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ABSTRACT

A crisis is an emergency event that can lead to multiple injuries and damage to property or environment. 
Proper training of crisis management personnel is vital for reducing the impact of a major incident. In 
search for knowledge on how best to implement communication for virtual environments for training, 
communication in online games was studied. Findings on voice communication in online games were 
researched and formulated as a set of statements. By asking participants in an empirical study of 
crisis management, the statements were either confirmed or refuted. Results show that multiplayer 
games are highly similar to the requirements for crisis management training in virtual environments. 
Approximately two-thirds of the statements proved coherent in both domains. The practical 
significance of this work lies in the provision of design implications for a virtual environment for 
crisis management training. Thus, this paper contributes to demonstrating the transferability between 
these domains. Finally, the paper reflects the results in theories of communication and engagement.
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INTRODUCTION

A crisis is an emergency event that can lead to multiple serious or fatal injuries and can cause 
structural failure or damage to a property. A plane crash, an explosion or a fire at an airport are 
examples of such events in the aviation sector. To minimise personal injury and limit damage, any 
such emergency situation should activate a rapid and well-organised crisis management response. 
In scale and complexity, crisis events far exceed the cognitive and communicative resources of 
an individual (Greef & Arciszewski, 2007). Therefore, the response to a crisis must be managed 
by persons who are organised in teams that belong to emergency services such as Rescue and 
Fire fighters, Police or Paramedics. During crisis events information is provided in face-to-face 
conversation or by telecommunication channels, including radio and telephone systems and 
multimodal information technology.
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Communication and data flow between team members, e.g. first responders and commanders, is 
paramount and plays a crucial role through all levels of coordination (Cooke, Gorman, Myers, & Duran, 
2013). A coordination structure is based on effective communication and must be deployed to drive 
the operation into the successful recovery of a normal situation. Examples of communication in crisis 
management include reports about incident scale and progress, requests for resources or information 
and task delegation. First responders and commanders on the scene share this information with each 
other and with remote command centres. Research has shown that training teams in communication 
skills and strategies can help them overcome hindrances in coordination (Salas, Cooke, & Rosen, 2008) 
but to achieve good team performance the communication training needs to be carefully designed 
(see (Adelman, Christian, Gualtieri, & Bresnick, 1998) and a meta-analysis of which factors improve 
team performance (Salas, DiazGranados, et al., 2008)) and that the design of technology needs to be 
founded in the needs and abilities of teams (Salas, Cooke, et al., 2008).

Motivated by the need for training of communication during crisis management, where the use 
of heterogeneous media and the requirement of reliable information delivery in crisis management is 
emphasised, we aimed to investigate the design of communication in a virtual training environment 
for crisis managers and first responders. Because real-life training for crisis management is expensive 
due to its complexity, temporal criticality and demands for resources, training in a virtual environment 
can be a favourable option. Predecessors of virtual environments were so called micro worlds that 
have been used for simulations and training (Brehmer & Dörner, 1993). Previous results of training in 
virtual environments have been obtained in domains such as crisis communication, decision making 
and emergency response (Haferkamp, Kraemer, Linehan, & Schembri, 2011), resource management 
(Heinrichs, Youngblood, Harter, & Dev, 2008), medical education (Creutzfeldt, Hedman, Medin, 
Heinrichs, & Felländer-Tsai, 2010; Grantcharov et al., 2004; Wiecha, Heyden, Sternthal, & Merialdi, 
2010) and training airport emergency plans (Zarraonandia, Vargas, Díaz, & Aedo, 2009). However, 
reviews of the state of the art of virtual laboratories for education reveals that while communication 
and collaboration is one of four design criteria of virtual systems, only a few projects have fulfilled 
it completely (Potkonjak et al., 2016).

Virtual environments have been significantly influenced by online game technology during the 
past few years. Originally, developed for the purpose of amusement and recreation, games now offer 
training and educational opportunities, often termed serious games (Crookall, 2010). The evolution 
of gaming from a single player to an online multiplayer experience provides an opportunity to 
train for crisis management in a virtual environment. To enhance their chances of achieving a goal, 
players of multiplayer online games and crisis managers prefer to exchange information. In games, 
two modes of communication are normally used, text and voice. Typed text has been the traditional 
medium of communication, but the use of voice is on the rise, because speaking is a natural form 
of communication; speaking is faster than typing and allows for simultaneous use with other game 
interfaces such as a mouse or a keyboard (Wadley, 2011; Wadley, Gibbs, & Benda, 2005).

The purpose of this research was to exploit findings on communication in online games in the 
literature and life observations of crisis training to create guidelines for design of communication 
interfaces in a virtual training environment. We wanted to take advantage of the knowledge developed 
in games research, or what has been termed gamification by Deterding, Dixon, Khaled, and Nacke 
(2011), as “the use of game design elements in non-game contexts”. The methodology applied in this 
study is depicted in Figure 1. We looked for findings on voice communication in online games in the 
literature and formulated as a set of statements. After inquiring about the experience of participants 
and observing their work practices in an empirical study of crisis management communication, the 
statements were validated. The results were used to create design guidelines for communication 
interface, usable for the development of Crisis Management Training (CMT) in a virtual environment. 
We will show that these guidelines can be applied in developing training systems in other safety 
critical domains. A secondary result of this study is how well findings on voice communication in 
online games fit for crisis management training in virtual environment.
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BACKGROUND

Safety-Critical Communication
One of the required components of crisis management is effective communication that must ensure 
reliable information delivery to the appropriate destination, carrying clear content with a satisfactory 
level of detail. In this respect, previous research addresses information exchange, media, and the 
repercussions of problems in communication.

Reliable information exchange is a significant activity for safety-critical communication. A 
study in the aviation domain showed that approximately three quarters of the errors on information 
exchange that were reported and assessed for situation awareness resulted from a failure to perceive 
information correctly; one-fifth of the errors were because of failing to fully comprehend a situation 
and only three percent of the errors were related to the projection of a future situation (Jones & Endsley, 
1996). This model of situation awareness consisting of perception, comprehension and projection is a 
fundamental one for system design, but it needs to be expanded to include team situation awareness. 
Although most of the research on situation awareness has been conducted in the area of aviation, it 
has spread to other domains, which then prompts addressing unique situational awareness challenges 
(Endsley & Jones, 2013).

The use of different media and their impact on work has been studied in the literature. In the 
theory of communications grounding, Clark and Brennan (1991) introduced characteristics of 
different media and described their influence on information delivery and understanding. These 
media characteristics and their importance for safety-critical communications were evaluated in a field 
study of communication in the oil-drilling industry (Bayerl & Lauche, 2010). The study showed that 
compared to media like phone, e-mail and audio, more recently adopted ICT media, such as video 
and desktop sharing, did not have a radical impact on team coordination, but resulted in modification 
and adaptation of existing routines.

Problems in communication can have various implications for team performance. A field study 
and literature research (Bharosa, Lee, & Janssen, 2010) found that a lack of information sharing 
among response agencies can cause major problems such as a negative influence on collective 
decision-making and the coordination of action. The results showed that problems occur at all 
levels of coordination (individual, team, and agency), and thus, they must be tackled at these levels 

Figure 1. A model of online games findings and applicability to the Crisis Management Training (CMT) environment
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simultaneously. A descriptive study of the challenges of communication in emergency response (Manoj 
& Baker, 2007) identified three problem types: 1) technological challenges, such as rapid deployment 
of a communication system or multi-agency interoperability; 2) sociological challenges, including 
the sharing of information or the lack of a common vocabulary; and 3) organisational challenges 
that vary with respect to changes between hierarchical, flat or hybrid organisations. We will address 
these again in the discussion of the results.

Crisis Management Training
Training provides the opportunity to evaluate options, while a lack of training will cause delays with 
negative consequences for casualties in a real-life situation. Training should expose responders to a 
range of situations that are based on potential scenarios that could occur in their jurisdiction. People 
who learn how to solve a complex situation during a training exercise can respond more efficiently 
during a real-life event compared to those without the training (Jain & McLean, 2005; Klein, 1993).

The ability of teams to coordinate their actions effectively determines the success of crisis 
management (Toups, Kerne, & Hamilton, 2011). Security, medical, rescue and fire-fighting teams 
that are deployed at the site of an incident have different professional backgrounds and have 
varying skills that are acquired in individual and team training. Therefore, in inter-team training 
responder teams could develop similar mental models, allowing emergency managers to establish 
comparable approaches towards the teams and towards responders within the teams. Coordination 
of skills that should be taught include information exchange, decision making, causal analysis and 
prediction of situation development. Training in communications is fundamental to the training 
of coordination skills.

A valuable training method for emergency preparedness in the aviation sector is a full-
scale exercise. A large-scale, multi-agency, real-life exercise improves crisis coordination and 
communication in close-to-real environment training conditions and results in thorough preparation 
across professional domains. However, the exercise requires a considerable number of personnel and 
substantial organisational complexity, which imply significant financial and temporal demands. Such 
an exercise is typically carried out every two years in the aviation sector, but because of a lack of 
resources the interval can be almost doubled. While a large-scale exercise can yield credible results, 
a subset of the required skills can be obtained by performing a simpler table-top exercise. Such an 
exercise requires only the team commanders’ participation and less preparation time and resources, 
and it provides the advantage of testing hypothetical situations without causing disruption in the 
community. Typically, every year, airport crisis management trains in such exercises. Because of the 
complexity and cost of comprehensive real-life training, the most frequent training method to date 
is an individual exercise, comprising several subtasks, that does not require coordination with others 
and which a trainee repeatedly practices to solidify emergency response skills.

Training in a Virtual Environment
With the fast development of virtual environment technology, especially in the gaming industry, a 
number of opportunities have arisen to exploit it for training. A digital game that is designed with 
the intent of learning and entertaining has been termed a serious game (Johnston & Whitehead, 
2009; Zyda, 2005). Boyle et al. (2016) have done a systematic literature review of the impacts and 
outcomes of serious games. Their results show that positive impact of serious games is increasing. 
The study concluded that games mainly support knowledge acquisition, although some examples 
could be seen where games support skill acquisition or collaborative interactions. It is likely that 
before games can support training of these skills, we will need further research on instruments that 
support communication.

Training in a virtual environment can reduce the costs to one-tenth compared to live exercises 
(Jain & McLean, 2005). A trainee in a virtual environment is allowed to train more frequently during 
a time that is suitable for his or her work, and trainees who are distributed in distant geographical 
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locations can still cooperate in a collaborative training environment. Most importantly, the use of 
virtual environments allows responders to gain experiences from many different scenarios. They can 
be easily prepared based on a template and later reused without the need to organise resources, such 
as in a real-life exercise. In turn, a virtual environment will significantly shorten the preparation time 
and expand emergency preparedness. Finally, a virtual environment has the possibility of real-time 
observation of multiple trainees, which makes the after-action review and debriefing fast and accurate.

RESEARCH METHODS

As mentioned in the introduction, the research study had two parts. First, we collected data from 
the crisis management area and how it is practiced. The next subsection describes how this data was 
collected. Second, we derived knowledge about communication in online games and formulated 
statements from the literature. The second subsection describes the literature analysis and how the 
groups of statements were derived. Third, we used the data collected from crisis management to 
validate the statements derived in observation of crisis management training to learn whether they 
could be valuable for developing a CMT system. The research process is described in Figure 2.

Data Collection
Data on how crises are managed were collected from three European Incident Command Systems 
(ICS) over a period of nine months. Three examples of crises were provided, as described in Table 1. 
Four rounds of data collection were conducted to learn about crisis incidents, roles, tasks, procedures, 

Figure 2. Study process – data collection and analysis

Table 1. Crisis examples

Incident Description

Aircraft incident An aircraft accident when engine failure caused a crash landing at an airport

Bomb threat A deliberate incident of a bomb explosion in an airport building

Train crash A train and vehicle collision at a railway crossing due to faulty signaling
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artefacts and contexts at the three sites. The data collection instruments used included site visits, 
elicitation workshops, observations of training exercises and end-user sessions.

During initial site visits, crisis training managers of each ICS introduced a command and a 
coordination structure and provided an overview of procedures, roles, their responsibilities, physical 
contexts and current training methods. The data were elicited during site visits to airports, train 
stations and emergency response agencies.

The second round of data elicitation was held at all three sites, comprising informal discussions 
and semi-structured interviews with crisis management personnel across field and all command 
levels. There were 38 participants with roles ranging from a first responder to a national commander. 
Workshop discussions lasted approximately an hour and were followed by semi-structured interviews 
that lasted up to three hours. The interviews recordings contained a description of specific roles and 
their responsibilities, participants’ experiences from real-life incidents and training that took place.

Two types of crisis management training sessions were observed in the third round of data 
elicitation at one of the sites. The first was a table-top exercise that used a simulated scenario (i.e. an 
aircraft incident), allowing crisis managers to train for communication and coordination. We observed 
two table-top exercises, each lasting approximately one hour.

The second type of training session was a large-scale, multi-agency, live training exercise that 
took place in a small rural airport. The training session involved approximately fifty participants 
across four different emergency response agencies (fire fighters, ambulance, police and volunteers 
acting as casualties). The data described the physical context of the crisis management, including 
environments and artefacts, and the social context, such as the interaction between people in different 
roles and their coordination. Further information was solicited in semi-structured interviews with 
the exercise participants. Three persons provided their own experience, which represented multiple 
roles, ranging from a first responder to an on-scene commander. Thirty-four interview questions 
were organised into groups of current practices in crisis management, verbal communication, and 
problems encountered during communication.

Informal discussions and semi-structured interviews were a part of the third round of elicitation 
which was conducted with the crisis training managers at all three sites and took half a day at each site.

To better understand the roles of agencies during crisis management, a set of procedures and 
manuals about the incident command systems was collected. The documents provided additional 
information about the command structure and overall agency roles and responsibilities. Table 2 gives 
an overview of the instruments and materials that were collected at each event and incident type.

Derived Statements from Online Game Research
To review research results on communication in online games, we searched ACM, IEEE and Springer 
digital libraries with the keywords voice and communication in combination with video games, serious 
games and collaborative virtual environment. After an analysis of the retrieved papers, several subtopics 
of communication emerged that were organised into seven groups relevant to communication in virtual 
environments. These groups are Media richness selection, Groups of people, Identities of people, 
Avatar behaviour, Learning, Trust and the Problem group. The main ideas were consolidated within 
each group and formulated into statements that we attempted to verify from the crisis management 
perspective (see next section).

We refined the set of statements by selecting only the statements that had the following 
characteristics: 1) Applicable to crisis management or to training, 2) Reliable and backed by multiple 
references, and 3) Validated easily by empirical data. A simple scoring method was applied, in which 
each of the above-mentioned characteristics resulted in the corresponding statement earning one point. 
Ten statements, those with the highest scores, were selected from the 19 original statements and are 
identified with a number in the last column, as shown in Table 3. All except one of the seven groups 
were retained, but the group Trust did not contain any statements after the validation.
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RESULTS

The data collected during the elicitation of requirements to the crisis management training environment 
were used to verify the statements derived in the previous section. The data were analysed for validity 
of the statements using the following criteria:

•	 Do the data support or refute the statement?
•	 Do the data call for modifying or creating a new statement?
•	 If the statement is refuted, can it be explained by differences in the two domains, games and 

crisis management training?

Table 2. Material collected from stakeholders for each incident case

Source
Participants

Method Collected 
Data Data Content

Role Agency

Site visits Crisis 
managers

Airport 
operators

Presentation Presentation Crisis organisation 
structure, procedures. 
Introduction to: 
roles, resources, 
responsibilities, physical 
context, current training

Discussion Interview 
recordings

Railways police 
force

Unstructured 
interview Notes

Elicitation 
workshop

First 
responders

Police force Fire 
fighters Discussion Discussion 

recordings
Roles and 
responsibilities. Real-life 
training and experiences 
(partial focus on 
communication)

Commanders
Medical service﻿
Search and 
Rescue

Semi-structured 
interview

Interview 
transcripts

Observation

First 
responders

Police force

Observations 
of: real-life, 
exercise, table-
top exercise 
and emergency 
service premises

Videos
Physical context: 
environment, resources. 
Social context: roles, 
interaction and 
coordination. Training 
prep.﻿
and evaluation

Fire fighters﻿
Medical service

Commanders

Search and 
Rescue

Photos
Emergency 
centre (112 
/911)

Airport operator 
Civil Protection

Interviews

First 
responders

Police force Fire 
fighters Structured 

interview
Interview 
recordings

Roles and 
responsibilities (focus on 
communication)Commanders Search and 

Rescue

Evaluation 
session

Crisis 
managers

Airport 
operators Semi-structured 

interview
Interview 
transcripts

Verification of details 
of: roles, responsibility, 
environment, 
communication

Railways police 
force

Manuals

Airport 
operators, 
Railways police 
force

Emergency 
plans

Roles, procedures, 
tasks (partial focus on 
communication)
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Table 3. Statement selection based on: Applicability (A), Reliability (R) and Validity (V)

Group / Statements
Score Statement 

No.A R V Sum of Scores

Media Richness Selection

The social richness of the communication medium must be matched with the task 
characteristics (urgency of the task or cues necessary to perform the task), fellow 
communicators (number of communicators, their preferences and their required presence) 
and a person’s organisation or users’ prior experience with the medium (Sallnäs, 2002; 
Tan, Tan, & Teo, 2012; Wadley, Gibbs, & Benda, 2007).

1 1 1 3 1.

Leaner medium (e.g. text) can cause impulsive or reserved behaviour, but can be used 
as a medium for initial contact (e.g. with unknown participants) or for asynchronous 
communication that allows easy information processing (e.g. search in conversation 
history) (Halloran, Rogers, & Fitzpatrick, 2003; Wadley et al., 2007; Wadley, Gibbs, & 
Ducheneaut, 2009)

1 1 0 2 2.

Currently, there are four metaphors for designing voice channels in games: broadcasting, 
landline, mobile phone, and proximity voice chat (Wadley et al., 2005). 1 0 1 3 3.

Solving tasks (e.g. making a decision) through CMC takes twice as long as F2F but 
with half of the utterances and gives the same result. However, in F2F, socio-emotional 
functions are more frequent (as well as with voice compared to text), which has a negative 
impact on group effectiveness (Li, 2007).

1 0 0 1 -

Voice compared to text communication improves performance and social experience. 
Video does not add significant advantages to task performance compared to audio, but 
video supports informal communication and relation building (Sallnäs, 2002).

1 0 0 1 -

Preference for anonymity is one of the main reasons that is cited by Second Life users for 
rejecting voice (Wadley et al., 2009). 1 0 0 1 -

Using verbal communication, especially real voice, can break the sense of immersion in a 
game (Bartle, 2003). 1 0 0 1 -

Groups of people (players/trainees)

Voice communication that simulates a radio channel is most useful for a small group of 
players (6-10) who know each other and are playing a fast-paced game, to coordinate 
their tactics (issue directions, call for help) and achieve a goal while moving around a 
geographical area. However, as players reported, the use of multi-channels can cause 
fragmentation of the party into sub-teams (Raybourn, 2007; Wadley et al., 2007). Voice 
does not scale well to large groups (Wadley, Carter, & Gibbs, 2015)

1 1 1 3 4.

Proximity voice chat, which is a virtual metaphor for face-to-face in the real world, may 
be necessary where a large number of players would clutter a shared radio channel, 
players are close to each other in the virtual environment, and the benefit of cues that 
indicate which direction a sound is travelling from outweighs the inability to speak with 
distant players (Gibbs, Wadley, & Benda, 2006). Proximity chat enables enjoyable game 
play experiences and user interactions (Carter, Wadley, & Gibbs, 2012)

1 0 1 2 5.

The proximity of other players’ avatars is the most useful learning aid for the less 
experienced gamer, who could follow their actions and speech to find out how the game 
works (Halloran et al., 2003).

1 0 0 1 -

Identity of people (players/trainees)

Players engaged in a virtual environment had difficulty identifying who was speaking, 
determining who could hear what they said and knowing whether it was heard at all. 
Players reported that the voice channel had inadequate facilities to control what was 
heard and what was sent and that it introduced delay. As a result, it can inhibit convivial 
computer-mediated social interaction (Gibbs, Hew, & Wadley, 2004; Gibbs et al., 2006; 
Wadley et al., 2009). Voice reveals identity better than text which makes it more sociable 
but can interfere role-play and pseudonymity (Wadley et al., 2015).

1 1 1 3 6.

Not knowing who is talking in a distributed player setting can have a negative effect on 
learning and coordination in team-based war games (more/longer utterances to find out 
who is present, what is their level of skills or to address the person). On the other hand, 
knowing a partner results in fair decision making (Halloran, Fitzpatrick, Rogers, & 
Marshall, 2004; Halloran et al., 2003; Yamamori, Kato, Kawagoe, & Matsui, 2008).

1 1 0 2 7.

continued on following page
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In the following subsections, we present the results of this analysis by answering the above 
questions for each of the ten statements. Furthermore, we provide guidelines for design of a crisis 
management training virtual environment.

Media Richness Selection
The first group of statements describes media richness selection and its relation and influence 
on communication in a virtual environment. Media richness refers to its capacity to process rich 
information and its ability to provide immediate feedback (Daft & Lengel, 1986).

Selection of Media is Based on Tasks, Fellows, Organisation, and Prior Experience

Statement 1: The social richness of the communication medium must be matched with the task 
characteristics (urgency of the task or cues necessary to perform the task), fellow communicators 
(number of communicators, their preferences and their required presence) and a person’s 
organisation or users’ prior experience with the medium (Sallnäs, 2002; Tan et al., 2012; Wadley 
et al., 2007).

Selection of a channel as a communication medium that is based on task characteristics has 
been identified in several cases, where a commander selects a channel based on the importance 

Group / Statements
Score Statement 

No.A R V Sum of Scores

Avatar behaviour

Where visual representation is available (e.g. videoconference, collaborative virtual 
environment), verbal actions should be coupled with postural, gestural and proximity 
information of the player embodiment. This information can help identify the speaker and 
can increase communication during participants’ performances (Cassell & Thorisson, 
1999; Cheung, Chang, & Scott, 2012; Chodos et al., 2010; Halloran et al., 2003).

1 1 0 2 8.

Learning

Communication in a virtual world not only provides experience of the participant’s 
own area but also provides experience in a variety of other areas (Chodos et al., 2010; 
Raybourn, 2007).

1 1 1 3 9.

Development of a training game should focus on communication principles (rather 
than domain-specific knowledge). Such development ensures that the training content 
is general enough to be applicable to all students (who can switch roles) and still be 
meaningful (by seeing role conflicts) and useful (Chodos et al., 2010).

0 0 1 1 -

Trust

Trust is higher in a smaller group (e.g. a guild in WoW) and it depends on the 
interdependence of members, the persistence of their identity, and the strength of 
reputation systems within the group. Voice chat was not related to the trust of others in 
the game; it was related to trust in guild members. Self-disclosure was positively related 
to trust, but a higher number of public messages sent does not reveal trust to a group 
(Ratan, Chung, Shen, Williams, & Poole, 2010).

1 0 0 1 -

Problems

Players reported a number of voice communication problems (e.g. speech not intended 
for the listener, background talk, natural or synthetic noise, intentional or unintentional), 
which caused lower usability (Gibbs et al., 2004).

1 0 1 2 10.

Where a specific domain exists (i.e., a limited domain), a conversational entity can be 
represented by a computer (Gustafson, Boye, Fredriksson, Johanneson, & Königsmann, 
2005).

1 0 0 1 -

Players reported voice communication problems with synchronicity (e.g. one party out-
of-game for a moment) or identity and privacy issues causing a performance decrease 
(Sallnäs, 2002; Wadley et al., 2007).

0 1 0 1 -

Table 3. Continued
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of information, message content, intended call length and to convey essential emotions or to 
avoid recording.

Selection of media richness based on fellow communicators has been confirmed by several 
examples including using a leaner medium to address many people, alerting a commander with 
multiple messages intended for lower level command to ensure delivery, and selecting face-to-face 
conversation for sensitive information delivery to the next of kin, in addition to selecting a phone to 
call the emergency centre rather than contacting an on-scene commander because of the estimated 
availability (busy or free) of the recipient and, finally, by responders selecting a person to talk to, 
based on his/her level of domain knowledge.

The selection of a channel that is based on organisation guidelines has been confirmed by airport 
emergency plans, police force guidelines, emergency manuals, commanders and first responders who 
are reporting. These findings indicate the strong influence of pre-defined methods of communication 
over other characteristics such as task characteristics or the fellow communicators, named in statement 
one. The selection of a channel that is based on prior experience has been confirmed by commanders 
that select a mobile phone over radio because of habit.

Furthermore, the data revealed that statement one could be extended by the channel availability 
and the type of training instrument that determines the richness of the selected medium. An example 
of the latter is when the rules of the exercise (e.g. a table-top exercise) prohibit a person from speaking 
when someone else is talking.

Our conclusion was that statement one was confirmed by the data, and it can be applied when 
designing a crisis management training environment. Table 4 provides design guidelines derived 
from this statement, which can be used for the training environment. It describes media from high 
to low richness and their use in crisis management. Additionally, a leaner medium can be used as a 
simultaneous channel with a richer medium.

Although the selection of media richness in crisis management should be guided by organisational 
procedures, the official communication structure can be bypassed for sensitive, technical or longer 
calls. In addition, the training conditions may allow for higher media richness than real-life.

A Leaner Medium Can Cause Impulsive or Reserved Behaviour but Can 
be Used for Initial Contact or for Asynchronous Communication

Statement 2: A leaner medium (e.g. text) can cause impulsive or reserved behaviour, but can be 
used as a medium for initial contact (e.g. with unknown participants) or for asynchronous 

Table 4. Design guidelines on the selection of media richness

Richness Medium Purpose

High

Face to face Communication at a command centre

Highly sensitive information

Radio Negotiation of resources

Radio or phone Highly important information

Verification of information received through leaner medium

Phone Alert high level command

Low

Video link Monitor a scene

Radio Monitor a channel

Text Address a number of people

Deliver large data sets
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communication that allows easy information processing (e.g. search in conversation history) 
(Halloran et al., 2003; Wadley et al., 2007; Wadley et al., 2009).

The use of a leaner medium for asynchronous communication has been confirmed by commanders 
and first responders using personal and command centre logs, setting up a responder status on a 
radio device and by high-level commanders who use asynchronous communication for regular 
updates between command centres with emails or web-based logs. The use of a leaner medium for 
asynchronous communication and initial contact has been confirmed by observing participants who 
send text or a pre-recorded voice message during an alert procedure.

The use of a leaner medium for information processing has been confirmed in manuals and by 
commanders’ statements. The manuals state that command centre communication must be recorded 
and logs can be processed at any time. Commanders and first responders report that communication 
is recorded for later information reuse. The commanders move from voice to text for communication 
between command centres because text enables recording and information processing at a suitable 
time and requires less attention. Moreover, the commanders stated that they take notes in personal 
logs that are later used for briefing others or answering questions about an incident, and they issue 
regular updates in the command centres that are used for press releases.

The above analysis has required modification of the statement in several ways. First, the statement 
should be amended to include the use of leaner medium and asynchronous communication as a back-up 
channel for voice. Second, the statement should be revised to include the use of verbal communication 
instead of text under stressful conditions. We have not observed any evidence of impulsive or reserved 
behaviour when using leaner media and, therefore, a part of the statement is refuted.

To summarise, the statement has been confirmed partially. The difference between crisis 
management and games lies in the characteristics of crisis management that means that, in crisis 
management, participants cannot allow themselves to show impulsive or reserved behaviour. 
Furthermore, the reliability needed in crisis management requires back-up channels, and stressful 
situations will affect which medium is selected. Table 5 describes the design guidelines for leaner 
media use.

Four Metaphors for Voice Channels

Statement 3: Currently, there are four metaphors for designing voice channels in games: broadcasting, 
landline, mobile phone, and proximity voice chat (Wadley et al., 2005).

The use of a broadcasting channel (i.e. push-to-talk radio) was confirmed by the commanders 
and first responders, who reported frequent use of different forms of radio (e.g. a personal device, 
car radio or public address systems) for communication with distant members in crisis management 
or during training. Moreover, this was confirmed by lower-level commanders on the scene, who 
reported the use of two radio channels simultaneously to filter information from a lower level before 
sending it to a higher level command.

Table 5. Design guidelines for leaner media

Medium Richness Purpose

Leaner media

Logging of actions and decisions﻿
Transcription of radio communication﻿
Access to operation log for a commander﻿
Back-up channel for voice communication﻿
Communication between command centres﻿
Setting up a responder status
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Face-to-face communication that can be represented by a proximity chat in the virtual environment 
has been confirmed by commanders and responders’ reports about exchanging information face-to-
face in the command centre and on the scene and further by observations of first responders and 
lower-level commanders on the scene during a real-life exercise.

The use of mobile phones or landlines has been confirmed by experienced commanders, who 
acknowledged mobile phone use for inter-agency coordination and by commanders and first responders, 
who said they used them in the case of a radio system failure, and further by teams of commanders 
and responders, who said they were not equipped with radio and who used mobiles or landlines as 
an alternative means of communication or to deliver sensitive messages. Finally, manuals indicated 
their use in certain phases of the response, e.g. during an alert, but some report that landline phones 
have been replaced by radio to call national emergency services.

The use of radio broadcasting, mobile phones and landlines has been confirmed by procedures 
presented by crisis managers (e.g. an alert procedure) and by observations of air traffic controllers 
and emergency service centre operators who showed regular use of radio and phone.

The statement should be modified to include a simultaneous use of two channels, e.g. two radios, 
and it should be modified to include channel re-configuration such as a change from broadcasting 
to mobile phone.

The conclusion from this analysis is that crisis management communication can take full 
advantage of current metaphors of voice channels in team-based games. The broadcasting channel 
could carry Push-to-talk radio and Public Address communication, the proximity chat could emulate 
face-to-face conversations, and the mobile and landline phone channels could be used as an alternative 
form for information exchange. The design guideline from statement three are described in Table 6. 
Depending on the context, simultaneous use of multiple channels or an alternative medium (mobile 
phone as a backup of radio) should be offered.

Groups of People
The category groups of people define the correlation between the communication channel selection 
and the organisation of the participants within a group.

Radio for Small Groups

Statement 4: Voice communication that simulates a radio channel is most useful for a small group 
of players (6-10) who know each other and are playing a fast-paced game, to coordinate their 
tactics (issue directions, call for help) and achieve a goal while moving around a geographical 
area. However, as players reported, the use of multi-channels can cause fragmentation of the 
party into sub-teams (Raybourn, 2007; Wadley et al., 2007). Proximity chat enables enjoyable 
game play experiences and user interactions (Carter et al., 2012).

Table 6. Design guidelines for metaphors

Design Metaphor Represented By Extensions

Broadcasting Push-to-talk personal or car radio (portable)﻿
Public address system (fixed location)

Push-to-talk radio should be reconfigurable 
and allowed to change between channels

Mobile Personal portable embodiment﻿
Call, text or pre-recorded voice message Backup to broadcasting

Landline Fixed location embodiment

Face to face Proximity chat Backup to broadcasting
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The sharing of a simulated radio channel by a small group that was participating in fast-paced 
activities and coordinating tactics was confirmed by the observation of five participants in a table-
top exercise. The sharing of a simulated radio channel by a small group to coordinate tactics while 
moving around an area was confirmed by training managers and commanders. The training managers’ 
presentations offered the use of radio in a fully connected network (everyone talks to everyone) and a 
tree topology (e.g. one-to-many). The commanders on the scene and in the regional command centre 
reported being in charge of a group of five to ten people during a real-life crisis or training, which 
was also confirmed by observation during a large-scale exercise.

The fragmentation of a party into sub-teams by the use of multi-channels has been rejected by 
manuals, which state that members of a particular group (e.g. Medical or Police) must use a single 
channel and by the fact that only on-scene commanders were observed to use two radios simultaneously 
in a large-scale exercise. By doing so, they connect two groups of different command levels.

These statements should be extended to include the possibility of a participant’s need to step-out 
of the communication temporarily. Communication during crisis management can be stressful, and 
a commander may need to step-out for the purpose of processing information or making a decision. 
Communication can also exceed the capability of a single person when monitoring multiple channels. 
In those cases, a representative person is appointed to monitor the communication and to ensure that 
no information was missed by regularly reporting to the commander. Whether or not knowing each 
other has an impact on the communication, is analysed in statement seven.

The conclusion from the analysis of statement four is that the use of radio in crisis management 
highly resembles voice communication, simulating a radio channel in games. Radio is used for 
coordination of tactics among a small group of responders, who move around an area during a 
fast-paced action. The main difference observed between games and crisis management was that 
the inherent organised structure of crisis management mitigated the threat of group fragmentation. 
However, in cases where a channel becomes overloaded with information, an auxiliary is appointed 
to listen to the channel. Due to stressful situations in crisis management, it has proven necessary 
for commanders to step back and take a break from communication. Thus, crisis management has 
built-in measures to address information overload, whereas games do not. The design guideline from 
statement four are described in Table 7.

Proximity Chat

Statement 5: Proximity voice chat, which is a virtual metaphor for face-to-face in the real world, 
may be necessary where a large number of players would clutter a shared radio channel, players 
are close to each other in the virtual environment, and the benefit of cues that indicate which 
direction a sound is travelling from outweighs the inability to speak with distant players (Gibbs 
et al., 2006).

The use of face-to-face communication by people who are close in the (real) environment and 
who benefit from cues of sound direction has been confirmed by observations of training and during 

Table 7. Design guidelines for small groups

Metaphor Purpose Configurability

Radio Communication in a small group Fully connected member or a tree topology

(5-10 people) One or more instances

Turn off or assign to another person

Radio and face-to-face Information relay by a single person
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interviews. The observation showed that small teams of first responders communicated face-to-face 
frequently during the large-scale exercise. During the interviews, commanders reported frequent use 
of face-to-face in command centres. When within a close distance of each other on the scene, they 
preferred face-to-face communication over the use of radio.

The prevention of channel cluttering was refuted by commanders, who stated that the size of a 
face-to-face group in a command centre is similar to the size of a group that shares a radio channel 
(5-10 people), and then by commanders in a control room who said they decide on a radio channel 
configuration that prevents congestion.

In addition to the above confirmation and refusal of the statement, the data indicated that 
modification is needed. It has to be tailored to regular meetings between commanders and 
adopted to environmental and technological constraints. Hence, as reported by commanders from 
different response agencies, the statement should be modified to include the use of face-to-face 
communication for regular meetings between commanders on the scene. Furthermore, the statement 
should be modified to include the use of face-to-face communication because of environmental 
constraints. For example, the use of radio becomes difficult in a noisy environment (machine noise 
or wind), where the commanders report to meet each other and talk face-to-face instead. Finally, the 
statement should be modified to include speaking face-to-face as a backup for technology failure 
or unavailability. For example, when radio fails, the commanders meet face-to-face to exchange 
information and coordinate response.

Statement five was confirmed, but with the exception of the cluttering of a shared radio channel, 
which is avoided in crisis management by certain communication configurations. Also, instead of 
filtering out the number of people on the channel, in crisis management, face-to-face communication 
is used when talking to people within reach. The benefits of face-to-face communication are enjoyed 
by first responders and commanders, and face-to-face communication is preferred over radio. Again, 
in this statement, we see the differences in the two areas emerging in the inherent structures of crisis 
management. Furthermore, the required reliability of crisis management and the difficult working 
surroundings, which are affected by synthetic or natural noise due to extreme weather, distinguishes 
crisis management from games. The design guidelines implied from statement five are described in 
Table 8.

Identity of People
The identity of people group focuses on identity management and addressing people during 
communication in a virtual environment.

Addressing People and Channel Control

Statement 6: Players engaged in a virtual environment had difficulty identifying who was speaking, 
determining who could hear what they said and knowing whether it was heard at all. Players 
reported that the voice channel had inadequate facilities to control what was heard and what was 
sent and that it introduced delay. As a result, it can inhibit a convivial computer-mediated social 

Table 8. Design guidelines for proximity chat

Metaphor Purpose Trigger of Proximity Chat

Face-to-face
Small group of 5-10 people﻿
who work on the same task﻿
and are close

Characters get close in virtual environment﻿
Regular time intervals﻿
Noise can make radio communication difficult and hence a face-to-
face meeting is required.﻿
As a backup when there is technology failure, e.g. radio fails.
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interaction (Gibbs et al., 2004; Gibbs et al., 2006; Wadley et al., 2009). Voice reveals identity 
better than text which makes it more sociable but can interfere role-play and pseudonymity 
(Wadley et al., 2015).

The problem of identifying who was speaking has been refuted in crisis management by three 
indicators. The commanders and training managers and crisis management procedures reported the 
use of call signs. Then commanders stated that they know each other and those (at a certain level) 
who knew each other were able to recognise each other’s voices. Finally, the use of one-to-one 
communications such as landlines, mobile phones, radio between two persons/command centres and 
radio display help with the identification of a speaker.

However, the problem of identifying who was speaking has been recognised when the participants 
occasionally forgot to use call signs. One of the causes was a lack of training. Another one was that 
participants started to introduce themselves too early, and the first two seconds of the radio speech 
are not transmitted.

The uncertainty that a message has been received was refuted by the following statements. First, 
response agencies confirmed reception of an alert message and, when unsure, they called back. Then, 
personnel at the command level regularly confirmed the message reception and the personnel called 
by a call sign replied using the call sign of the origin. Finally, during the real exercise a commander 
on the scene could perform a visual check to see whether a task had been performed as requested and 
during a table-top exercise visual cues (e.g. nodding) were sent out in simulated radio communication. 
Uncertainty about message delivery was supported by first responders on the scene, who did not 
confirm the reception of a message.

The problem of identifying a message recipient has been refuted by speaking to a specific person 
using a call sign or addressing all of the receivers who use or monitor the channel. The problem of 
controlling the communication channel has been refuted by the use of appropriate devices (discussed 
in statement three), the use of push-to-talk radio, where speaking occurs only when a button is pressed 
and speaking on a selected channel only. Finally, the problem is refuted by commanders, who have 
stated that problems with channel control depend on a person’s individual skills, his or her age and 
previous skills.

Certainly, as described by statement six, there is a difference between games and crisis 
management with respect to voice communication. Although there was some contradictory evidence, 
we concluded that problems with the identification of who is speaking or addressed, whether the 
message is delivered or how to control the channel, have been mostly refuted. Additionally, the findings 
on communications in crisis management did not reveal any inhibited interactions or any indication 
of delay caused by inadequate control. Thus, we can conclude that this statement does not apply 
to crisis management. Again, the reason is the difference in the inherent communication protocol 
of crisis management. From the analysis of this statement, we suggest further design guidelines as 
presented in Table 9.

Table 9. Design guidelines for addressing people and controlling channel

Metaphor Type of Control

One-to-one (mobile, landline, face-to-face) Select recipient﻿
Indicate source of communication

Broadcasting

Use of call signs﻿
Push-to-talk functionality﻿
Should allow recipient to contact the source﻿
Voice recognition not considered relevant

All voice metaphors Avatars should be anonymized for voice
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A Player’s Identity Affects Learning and Coordination

Statement 7: Not knowing who is talking in a distributed player setting can have a negative effect on 
learning and coordination in team-based war games (more/longer utterances to find out who is 
present, what is their level of skills or to address the person). On the other hand, knowing a partner 
results in fair decision making (Halloran, 2009; Halloran et al., 2004; Yamamori et al., 2008).

We could not validate the effect of unknown identity on learning and coordination because, as 
stated in statement six, first responders and commanders know whom they are talking to. However, 
we can say that, in a single interview, a crisis commander confirmed good coordination between 
response agencies in which commanders know each other. This is in accordance with (Wadley et 
al., 2015) who states that identifying someone by voice makes the communication more social. An 
implication for design from this statement is that, for training purposes, avatars should be anonymised 
(see Table 7). All of the players will then have the opportunity to follow the training procedures and 
practice role-play without someone having the advantage of knowing others.

Avatar Behaviour
Because players in a virtual environment are represented by avatars, the group avatar behaviour queries 
the visual appearance of the virtual character and the embodiment of non-verbal communication 
functions.

Coupling of Players’ Verbal and Visual Actions

Statement 8: Where visual representation is available (e.g. videoconference, collaborative virtual 
environment), verbal actions should be coupled with postural, gestural and proximity information 
of the player embodiment. This information can help identify the speaker and can increase 
communication during participants’ performances (Cassell & Thorisson, 1999; Chodos et al., 
2010; Halloran et al., 2003)

The coupling of verbal and visual representation has been confirmed by several cases where 
commanders’ actions were visibly coupled with verbal description during a table-top exercise and 
by a commander pointing to a location on the scene while tasking first responders during a real-life 
exercise. Because we conclude that statement eight has been validated in crisis management, we can 
recommend that proximity chat in a virtual environment should allow gestures.

Learning
The learning group focuses on the training aspects that communication provides in a virtual 
environment.

Experience Sharing

Statement 9: Communication in a virtual world not only provides experience of the participant’s own 
area but also provides experience in a variety of other areas (Chodos et al., 2010; Raybourn, 2007).

Provision of experience from other roles has been confirmed by observations of real-life exercises 
and by interviews on crisis management training.

They indicated that the coordinators learn about the other teams’ tasks while monitoring a 
shared communication channel, Police learn about Fire fighters’ needs while making a secure area 
for them, Police teams learn about each other’s methods while negotiating security responsibilities, 
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and Police learn about the medical domain while organising casualty transport with a medical team. 
Then the responders, who change roles during incident response, also learn skills in the new field 
(e.g. fire fighters as medics).

Although, as one commander said, a person learns through the scenario itself, he or she 
mainly learns from the discussions that take place in the training room and in the plenary meetings. 
Furthermore, commanders prefer to get to know each other well and to learn their roles in a large-scale 
exercise and one commander pointed out that training can fight off rivalry between coordinating teams.

Thus, a number of examples have validated this statement. We concluded that experience sharing 
is important in crisis management and that there are ample opportunities for learning from each other, 
about procedures, situations and roles. The reason that experience sharing is particularly important is 
that, especially in smaller locations, human resources are scarce, making it important for a person to 
perform the tasks required in different roles. For example, a fire fighter who participates in a rescue 
by fighting fire may later be triaging patients or driving an ambulance. We did not see the need to 
propose a design guideline from this statement. Communication, as we have described it until now, 
facilitates experience sharing.

Problems
The final group, the problem group, contains statements that point to technical or contextual problems.

Problems of Voice Communication

Statement 10: Players reported a number of voice communication problems (e.g. speech not intended 
for the listener, background talk, natural or synthetic noise, intentional or unintentional) which 
caused lower usability (Gibbs et al., 2004).

The communication hindrances such as environmental noise or unrelated conversation were 
confirmed by all of the participants including training managers on the scene or in a command centre 
during a large-scale exercise, and confirmed as well by commanders who had reported experiencing 
problems with environmental noise, which is louder on the scene and lower in the command centre. 
One commander reported special communication training, teaching how to deliver a clear message.

Because several additional types of problems were observed in crisis management, a few 
amendments to statement ten were required. Some of the issues have been mentioned in previous 
sections but appear here again. Examples are technical constraints and the context of the crisis. Other 
examples are new but draw their characteristics from the nature of the crisis management, e.g. the 
need for concise expression and the need for high reliability. Yet others result from the heterogeneous 
background of the large number of participants and require accessibility of the technology to all 
regardless of their background and abilities. First, the statement should be modified to include the 
problems that are related to the use of the channel, such as unanswered calls, unsatisfied requests for 
information or selection of an incorrect communication channel. Second, the statement should be 
extended to include the use of multiple channels simultaneously (e.g. using two radios). Third, the 
statement may be modified to include channel liability due to technical or contextual problems (e.g. 
a handheld radio on the scene is subject to environmental noises, or certain technology may be liable 
to breakdown). Fourth, the statement may be modified to include communications problems that are 
related to a person such as individual communication skills, previous experience with computers, 
inadequate communication skills of the participants or their respect for the communications plan. 
Fifth, the statement should be modified to include problems with respect to the delivery of irrelevant 
information. Sixth, the statement may be changed to include communications problems resulting from 
competition, such as fighting over the scene primacy.

We concluded that this statement has been validated with the data analysed, albeit with several 
additions. All of the participants in our study confirmed that environmental noise was a major problem 
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in communication. Other problems, such as background talk or speech that is not intended for the 
listener, were also confirmed. Some of these problems resulted from an incorrect communication 
setup. However, no music or intentional disturbances of the channel have been reported. Finally, as 
elicited above, several additional communication problems have been observed or reported during 
interviews. The design guidelines derived from statement ten are described in Table 10.

Summary of Results
The summary of results is provided in Table 11. It organises the statements by group. For each 
statement, there is a brief summary and a conclusion on its support or refusal in crisis management. 
If applicable, each statement has additions that were deemed necessary while transferring the 
statement from online games to crisis management training in a virtual environment. Two out of 
the ten statements were refuted in crisis management, five were confirmed and three were partly 
confirmed. In six of the eight sentences that were confirmed or partly confirmed, additions had to 
be made for crisis management.

CONCLUSION

Outcome of the Research Study
At the onset of this research study, we aimed to answer the question of whether and to what extent 
crisis management training in a virtual environment could take advantage of voice communication 
in online multiplayer games. Given the results summarised in the previous section we conclude that 
virtual environments for crisis management training can take advantage of communication in online 
multiplayer games. From a practical standpoint, we have suggested design guidelines to be used in 
the design of a virtual environment for crisis management training. Theoretical implications will be 
discussed later in this section.

While a majority of the statements, which were derived from on-line games, could be confirmed 
and thus adopted in crisis management training, others had no match in the crisis management 
domain. These results accorded with our expectations at the onset of the validation part of the study. 
However, what we could not have predicted was which statements from the broader online games are 
transferrable to crisis management training. For example, statement one, which links media richness 
selection with communication characteristics, has been fully confirmed, while statement six, which 
discusses the identity problems of players, has been refuted. Especially noticeable is the need for 
addressing environmental and situated noise in crisis management. According to participants in the 
study, this is a paramount feature of a virtual environment because it can have a great impact on 
work performance.

The characteristics of crisis management are especially influential and apparent in the results. 
What is most obvious is that such an operation follows organisational guides (e.g. statement one, 
selection of the medium according to the guidelines), is formal (e.g. statement two, no impulsive or 
reserved behaviour, and statement six, identifying who is speaking), is characterised by a complexity in 

Table 10. Design guidelines for problems in communication

Metaphor Extension Solution to a Problem

Alternative to the primary metaphor
Reach a person who does not reply or is not reachable.﻿
Training to avoid bad habits (e.g. talk face-to-face instead of keeping all 
informed by radio, use of mobile phone when not recommended)

Noise
Realistic training conditions represented by environment and technology-
induced noises. The noise should depend on a trainee’s action (e.g. distance 
from the noise-emitting object).
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the topology of the communication (e.g. statement three, using two or more channels simultaneously), 
produces reliable data and the decision making is highly critical (e.g. statement four on the logging of 
information or pausing to enable decision making). The operation shows impact of a noisy environment 
on task performance (statements five and ten), has identification of speaker or recipient by call signs 
or by channel selection (statement six) and allows members to share each other’s experiences by 
communication or coordination (statement nine). While these characteristics are not entirely unique 
for crisis management, we expect that they are not generic for all domains.

Other statements, which have been confirmed in crisis management training, are likely to be 
usable in other similar domains, e.g. training in the military domain or individual response agencies. 

Table 11. Summary of statements, their validation and extensions for crisis management

Statement
Statement of Online Games

Confirmed in 
Crisis 

Management

Additions for Crisis 
ManagementGroup No.

Media 
richness 
selection

1
Selection of media based on tasks, 
fellows, organisation and prior 
experience

Yes Medium availability and type of 
training instrument used

2

Leaner media (e.g. text) can cause 
impulsive or reserved behaviour but 
can be used for initial contact or for 
asynchronous communication

Partially, but not 
for impulsive or 
reserved behaviour

Media with higher richness 
should be used under stressful 
conditions, and to achieve higher 
reliability lower medium should 
be used as a backup channel.

3
Four metaphors for voice channels: 
broadcasting, landline, mobile phone 
and proximity chat

Yes
Multiple, simultaneous channels 
and reconfigurable channels or 
media depending on context.

Groups of 
people 4

Radio channel is most useful for a 
small group of players who know 
each other but multi-channels can 
cause fragmentation

Partially, but 
fragmentation is 
prevented

Possibilities to step out of the 
conversation and to monitor 
multiple channels simultaneously.

5

Proximity chat is useful where 
a large number of players would 
clutter a shared radio channel and 
players are close to each other in the 
virtual environment.

Partially, but 
cluttering is not 
identified

Face-to-face is used for regular 
meetings and when there are 
environmental or technology 
constraints.

Identity of 
people 6

Players had difficulty identifying 
who was speaking. Difficult to 
control what was heard and what 
was sent.

No

7 A player’s identity can negatively 
affect learning and coordination No

Avatar 
behaviour 8

Where visual representation is 
available, verbal actions should be 
coupled with postural, gestural and 
proximity information of the player 
embodiment.

Yes

Learning 9 Experience sharing Yes

Problems 10

Problems of voice communication, 
e.g. background talk, natural or 
synthetic noise, intentional or 
unintentional

Yes

Unnecessary information 
delivery, problems resulting from 
competition such as fighting 
over the scene primacy and skill 
dependence.
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A few examples are the selection of media based on fellows, tasks and organisation; the asynchrony 
of information; metaphors, gestures and postures increasing the meaning of the communication, and 
the proximity of the conversation being dependent on the size of the group.

The design guidelines that were identified for each statement can be useful for crisis management 
training environments and, depending on their generality, for other virtual environments. Some of the 
design guidelines are especially useful for training because they can be variable from one training level 
to the next. For example, a trainee can train first without environmental noise and then, as difficulty 
levels increase, with it. Thus, he or she would receive, gradually, an increasingly more difficult training 
environment. This scenario is in accordance with the Variable Uncertainty Framework which has been 
proposed for designing scenarios for training environments and includes three variable dimensions, 
the number of events, the randomness of events, and the situational complexity around events (Field, 
Rankin, Pal, Eriksson, & Wong, 2011).

Despite the positive results of this research study, it leaves open several avenues for further 
study. First, a more in-depth research analysis of a communication protocol could provide further 
information on impulsive or reserved behaviour (second statement) or a delay of the message delivered 
(statement six). Second, future research should include an evaluation of the design guidelines. The 
evaluation of their validity for a virtual environment for learning is necessary in any prototype of 
a training system. Previous review of validation of simulators has illustrated that the area has few 
accepted definitions and measurement methods, making it a challenging area (Schout, Hendrikx, 
Scheele, Bemelmans, & Scherpbier, 2010). Schout et al. (2010) have proposed that a prerequisite for 
validating a simulator researchers should conduct a training needs analysis to evaluate the existing 
requirements for training and to look at program requirements in a training program design. Third, it 
could be worthwhile to evaluate, in practice, how the variable factors characterised in the statements 
can be used for designing training scenarios. Fourth, the findings on communication were collected 
from the related domains of online multiplayer games and collaborative virtual environments. These 
findings provide information about textual and voice communication. This work should be extended 
to include other forms of communication in the virtual environment (e.g. videoconferencing) and 
their applicability for crisis management training.

Relation to Theories
This section describes several theories that can be related to the results and that can afford grounds 
for further research. The results describe voice communication in the crisis management domain as 
a safety-critical process that must provide reliable information delivery to an appropriate destination. 
Problems of communications have been identified and they can have implications for collective 
decision-making and coordination of action. Categorically, the problems were, first, technological, 
such as communications failure and simultaneous use of multiple devices; second, sociological, 
including the lack of a common vocabulary, the habitual use of channels, the overwhelming nature 
of the tasks and the stressful environment; and third, organisational, because of different hierarchical 
structures in communication. In addition to these three categories identified by Manoj and Baker 
(2007) and confirmed by this study, the results suggest that the physical environment or the context 
is a prominent characteristic that has an effect on communication.

Another theory or a model to which this research can relate is Berlo’s (1960) communication 
model, which describes the nature of the receiver, the sender, the message and the channel. The 
communication between the source and receiver is mediated by messages sent over a channel. A 
source is a person with the intention of transmitting a message that represents his/her thoughts. It 
is influenced by communication skills (e.g. ability to speak, write), attitude towards the audience, 
subject of communication and oneself, knowledge of the subject and the social system and culture 
(e.g. beliefs, religion). The message component represents the information as expressed by the source, 
which consists of the content, elements, treatment, structure and code. The content is the entire 
information of a message assembled from elements such as words or gestures, into a structure (e.g. 
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a sentence). The selected treatment can include formal or natural communication. Code refers to the 
language that is used or other rules and conventions governing verbal and gestural communication. 
The channel is the medium by which the message is encoded and decoded, as represented by five 
senses. A receiver is a person at the destination of the communication chain trying to understand the 
message using their own communication skills, knowledge and social system. Statements one, two, 
four, six and seven relate to the social systems of the source or the receiver. Statement eight relates to 
the message, specifically the channel (e.g. visual or verbal) and code (e.g. gestures). Finally, statement 
nine relates to knowledge of the subject.

Whereas communication can be viewed as the medium of content, it is not concerned with 
the behaviour of the trainee. It is worth considering how the communication relates to a theory of 
engagement, which describes how well a player (a trainee) is pulled into the game. Engagement 
has been characterised by Benyon (2010, p. 95) as including identity as a sense of authenticity for 
the expression of self, adaption relating to change and personalisation along with changing levels 
of difficulty, and the narrative concerns of telling a good story, immersion in the sense of feeling 
wholly involved, and flow, defined as the gradual flow of one state to the next. Based on 12 in-depth 
interviews and on existing theories in gaming, Whitton (2011) has constructed a model of engagement 
in which learning consists of five factors, i.e. challenge, control, immersion, interest in the activity, 
and purpose. Applying Whitton’s theory (2011) to our results we take a few examples. Noise will 
increase immersion, and a selection of communication devices, i.e. face-to-face. Radio or mobile 
phones provide different avenues of communication and thus control. On the other hand, noise can 
provide a challenge for the trainee and can introduce uncertainty in completing a task, which can 
also be increased by a complex topology of communication, such as multiple simultaneous channels. 
The last two factors, interest in the activity and purpose, could not be found in the ten statements.

This paper contributes to the transferability of knowledge between domains. It adds to previous 
work, which has proposed ways of designing user interfaces by adaptation from other domains, such 
as games (Shepherd & Bleasdale-Shepherd, 2011). Thus, it contributes to answering the question 
to what extent technology can be transferred between application domains (Harris & Harris, 2004).
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