pandora, is a

computer based actor within the scenario that either pro-

vides an automated, fixed, pre-scripted representation of

one of the roles outlined below, or can be taken over by the

trainer to provide a dynamic capability within the scenario.

Pandora defines four types of NPC that can be rendered

within the simulation environment. These are:

(i) Higher control strategic agents (HICON)—these rep-

resent the most senior authority figures within the

society e.g. Government Ministers who would be

above the level of Gold Commanders, have the

authority to demand actions or constrain resources,

and can impose their decisions on the crisis team.

They may also provide confidential information to one

or more trainees who have to respond accordingly.

(ii) Lower control tactical agents (LOCON)—these rep-

resent the lower levels of command within the crisis

team, and can provide valuable feedback on the

tactical level realisation of the current strategy, as

well as on-site reports of the physical situation,

resources etc.
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(iii) External experts—these represent specialists in par-

ticular areas of importance in the given scenario, and

can be consulted by the trainees directly, or can

indirectly provide inputs through media interviews

or information sites.

(iv) Missing trainees—for each scenario a set of key

players are identified, and these must be represented

in order that all the elements of the scenario can be

realised. Each of these players are modelled as an

NPC, with pre-determined actions in relation to the

narrative of the scenario. If a trainee is missing, the

relevant NPC(s) can be configured to take their place

and enable the training event to take place.

NPCs can be represented by a 3D character to the trainee

and will render an audio message based on a free-text message

typed-in by the trainer, and/or selected as pre-existing text.

Depending on the character’s characteristics, particularly the

emotional type, a range of 3D animation has been produced

using the OpenSim framework (OpenSim 2012) to render the

character in the most appropriate way. The different emotions

that can be represented are: Afraid, Anger, Embarrassed,

Frown, Sad, Smile, Surprised, and Worry. The missing

trainees can also be represented by pre-existing personage

such as the ones defined in general crisis management situa-

tions: ‘‘Police representative’’, ‘‘Fire service’’, ‘‘Ambulance

service’’, ‘‘Health services’’, ‘‘Local authorities’’, ‘‘Utility

companies’’, ‘‘Environment agency’’; ‘‘Highways agency’’

and ‘‘Road transport agency’’, ‘‘Electricity/Gas agency’’ etc.

3.4.2 Affective state framework

This manages a repository of affective multimedia assets

which are tagged using the EmotionML standard (W3C

2011; MacKinnon et al. 2010). Assets are identified by

information such as title, description, type (Audio, Video,

Document, Map, Image, HTML and free text), nature of

asset, the media channels for which it is appropriate etc.

and contents, which provide specific information such as

file location, quality etc. that is later used by rendering

engines. A default affective level is defined for each asset

in terms of the stress level it can be expected to engender in

a trainee, the content of the asset can be stored in different

forms and tagged with different affective levels. For

example, the audio on a specific transmission might have a

pre-corrupted version which loses 20 % of the sound, as

might happen in a real world transmission during a crisis

situation. The intention would be that this would induce a

greater level of stress level in a trainee than if they had

heard the entire transmission. These types of corruption can

also be implemented dynamically on the fly, for example

by using an algorithm to increase the signal to noise ratio in

image or audio data.

The affective state framework takes responsibility for

generating new events, using AI rules, to try and move a

trainee between stress levels. Example rules:

Example mashup rule:

(i) Identify power series of assets that can be run at the

current event node.

(ii) Identify all combinations of asset mashups that meet

the affective trajectory requirement identified by the

behavioural framework.

(iii) Constrain the mashups list by removing all combi-

nations with conflicting assets, and/or media channel

conflicts.

(iv) If the list is 0, repeat for lower affective level, until

mashups list is 1 or greater.

(v) If list is [1, select mashup randomly and if affective

level \ required trajectory, run all mashups consec-

utively to create information overload stress.

(vi) If mashup list = 1, use information manipulation

rules.

Example information manipulation rules:

(i) Information overload rule—flood all available chan-

nels with information over a short duration to reduce

the time for analysis, leading to cognitive overload.

(ii) Missing information rules—report one or more media

channels as disabled, so only make available infor-

mation from the other channels. Remove one infor-

mation asset from the relevant media channel

randomly.

(iii) Information corruption rules—use background

effects to override information presentations. Degen-

erate quality of video and/or audio dynamically to

reduce information quality.

3.5 Pandora crisis training room

The Pandora crisis training room, in which the training

takes place, has two interfaces: a Java client and a 3D

virtual room (Liu et al. 2011), see Fig. 2, where trainees are

represented by avatars. Both can be delivered in two ways:

(i) At a specialised or non-specialised (portable mode)

training site where the trainer and trainees are co-

located in the same room. The trainees are physically

separated, working at their own workstations, using

the Pandora system to communicate. Periodically, the

team will, at the request of the chair (lead trainee),

meet around a table to discuss strategy.

(ii) Trainees and the trainer are geographically dispersed

and communicate entirely through the Pandora system.

The crisis room set and configuration is primarily

managed through the trainer support framework, which
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provides the following functionality in semi-autonomous

mode: setup and configuration of missing trainees and the

scenario, ability to interject new events into a scenario as it

is executing, rollback a scenario to a previous decision

point, or jump forward, speed up or slow down the exe-

cution of the scenario as it is running. A record of every

event, trainee action, decision, chat, email etc. which can

be viewed or printed at the end of the training session to aid

objective post-event analysis, reflection and feedback by

the trainer and the trainees. The plan is to automate much

of this work in future versions of the Pandora system.

4 Pandora use of collective and ambient intelligence

Having considered Pandora as a smart environment, in this

section we consider the existing and potential future use of

the computational representation of collective and ambient

intelligence within that environment.

When considering the issues of computational repre-

sentation of collective intelligence, much time and effort

has been expended on swarms (Engelbrecht 2005), flocks

(De Schutter et al. 2001) and other bio-inspired collective

models. The argument expounded is that simple social

insects, birds and some animals exhibit complex, rule-

based, synergistic behaviours collectively that far over-

match their individual capabilities. Researchers have then

sought to apply this collective intelligence to design tech-

nical solutions to complex problems (Heylighen 1999). The

corollary to this argument is that human individuality and

heterogeneity often makes humans less effective in teams

and groups, and therefore modelling human collective

intelligence computationally is too complex and expensive

for too little reward. However, when human groups are

synergistic, the gestalt, taken to mean: ‘‘the whole is

greater than the sum of its parts’’ (Behrens 1998), results in

significant performance gains. Considerations of group

dynamics for heterogeneous collections of agents have

been developed (Dahl et al. 2007) and these seek to apply

some of the constraints and issues associated with per-

sonality and role that are identified in human teams (Belbin

2010).

The smart environment developed by the Pandora pro-

ject, as described earlier in this paper, also offers the

opportunity to computationally model group dynamics in a

human activity system, namely a crisis management

training scenario, at two levels. Firstly, the system can

model actual behaviours against predicted behaviours in

role, individually and for the group as a whole, to support

dynamic interventions in the training scenario (time-line

variations, event injections, etc.) and to support post hoc

feedback and debriefing. Secondly, the system offers the

capability to replace a missing trainee, by which we mean

no human trainee is available for a role defined as essential

for the training scenario, with a non-playing character. In

this case ‘‘non-playing’’ means that the role is system-

generated and no human trainee is playing it. The system

can obviously provide this missing trainee with a variety of

levels of intelligence, ranging from a simple placeholder

with some predefined actions and responses through to a

fully-featured intelligent agent. This facility is currently

offered in both a semi-autonomous mode, where a human

trainer can take control of an NPC to introduce new

information or attempt to influence the group decision-

making, and a fully autonomous mode, where the system

controls the NPC actions and interactions. The key feature

of this approach is that, in order to make the system

effective, it needs to know and be able to represent all the

roles within a scenario. This means the system can run

without human trainees at all, useful for designing sce-

narios and interactions, but that usefulness is wholly

dependent on the extent to which the NPCs can accurately

and appropriately interact within the group dynamic. Cur-

rently, an NPC can be configured in terms of age, gender,

experience and expertise within the chosen domain, and

personality type (realised against the criteria described

Fig. 2 Virtual crisis room showing in-world slide-show, streaming

video and map application
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earlier in the behavioural framework), but the level of

interaction supported is quite limited. However, since the

system has sufficient knowledge about expected behaviours

in role to provide feedback against actual behaviours, this

can be used to inform the behaviour of an NPC, based on

the psychological model determined from the configura-

tion. Investigation of the effectiveness of this approach to

represent group dynamics in a wholly autonomous con-

figuration will be the subject of further research in the

future, but the Pandora smart environment provides a

useful testbed for this research.

In addition to modelling the collective intelligence of

the group, the Pandora smart environment has techniques

drawn from ambient and affective computing, to influ-

ence the stress and emotional level of trainees, individ-

ually and within the group. Such techniques will

obviously also have a knock-on effect on the group

dynamic. The rule based approach to the creation of

multimedia mashups, and the management of informa-

tion, can impose conditions of decision-making under

uncertainty and decision-making under stress on the

trainees. Simple ambient effects, such as countdown

timers utilising ‘‘hurry-up’’ messages, background sound

effects representing external conditions where appropri-

ate, flashing warning lights, and similar, can all add to

the stress of the trainees at key points within the sce-

nario. These can be triggered by the trainer, in semi-

autonomous mode, or the system, based on inputs from

the behavioural framework determining the current

emotional state of the trainees and the trajectory required

to increase or decrease stress levels. This functionality

currently exists and is used in the PATE, and user

evaluation has been extremely positive in terms of the

reality of the learning situation thus created.

5 Evaluation

A robust prototype version of the system has been devel-

oped and trialled at the Emergency Planning College in

York, UK with a total of 13 Gold Commanders, split into

three groups, each group being trained for 1 day using the

Pandora system. The experience of the Gold Commanders

present, ranged from novice to experienced. Overall, the

feedback was extremely positive. The fundamental

approach taken by Pandora worked extremely well and

trainees were clearly immersed in the environment

throughout the entire training session. Some negative

comments were received but these tended to focus around

the user interface and the desire for enhanced features,

there were none regarding the fundamental approach to

training taken by the system, all trainees were extremely

positive in this regard. Trainees were asked to fill in a

questionnaire and grade their reaction to the following on a

scale from 0 to 6 (where six is high):

(A) Learning climate

(B) Self-perception of learning

(C) Oral instructions

(D) Tutorial

(E) Security and privacy

(F) User Interface (overall reaction, system rate, screen

features, terminology, learning)

(G) Technology acceptance.

The vast majority of the scores were in the 3–6 range,

with A, B, E and G having no scores below three. With

only 13 users, a significant statistical study is not sensible,

the feedback requested from the trainees therefore included

a considerable quantity of qualitative information as well.

Some quotes from the trainees were: ‘‘It enables real

decision making’’, ‘‘A tool that has marvellous potential’’,

‘‘Really good, definitely as true to life as you can get in a

training environment’’, ‘‘Overall very intuitive, encourages

people to respond who might otherwise be less comfortable

speaking out’’, ‘‘Emotional learning to put you under stress,

is good, we assume people can do what they can do

because they have the job but it’s not necessarily the case

so really good.’’

Similarly positive feedback was received from the

trainers for example one said ‘‘Being able to let people see

the consequences of their mistakes in advance is valuable

experiential learning’’. They also found the heart monitor

information useful to determine the stress of trainee. It was

also interesting to note the reaction of the trainers to the

biometric holter sensor to measure heart rate. During the

development of the Pandora system, the trainers had ini-

tially expressed some reservations about the usefulness of

the holter. However, having seen it in use, one of the

trainers commented how invaluable it was seeing the

physiological reactions to scenario events for the trainees

who were not displaying any outward signs of stress, as this

gave him a good guide as to how they were really feeling.

This included seeing a range of reactions to the same event

from within the trainee group.

6 Conclusions and future work

The Pandora project has produced an efficient and effective

smart, and emotionally engaging, environment for use in

training strategic level Gold Commanders. It uses an expert

system and artificial intelligence rules to adapt, and gen-

erate on the fly, realistic training for individual trainees,

based on their behavioural profile, input from biometric

sensors, self-reporting and trainer input. The system also

provides the facility to intelligently simulate missing
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trainees and inputs from other people or systems that Gold

Commanders would communicate with during a normal

crisis. It provides a range of features to support collabo-

ration between trainees and the trainer to aid the devel-

opment of intelligent decision-making, involving

information sharing, on-line debate and distributed rea-

soning. A range of consoles are provided to display mul-

timedia information using sound, pictures, maps,

animations, videos etc. for example, to simulate receiving

information about the crisis such as a news broadcast.

The Pandora system provides the facility for the trainer

to manage the trainee experience in a completely novel

way, for example they can compress and stretch timelines

in the scenario to create or relieve stress on trainees, they

can also rollback a scenario to a specific point in time in

order to allow the trainees to re-run a particular part of the

crisis scenario if needed, similarly they can jump forward

in time as well. The recording framework captures and

provides a printout, in chronological order, of every event,

decision, email, chat etc. that took place during a training

session. This provides invaluable information for post-

training debriefing sessions with an individual or the group,

by the trainer.

The system also supports some measure of collective

and ambient intelligence. The existing semi-autonomous

model for the Pandora smart environment provides for a

significant level of trainer support within any training

session, but the system has been designed to allow the

development of a fully autonomous management of such

sessions. In the event of such autonomy, the system rep-

resentation of trainees, in terms of behaviour, personality

and role, will require to become more sophisticated to

permit accurate representation within the gestalt. This

capability exists within the current system but has not yet

been realised, however it has the potential for significant

future development to be able to fully represent the group

dynamic within an intelligent agent group, and to extend

the existing ambient intelligence component to provide

ever more realistic scenario representation.

In terms of future developments, the Pandora consor-

tium would like to develop the following:

• A scenario authoring facility to enable different training

scenarios to be more easily input into the Pandora

system.

• Increased automation—at the moment the trainer is

heavily involved in the management of the training

process (by choice), however, there is no reason that

more AI rules could not be included to allow a fully

autonomous, as opposed to a semi-autonomous training

environment to be developed.

• Within an autonomous environment, the development

of fully realised intelligent agents representing trainees

by behaviour, personality and role, and interacting

within a realistic group dynamic.

• Improve and develop ambient effects intelligently

triggered by trainee behavioural feedback.

• Additional biosensors and an increased range of

external inputs from e.g. ad hoc networks.

• Parallel training sessions for Gold (strategic), Silver

(tactical) and Bronze (operational) Commanders so that

instead of simulating input from lower levels, a

scenario could be played out between all three levels,

in parallel, with decisions by one group being dynam-

ically used as input to the other levels as appropriate.

• A fully virtualised training environment which will

generally be more acceptable to the younger generation

of Gold Commanders coming through as they are more

familiar and engaged with this type of technology.

• Include in the smart feedback loop, a variable which

specifically relates to the performance of an individual

or the group so that training goals and actions could be

adjusted on this basis.

• Include the use of audio capture so trainees can hold

conversations from remote locations that are recorded

in the Pandora system, enabling a fully distributed

version to be realised.

It should be noted that the Pandora system has potential

beyond the field of crisis management and could be used

for training in any field where an event based scenario is

appropriate, for example, military strategic planning,

health service delivery planning, organisational strategic

planning, local government service delivery planning,

stock portfolio planning.

Research undertaken in this project has not revealed a

training system that comes close to the smart training

environment provided by Pandora. Its novel approach to

emotionally engaging the trainees, the smart feedback loop

which provides personalised training to individual trainees,

along with other novel features described above, represents

a contribution to the body of knowledge. A commercial

release of the system is expected within a year.

Acknowledgments The authors would like to thank colleagues

from the other partners in the PANDORA project for their contribu-

tions to the work presented, those partners being CEFRIEL (Italy),

XLAB (Slovenia), FUB (Italy), UEL (UK), ORT (France) and EPC

(UK). We would also wish to thank the EU for funding this work

under FP7-ICT-SEC-2007-1 Grant Number 225387.

References

Bacon L, Windall G, MacKinnon L (2011) The development of a rich

multimedia training environment for crisis management: using

emotional affect to enhance learning. In: Proceedings of the 18th

association for learning technology conference (ALT-C 2011),

Developing a smart environment for crisis management training

123



September 6–8, at the University of Leeds, UK. doi:

10.3402/rlt.v19s1/7780. Paper 0151. Available at: http://

repository.alt.ac.uk/id/eprint/2174. Full proceedings at http://

repository.alt.ac.uk/id/eprint/2159. ISBN 978-91-977071-5-2

Bales R (1958) Task roles and social roles in problem solving groups.

In: Macoby EE, Newcomb TM (eds) Readings in social

psychology. Holt, Rinehart and Winston, New York

Bandura A (1986) Social foundations of thought and action: a social

cognitive theory. Prentice-Hall, Englewood Cliffs, NJ

Behrens RR (1998) Art, design and gestalt theory, vol 31, No. 4. The

MIT Press, Leonardo, pp 299–303

Belbin RM (2010) Team roles at work, 2nd edn. Butterworth–

Heinemann, Oxford

Cesta A, Cortellessa G, De Benedictis R, Strickland K (2011) AI*IA

2011 Using planning for training crisis decision makers. AI*IA-

11. In: 12th International conference of the artificial intelligence.

Italian association. Palermo, Italy, 15–17 Sept 2011

Clark Russell D III (1974) Risk taking in groups: a social

psychological analysis. J Risk Insur 41(1):75–92

Dahl TS, Mataric MJ, Sukhatme GS (2007) ‘‘Emergent robot

differentiation for distributed multi-robot task allocation’’,

distributed autonomous robotic systems 6, Part V edn. Springer,

Berlin, pp 201–210

Engelbrecht AP (2005) Fundamentals of computational swarm

intelligence. Wiley, New York

Funder DC (2007) The personality puzzle, 4th edn. Norton, New

York

Heylighen F (1999) ‘‘Collective intelligence and its implementation

on the Web: algorithms to develop a collective mental map’’,

computational and mathematical organization theory, vol 5, No

3, Kluwer, New York, pp 253–280

Liu H, Arafa Y, Boldyreff C, Dastbaz M (2011) Cost-effective virtual

world development for serious games, IGIC 2011. In: Proceed-

ings of the 3rd IEEE international games innovation, pp 48–51

MacKinnon L, Bacon E, Windall G (2010) ‘‘Tracking and influencing

trainee emotions in a crisis-planning scenario’’. In: W3C

workshop on emotion markup language. Paris, 5th and 6th Oct

2010

Mcquiggan S, Mott B, Lester JC (2008) Modeling self-efficacy in

intelligent tutoring systems: an inductive approach. User Model

User Adap Inter 18:81–123

Northouse G (2007) Leadership theory and practice, 4th edn. Sage

publication, Thousand Oak

OpenSim (2012) http://opensimulator.org/wiki/Main_Page, Accessed

Mar 2012

Salas E, Driskell J, Hughs S (1996) The study of stress and human

performance. In: Driskell J, Salas E (eds) Stress and human

performance. Lawrence Erlbaum Associates, New Jersey

Salgado JF (1997) The five factor model of personality and job

performance in the European Community. J Appl Psychol 82:30–43

Stevens CD, Ash RA (2001) Selecting employees for fit: personality

and preferred managerial style. J Manag 12:500–517

W3C (2011) Emotion Markup Language (EmotionML) 1.0 Working

Draft 7 April 2011, http://www.w3.org/TR/emotionml/

De Schutter G, Theraulaz G, Deneubourg JL (2001) ‘‘Animal-robots

collective intelligence’’, annals of mathematics and artificial

intelligence, vol 31, Kluwer, New York, pp 223–238

Zaccaro SJ, White L, Kilcullen R, Parker C, Williams D, O’Connor-

Boes J (1997) Cognitive and temperament predictors of Army

civilian leadership. Manag Res Inst, Bethesda

Zinn JO (2008) Heading into unknown: everyday strategies for

managing risk and uncertainty. Heal Risk Soc 10(5):439–450

L. Bacon et al.

123

http://dx.doi.org/10.3402/rlt.v19s1/7780
http://repository.alt.ac.uk/id/eprint/2174
http://repository.alt.ac.uk/id/eprint/2174
http://repository.alt.ac.uk/id/eprint/2159
http://repository.alt.ac.uk/id/eprint/2159
http://opensimulator.org/wiki/Main_Page
http://www.w3.org/TR/emotionml/

	Developing a smart environment for crisis management training
	Abstract
	Introduction
	Current challenges in training
	The Pandora smart environment
	Overview of the smart feedback loop
	The AI planner
	The behavioural framework
	Personality traits
	Leadership style
	Background experience
	Self-efficacy
	Stress and anxiety

	The emotion engine
	NPC framework
	Affective state framework

	Pandora crisis training room

	Pandora use of collective and ambient intelligence
	Evaluation
	Conclusions and future work
	Acknowledgments
	References


