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Abstract 
 
A study of communication content, frequency and problems was 
performed at the Swedish Air Force Air Combat Simulation 
Centre, FLSC. The purpose was to investigate the connection 
between team communication and performance variables, to 
study communication problems during air combat and to employ 
and develop the PILOT method of communication problem 
analysis. Ten fighter pilots and four fighter controllers engaged in 
simulated air combat beyond visual range in teams on two sides, 
Blue and Red, with four pilots and one fighter controller each. 
Eight such training runs lasting 15 to 25 minutes were analyzed 
with regard to the Blue team’s communication during launch 
situations, i.e. one minute before launching a missile to either 
missile impact of failure, and problems during whole runs. The 
performance of the Blue team was rated by an experienced 
training instructor in six of the runs. It was hypothesized that 
positive outcomes would be associated with high communication 
frequencies but low communication problem rates. Results 
showed that high utterance frequencies were positively associated 
with positive global outcomes, i.e. wins, but not associated with 
high instructor ratings or launching hitting missiles. Incoherent 
results were found for communication problems. The results were 
discussed and further research suggested. 
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APPENDIX A. LAUNCH CHARTS 
 
Abbreviations used in the thesis. 
 

Abbreviation Description 
avg. Average 
BVR (air combat) Beyond Visual Range 
FLSC The Swedish Air Force Air Combat Simulation Centre 
FOI The Swedish Defence Research Agency 
fq Frequency 
FSL fighter controller (Swedish “flygstridsledare”) 
MSI The Division of Man-System Interaction at FOI 
prob. Problem 
RADAR Radio Detection And Ranging, microwave signals 
sit. Situation 
TSD Tactical Situation Display 
utt. Utterance 
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1 INTRODUCTION 

What is the recipe for success in the air? How can a team of pilots 
rocketing ahead at speeds of up to Mach 1.5 at 10 000 metres 
altitude, with the constant threat of being shot down, perform 
their task effectively? This is a riddling question for air force 
researchers and staff all over the world, but it is fairly reasonable 
to believe that the answer lies to great extent in successful team 
cooperation, and efficient team communication is its prerequisite. 
It is also an observable aspect of it. But how does one go about 
and study communication in teams? What aspects are important? 
What level of detail is interesting? Which communication factors, 
if any, affect the team’s performance? 
 
The Swedish Defence Research Agency, FOI, division for Man-
System Interaction, MSI, engages a lot of people and resources in 
different projects. One of these is the Mental Workload and 
Performance, MAB, project which regards the situation for 
operators of complex systems. Through studying psychological, 
interactive, social, organizational as well as psycho-physiological 
factors on many platforms, aspects of the effect of mental 
workload on performance are gathered. One FOI platform suitable 
for research is FLSC, The Swedish Air Force Air Combat Simula-
tion Centre, located in Bromma. The facility accommodates eight 
pilot stations and four fighter controller stations for air combat 
training in groups.  
 
As part of the MAB project, this master’s thesis aims at 
discussing aspects of team communication content, frequency 
and problems, and their relation to team performance, as studied 
in a multi-aircraft simulator.  
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2 PURPOSE 

The purpose of the current work is dual, one purpose for the 
thesis, with two subparts, and one purpose for the training 
facility used in the study (FLSC), divided into three subparts. 

2.1 Thesis purpose 
The master’s thesis purpose has two parts: 

- To utilize and possibly develop existing methods for finding 
and studying communication problems. 

- To investigate the connection between 
communication/communication problems and 
performance/results. 

 
These two parts include the purpose of possibly discussing 
potential consequences of the results for  

- pilot selection 
- team training 
- communication strategy recommendations 

2.2 FLSC purpose 
For the FLSC simulation and training facility, the purpose has 
three parts: 
- To improve the establishment. 
- To try to find a method of team performance assessment and 

evaluation. 
- To enable better feedback delivery to the pilots and fighter 

controllers at training. 
 
The purpose also includes the intention to possibly investigate 
any deviations of previously made up briefing plans, and the 
possible implications of these deviations for team performance 
and communication. 
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3 THEORETICAL BACKGROUND 

Studies of team communication in relation to performance have a 
history ranging back to the 1960’s (e.g. Williges et al., in Brannick 
et al., 1997). Communication research has its background in 
linguistics and information theory (Artman, 1999), while research 
in HCI, human factors and team training theories contribute to 
the knowledge assembled in the field of team performance 
(Brannick et al., 1997). The current study regards the use of and 
results from using different quantitative and qualitative measures 
of team communication and performance in an air force team 
training simulator. Accordingly, the fields of communication, 
performance and to some extent, simulators, will be penetrated. 
 

3.1 Communication 
3.1.1 Definition 
Theory of communication has not been characterized as being a 
unified and contingent theoretical framework. Historically, 
communication has been regarded as a straight-forward transfer 
of information from any sender to a receiver. Today, however, a 
range of theories of communication occur in the literature.  
 
Artman (1999) describes the study of communication as being not 
a consistent theory but rather a focus, with contributions from 
the fields of linguistics, sociology, anthropology and psychology. 
He also makes the observation that many communication 
researchers are critical to the information transfer-view of commu-
nication. The views are instead focused on the practices used by 
people in interaction with systems and other organisms. Some 
researchers consider interaction, and thus communication, as a 
form of cognition or knowledge process on its own. Information is 
in that case not transferred – it is created. Communicators create 
new knowledge that may not have been created otherwise, 
without their respective contribution. Thus, Artman (1999) means 
that communication can be regarded as a cognitive situation. By 
that, it follows that a system where actors communicate has 
cognitive properties, which can be studied. 
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The perspective of Distributed Cognition also moves the traditional 
boundaries for cognition from individuals to systems as a whole. 
In view of this theory, a system consisting of individuals and 
artefacts can have cognitive properties separate from those of the 
individual, since individuals interact with artefacts, and since the 
individuals are socially organized (E. Hutchins, in Artman, 1999). 
The system itself with individuals and artefacts is regarded as 
undertaking processing and representing information. It consti-
tutes an “information environment” in which individuals act. 
Artefacts limit and enable interaction, and can represent, 
manipulate and store information just as other agents, making 
up the whole system. But individual cognition is not rejected as a 
phenomenon in Distributed Cognition – it is just not the topic of 
interest. Artman (1999) interprets Hutchins’ view of individual 
thinking as “what is left over after having analyzed the infor-
mation environment” (Artman, 1999, p.33).  
 
Furthermore, communication and coordination are central to the 
individuals’ acting, and thus the system’s achievement. Commu-
nication in this regard is, again, not a straight-forward process, 
but requires active efforts from all participants in the process, 
from both sender and receiver, in order to successfully transmit 
and interpret the messages. From the perspective of Distributed 
Cognition, the system’s functionality is said to consist of the 
combined coordinated individual situation awareness of the 
system parts. How well the system will work depends on the 
communication and coordination possibilities the system 
comprises, since these possibilities make information sharing 
possible, which will serve the purpose of enabling situation 
awareness (Artman, 1999).  
 
The construct of situation awareness (SA) as modelled by Endsley 
(1995, in Artman, 1999) as “the perception of the elements in the 
environment within a volume of time and space, the 
comprehension of their meaning, and the projection of their 
status in the near future”, has received criticism for its focus on 
the individual and mental levels. Among other theories, Endsley’s 
definition is incompatible with Situated Cognition, since it leaves 
out the rules, procedures, artefacts and other aspects in the 
environment which limit and enable agents to gather and share 
information. In Situated Cognition, the context, artefacts and 
situation are crucial in describing and analyzing how agents act 
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and coordinate. SA has also been described as an accessible 
situation representation resulting from integrating and updating 
multiple SAs (Sarter & Woods, in Salas, Muñiz & Prince, 2001), 
which is an emphasis on the ongoing process rather than the 
state of SA. 
 
A view of communication as something being used to modify team 
situational awareness in the task is found in Salas et al. (2001). 
In this work of theirs in the flight domain, situational awareness 
was informally expressed by flight crew members as the state of 
knowledge regarding “what is going on with all relevant elements 
in the flight”, which can serve as a short definition for some 
purposes. 
 
The Latin term ‘communicatio’ translates to “making common”, 
“sharing”, “exchanging” or “distributing”. These meanings give a 
view of the purposes of communicating being other than a simple 
transfer of information. They instead point to the aspect that 
language is used to do things together. 
 
Clark (1996) offers an alternative view of communication. He 
introduces a conceptual framework for the study of how language 
is used, with the basis for all language use being face-to-face 
everyday conversation between human beings. These are 
situations where language is used to do things (make plans, 
express opinions, buy new shoes or just chatting). By doing these 
things together, language use is more than the sum of a speaker 
and a listener. Clark’s model of language use was employed in the 
domain of Air Traffic Control (ATC) in Fairburn, Wright & Fields 
(1999). The features of Clark’s model regarded as central by 
Fairburn et al. were joint projects, common ground/grounding, the 
ladder of joint action and participatory status. These features were 
described as follows: 
 
Joint Projects 
A ‘joint activity’ is by Clark described as a goal defined event 
which has more than one participant. Joint activities are 
performed through sub-steps which are called ‘joint actions’. 
Participants in a joint action need to coordinate. Clark calls 
attention to the fact that talk itself is an example of a joint 
activity, since participants in any talk are actually coordinating 
with each other. Joint actions are linked to physical or linguistic 
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events. Clark also emphasizes that language is used for purposes 
– for doing things. These things we do are called ‘joint projects’, 
and are closely related to activities in ‘the real world’. A joint 
project is a specific type of joint activity, which requires more 
than one participant, and involves the coordination of the 
participants’ actions. Joint projects must be ‘proposed’ by a 
participant and ‘taken up’ or accepted by another. When both 
parts know the project has been taken up, there is ‘closure’ in the 
joint project, Clark means. Failure of providing evidence of 
closure will produce problems in the joint action of conversation. 
This makes the feedback element of communication vital for 
successful cooperation. In this respect, communication is a 
prerequisite for coordination and cooperation, but the relation-
ship is bilateral, since coordination is a prerequisite for 
communication, too. Fairburn et al. introduce the notion of 
‘conclusion’ as addition to Clark’s model, referring to the state 
when both parties in a joint project have evidence that the 
activities of the project have been achieved successfully. 
 
Common Ground and Grounding 
The concept of ‘common ground’ resembles other notions such as 
joint or common knowledge and mutual belief or suppositions. It 
is central to the performance of any joint activity. The knowledge 
must be both mutual and joint, meaning that both parts have it, 
and know that the other part holds it too. ‘Grounding’ is referred 
to as the process of constructing and maintaining common 
ground. This process is regarded as crucial for the advancement 
of joint activities. Orasanu and Watts et al. (1995 and 1996, in 
Dekker, 2000) use the notion that team members’ communication 
represents the extent to which they “make individual investments 
in creating common ground or achieving common under-
standing”. Fairburn et al. regard common ground as important 
for collaboration, as it provides the foundation for mutual know-
ledge and supports implicit coordination (see section 3.1.2 
Coordination of teams). 
 
The Ladder of Joint Action 
In Clark’s model, many joint actions can be viewed upon as a 
hierarchy, by Clark termed the ‘Action Ladder’, or ‘The Ladder of 
Joint Action’. Since the act of communicating is an example of a 
joint action, used for coordinating joint projects, the 
constitutional parts of communication, i.e. utterances (or non-
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verbal signals), have associations to different steps of the four-
step ladder of joint action. The levels are, from bottom to top:  
1. vocalisation (execution) and attention 
2. presentation and identification 
3. meaning and understanding (signalling and recognition) 
4. proposal and uptake 
These steps are causally related from the lowest to the highest 
level, i.e. they have ‘upwards causality’. For a successful proposal 
of a joint action to be made, the utterance has to be attended to, 
identified as a linguistic signal, understood as a proposal, and 
considered. This means that any utterance failing at the 
addressee’s identification of it as a linguistic construct will fail at 
being understood as intended. The ladder also has the property of 
‘downward evidence’, meaning that evidence on one level is 
evidence of the success on all levels below. Failure at any level 
may require ‘repair’ at the same level. 
 
Participatory Status 
Clark also gives a framework for studying participants and their 
‘status’ in a conversation. He uses work from Goffman (1976, in 
Fairburn et al., 1999) to distinguish between different categories 
of actors, and their roles. ‘Participants’ are directly involved in the 
conversation. These are the ‘Speaker’ and the ‘Addressee’. Also 
present may be ‘Side Participants’, who are involved in the 
conversation but not currently speaking or addressed. ‘Over-
hearers’ can be of two kinds – openly attending ‘Bystanders’, or 
‘Eavesdroppers’, listening in on the conversation without the 
Speaker and Addressee noticing it. The model is illustrated in 
figure 3-1. These roles were used by Fairburn et al. among other 
things to describe how ATC personnel sometimes ‘speak to the 
room’ to get assistance or to provide information that might be 
useful for anyone else. This practice was also observed by Artman 
(1999) in an emergency co-ordination centre. 
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Figure 3-1. Clark’s model of conversation participants (adopted from Clark, 

1996). 

3.1.2 Coordination of teams 
For joint activities such as air combat in teams, coordination is a 
central feature for success. Teams are here defined as a group of 
at least two people with specific role assignments, performing 
specific tasks in which they must interact or coordinate to 
achieve a common goal or outcome (adopted from Brannick & 
Prince, in Brannick, Salas & Prince, 1997). Teamwork would then 
be labour or tasks performed by teams. Following from this, 
coordination is the central feature of effective teamwork. For 
instance, working against each other or doing the same job (e.g. 
pilots launching missiles at the same target) is a misuse of 
resources. Communication is an observable aspect of coordi-
nation, and insights into observable behaviours that predict high 
or low performance may be gained by studying team communi-
cation (S. Hutchins, 1999; Hocevar & Kemple, 1999). These 
insights may be used in order to develop practices of how to best 
utilize the advantages of using teams. 
 
Svenmarck (1994, in Artman, 1999) has listed four possibilities of 
team coordination: 

• Pre-planning of actions 
• Explicit coordination based on communication of intents 
• Implicit coordination based on prediction of other agents’ 

needs 
• Coordination based on rules 

        Participants 
Side 

Participant Speaker   Addressee Bystander 

Eavesdropper 

Listeners 

Overhearers 
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These four possible ways of coordination are best suited for 
different situations, depending on the uncertainty level, the 
agents’ skill and knowledge, any time constraints, and the 
alternatives for communication. They are therefore mostly used in 
combination. 
 
Pre-planning requires a stable and predictable system to work 
optimally. It can affect subsequent coordination by laying the 
groundwork for organization principles and applying these. 
Organization principles can therefore be seen as a form of method 
that constrains implicit coordination, since the principles restrict 
the attention given to aspects not included in the plan. Pre-
planning also make it complicated to find solutions to unplanned 
problems and for events where any agent central to the task fails. 
 
Explicit coordination is what is usually meant in a day-to-day 
definition of coordination, as an agent specifically asking for 
support or information from others. It is often the case when one 
agent has greater information assets than the others, and as a 
result becomes the coordinator. A problem with this method is 
time – both considering the amount of time it takes up, and the 
information delay. This problem can be helped by making agents 
communicate their intents for the future instead of their current 
state. 
 
Implicit coordination is performed without planning or explicitly 
requesting it, on the initiative of an agent noticing for instance 
the information needs of another agent. It also refers to the 
observed behaviour (Artman, 1999) of control room operators 
“talking to the room” and thus letting other people both share 
information and attend to the needs of an active operator. Implicit 
coordination is used by effective crews under high workload, but 
needs team members’ mental models matching regarding the task 
and roles, and a common understanding of the situation to work 
(Serfaty et al., in Artman, 1999). 
 
Coordination based on rules is rarely used for (human) tasks 
demanding prediction and regard to predictions, or other complex 
cognition. It is reminiscent of the way insects interact, without 
any plan or other overt coordination, instead dependent of the 
tasks of the agents being performed. This requires a great deal of 
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stability and redundancy in the system, in order not to break 
down in case any agent fails. 
 
A case of a combination of pre-planning and implicit coordination 
can be found in the cooperation of highly experienced military 
pilot teams, who have been working together for a long time. 
According to an interview with a pilot in such a team (Borgvall, 
2002), groups like these may carry out whole mission almost 
without uttering a word to coordinate. How much of the 
cooperation is in fact accomplished by non-verbal signals in these 
tacit situations is however not clear. 
 

3.2 Team performance 
Teams are a very important organizational structure in today’s 
workplaces, not the least in the military organization. The need 
for accurate and reliable measures of team performance is 
stressed by Cannon-Bowers and Salas (in Brannick et al., 1997). 
They mention applications such as team member selection and 
training, appraisal and feedback, and team performance 
management. However, measuring performance in teams is a 
complex and challenging task. It is a problem that likely requires 
multiple approaches, Cannon-Bowers and Salas conclude. 
 
Brannick and Prince in the same book (Brannick et al., 1997) 
specify some important considerations that should guide the 
design of performance measurements. 

• The purpose of measurement 
• The attribute(s) and behaviour(s) to be measured 
• The choice of stimuli or assessment situations 
• How to quantify the response(s) 
• The time of measurement 
• The expense of measurement 

 
The issue of measurement purpose is regarded as the perhaps 
most important, since it affects the further considerations. 
Purposes can range from training evaluation and feedback to 
team selection or problem diagnosis. A measurement suitable for 
one purpose, e.g. team feedback, may not serve the purpose of 
another, e.g. training evaluation. When selecting attributes and 
behaviors, the issue of process versus outcome will occur. 
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Brannick et al. also note that attributes may help determine what 
behaviors to examine further, e.g. a team member correcting 
others often may reflect high assertiveness. Stimuli or assessment 
situations choices determine what behaviors will be measured 
and what will be elicited. It can regard considering the actual task 
situation or asking questions regarding specific events, if the 
intended behaviors could not be displayed properly. A system for 
quantification will be used, and its properties range from the 
specific to the global, e.g. from performing checklist actions to 
cooperating, and from the objective to the subjective, e.g. from 
reviewing a data log file to collecting an expert assessment. The 
consideration of measurement time regards foremost the issue 
that teams and team members do develop and evolve over time, 
having more training and contact with each other. A 
characteristic of research is the expense issue, where 
measurements can contribute more or less, e.g. from constructing 
a large-scale simulator to using pencil-and-paper. 
 
An important issue for team performance measurement, as noted 
in the previous section, is that of process versus outcome. For 
most cases, the global team outcome is the factual result whereby 
teams are valued – for air combat hitting or missing and winning 
or losing. The outcomes are also the partial results that are 
desired when training is completed. However, the purpose of 
training is mainly to improve procedures and coordination, in 
order to gain positive factual results eventually. This purpose 
implies a focus to not look only at the outcomes, but at the 
process. There is also usually also a great variance in outcomes 
that is not attributable to teamwork, making it even more 
complex to assess team performance. This variance may give a 
clue to why betting on sports is still very popular – without this 
variance, results would be almost given in advance and the 
betting odds would be minimal. 
 
The issue of individual versus team is also important. Cannon-
Bowers and Salas (in Brannick et al., 1997) emphasize the need 
for measurements on both levels. Prince et al. (in Brannick et al., 
1997) mention among other things the conclusion of Foushee 
phrased in 1984, which gives an alternative view of the individual 
versus team distinction. Foushee meant that when an individual 
team member commits an error and the team fails in catching 
that error, it becomes a team error. 
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The two mentioned issues above make up the dimensions of 
Cannon-Bowers and Salas’ framework for measuring team 
performance in training (in Brannick et al., 1997). Several useful 
measurement tools for this framework are listed in table 3-1. 
Though, these tools are used for measurement alone, not for the 
interpretation of performance. Using rating/assessment by 
experts is indicated as being a viable method for studying 
performance on both team process and team outcome. 
 
Table 3-1. Team training performance measurement tools in Cannon-Bowers 

and Salas’ framework (from Cannon-Bowers and Salas, in 
Brannick et al., 1997). 

 Level  
Focus TEAM INDIVIDUAL 
PROCESS • Observational scales 

• Expert ratings 
• Content analysis 
• Protocol analysis 

• Decision analysis 
• Policy capturing 
• Protocol analysis 
• Observational scales 

OUTCOME • Observational scales 
• Expert ratings 
• Critical incidents 
• Automated performance 

recording 

• Automated performance 
recording 

• Critical incidents 
• Expert ratings 
• Archival records 

 
According to an experienced Swedish Air Force instructor 
(Borgvall, 2002), being successful as a team in the air is 
characterized by, among others, these features: 
- Team members’ mental models matching 
- Ability to repeat beneficial team actions 
- Avoiding parallel decisions/actions – serial decisions/actions 

are advantageous 
- Ensuring planning consensus in the team 
 
The features above might be interpreted as deriving from a 
combination of factors such as team situation awareness 
(interpreting movements and identifying tactics), procedural skill 
(what to do, how to do it), organization (scattered organization, 
not working as a team) and motivation (e.g. having leadership 
problems or not complying with orders).  
 
The organizational factor is noted in results from a study by 
Orasanu and Fischer (1991), there describing poor crews’ 
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operation as “a collection of two or more individuals, not a single 
unit”. They also found that for effective crews, the captains used 
low-workload periods to plan ahead and prepare for possible 
events, and thus primed, i.e. in a sense pre-programmed, the 
crew for potential crises. 
 

3.3 Communication and performance 
Communication is essential to team performance in complex tasks.  

S. Hutchins et al. (1999: p.1) 
 
Recent research investigating the connection between communi-
cation and performance factors has concluded that some 
communication and decision-making behaviours are indicative of 
high performance in teams (S. Hutchins et al. 1999). A summary 
of these found behaviours is seen in table 3-2. 
 
Table 3-2. Cognitive behaviours characteristic of high performing teams (from 

S. Hutchins et al., 1999). 

1 Develop shared understanding of problems, goals, 
information cues and strategies 

2 Anticipate other’s resource needs and actions 
3 Require little negotiation of what to do and when to do it
4 Volunteer information when needed 
5 Provide backup to overworked team members 
6 Ensure all members know mission priorities 
7 Make and interpret periodic situation updates 
8 Provide rationale for decisions 
9 Balance workload among team members 
10 Use homogenous, conventional speech patterns 

 
From the summary table, it appears on brief reflection that many 
of these positive behaviours that characterize a well-performing 
team would be associated with a large utterance quantity, i.e. that 
talking much would be beneficial to performance. Especially for 
behaviours 1, 4, 6, 7 and 8 communicating more could be 
interpreted as a ‘good omen’. However, for behaviours 3 and 10 it 
seems that large quantities of communication would be negative 
to performance – in 3, the notion of negotiation in is that of a 
lengthy discussion, and the conventional speech patterns in 10 
would typically be short and efficient of their nature. It is possible 
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that these different behaviours could be associated with specific 
types of communication, e.g. information, strategies, acknow-
ledgements etc., and thus relate to utterance rate in different, 
opposing, ways for each behaviour. 
 
Prince et al. (in Brannick et al., 1997), describe a number of 
efforts made to study the relationship between communication 
and performance. In several studies, the classification concept, or 
content coding, has been used. This regards the method of 
constructing a number of communication categories, and 
quantifying the number of occurrences in the team’s 
communication for each category. The focuses for and results of 
these studies are varied, as described below. In one study in 
1966, Williges, Johnston and Briggs found that the 
communication among two team members, using undergraduate 
males as subjects performing a radar interception task, facilitated 
performance “only when a more efficient information channel 
(e.g., standard operating procedure) is not available”. This relates 
to the coordination possibilities as described by Svenmarck 
(1994, in Artman, 1999). In 1981, Foushee and Manos made a 
classification of the utterances in an earlier study on aircrews in 
stressful situations performed 1979 by Ruffel-Smith. The results 
indicated a difference in how crews talked, regarding communi-
cation pattern and content. For four of their six categories, 
utterance frequencies increased during emergency periods. They 
also found a positive relation between the total frequency of 
communication and overall performance, as rated by expert 
pilots. Another study however, performed in a military aviation 
team environment by Oser, Prince and Morgan in 1990, showed 
no relationship between utterance frequency and crew perfor-
mance. 
 
Sexton and Helmreich (1999) report of a study by Siskel and 
Flexman 1962, and a replicating study 1986 by Foushee et al., 
which both indicated a positive relation between communication 
quantity and performance in flight crews. 
 
It seems that the relationship between communication amount 
and performance is not a straight-forward one. Cotton and 
Lampton (2000) note that the approach of using utterance 
categorization is quite common, though it has been shown to be 
insufficient as a valid and reliable measure of overall team 
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performance (Weaver et al., 1994, in Cotton & Lampton, 2000). 
Orasanu (1995, in Dekker, 2000) for instance, found that more 
effective flight crew members sometimes communicate less 
depending on the nature and urgency of upcoming problems in a 
simulator. Though, she noted that the talk used in these 
situations was for higher performing teams more devoted to the 
flight problems than to other issues, an effect found to be greater 
during abnormal, high-workload phases of the flight. It is 
probably so, as concluded earlier by Orasanu (1990, in S. 
Hutchins et al., 1999), that teams use communication to develop 
shared problem models for non-routine situations. This 
‘grounding’ would be a communication-demanding task, thus 
increasing the amount of talk needed, as seen in the study by 
Ruffel-Smith above. 

3.3.1 Communication problems 
The positive behaviour number 10 in table 3-2 – Use homogenous, 
conventional speech patterns, brings on the notion of 
Communication Problems. By measuring errors and problems in 
the communication, which are negative events being counter-
productive for group goals, one can talk of measuring 
“communication performance” or Quality of Communication. The 
preliminary results from a study by S. Hutchins et al. (1999) 
indicated that teams with low performances received low scores 
when measuring the use of a homogenous and conventional 
speech pattern. Data for the study was obtained in a military 
simulator using Naval and Marine forces performing an 
amphibious operation scenario. The team members of low-
performing teams were observed to fail at: 
- using standard operating procedures for communication, e.g. 

call signs 
- using proper phraseology 
- keeping excess verbiage to a minimum 
As declared in the report, failing at these behaviours will cause 
problems in the domain of military radio communication during 
operational missions, since “Statements should reflect a coherent 
thought expressed in the standard style with no irrelevant 
information” (Hutchins et al., 1999: p.8). 
 
NASA studies have shown that for jet transport accidents between 
1968 and 1976, pilot error was more likely to reflect failures in 
team communication than shortages in technical skill (Cooper et 
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al., 1980; Murphy, 1980, in Sexton & Helmreich, 1999). Though 
today’s flight crews train communication and crew resource 
management (CRM) specifically, the pattern has been repeated 
over the years. Over 70 % of the first 28 000 reports to NASA’s 
Aviation Safety Reporting System were related to communication 
problems (Connell, 1985, in Sexton & Helmreich, 1999). Sexton 
and Helmreich (1999) conclude that severe pilot errors do occur, 
but that the communication skills of effective crews can help 
them keeping the errors from turning into disasters. A team 
characterized by poor communication will however not be helped 
by having excellent individual technical skills.  
 
The failures in communication reported in the NASA studies 
(Sexton & Helmreich, 1999) and elsewhere (see previous section) 
can be termed communication problems, both for cases where it is 
clear that misunderstandings occurred, and for occasions when 
information in a team was lacking or not shared. It is also clear 
from Clark’s model of language use (1996, see section 3.1.1) that 
communication is a joint action where failing at providing 
feedback will increase the risk of problems, and thus the 
coordination of joint projects will be threatened. Problems and 
failure can occur at any step of the ‘action ladder’. It is likely that 
the communication problems will cause an increase in mental 
workload on and possibly cause diminished situation awareness 
for the participants in the joint activity of conversation. The 
necessary act of repairing the problems may require attentional 
resources, to be taken from other activities. Also, the problems 
and their repairs may make the “conversational bandwidth”, or 
room for talk, smaller, which will make explicit coordination more 
difficult to accomplish. 
 
At the Swedish Defence Research Agency, FOI, a study of 
communication problems in teams performing missions in a 
computer game was performed. A method for finding and 
studying these problems, entitled the PILOT method, was 
developed by undergraduate students in cooperation with FOI 
researchers (Björk et al., 2001). The method involves analysis of 
the communication problems on three levels: 

1. search for and identification of obvious problems  
2. localisation of problematic situations 
3. interpretation of the problem causes, using transcription 
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Examples of problem types found in the study were Lack of 
feedback and Uncertain information. This communication 
problem analysis method was used in the current study, here 
adapted to the domain of air combat team communication (see 
the Method chapter). 

3.3.2 Training simulators 
Much of the research and data collection in the field of aviation 
has been made using simulators. The platform of simulation is 
also extensively used in pilot and air crew training. It provides a 
safe and controlled setting where good supervision is possible and 
efficient training procedures can be accomplished.  
 
Dekker (2000) has evaluated simulator studies on flight crew 
communication which were made with the purpose of gaining 
empirical access to crew situation awareness. Simulator studies 
were regarded as having high internal validity through the 
possibilities of making experimental probes under the 
experimenter’s control, while crew members were free to behave 
naturally. For construct validity, Dekker argues that 
communication reflects investment in crew situation awareness, 
but that the relationship between the two is not straight-forward. 
In addition, crews can be aware of more than is communicated 
explicitly. For reliability, Dekker concludes that simulator studies 
on crew communications are replicable, but that the coding of 
communication entails a reliability challenge. 

3.3.2.1 FLSC 
The Swedish Defence Research Agency, FOI, runs a facility for 
multi-pilot training of BVR (beyond visual range, described later) 
air combat, entitled The Swedish Air Force Air Combat Simulation 
Centre, or FLSC. The simulator houses eight pilot stations as 
depicted in figures 3-2 and 3-3, allowing eight pilots and four 
fighter controllers to perform team mission training 
simultaneously. The purpose of the FLSC facility is to enable 
simulation of human-in-the-loop air combat using multiple 
manned aircraft, and to be used in studies, evaluation and 
training (FLSC home page, 2002-06-17). Additional aircraft can 
be programmed into the simulation or controlled on-line using a 
software interface. Anti-aircraft defence and other threats can 
also be added into the simulation scenarios, which range from 
straight-on fighter missions to complex international operations. 
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The scenarios used at FLSC are created to imitate potential real 
situations. 

 
Figure 3-2. FLSC system overview (adopted from the FLSC home page). 

 

 
 
Figure 3-3. FLSC pilot station head-down display, a large touch-screen (FLSC  

      home page). The pilot stations are normally separated by curtains. 
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3.3.2.2 BVR combat 
The current study regarded team communication and perfor-
mance during training of BVR air combat in an air force simulator 
(FLSC). 
 
Air combat beyond visual range can be seen as a team version of 
chess – in the air. It has several differences to combat within 
visual range, WVR, which is often regarded as the classical 
“dogfight” combat. In BVR combat, the pilots use different 
strategies and formations to meet an attack, and launch missiles 
from large distances. This makes the teamwork element crucial 
for success – each individual is diminutive in importance 
compared to the team. Though, an aerial encounter starting as 
BVR combat may many times end in WVR combat. 
 
The role of the fighter controller (Flygstridsledare, FSL, previously 
known as RADAR-Jaktledare, R-JAL) in the initial phase of BVR 
combat is to interpret sensor data, mainly RADAR, in order to get 
an opening picture of the enemy, and from the ground lead the 
four-group into the battle according to made up plans for possible 
scenarios and events. Information about the enemy regards 
positions (bearing, range, altitude), formation (column, box etc.), 
movements (heading, speed, sinking/rising), type of aircraft 
(fighter, attack, AWACS or other) and additional important 
information. 
 
The subsequent commanding of the group during combat is done 
by the fighter controller in cooperation with the pilot operating as 
group leader. The fighter controller has the task to continuously 
update the group members of the enemy positions and their 
possible intents, maintaining a forward perspective regarding 
potential threats and opportunities in the near future. This 
informing is done using radio speech and data link. Through the 
data link, target symbols and text can be transferred directly onto 
the pilots’ target symbol displays, TSD’s, and there be used for 
locking on to targets. Different target symbols are used by the 
fighter controller to prioritize among multiple targets. Targets are 
in the Swedish Air Force fighter control system represented by 
three main symbol types – primary target, secondary target, and 
other local air targets. The symbols appear as displayed in figure 
3-4, and are named “ägg”, “banan” (egg and banana, by their 
appearance) and “lokluft” (“lokalt luftmål”, local air target) in the 
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phraseology. The aircraft assimilate this data with the aircraft’s 
own RADAR data of the enemy, in addition to the data link 
connecting the fighter aircraft of the group. This fusion of 
information regarding the enemy enables the team to counteract 
and attempt to prevent the enemy from reaching its goals.  
 
During the battle, the group members cooperate and inform each 
other of the enemy’s current position, altitude and movement, as 
well as of their own intents and strategies. Through working 
together, mostly in pairs, pilots can perform alternating attacks 
and help each other “keep the back clean”. They give each other 
cover while withdrawing after a missile launch, so that altitude 
and speed can be gained for further attacks. Making this 
cooperation work requires communication, especially for teams 
involving inexperienced pilots or teams of pilots that have not 
worked together much.  
 
BVR battle is performed at large distances, typically tens of 
kilometres, and the opposing aircraft rarely meet. Waves of 
attacks go in and out of the combat area, and coming too close to 
the enemy is a large risk. BVR tactics include locking on to the 
enemy aircraft as soon as possible, which will generate a warning 
signal, in addition to launching early “pusher” missiles in order to 
force the enemy to perform evasive manoeuvres, a break of 
formation or a possible withdrawal. 
 
After having reached their goal, either group withdraws from the 
combat area, hopefully carrying enough fuel to make it back to 
base. Fuel and weapon economics are important factors in BVR 
combat. 
 

 
Figure 3-4. Target symbols on the TSD. “Egg”, “banana” and “lokluft”. 
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The communication during air combat can be seen as a 
continuous flow of information exchange, adding to the common 
ground of the group. Nonetheless, this stream consists of minor 
parts, which are often utterances coming in pairs. 
Communication training for fighter controllers involves among 
other issues studying and applying templates and standard 
procedure for radio talk, along with air combat tactics during 
their 1.5 years of training and the subsequent courses. Fighter 
pilots also practice radio communication, but at a minor extent 
than the fighter controllers. There is currently no official 
documentation or recommendations for the pilot communication; 
however this is being evaluated in the TUJAS 39 project (Nilsson, 
2002). The fighter squadrons themselves will during time develop 
an own communication use/style appropriate for their work 
(Borgvall and Lagerbäck, 2002, Nilsson, 2002, Carlsson, 2002). A 
field study during a major Air Force exercise in May 2002 gave 
indications that pilots and fighter controllers in real settings 
apply almost 100 % acknowledgement of utterances, and high 
rates of recapturing information or orders regarding e.g. new 
headings or altitude were also observed (though these numbers 
were not quantified). 
 

3.4 Research question and hypotheses 
The following research questions are the issue of this master’s 
thesis. 
 
Are fighter pilots’ and fighter controllers’ communication amount, 
content, communication problems and communication patterns 
and procedures related to performance? If so, in what way and 
how can one study this relationship? At what level of detail can or 
should team communication problem investigation be made – at a 
second/minute level, or studying whole practice runs?  
 
Following from the previous research, the question of how 
communication amounts, content and problems relate to and 
affect team performance is an important yet complicated issue. 
Though, the research seems for the most part to indicate a 
positive result of rich communicating (e.g. Ruffel-Smith 1979, in 
Brannick et al., 1997), and a negative influence of not 
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communicating properly (e.g. S. Hutchins et al., 1999). Thus, the 
following hypotheses are formulated. 
 
Hypothesis 1 
A large amount of communication is positively correlated with 
high performance. 
 
Hypothesis 2 
A large amount of communication problems is negatively 
correlated with high performance. 
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4 METHOD 

Data was collected during a two-day period of regular fighter and 
fighter controller training at FLSC. 
 

4.1 Participants 
Ten Swedish Air Force fighter pilots from F16, Uppsala, and four 
fighter controllers (FSL) from the Swedish Air Force, participated 
in the current study. The pilots’ experience regarding years of 
service and air time varied in accordance with figure 4-1. Four 
pilots were relatively inexperienced, one was highly experienced, 
and the other five had had some years of training. The four fighter 
controllers had varied experience, as illustrated in figure 4-2. Two 
were inexperienced freshmen, one had worked six years as a 
fighter controller in service, and one was since 2,5 years working 
as an instructor at FLSC (though, this was not the instructor 
used for performance assessment), after 8,5 years of service as a 
fighter controller. 
 
The pilots and all but one fighter controller could not be 
considered as experts in regard to BVR combat. Neither had they 
had much training in the simulator at FLSC. For the most part, 
this was their first visit, however data was collected in the middle 
or later half of the week, meaning that the participants had got to 
know the facility and equipment. 
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Figure 4-1. Pilot experience. Number of flight hours (values on the left Y-axis) 

and years of service (values on the right Y-axis). 
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Figure 4-2. Fighter controller experience. Years of training and years as 

controller in service. 

4.2 Experimental task 
The pilots formed teams of four against four pilots – blue team 
against red team – and performed a number of training runs. 
Blue team used a simulated model of the Swedish JAS 39 Gripen 
air force platform, and took the role of a Swedish fighter group in 
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the scenarios. The scenarios used in the current study regarded 
the task for the blue team of, using four fighters, either protecting 
or attacking an AWACS air plane with four hostile fighters 
involved in the scenario. The scenarios were created by FLSC 
personnel, and were by the training instructor considered 
realistic and relevant for training purposes. While the four aircraft 
of the blue team started simultaneously, the red team’s aircraft 
were started two by two at two occasions – one pair at training 
run start, the other pair after some minutes of combat. All 
aircraft started in mid-air. For success, the teams had to 
complete their respective tasks while maintaining as much fuel 
needed for being realistically able to return to home base. 
Though, they were not required to actually do so, but just to 
commence or indicate an intended return. 
 
While the task and armaments differed somewhat between runs, 
the training runs all regarded BVR combat during daytime using 
a group of four aircraft facing a total of four hostile fighter 
aircraft. 
 

4.3 Dependent measures 
During the exercise runs, these data were collected for analysis: 

• the blue team’s voice communication via the simulated radio 
system (audio recorded on a laptop computer) 

• the simulation system’s data log of missile launches – 
launch time, launching pilot and the result of each launch 
made (a text file) 

• the instructor’s ratings of the blue team’s performance in 
each run (a web form on a computer) 

 
The data were used for statistical analyses of only the blue team’s 
communication during launch situations, and as basis for perfor-
mance measures noted in section 4.4 Independent measures. 
 
In addition, the following data were collected for later use: 
- the blue team’s briefings before the runs (video camera) 
- the tactical situation display, TSD, and target view, i.e. RADAR 

sensor screens, of each pilot in the blue team (four video 
recorders) 
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- the simulation data file of all aircraft positions, movements and 
missile launches during each run (data file) 

4.3.1 Communication – utterances 
As a measure of communication quantity, a post-analysis of 
content, total amount of speech and speech rate for the blue 
team’s communication was performed. 
 
Initially, a level two transcription (Linell, 1994) of the blue team’s 
communication during one complete training run (training run 8) 
was made, giving initial indications of important aspects of the 
communication. The transcription was made using the CLAN 
software program (Computerized Language Analysis, 
http://childes.psy.cmu.edu/). All transcribed utterances were 
then manually entered into Microsoft Excel, time-coded and 
categorized into a number of utterance types.  
 
Two different categorizing schemes were used. The purpose of 
using different categorization schemes was to compare different 
approaches and levels of category detail in the analysis. The first 
scheme, scheme A, was detailed, consisting of 25 utterance sub-
categories and seven main categories, as listed in table 4-1, a 
modification of the 19 categories used in Artman (1999). This 
modification was made as an adaptation of the Artman categories, 
applied to the communication in the domain of BVR combat.  
 
The second scheme, scheme B, consisted of three types of 
utterances regarded as significant by the FLSC instructor, with 
the addition of one “Other” category for non-fitting utterances, as 
listed in table 4-2. Since the two categorization schemes overlap, 
the communication was categorized using the 25 categories and 
then transferred to the seven main categories in table 4-1 and the 
four instructor categories in table 4-2 as listed in table 4-1.  
 
Subsequently, the remaining seven training runs were analyzed 
selectively starting at a time point one minute before each missile 
launch and ending at the time point of either hit or missile failure 
(miss), a period here entitled Launch situation. This choice of time 
period was made with the intent to capture communication 
during important, critical time periods of the training runs. Using 
selective analysis, as opposed to full, also enabled all the training 
runs to be analyzed, since manual communication analysis is a 
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time-consuming task. The utterances during these critical 
situations were counted and categorized according to the 25 
categories in table 4-1.  
 
The number of utterances made per minute for each of the 
communication categories, and the sum of these – i.e. utterance 
frequency or rate of speech, was used as a dependent variable 
reflecting how much the blue team communicated. 

4.3.2 Communication – problems 
As a measure of communication quality, a post-analysis of the 
blue team’s communication problems was performed. It was stated 
that a large amount of communication problems would indicate a 
low communication quality. 
 
The communication problem analysis was made using the PILOT 
method, developed by Björk et al. (2001) as described previously 
in section 3.2.1. Communication problems were collected, the 
situation when they occurred was categorized, and a summary of 
problem types and situation types was made. Analysis of the 
causes for the problem was made at a more general level, and is 
discussed later in the thesis. 
 
Communication problem frequency was formalized as the number 
of found communication problems per minute for each of the 
problem categories, and the sum of these. The communication 
problem frequency was used as a dependent variable reflecting 
how often problems arose in the blue team’s communication. 
 
The video recordings of the blue team’s tactical indicators and the 
simulation data file containing all aerial movements and incidents 
were to be used to get an insight into the events of the training 
runs, in particular the situations preceding missile launches. 
Thus the discourse and context influencing the communication 
would be available for replay. Questions of the type “What did the 
pilot see in this situation?”, “Were the enemy aircraft within firing 
range at this point?” etc. might be answered by having these 
possible insights into the situation of the team. However, none of 
these data could be used in the current study, due to lack of time 
for analysis. 
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Table 4-2. Utterance category scheme B. The training instructor’s four 
communication categories. 

Utterance type Code Description 
Directive DIR Orders, decisions, directives, tactics 
Informative INF Information, intentions 
Dialogue DIA Inquiries, discussions, requests, questions 
Other OTH Other, uncodeable 

 

4.4 Independent measures 
Three different measures were used to get a view of the blue 
team’s performance in the training runs. The three were entitled:  

• Launch case 
• Win case 
• Instructor ratings  

 
The independent measures were used for three different 
classifications of the blue team’s performance, and to 
subsequently compare their team communication (content, 
utterance and problem frequency) during launch situations for 
each of the respective performance classifications. For the Win 
case and Instructor ratings variables, this implied a transfer of 
the results from interval scale to category scale. In addition, the 
Hit difference variable was used for correlation analyses. 
 
Through using both the instructor’s performance ratings of the 
blue team, and the measures of global outcomes such as 
successful missile launches deriving from data log file analysis, 
both more qualitative and quantitative measures of team 
performance on different levels or dimensions were collected. 
 

4.4.1 Launch case 
The system data log file was used to find cases of missile 
launches during the training runs. These launches would result 
in either hits or misses. Additionally, the missiles could either be 
launched from a member of the defending (blue) team, or from a 
member of the hostile (red) team. Thus, a 2 by 2 matrix of four 
missile launch cases was formed, as listed in table 4-3. 
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Table 4-3. The four missile launch cases, formed by combining the Launcher 
(Red or hostile/Blue or defender) and Result (Hit/Miss) variables. 

 Result  
Launcher Hit Miss 
Red (hostile) Red hit Red miss 
Blue (defender) Blue hit Blue miss 

 
The four launch cases, i.e. Blue hit, Blue miss, Red hit and Red 
miss, derived from the 2 by 2 matrix in table 4-3, were used as an 
independent variable reflecting different situations as well as 
performance, for a statistical analysis of communication content, 
utterance and communication problem frequencies (see the 
Results chapter). Launch case is thus a variable on the category 
scale. For the blue team, a positive outcome would primarily be 
launching a hitting missile, followed by launching a miss, while 
being launched at would be a negative case, with being shot down 
(Red hit) as the worst case. 
 

4.4.2 Win case 
Through a summarizing analysis of the simulation system’s data 
log file, indications of more overall results were given, such as the 
sums of successful and unsuccessful weapon deliveries during a 
training run. Having shot down more hostile aircraft than 
members of the own team were shot down resulted in a positive 
Hit difference, and the global team outcome is a win. The runs 
could thus end in a win, a loss or in an equal result – three 
different Win cases, as listed in table 4-4. Note that the Win case 
variable is not sensitive to the magnitude of the win, but the Hit 
difference variable is. Though, neither the Hit difference nor the 
Win case variable take the amount of lost own aircraft into 
concern, an aspect which will be discussed later. 
 
Table 4-4. Win cases and hit differences. 

Win 
case 

Blue team Red team 

Blue win Positive hit difference Negative hit difference 
Equal Hit difference zero Hit difference zero 
Blue loss Negative hit difference Positive hit difference 
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The three win cases, i.e. Blue win, Equal and Blue loss, along 
with the hit difference variable, were used as independent 
variables reflecting the blue team’s performance in a run, for a 
statistical analysis of communication content, utterance and 
communication problem frequencies (see the Results chapter). 
While Win case is a category scale variable, the Hit difference is 
an interval scale variable reflecting related aspects of team 
outcome. For the blue team, the best outcome would obviously be 
a Blue win with a high positive hit difference, followed by an 
Equal result, while a Blue loss would be a negative outcome. 
 

4.4.3 Instructor ratings 
Team performance of the blue team was assessed by an expert 
instructor, using a rating form developed in cooperation with the 
instructor, which was filled in just after the training runs were 
ended. The instructor, a former fighter pilot, had extensive 
experience both in fighter tactics in the Swedish Air Force and in 
fighter pilot group training. The rating form consisted of seven 
rating questions regarding the overall achievement as well as 
some specific aspects of performance, as listed in table 4-5, such 
as choice of times for weapon delivery and team cooperation. 
Each rating was made on a seven-place scale with the option of 
“Not applicable”. The form also included room for comments and 
observations during the run. The ratings on the form were 
summed up into a mean point score, a single variable reflecting a 
rating of the team’s performance in the specific run. 
 
Table 4-5. Rating variables. Rating of the blue team’s performance in a run. 

Variable Description Scoring 
Winner Best performing team in the run Blue/Red/Equal/None 
Overall rating Overall achievement 1-7 
Tactical errors Tactical errors made 1-7 
Tactical good moves Beneficial tactics performed 1-7 
Cooperation How well the team cooperated 1-7 
Launch timing Choices of launch times 1-7 
Aerial behaviour Flight manoeuvres and handling 1-7 

 
The instructor rating average, i.e. the average point score over the 
six rating variables in table 4-5, were used as an independent 
variable reflecting the blue team’s performance in a run, for a 
statistical analysis of communication content, utterance and 
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communication problem frequencies (see the Results chapter). In 
the analysis, the interval scale variable was transformed to a 
category scale variable with the particular Rating averages 
collected. For the blue team, a high rating average would be an 
indication of a good performance. 
 

4.5 Procedure 
At the start of the data collection, a short introduction of the 
procedure and research purpose was held by the researchers, and 
a pilot background information form was handed out for filling in. 
 
The data collection was performed during regular training at 
FLSC, which followed the procedure as described below and in 
figure 4-3. 
 
All pilots and fighter controllers – both red (hostile) and blue 
(defenders) – were briefed by the training instructors before the 
different exercise scenarios, regarding the overall situation. 
Longer briefings were held before the introduction of new 
scenarios, and shorter between training runs running the same 
or similar scenarios. Subsequently the defending and attacking 
teams were separated and given further briefing and intelligence 
reports, and additional instructions and orders. Blue team were 
then given enough free time, approximately 30 minutes, to 
prepare and plan for the mission themselves, during which the 
red team also had the opportunity to make plans. The blue team 
leader was after the planning requested to inform the training 
instructor on three critical aspects – starting tactics, backup 
tactics and abort criterion. Next, the teams were seated in the 
simulator stations and the training run commenced.  
 
The training runs all commenced with the aircraft in mid-air, 
thus avoiding unnecessary take-off and formation stages, which 
are not the topics of interest at the FLSC practise sessions. 
During the run, the fighter controllers and the pilots 
communicated via headsets, using an open channel where all 
members of the same team attended each other team member’s 
voice at all times, without the need of pressing a “send” button. 
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At a given moment in the run, additional forces could be entered 
in the scenario, by manning more pilot stations or starting 
simulated computer aircraft. 
 
When the instructor considered the run finished, the simulation 
was stopped. After the run, all participants were given an 
instructional debriefing and evaluation of the run, with the help 
of the recorded data file being played back. Comments and 
questions were ventilated and new instructions given, some team 
members occasionally swapped, and the next run was 
subsequently started.  
 

Red Blue Time 
(min) 

Scenario 1 briefing* 30 
Mission planning Mission planning* 20 
Run 1** Run 1*** 30 

Run debriefing 15 
Run 2** Run 2*** 30 

Run debriefing 15 
Scenario 2 briefing* 20 

Side switch 5 
Mission planning Mission planning 20 
Run 1** Run 1*** 30 

Run debriefing 15 
continued… - 

Figure 4-3. Training procedure. *= video recorded, **= flight data recorded, 
***= voice communication + flight data + head-down view 
recorded. 

 
After the data collection was finished, the participants were 
debriefed and thanked for their participation. 
 
The pilots and fighter controllers manned the simulator stations 
in the eight analyzed training runs according to table 4-6. Team 
composition and station manning were originally balanced, but 
partly due to technical problems, partly due to scenario 
differences, one group of pilots manned the blue side in six runs, 
using two different group leaders and two fighter controllers, and 
the other group of pilots took the role of the blue side in two runs, 
using the same leader and fighter controller. The technical issues 
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also made it possible to use only eight of the twelve recorded 
training runs in the analysis. 
 
Table 4-6. Simulator station manning during the eight training runs. Grey or 

white fields indicate the same group of pilots and fighter 
controllers. 

 Blue team   Red team  
Run FSL 1 2 3 4 5 6 7 8 

1 fA pD pF pJ pC pH pB pE pG 
2 fA pD pF pJ pC pH pB pE pG 
3 fA pJ pD pI pF pG pE pB pA 
4 fA pJ pD pI pF pG pE pH pA 
5 fC pG pA pB pH pI pC pD pF 
6 fC pG pA pB pH pD pF pI pC 
7 fA pJ pC pD pF pE pA pB pH 
8 fD pJ pF pI pC pB pH pE pA 
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5 RESULTS 

In this chapter, the results of the empirical study are presented. 
First, an overall description of the data is made. It is meant as a 
general outline for the subsequent data analysis of all training 
runs. In the general description, a section regarding the global 
outcomes of the training runs is followed by missile launch 
statistics for all runs, after which the instructor’s ratings are 
presented. Subsequently, a section describing a typical training 
run with regard to communication follows. It contains 
communication examples and analyses of the blue team 
member’s respective communication content using both utterance 
tokens and durations as basis for analysis. Following this, a 
presentation of the blue team’s communication problems found 
during all runs is made. It also includes examples and an 
analysis of the situations where the problems occurred. 
 
After the general description, the main statistical data analysis of 
the relationship between the blue team’s communication and 
performance during all eight training runs is presented. This data 
analysis is outlined with the three independent variables as 
headings, and the two dependent variables as subheadings, as 
follows: 
 
• Launch case 

o Utterances, scheme A (7 utterance categories) 
o Utterances, scheme B (4 utterance categories) 
o Communication problems 

• Win case 
o Utterances, scheme A 
o Utterances, scheme B 
o Communication problems 

• Instructor ratings 
o Utterances, scheme A 
o Utterances, scheme B 
o Communication problems 

 
In addition, a section regarding correlation analyses made is 
presented. Subsequent to the data analysis, a summary of the 
most central results and effects is made. 
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5.1 Overall description 
A total of twelve practice runs were recorded. Some of these 
contained different scenarios, and were omitted. A few runs were 
interrupted due to technical problems and were thus omitted as 
well. Thus, eight training runs remained to be used in the 
analysis, of which the performance of the blue team was rated by 
the instructor in the last six. 
 

5.1.1 Missile launches 
A total number of 137 missile launches were performed during 
the eight analyzed training runs. An average of 21 % of these 
launches, i.e. about one of five, resulted in a hit. Table 5-1 
summarizes the distribution of missile launches. “Blue RR” and 
“Red RR” are medium range RADAR missiles, while “Blue IR” and 
“Red IR” are short-range heat-seeking missiles – thus the 
duration, i.e. the time the missile was ‘alive’, differed. Charts of 
all missile launches can be found in Appendix A. 
 
Table 5-1. Missile launch statistics for the eight training runs.  

  Missile type  
Team  Blue RR Blue IR Red RR Red IR Hit rate SUM

Hits 15 1 12 1  
Duration 00:29 00:08 00:31 00:05 29
Misses 62 0 43 3 
Duration 00:54  - 00:49 00:23 108

Both  

Hit rate 19,5% 100,0% 21,8% 25,0% 21,2% 137
Hits 15 - - - 15
Misses 62 - - - 62

Blue  

Hit rate 19,5 % - - - 19,5% 77
Hits - 1 12 1 14
Misses - 0 43 3 46

Red  

Hit rate - 100,0% 21,8% 25,0% 23,3% 60
 
Launch times, i.e. the point in time after the training run 
commenced when the missile was launched, differed for the four 
launch cases as listed in table 5-2 and figure 5-1. A 2 x 2 ANOVA 
of launch times was performed using [Blue/Red launch] x 
[Hit/Miss], revealing a main effect of Hit/Miss. The average 
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launch times for hits were significantly later than for misses, F(1, 
125)=4.440, p<.05, MSe=102460.57. A tendency indicated that 
the blue team launched their missiles on average somewhat 
earlier than the red team, though not significantly. No interaction 
effect of Hit/Miss and Launching team was found. 
 
Table 5-2. Missile launch time averages for the four launch cases, with 

averages. Minutes after training run start. 

 Result  
Launcher  Hits Misses Average
Red team 14:54 13:11 13:35
Blue team 15:06 11:17 12:02
Average 15:00 12:06 12:43

 

Avg. 14:54

Avg. 15:06
Avg. 13:11

Avg. 11:17

00:00 05:00 10:00 15:00 20:00 25:00

Launch time (mm:ss)

Red hit
Red miss
Blue hit
Blue miss

 
Figure 5-1. Missile launch times for the four launch cases, with averages. 

 

5.1.2 Global outcomes 
The eight training runs ended in global team outcomes as 
displayed in table 5-3. Blue team “won” three runs, “lost” in two 
and three runs ended in an “equal” score, i.e. the global team 
outcome as measured by successful missile launches. There were 
thus three categories of outcomes for the runs – Blue wins, 
Equals and Blue losses – which were used for the statistical 
analysis comparing communication content, utterance and 
problem frequency (see section 5.2 Communication and 
performance analysis). 
 
Members of the Blue team shot down two enemy aircraft in all 
but one run (counting the hit a red team member made on 
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another red aircraft in run 8 as a blue hit), while the red team 
managed to shoot down three aircraft of the blue team in one run, 
and only one aircraft in three runs. Hit difference did not exceed 
±1 in any of the runs; therefore this variable reflects the Win case. 
This fact was used to transform the Win case nominal scale 
variable into an ordinal scale variable, to make correlation 
analyses involving the global outcomes. 
 
Table 5-3. Training run statistics, global team outcome. 

Run  Blue hits Red hits Win case Blue hit difference 
1 2 2 Equal 0 
2 1 2 Blue loss -1 
3 2 3 Blue loss -1 
4 2 2 Equal 0 
5 2 1 Blue win +1 
6 2 1 Blue win +1 
7 2 2 Equal 0 
8 2* 1 Blue win +1 

* = One red team pilot was actually hit by a missile from another red 
team pilot, not certain if intentionally or accidentally. Since this event 
was positive for the blue team, it was regarded as a blue hit. 

 

5.1.3 Instructor rating results 
The training instructor rated the blue team’s performance in six 
runs as listed in table 5-4 and displayed in figure 5-2. For the 
Tactical errors rating, the scale from one to seven has been 
inverted from that of the rating form, so that a high number will 
reflect a positive rating, i.e. few errors made. In two runs, run 3 
and 4, the Winner rating differed from the actual win case, as 
listed in table 5-5. The rating average showed an increase over 
time, with the exception for run 3, which was rated first and had 
the same rating average as run 6. It thus had five different levels, 
forming five categories of performance to be used in the 
subsequent analysis (see section 5.1.2 Communication and 
performance). 
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Table 5-4. Instructor ratings for the six rated runs, with averages. 

 Rating variable      

Run 
Rated 
winner 

Over
-all 

Tactical 
errors, 

inverted 

Tactical 
good 

moves 

Coope-
ration 

Launch 
timing 

Aerial be-
haviour AVG

3 None 5 4 5 4 4 4 4,33
4 Red 4 3 4 4 4 4 3,83
5 Blue 5 3 5 5 2 4 4,00
6 Blue 5 5 5 4 3 4 4,33
7 Equal 5 5 5 5 4 4 4,67
8 Blue 6 5 6 6 4 5 5,33
Average 5,00 4,17 5,00 4,67 3,50 4,17  
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Figure 5-2. Instructor ratings for the six rated runs. 

 

Table 5-5. Instructor ratings and global team outcome for the six rated runs. 

Run Blue 
hits 

Red 
hits Win case Rated 

winner
Rating 
avg. 

3 2 3 Blue loss None 4,33 
4 2 2 Equal Red 3,83 
5 2 1 Blue win Blue 4,00 
6 2 1 Blue win Blue 4,33 
7 2 2 Equal Equal 4,67 
8 2* 1 Blue win Blue 5,33 

      * = See footnote to table 5-3. 
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5.1.4 A typical run 
This section gives a description of the blue team’s communication 
during a typical training run. The general outcome details are 
followed by a flow chart of the blue team’s communication and 
events during the run, some examples of typical communication 
situations and problems, and a description of the blue team 
members’ respective communication contributions. It is followed 
by a short view of the distribution of utterances and problems 
between launch situations and other periods of the run. 
 
Training run 8 ended in a blue win by 2 to 1, an outcome caused 
partly by one blue hit, one red hit on a blue team aircraft, and 
one red hit on another red aircraft, not clear if accidental or 
intentional. After approximately ten minutes of the run, the blue 
group leader, seated in station p1, had technical problems with 
the simulator pilot station and ejected from it. Thereby, station p3 
took over the group leadership. This event is indicated in the 
communication flow overview chart (figure 5-3), and can be seen 
as p1 being silenced and p3 making an increased number of 
utterances, especially regarding tactics (marked with dark 
triangles). 
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5.1.4.1 Communication examples 
This section presents some very short excerpts from run 8, to 
serve as examples of typical communicative situations. First, 
examples of typical utterances are listed, and then examples of 
problems in the communication. All examples are first listed in 
Swedish, and then in a basic translation from Swedish to English 
by the thesis author. P1 through p4 are the pilots in the blue 
team, and FSL is the fighter controller of the blue team. 
 
The following markings are used in the excerpts: 

• emphasis   italics 
• simultaneous speech   underscore 
• slow speech    <angles outwards> 
• fast speech    >angles inwards< 
• loud utterance   CAPITALS 
• interrupted utterance   hyphen- 
• pause durations   (1s) 
• short pauses   (.) 
• uncertain interpretations  (brackets) 

 
Information exchange concerning the enemy 
Example 1 

FSL: <fi kurs två sex noll, i ost avstånd hundra 
sjutti>, breddat lucka femti höjd elva på 
båda och underljud. 

Pause: (2s) 
p1: ett. 

 
Translation 
 

FSL: <enemy heading two six zero, in the east 
range hundred and seventy>, widened gap 
fifty altitude eleven for both and subsonic. 

Pause: (2s) 
p1: one. 

 
 
Example 2 

FSL: jakten svänger tillbaka breddat lucka cirka 
femti, underljud höjd elva båda med kurs två 
sex noll. 

p1: ett. 
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Translation 
FSL:  the fighters are turning back widened gap 

about fifty, subsonic altitude eleven both 
with heading two six zero 

p1: one. 
 
These are two rather straight-forward examples of how the fighter 
controller (FSL) through a brief and efficient message informs the 
group leader (p1) about the enemy. Their current position in 
relation to the group leader’s aircraft, their heading, formation, 
altitude and speed is exchanged rapidly and conventionally. P1 
then closes the sequence and acknowledges by uttering his call 
sign. The utterance categorization (table 4-1) for these sequences 
of utterances would be FSL:IAE, p1:CON. 
 
Orders/Strategy 
Example 

p1: ja, då svänger vi höger och eh (.) bildar en 
linje med början på fyra och sen gå tre in. 
(1s) två och ett, ser (vi) om vi kan 

  skjuta två pushers var 
p4: fyra. 
p3: tre. 
p2: <två>. 

 
Translation 
 

p1: yea, let’s turn right and uhm (.) form a 
column starting on four and then three goes 
in. (1s) two and one, (we)’ll see if we can 
launch two pushers each 

p4: four. 
p3: three. 
p2: <two>. 

 
This passage shows the group leader giving the order to form a 
new formation, a column, and in what order the aircraft will enter 
the formation. The formation strategy mentioned has already 
been planned during the pre-briefing, so this order is more of a 
reminder and signal to begin. The categorization would be 
p1:ORD+STR, p4:CON, p3:CON, p2:CON. What p1 does with the 
starting (“yea”) is what is called a  ‘filler’, (Clark, 1996) which here 
serves as a beginning marker for the utterance, making it clear 
that p1 enters the “stage” and that something will be said. This 
could also be done e.g. by clearing the throat, saying “uhm” etc. 
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Sharing enemy intents 
Example 

FSL: två, ägget verkar följa dej, två, styr tre 
noll noll 

p2: tre noll noll 
 
Translation 

FSL: two, the egg seems to be following you, two, 
steer three zero zero 

p2: three zero zero 
 
Here the fighter controller has noticed that one of the prioritized 
enemies, the “egg”, poses a potential threat to pilot p2 and he 
therefore gives p2 the advice/order to turn north-east to heading 
300 degrees. It is one of the fighter controller’s tasks to keep a 
perspective ahead, identifying enemy intents, upcoming potential 
threats, situations and opportunities for the whole group. P2 
confirms that the order was perceived by repeating the requested 
new heading. The categorization would be FSL:IIE+ORD, p2:CON.  
 
Discussion of tactics/cooperation 
Example 

p3: (och) fyra då är beredd och eh (1s) komma in 
å täcka upp- (2s) tre då? 

p4: fyra beredd 
 
Translation 
 

p3: (and) four then is ready to eh (1s) come in 
and give cover for- (2s) three then? 

p4: four ready 
 
This situation regards p3 and his wingman p4, a dialogue about 
cooperation in pairs as described earlier. Pilot p3 has made an 
attack on an enemy aircraft, and now needs to withdraw and gain 
altitude and speed for further attacks. P4 is ready to take over the 
target, and confirms the request. The categorization would be 
p3:DHC, p4:CON. 
 
Communication problem situations 
Target symbol (Egg/banana) confusion example 
 

FSL: fyra din inriktning blir då i så fall 
bananen i förss-ta ägget i första hand och 
två din inriktning blir bananen. 

p2: bananen två. 
p4: ägget. 
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Translation 
FSL: four your focus will in that case be the 

banana prii-marily the egg primarily and two 
your focus will be the banana. 

p2: the banana two. 
p4: the egg. 

 
In this sequence, the fighter controller is giving target distribution 
orders for a potential situation. He misinterprets the target 
symbols, notices the mistake and corrects it. The pilots confirm 
simultaneously, not by call signs but by repeating their targets, to 
make it clear that the correction of targets was perceived. The 
categorization for this passage would be FSL:ORD+COR, p2:CON, 
p4:CON. 
 
East/west confusion example 

FSL: […] ägget svänger mot dej två, (dåh) två 
fortsätt öst- västerut. 

p2: västerut två. 
Pause: (2s) 
p2: fortsätta västerut? 
FSL: öster- ja väster asså- 
p2: ja 
FSL: -(på) kolonn. 

 
Translation 

FSL: […] the egg is turning towards you, two, 
(so) two continue east- westwards. 

p2: westwards two. 
Pause: (2s) 
p2: continue westwards? 
FSL: east- yes west I mean- 
p2: yes 
FSL: -(on a) column. 

 
During this passage, the fighter controller slips and says “east” 
instead of “west” twice. The Swedish words for east and west are 
“öst” and “väst”, which are rather alike in pronunciation, which 
may have caused the slip. The difference in heading, however, is 
enormous. P2 confirms the first heading order, but is after two 
seconds not clear of the orders and asks for clarification. The 
fighter controller elaborates the order by explaining the intents – 
to form the original formation of a column again, and is 
interrupted by p2’s acknowledgement. This column would move 
towards the east, a fact which may also have caused the slip in 
the order utterance. The categorization for this passage would be 
FSL:ORD+COR, p2:CON, p2:RCL, FSL:COR, p2:CON. The fighter 
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controller’s last utterance is only categorized once, since it is in 
fact one interrupted utterance, not two.  
 
Wrong call sign problem example 
 

p2: fyra radarkontakt med bananen (1s) FEL två 
 
Translation 
 

p2: four radar contact with the banana (1s) 
WRONG two 

 
Here p2 has mistakenly used the wrong call sign, p4, which is 
likely due to the fact that the pilots changed pilot stations many 
times during the training period. Though, this slip may cause 
problems for the other team members, when trying to coordinate 
with each other. In this particular case, the pilot notices the slip, 
while it may pass uncommented other times. This sequence 
would be categorized as p2:IAS+COR, since it is regarded as two 
utterances. 

5.1.4.2 Utterance token analysis 
The quantitative analysis of the utterances made per team 
member in the Blue team during run 8 (table 5-6) was made 
using a simplified categorization with five utterance categories, 
based on the seven main utterance categories in table 4-1, with 
the alteration of Information 1 and 2 being combined as 
Information, “I”, and Uncodeable and Other being combined as 
Other, “O”. This simplification was made since five categories was 
deemed sufficient for overall description purposes. 
 
Analysis of per-team member utterances showed that the fighter 
controller made the most utterances, followed by station p3, the 
group leader for most of the run, then by the two wingman 
stations p2 and p4, and lastly by the malfunctioning p1 station 
(see table 5-6 and figures 5-4 and 5-6). 
 
Comparison of the utterances made per category showed that 
Communication-related and Information matters were the most 
common in the whole run, as well as just during launch 
situations (see table 5-6 and figures 5-4 and 5-5). Tactics was 
involved in less than half the utterances compared to Information 
and Communication, and Others in about one fifth, with about  
85 % occurring during launch situations. Questions were rare, 
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contributing with less than two percent of the total utterances. 
About 70 % of the utterances were made during the launch 
situations. 
 
Table 5-6. Utterances per team member and category for run 8, during the 

whole run and during launch situations, with percentage during 
launch situations. 

 Team member  Period (whole team) 
Category FSL p1 p2 p3 p4 Run Launch  % Launch
Information 84 3 28 35 22 172 119 69,2
Tactics 52 5 1 11 1 70 48 68,6
Communication 71 20 25 30 33 179 122 68,2
Question 2 1 0 3 1 7 5 71,4
Others 20 5 4 2 2 33 28 84,8

SUM 229 34 58 81 59 461 322 69,8
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Figure 5-4. Utterances per team member and utterance category during whole 

run 8. 
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Figure 5-5. Utterances per category during whole run 8, with percentages. 

 

 
Figure 5-6. Utterances per team member during whole run 8, with 

percentages. 
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categories (see table 5-7 and figure 5-7). The fighter controller 
used about 37 % of his utterances for Information, which was 
almost half of all the Information utterances made. As for Tactics, 
the fighter controller was prominent here as well with 23 % of his 
utterances being of this category, while the leader stations p1 and 
p3 used 14-15 % of their utterances for this cause. 
 

Table 5-7. Team members’ individual utterance category percentage 
distributions during whole run 8. Percent of utterance tokens per 
individual. 

 Team member  
Category FSL p1 p2 p3 p4 

I 36,7 8,8 48,3 43,2 37,3 
T 22,7 14,7 1,7 13,6 1,7 
C 31,0 58,8 43,1 37,0 55,9 
Q 0,9 2,9 0,0 3,7 1,7 
O 8,7 14,7 6,9 2,5 3,4 
SUM 100% 100% 100% 100% 100% 
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Figure 5-7. Team members’ individual utterance category percentage 

distributions during whole run 8. Percent of utterance tokens per 
individual. 

5.1.4.3 Utterance duration analysis 
Including temporal aspects and using analysis of utterance 
durations gives an alternative view of communication quantity to 
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that of analysis of utterance tokens. Though the overall pattern 
stays the same, the fighter controller has an even more prominent 
role when utterance duration is a factor (see table 5-8 and figure 
5-8). The fighter controller is contributing with 58 % of the total 
spoken time. 
 

Table 5-8. Utterance duration sums per team member and category during 
whole run 8. Time used in minutes per team member. 

 Team member  
Category FSL p1 p2 p3 p4 

I 04:17 00:02 00:55 01:15 00:47 
T 02:05 00:23 00:00 00:37 00:01 
C 01:08 00:13 00:22 00:25 00:22 
Q 00:03 00:02 00:00 00:06 00:01 
O 00:24 00:04 00:01 00:02 00:01 
SUM 07:57 00:44 01:18 02:25 01:12 
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Figure 5-8. Utterance duration sums per team member and category during 

whole run 8. Time used in minutes for communication, per team 
member. 

Including silent periods, the fighter controller used about 32 % of 
the total time, whereas during 45 % of the time, no one spoke, as 
displayed in figure 5-9. The four pilots spoke 3-10 % of the total 
training run time, with the leader station p3 using the most time. 
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Figure 5-9. Utterance duration sums per team member including silence, with 

percentages of the total time during whole run 8. 

 
Excluding silent periods and comparing the utterance categories’ 
respective time contribution during the run, it was obvious that 
Information took up most of the spoken time – totally more than 
half of the non-silent time, as seen in figure 5-10. Tactical 
utterances made up for 23 % of the non-silent time, Communica-
tive utterances for 18 % and Questions for 1 %, while Other 
issues took up 5 % of the non-silent time. 

 
Figure 5-10. Utterance duration sums per utterance category, with the 

percentage of the non-silent time of run 8. 
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The comparison of individual utterance category time percentage 
distributions, i.e. the individual amount of speech for each team 
member in the different categories (see table 5-9 and figure 5-11), 
is altered from that of utterance tokens. Information now has a 
greater prominence along with Tactics, while Communicative 
utterances have lowered their percentage compared to the token 
analysis.  
 

Table 5-9. Team members’ individual utterance category percentage 
distributions during whole run 8. Percent of utterance duration 
sums per team member. 

 Team member  
Category FSL p1 p2 p3 p4 

I 53,88 4,55 70,51 51,72 65,28 
T 26,21 52,27 0,00 25,52 1,39 
C 14,26 29,55 28,21 17,24 30,56 
Q 0,63 4,55 0,00 4,14 1,39 
O 5,03 9,09 1,28 1,38 1,39 
SUM 100% 100% 100% 100% 100%  
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Figure 5-11. Team members’ individual utterance category percentage 

distributions during whole run 8. Percent of utterance duration 
sums per team member. 

 



COMMUNICATION AND PERFORMANCE                    RESULTS 

53 

The comparison regarding differences between the utterance 
frequencies during launch situations and other situations, which 
were “non-critical” in that sense, showed that the average 
utterance frequency was higher for launch situations than other 
situations (table 5-10), by 14 utterances per minute, or 130 % 
higher. Compared to the mean of the whole run, it was 7 
utterances per minute, or 39 %, higher during launch situations. 
 
The same comparison for communication problems showed that 
problems were more common during launch situations, occurring 
221 %, or more than three times as often as during non-critical 
situations, and 52 % more often than during the whole run (table 
5-10). A description of communication problems can be found in 
the next section, 5.1.5 Communication problems. 
 

Table 5-10. Utterance and problem amounts and frequencies during different 
periods of run 8. 

Period Utt. Prob. Time (min) Utt. fq Prob. fq
Whole run 461 55 25:46 17,89 2,13
Launch sit. 322 42 12:56 24,90 3,25
Not launch sit. 139 13 12:50 10,83 1,01
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5.1.5 Communication problems  
 
Ten kinds of communication problems were found during the 
eight training runs, as listed in table 5-11, using the PILOT 
method. A total number of 279 communication problem occur-
rences were found during the eight whole training runs. Of these, 
185 occurred during the critical launch situations, as defined 
previously. 
 

Table 5-11. Communication problems found using the PILOT method, during 
the eight whole runs and during launch situations, respectively. 

  Found during 
Communication problem Code Runs Launch sit.
1. Simultaneous speech SI 101 72
2. Unclear info, needs correction or repetition UI 45 28
3. Uncodeable or incomplete utterance UNC 34 32
4. No feedback given to speech NF 29 9
5. Wrong call sign used WC 24 15
6. Target symbol (egg/banana) confusion EB 21 17
7. Uncertain target reference UT 9 8
8. Hearability low HE 7 0
9. Unconventional speech UC 6 2
10. Recipient lacking RL 3 2
SUM 279 185
 

5.1.5.1 Problem examples 
Here follows some brief comments on and examples of the ten 
communication problem types found during the runs. 
 
1. Simultaneous speech 
The most often occurring communication problem was that of 
simultaneous speech. It occurs when two team members make 
utterances at the same time. This leads to interrupted utterances, 
inefficient communication and low hearability. 
 
Example 

p4: (ja) å fyra (2s) eh vänder om-- (1s) via 
hög(ersväng). 

FSL: aja. 
p1: ja. (1s) ett. 
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Translation 
p4: (yea) and four (2s) uhm is turning round—

(1s) via righ(t turn). 
FSL: ayea. 
p1: yes.(1s) one. 

 
In this example, both the fighter controller and the group leader 
are acknowledging p4’s intents to turn around. This occurs 
simultaneous, as marked by the underscoring. P1 then repeats 
the acknowledgement, this time by using his call sign, making it 
clear who is talking. 
 
2. Unclear information, needs clarification, correction or repetition 
The problem of information being unclear was the second-most 
common problem found. It regards unanswered questions, 
utterances that are hard to interpret, corrections of headings, 
altitudes etc. that are made and not confirmed.  
 
Example 

p2: bekräfta att ägget e på nordostlig kurs?  
FSL: eh äggets kurs ett tvåa nolla 
p2: eh, ett två noll? 
FSL: ja. 

Translation 
p2: confirm that the egg is headed north-east?  
FSL: uhm the egg’s heading is one two zero 
p2: uhm, one two zero? 
FSL: yea. 
 

In the example above, p4 asks the fighter controller a question 
regarding an enemy aircraft’s assumed heading north-east. The 
fighter controller inspects the RADAR plot and sees that the 
assumed heading is false (in fact, the heading is south-east), but 
does not negate the assumption, instead gives the observed 
heading in degrees. The false assumption of heading should in 
this case be clearly negated by e.g. saying “negative” or “no”, since 
the true enemy heading is crucial information for the battle. 
 
3. Uncodeable or incomplete utterance 
When incomplete or fragmentary utterances occur, unnecessary 
attention and radio time is taken from the task and given to 
trying to decode of the utterance. Cursing also has this 
consequence. These types of utterances does not fit in any of the 
ordinary sub-categories used for utterance categorization (table 4-
1), and are therefore placed in the Uncodeable category. 
 



COMMUNICATION AND PERFORMANCE                    RESULTS 

56 

Example 
p1: ja. 
p4: ja, ja har- 

 
Translation 

p1: yes. 
p4: yea, I have- 

 
The example shows p4 uttering something incomplete and 
incomprehensible. The incomplete utterance also interferes with 
the previous one, an acknowledgment of enemy information by 
the group leader p1. 
 
4. No feedback given to speech 
When an order, strategy or other important information is voiced 
over the radio, the need for feedback is evident. For some cases, 
feedback can be given implicitly e.g. by observing changes in 
heading, but the order should still be confirmed verbally, since 
not only the fighter controller is attending and in use of the 
information that orders were received and not missed. 
 
Example 

FSL: ett kan svänga tillbaka 
p1: - 

 
Translation 

FSL: one can turn back 
p1: - 

 
In this example, station p1 is informed that the route back after 
an attack is clear. P1 does not acknowledge this verbally. It is 
possible that the pilot did turn back and that the fighter 
controller thus got implicit feedback that the information was 
perceived. In any case, the information was not repeated.  
 
5. Wrong call sign used 
A minor slip in call sign may cause confusion and disorder if it is 
not corrected. Call signs, which are the identifier for all 
communication here, are based on pilot station name. As 
mentioned previously, the pilot stations p1-p8 were manned 
differently in different training runs, which may have caused 
some confusion. 
 
Example 

p1: två går in bakom 
p4: eh bek-  
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p1: (m) fyra går in 
p4: ja.  

 
Translation 

p1: two goes in behind 
p4: uhm conf- 
p1: (m) four goes in 
p4: yea.  

 
Here the group leader mixes up p2 and p4, which seems to be the 
most common call sign mix-up. P4 reacts as the orders seem 
inconsistent with plans or current positions, and starts to ask for 
confirmation. P1 then notices the error and corrects it, which is 
followed by p4’s acknowledgement. 
 
6. Target symbol (egg/banana) confusion 
The target symbols are as previously described rather alike, and 
the head-down displays at FLSC are updated at only 7 Hz 
frequency, which under certain circumstances causes a mix-up 
and subsequent confusion regarding targets. This is regarded as 
a communication problem since using correct references to 
targets in the communication is crucial to knowing which target 
is which is and who is attacking what target. 
 
Example 

FSL: å du kommer möta ägget två 
Pause: (1s) 
p2:  aa bananen va? 
Pause: (2s)  
FSL: ookej. (.) nää ägget.  
P2: ägget har ja bakom mej va? 
Pause: (1s) 
FSL: näe de e ägget du möter nu- (.) ah, ägget 

har du bakom dej ja.  
P2: aa 

 
Translation 

FSL: and you’ll meet the egg two 
Pause: (1s) 
p2:  aa the banana right? 
Pause: (2s)  
FSL: ookay. (.) naah the egg.  
P2: I have the egg behind me right? 
Pause: (1s) 
FSL: naah it’s the egg you’re meeting now- (.) 

ah, the egg is behind you yea.  
P2: yea 
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This is an unusually long sequence of target symbol discussion. 
P2 persists and is certain that the oncoming target is the banana. 
The fighter controller finally notices the error and confirms.  
 
7. Uncertain target reference 
During BVR combat, it is crucial to keep track of who is attacking 
what enemy aircraft. When this fails, it may lead to coordination 
problems. 
 
Example 

p3: tre skjuter pusher.  
Pause: (8s) 
p3: två se om du kan skjuta pusher på den andra.  
p2: vilken skjuter du pusher på? 
p3: den södra utav dom. 
p2: ja. 

 
Translation 

p3: three launches pusher.  
Pause: (8s) 
p3: two see if you can launch pusher at the 

other one.  
p2: which one are you launching pusher at? 
p3: the southern of them 
p2: yea. 
 

In this example, p3 does not mention which target the launch is 
aimed at, making it hard for p2 to coordinate his attack and 
launch at the other aircraft. This later has to be clarified, and the 
target is then acknowledged. The “egg” and “banana” target 
symbols were in this situation used for another pair of aircraft in 
the scenario. 
 
8. Hearability low 
At some times, radio speech can not be perceived satisfyingly 
well. This might be due to problems with the headsets, interfering 
sounds or other factors not pertaining to simultaneous speech. 
Utterances may then have to be repeated. 
 
Example  

FSL: blå ett då fii jakt i nordost, avstånd 
tvåhundratretti, breddad rote, kurs mot, 
höjd (runt åtta). 

p2: högre! 
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Translation 
FSL: blue one then enemyy fighter in the north-

east, distance twohundredthirty, widened 
pair, heading to, altitude (around eight). 

p2: louder! 
 
This fighter controller utterance was his first one during the 
particular run, so the sound level had not been checked. P2 gives 
the feedback that it was hard to hear the fighter controller and he 
subsequently increases the volume. 
 
9. Unconventional speech 
As previously mentioned, fighter controllers follow standards 
practiced during their education. Fighter pilots have more 
freedom but also have some regulations or standards for 
communication. Not following these standards may lead to 
inefficient communication and need for repetition of utterances. 
 
Example 

FSL: å två å fyra efterhand då två å fem då. 
AWAC:en på sydlig kurs. 

Pause: (1s) 
p4: fyra. 
Pause: (2s) 
p2: repetera från två. 
FSL: två, två fem noll. kan svänga (nu). 
p2: två fem noll, svänger vänster. 
FSL: m. 

 
Translation 

FSL: and two and four as it goes two and five 
then. the AWACS heading southwards. 

Pause: (1s) 
p4: four. 
Pause: (2s) 
p2: repeat from two. 
FSL: two, two five zero. can turn (now). 
p2: two five zero, turning left. 
FSL: m. 

 
Here the fighter controller uses an unconventional heading 
notation, ”two and five” for 250 degrees, instead of using the 
normal three digit standard as is later done by “two five zero” in 
the requested repetition of the order. 
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10. Recipient lacking 
The problem with recipient lacking was the least common 
problem, found three times during the eight training runs.  
 
Example 
 FSL: ja du möter på avstånd fem nu 
 
Translation 
 FSL: yea you are facing at range five now 
 
This utterance was made when two aircraft remained in the blue 
team. It may have been clear which aircraft the information was 
intended for, though it was uttered after a brief silence, and the 
standard procedure is to use recipient call signs instead of 
personal pronominal (“you”). 
 

5.1.5.2 Problem categories 
Since some of the found problems were closely related, a 
categorization of the ten problem types into five categories was 
made, according to table 5-12. 
 
Table 5-12. Communication problem categories. 

Problems Code Category name 
SI SI Simultaneous speech 
UI + WC + HE UI Unclear information 
UC + NF + RL UC Unconventional speech 
UT + EB UT Uncertain target reference 
UNC UNC Uncodeable utterance 

 
The communication problems found were distributed into the 
categories and occurred during the periods of the runs as listed in 
table 5-13. The most common problem category was 
Simultaneous speech, both during whole runs and during launch 
situations. It is followed by Unclear information, occurring a little 
more than half of the times during launch situations. The 
Unconventional speech problem occurred mainly during non-
launch situations, while it was the opposite for Uncodeable 
utterances, where nearly all problems occurred during launch 
situations. For problems regarding Uncertain target reference, 
only about one fifth occurred during non-launch situations. 
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Table 5-13. Communication problems found per problem category, occurring 
during the whole runs and during launch situations, with 
percentages. 

 Problem category    
Period SI UI UC UNC UT SUM
Whole runs 101 76 38 34 30 279
Launch sit. 72 43 13 32 25 185
% Launch sit. 71,3% 56,6% 34,2% 94,1% 83,3% 66,3%
 
 
Making a comparison of problem frequencies during the different 
situations of the run, the overall pattern looks as described in 
table 5-14. The average problem frequency was about twice as 
high during launch situations than during the other periods of 
the runs. Note that these data were calculated from the overall 
sums of problem occurrences and time (and not from every 
launch situation by itself), thus making every occurrence count 
only once. 
 

Table 5-14. Average communication problem frequency, during the whole runs, 
during launch situations and during non-launch situations. 

Period Problems Time (h) Problem fq 
Whole runs 279 2:46:19 1,68 
Launch sit. 185 1:23:41 2,21 
Not launch sit. 94 1:22:38 1,14 

 

5.1.5.3 Problem situations 
The communication problems occurred in different communica-
tive situations according to table 5-15 and figure 5-12. The 
situation categories are the same as used in the description of 
run 8, which were based on the seven main utterance categories 
in table 4-1, with the alteration of I1 and I2 being combined as 
“I”, and U and O being combined as “O”. The most common 
combination of problem and situation was that of Simultaneous 
speech and Communication related situation, followed by Unclear 
information and Informative situation. The Informative situation 
was involved in the most communication problems – about twice 
as often as the second- and third-most involved situations, 
Communicative and Others.  
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Table 5-15. Communication problems found during the whole runs, per 
communicative situation. 

 Situation  
Problem I T C Q O SUM 
SI 31 7 49 2 12 101 
UI 41 10 7 14 4 76 
UC 9 24 2 3 0 38 
UNC 0 0 0 0 34 34 
UT 22 4 0 4 0 30 
SUM 103 45 58 23 50 279 
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Figure 5-12. Communication problems found during the whole runs, with 

respective distribution in the different communicative situations. 
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5.2 Communication and performance 
analysis 

Data analyses of the blue team communication content and 
frequency during launch situations, and communication problem 
types and frequency during the whole training runs and during 
launch situations, were made. The launch situations used were 
based on the 137 missile launches that occurred in the eight 
training runs, starting one minute before the actual launch and 
ending at the point in time of either hit or missile failure.  
 
A total number of 1843 utterances were made during the 137 
launch situations, which totalled a time period of 1:23:41 hours. 
The average utterance frequency for launch situation periods 
during all runs was thus 22.02 utterances per minute. Note that 
these numbers were calculated from the overall sums of 
utterances and time, making every utterance count only once, 
and not from every launch situation by itself, as done in the 
following analysis. 
 
The following six analyses of variance (ANOVA) were performed: 
 
Launch case and Win case 
The Launch case and Win case independent variables were 
entered together into the following three analyses both in order to 
gain efficiency and to explore eventual interaction effects of the 
two independent variables. The results of the Launch case and 
Win case analyses are presented in sections 5.2.1 and 5.2.2, 
along with interaction effects. 
 
- A 3 x 2 x 2 x 7 analysis of variance (ANOVA) was performed, 

comparing all 137 launches over the three win cases and the 
four launch cases across the seven main utterance categories 
in scheme A (table 4-1). This meant [Blue win/Equal/Blue 
loss] x [Blue launch/Red launch] x [Hit/Miss] x 
[I1/I2/T/C/Q/O/U]. The results of this analysis are presented 
in sections 5.2.2.1 and 5.2.1.2. 

 
- A 3 x 2 x 2 x 4 ANOVA was performed, comparing all 137 

launches over the three win cases and the four launch cases 
across the instructor’s four utterance categories in scheme B 
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(table 4-1). This meant [Blue win/Equal/Blue loss] x [Blue 
launch/Red launch] x [Hit/Miss] x [Informative/Directive/ 
Dialogue/Other]. The results of this analysis are presented in 
sections 5.2.1.2 and 5.2.2.2. 

 
- A 3 x 2 x 2 x 5 ANOVA was performed, comparing all 137 

launches over the three win cases and the four launch cases 
across the five communication problem categories. This meant 
[Blue win/Equal/Blue loss] x [Blue launch/Red launch] x 
[Hit/Miss] x [SI/UI/UC/UNC/UT]. The results of this analysis 
are presented in sections 5.2.1.3 and 5.2.2.3. 

 
Instructor ratings 
The Rating average independent variable had five different scores, 
as listed in table 5-4. Thus, five levels were formed on a category 
scale, and used in the analysis. 
 
- A 7 x 1 monovariate analysis of variance (MANOVA) was 

performed, comparing the 111 launch situations that occurred 
during the six rated training runs, over the Rating average 
variable across the seven main utterance categories. This 
meant [I1/I2/T/C/Q/O/U] x [Rating average]. The results of 
this analysis are presented in section 5.2.3.1. 

 
- A 4 x 1 MANOVA was performed, comparing the 111 launch 

situations that occurred during the six rated training runs, 
over the Rating average variable across either the instructor‘s 
four communication categories. This meant 
[INF/DIR/DIA/OTH] x [Rating average]. The results of this 
analysis are presented in section 5.2.3.2. 

 
- A 5 x 1 MANOVA was performed, comparing the 111 launch 

situations that occurred during the six rated training runs, 
over the Rating average variable across the five communication 
problem categories. This meant [SI/UI/UNC/UC/UT] x [Rating 
average]. The results of this analysis are presented in section 
5.2.3.3. 

 

5.2.1 Launch case 
 
For the Launch case independent variable, the following results 
were found.  
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The utterance frequencies varied across the four launch cases as 
listed in table 5-16 and displayed in figure 5-13. No between-
group main or interaction effects of Blue/Red launch and 
Hit/Miss, i.e. Launch case, were found. 
 
Table 5-16. Average utterance frequency during launch situations, per launch 

case. 

 Result  
Launcher Hit Miss 
Red team 24,39 22,92
Blue team 22,42 23,58

5.2.1.1 Utterances, scheme A 
A within-group main effect of utterance category was found in the 
analysis. For the seven categories analysis, F(6, 750)=330.368, 
p<.01, MSe=2.28. Comparison of the means for the seven 
utterance categories (table 5-17) showed that the Communication 
and Information 1 categories had the highest utterance 
frequencies. They were followed by Information 2, then Tactics, 
Questions, Other and lastly by the Uncodeable category. 
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Figure 5-13. Average utterance frequency during launch situations, per launch 

case and the seven main utterance categories in scheme A. 
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A within-group interaction effect of utterance category and 
hit/miss was found in the analysis. For the seven-category 
analysis, F(6, 136)=2.180, p<.05, MSe=2.28. Comparison of the 
means for the seven utterance categories across hit/miss (table 5-
17 and figure 5-14) showed that both Information 1 and 2, and 
Communication average frequencies were higher during launches 
resulting in misses than for hits. For the Tactics, Questions and 
Uncodeable categories, the numbers were higher for hits than for 
misses. For the Other category, utterance frequency was equal in 
both hit and miss cases. 
 

Table 5-17. Average utterance frequency during launch situations, per 
hit/miss and the seven main utterance categories in scheme A. 
Utterances per minute. 

 Utterance category   
Result I1 I2 T C Q O U SUM
Hits 6,77 2,91 2,43 7,86 1,42 0,98 0,99 23,37
Misses 7,55 3,22 1,82 8,11 0,99 1,01 0,61 23,30
Average 7,38 3,16 1,95 8,06 1,08 1,00 0,69 23,31
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Figure 5-14. Average utterance frequency during launch situations, per launch 

case and the seven main utterance categories in scheme A. 
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5.2.1.2 Utterances, scheme B 
A within-group main effect of utterance category was found in the 
analysis. For the instructor’s four categories analysis, F(3, 
375)=481.546, p<.0.1, MSe=3.85. The comparison of the means 
for the instructor’s four categories (table 5-18) showed that 
Informative utterances were the most common, followed by the 
Dialogue category. The Other and Directive categories had the 
lowest utterance frequencies. 
 
A within-group interaction effect of utterance category and 
hit/miss was found in the analysis. For the instructor’s four 
category analysis, F(3, 136)=3.101, p<.05, MSe=3.85. Comparison 
of the means for the instructor’s four categories (see table 5-18 
and figure 5-15) showed that the Informative utterance frequency 
was higher during misses, while the other categories were higher 
during hits. 
 

Table 5-18. Average utterance frequency during launch situations, per 
hit/miss and the instructor’s four communication categories in 
scheme B. 

 Utterance category 
Result INF DIR DIA OTH
Hits 9,68 2,03 9,68 1,97
Misses 10,77 1,51 9,41 1,61
Average 10,54 1,62 9,47 1,69
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Figure 5-15. Average utterance frequency during launch situations, per launch 

case and the instructor’s four communication categories. 

 

5.2.1.3 Communication problems 
A within-group main effect of problem category was found, F(4, 
500)=28.949, p<.01, MSe=0.28. Comparison of the means for each 
category (table 5-19 and figures 5-16 and 5-17) showed that 
Simultaneous speech was the most common problem. Unclear 
information was next, followed by Uncodeable utterance, Unclear 
target reference, and lastly Unconventional speech. 
 
A non-significant within-group interaction tendency of problem 
category and hit/miss was found, F(4, 136)=2.002, p=.09, 
MSe=2.28. Comparison of the means for each category across 
hit/miss (table 5-20 and figure 5-18) showed that for the SI, UI 
and UT problem categories, problem frequencies were higher 
during launch situations resulting in misses for both teams. For 
UNC and UC, problem frequencies were higher for hits. The 
differences between hit/miss were largest, but reverse, for the UI 
and UNC categories. 
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Table 5-19. Communication problem frequency, per launch case and the five 
problem categories, with sums and averages. Problems per 
minute. 

 Problem category  
Launch case SI UI UNC UC UT SUM
Blue hit 0,87 0,31 0,59 0,14 0,28 2,20
Blue miss 1,00 0,60 0,28 0,12 0,41 2,41
Red hit 1,06 0,55 0,70 0,13 0,35 2,78
Red miss 1,07 0,65 0,47 0,09 0,35 2,62
Average 1,01 0,58 0,42 0,11 0,37 2,49

 

Table 5-20. Communication problem frequency, per hit/miss. 

 Problem category  
Result SI UI UNC UC UT SUM 
Hits 0,96 0,43 0,64 0,14 0,31 2,48 
Misses 1,03 0,62 0,36 0,11 0,38 2,50 
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Figure 5-16. Average communication problem frequency, per launch case. 
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Figure 5-17. Average communication problem frequency, per launch case and 

the five communication problem categories. 

 

5.2.2 Win case 
For the Win case independent variable, the following results were 
found. 
 
A between-group main effect of win case was found in both the 
analysis for the seven-category analysis in scheme A, F(2, 
125)=4.620, p<.05, MSe=2.60, and for the instructor’s four 
category analysis in scheme B, F(3, 136)=4.619, p<.05, MSe=4.56. 
Comparison of the total means (table 5-21 and figure 5-19) 
showed that the utterance frequency was highest during runs 
where Blue team won, while runs with Equal results or Blue 
losses were almost equal in communication rates. 
 

Table 5-21. Average utterance frequency during launch situations, per win 
case. Utterances per minute. 

 
 
 
 
 

Win case Utterance fq
Blue wins 25,7
Equal 21,3
Blue losses 21,6
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5.2.2.1 Utterances, scheme A 
A within-group interaction effect of utterance category and win 
case was found in the analysis. For the seven main category 
analysis in scheme A, F(12, 750)=6.877, p<.01, MSe=2.28. 
Comparison of the means for the seven utterance categories 
across win case (table 5-22 and figures 5-18 and 5-19)) showed 
that the Information 1 category had a high frequency average for 
Blue wins and Blue losses, while runs ending in an Equal result 
had a much lower average. For Information 2, Blue losses had the 
highest frequency. Tactics frequency was highest for Blue wins, 
followed by Equal and Blue losses. For the Communication 
category, frequency was high for Blue wins and Equal, while 
lower for Blue losses. Question frequency was high for Equal and 
Blue losses, and a bit lower for Blue wins. For Other utterances, 
frequency was up for Blue wins, and lower for Blue losses and 
Equal. Uncodeable utterances were the most common for Equal 
runs, while Blue wins had the least of these utterances. 
 

Table 5-22. Average utterance frequency during launch situations, per win 
case and the seven main utterance categories in scheme A. 
Utterances per minute. 

 
 

 Utterance category  
Win case I1 I2 T C Q O U SUM
Blue wins 8,13 2,98 2,85 8,72 0,92 1,78 0,41 25,7
Equal 5,96 3,00 1,63 8,21 1,21 0,45 1,00 21,3
Blue losses 8,00 3,59 1,05 6,92 1,16 0,55 0,72 21,6
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Figure 5-18. Average utterance frequency during launch situations, per win 
case. 
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Figure 5-19. Average utterance frequency during launch situations, per win 

case and the seven main utterance categories. 
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5.2.2.2 Utterances, scheme B 
A within-group interaction effect of utterance category and win 
case was found for the instructor’s four category analysis, F(6, 
375)=7.851, p<.01, MSe=3.85. The comparison of means for the 
instructor’s four categories across win case (table 5-23 and figure 
5-20) showed that for Informative utterances, the frequency was 
highest for Blue losses, followed closely by Blue wins, while the 
frequency for Equal runs was lower. Directive utterances were 
common for Blue wins, less common for Equal runs and the least 
common for Blue losses. The same pattern was found for Other, 
while Dialogue utterances were the most common for Equal runs 
and Blue wins, and less common for Blue losses. 
 

Table 5-23. Average utterance frequency during launch situations, per win 
case and the instructor’s four communication categories in scheme 
B. 

 Utterance category 
Win case INF DIR DIA OTH
Blue wins 11,12 2,70 9,79 2,19
Equal 8,96 1,14 9,91 1,45
Blue losses 11,59 0,65 8,49 1,26
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Figure 5-20. Average utterance frequency during launch situations, per win 

case and the instructor’s four communication categories in scheme 
B. 

 



COMMUNICATION AND PERFORMANCE                    RESULTS 

74 

5.2.2.3 Communication problems 
A within-group interaction effect of problem category and win case 
was found, F(8, 136)=4.437, p<.01, MSe=0.28. Comparison of the 
means (table 5-24 and figures 5-21 and 5-22) showed that 
Unclear information was most common during runs ending in 
Blue wins. Simultaneous speech and Uncertain target reference 
were most common during Equal runs, for SI Blue losses 
contained more problems than Blue wins, while the opposite was 
true for UT. For the Uncodeable problem category, the frequency 
increased from Blue win over Equal to Blue loss, where it was 
highest. Unconventional speech was equally common for Blue 
wins and Equal runs, while it was absent during Blue losses. 
 
A within-group interaction effect of problem category, hit/miss 
and win case was found, F(8, 136)=2.015, p<.05, MSe=0.28. 
Comparison of the means in this three-way interaction is 
complex. The differences between cases are shown in table 5-24 
and figure 5-23. Noteworthy is that for Blue losses, two problem 
categories, UC and UT, were absent during hits, and one 
category, UC, during misses. Nevertheless, the total problem 
frequencies exceeded that of the Hits during Blue wins, which 
was the case with the lowest average problem frequency. 
 
A between-group main effect of win case was found, F(2, 
125)=7.377, p<.01, MSe=0.44. Comparison of the means (table 5-
24) showed that Equal runs contained many more problems per 
minute than the Blue wins and then the Blue losses. 
 
In addition, a non-significant between-group interaction tendency 
of hit/miss and win case was found, F(2, 125)=1.263, p=.06, 
MSe=0.44. In table 5-24 and figure 5-23, this tendency is seen as 
the total problem frequency being the highest for Equal runs 
during launches resulting in hits, followed by misses during the 
same win case. Following these is the combination of Blue win 
and launches resulting in misses, while the problem frequency is 
lower for both misses and hits during Blue losses. The case with 
lowest problem frequency is for the launches resulting in hits, 
during runs ending in a Blue win. 
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Table 5-24. Average communication problem frequency during launch 
situations, per win case, hit/miss and problem category. Problems 
per minute. 

  Problem category   
Win case Hit/miss SI UI UNC UC UT SUM 
Blue win Hits 0,29 0,48 0,29 0,07 0,30 1,44 
 Misses 1,07 0,80 0,17 0,17 0,28 2,48 
 Average 0,94 0,74 0,19 0,15 0,29 2,31 
Equal Hits 1,43 0,56 0,78 0,27 0,54 3,57 
 Misses 1,00 0,58 0,47 0,12 0,71 2,88 
 Average 1,12 0,58 0,55 0,16 0,66 3,07 
Blue loss Hits 1,02 0,16 0,84 0,00 0,00 2,01 
 Misses 1,00 0,40 0,53 0,00 0,17 2,09 
 Average 1,00 0,35 0,59 0,00 0,14 2,08 
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Figure 5-21. Average communication problem frequency during launch 

situations, per win case. 
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Figure 5-22. Average communication problem frequency during launch 

situations, per win case and problem category. 
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Figure 5-23. Average communication problem frequency during launch 

situations, per win case, hit/miss and problem category. 

 

5.2.3 Instructor ratings 
For the Instructor ratings independent variable, the following 
results were found. 
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5.2.3.1 Utterances, scheme A 
A between-group main effect of rating average was found in the 
analysis, F(4, 106)=6.202, p<.01, MSe=2.56 for the seven main 
utterance categories. The mean utterance frequency varied across 
the rating averages in an incoherent way as listed in table 5-25 
and figure 5-24. The highest frequency was found when the 
highest rating average occurred, and the lowest frequency when 
the rating was second-highest. 
 

Table 5-25. Rating averages and utterance frequencies for the six rated runs. 

Rating avg. Utterance fq
3,83 p 22,26
4,00 p 25,54
4,33 p 24,54
4,67 p 19,86
5,33 p 26,10

 
A within-group interaction effect of utterance category and rating 
average was found in the analysis, F(24, 636)=8.953, p<.01, 
MSe=1.96. Comparison of the means for each category per rating 
(table 5-26) showed a varying pattern. For the Tactics and the 
Communication categories, the highest frequencies were found in 
the highest-rated case. Though, this pattern was not true for any 
other category. 
 

Table 5-26. Average utterance frequency during launch situations per rating 
average for the seven main utterance categories in scheme A. 

 Utterance category   
Rating avg. I1 I2 T C Q O U 

3,83 p 6,79 2,89 1,45 8,99 0,89 0,18 1,07 
4,00 p 8,54 2,47 1,66 8,16 1,09 3,28 0,34 
4,33 p 8,82 3,38 2,17 7,70 1,30 0,59 0,57 
4,67 p 5,93 1,41 1,78 7,79 1,06 0,95 0,93 
5,33 p 6,78 3,12 3,66 10,36 0,45 0,86 0,86 
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Figure 5-24. Average utterance frequency during launch situations for the 

seven main utterance categories in scheme A (values on the left Y-
axis), and the total utterance frequency sum (values on the right Y-
axis), per rating average. 

 

5.2.3.2 Utterances, scheme B 
A between-group main effect of rating average was found in the 
analysis, F(1, 106)=6.202, p<.01, MSe=4.48 for the instructor’s 
four communication categories. The mean utterance frequency 
varied across the rating averages in an incoherent way as listed in 
table 5-27 and figure 5-25. The highest frequency was found 
when the highest rating average occurred, and the lowest 
frequency when the rating was second-highest. 
 
A within-group interaction effect of utterance category and rating 
average was found in the analysis, F(3, 318)=577.740, p<.01, 
MSe=3.59. Comparison of the means for each category per rating 
(table 5-27) showed a varying pattern. For the Directive and 
Dialogue categories, the highest frequencies were found in the 
highest-rated case. Though, this pattern was not true for any 
other category. 
 
A between-group main effect of rating average was found in the 
analysis, F(1, 106)=6.202, p<.01, MSe=4.48. The mean utterance 
frequency varied across the rating averages in an incoherent way, 
the highest frequency was found when the highest rating average 



COMMUNICATION AND PERFORMANCE                    RESULTS 

79 

occurred, and the lowest frequency when the rating was second-
highest, as indicated by the dotted line in figure 5-25. 
 

Table 5-27. Utterance frequency during launch situations per rating average 
for the instructor’s four communication categories in scheme B. 

 Utterance category 
Rating avg. INF DIR DIA OTH

3,83 p 9,68 1,14 10,18 1,25
4,00 p 11,01 1,62 9,29 3,62
4,33 p 12,20 1,72 9,45 1,16
4,67 p 7,34 1,38 9,26 1,88
5,33 p 9,90 3,58 10,89 1,72
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Figure 5-25. Average utterance frequency during launch situations for the 

instructor’s four communication categories in scheme B (values on 
the left Y-axis), and total utterance frequency sum (values on the 
right Y-axis), per rating average. 

5.2.3.3 Communication problems 
A within-group interaction effect of problem category and rating 
average was found, F(8, 424)=2.658, p<.01, MSe=0.27. 
Comparison of the means (table 5-28 and figure 5-26) showed 
that the Unclear information category had the highest problem 
frequency when the rating average was the highest. This was also 
true for the Uncodeable and Simultaneous speech categories, 
whose patterns were similar. The UC and UT categories showed 
unclear patterns, similar to each other. 
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A between-group main effect of rating average was found, F(2, 
106)=3.402, p<.05, MSe=0.31. Comparison of the means showed 
that, with the exception of the case of the lowest rating, 
communication problem frequency was higher for runs that had a 
higher rating average, as indicated by the dotted line in figure 5-
26. 
 

Table 5-28. Communication problem frequency and rating averages. Problems 
per minute. 

 Problem category   
Rating avg.  SI UI UNC UC UT SUM 

3,83 p 0,89 0,59 0,20 0,21 0,34 2,22 
4,00 p 0,65 0,36 0,06 0,19 0,37 1,62 
4,33 p 1,09 0,42 0,47 0,04 0,13 2,16 
4,67 p 1,11 0,55 0,51 0,21 0,31 2,69 
5,33 p 1,24 1,45 0,52 0,15 0,22 3,57 
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Figure 5-26. Communication problem frequency for the five problem categories 

(values on the left Y-axis), and total problem frequency sum 
(values on the right Y-axis) per rating average. 
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5.2.4 Correlation analysis 
Analyses of correlations between different communication and 
performance variables were performed. The following results were 
found in these analyses. No other significant correlations were 
found. 
 
A positive correlation was found between utterance frequency and 
hit difference (which for the training runs analyzed here 
corresponded to win case), rp=0.74, p<.05, two-tailed. No 
correlation was found for communication problem frequency and 
Hit difference. 
 
As for the instructor ratings, a positive correlation was found for 
communication problem frequency and Rating average, rp=0.91, 
p<.05, two-tailed. No correlation was found for utterance 
frequency and Rating average.  
 
In addition, a positive correlation was found between the two 
dependent performance variables of Hit difference and Rating 
average, rp=0.19, p<.05, two-tailed. The correlation between 
Overall rating and Rating average was high, rp=0.87, p<.01, two-
tailed. 
 
A positive correlation between communication utterance 
frequency and problem frequency during launch situations was 
found, rp=0.37, p<.01, two-tailed. A plot of the relationship can be 
seen in figure 5-27. A regression analysis showed that the linear 
equation estimating the relationship between the two variables 
would be: Communication problem frequency = 0.12 x Utterance 
frequency – 0.30.  
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Figure 5-27. The relationship between utterances and communication 

problems during launch situations. 
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5.3 Summary of results 
The overall outcomes were these: 

• 137 missiles were launched during the eight training runs, 
of which 29, or about 21 %, resulted in hits. 

• Blue team won three runs, lost two runs, and two runs 
ended in an Equal result 

• Missile launches resulting in hits were on average launched 
three minutes later than for misses. 

• With the exception of the run rated first, the performance as 
rated by the instructor was better as more runs were 
completed. 

 
For a typical run (run 8), the following could be concluded: 

• The fighter controller typically makes the most utterances of 
the team members (49 %), and takes up the largest amount 
of the total utterance time (53 %). He mainly makes 
information, communicative and tactics utterances. 

• For group leaders, Communicative and Information are the 
focus when counting utterance numbers (tokens), while 
Information and Tactics take up the most amount of their 
utterance duration (time), more time than Communicative 
utterances.  

• Less than half of the run, 45 %, was silent.  
• More than half of the non-silent time was used for 

Information utterances, about one quarter for Tactics 
utterances and one fifth for Communication utterances. 
Questions and Other issues took up one and five percent of 
the non-silent time, respectively. 

• The average utterance frequency was 130 % higher during 
launch situations (defined as the period starting one minute 
before missile launch and ending at the time of hit or missile 
failure) than during the rest of the run. Compared to the 
whole run, the frequency was 39 % higher during launch 
situations. 

• Communication problems were 221 %, or three times, more 
common during launch situations than during the rest of 
the run. Compared to the whole run, the problem frequency 
was 52 % higher during launch situations. Only the 
Unconventional category showed a decrease for launch 
situations compared to the rest of the run. Unclear 
information and Simultaneous speech increased to a 
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frequency four to five times higher than during the rest of 
the run. 

 
For communication during launch situations in all eight runs, 
these observations were made: 

• The average utterance frequency during the 137 launch 
situations was 23.3 utterances per minute. This equals 
about one utterance every two and a half seconds. 
Calculating the utterance frequency during launch situation 
periods without the overlap of counting each launch 
situation by itself, the average utterance frequency was 22.0 
utterances per minute. 

• Communication and Information type 1 utterance 
frequencies were by far the highest, with means of 8.06 and 
7.38 utterances per minute. They were followed by 
Information type 2 at 3.16, Tactics at 1.95, Questions at 
1.08, and Other issues at 1.00 utterances per minute.  

• Uncodeable utterances occurred on average 0.69 times per 
minute. 

• The two utterance categorization schemes showed the same 
overall results for utterance frequency. 

 
As for communication problems during all runs, the results were: 

• 279 occurrences of problems were found during the whole of 
the eight training runs. 

• Ten types of problems were found and categorized into five 
problem categories, sorted by occurrences: 

o Simultaneous speech 
o Unclear information 
o Unconventional speech 
o Uncertain target reference 
o Uncodeable utterance 

• The most common problem was the Simultaneous speech 
problem with 101 occurrences, followed by Unclear 
information at 76, while the three other categories occurred 
30-38 times each. 

• 185 of the 279 problem occurrences, i.e. about 66 %, were 
found during launch situations. This distribution between 
launch situations and other periods differed for the different 
problem categories, though all but Unconventional speech 
were more common during launch situations.  

• The communication problem frequency mean was on 
average twice as high during launch situations than during 
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the other periods of the runs (2.21 compared to 1.14 
problems per minute). Compared to the whole runs (avg. 
1.68 problems per minute), the problem frequency was on 
average about 32 % higher during launch situations. 

• The most common combination of problem and situation 
was that of Simultaneous speech and Communication 
related situation, followed by the combination of Unclear 
information and Informative situation.  

• The Informative situation was involved in the most 
communication problems – about twice as often as the 
second- and third-most involved situations, Communicative 
and Others. 

 

5.3.1 Effects 
The following significant effects were found (* = significant at the 
.05-level,  ** = significant at the .01-level): 
 
Overall main effects: 

Within-group 
o Utterance category scheme A, main effect** 
o Utterance category scheme B, main effect** 
o Problem category, main effect** 

 
Launch case 

Between-group 
 No effects 

Within-group 
o Utterance category scheme A and Hit/Miss, interaction 

effect* 
o Utterance category scheme B and Hit/Miss, interaction 

effect* 
o Problem category and Hit/Miss, interaction tendency 

(p=.09) 
 
Win case 

Between-group 
o Utterance frequency, main effect* 
o Problem frequency, main effect** 
o Problem frequency and Hit/Miss, interaction tendency 

(p=.06) 
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Within-group 
o Utterance category scheme A and Win case, interaction 

effect** 
o Utterance category scheme B and Win case, interaction 

effect** 
o Problem category and Win case, interaction effect** 
o Problem category, Hit/Miss and Win case, interaction 

effect* 
 
Instructor ratings 

Between-group 
o Utterance frequency, main effect** 
o Problem frequency, main effect* 

Within-group 
o Utterance category scheme A and Rating average, 

interaction effect** 
o Utterance category scheme B and Rating average, 

interaction effect** 
o Problem category and Rating average, interaction 

effect** 
 
 
For correlations: 

• Utterance frequency and Hit difference were positively 
correlated (rp=0.37*), i.e. when talk rate was high, so was hit 
difference for the Blue team in the run. 

• Problem frequency and Rating average were highly positively 
correlated (rp=0.91*), i.e. when problem rate was high, so 
were the instructor’s ratings. 

• Rating average was positively correlated to Hit difference, 
though modestly (rp=0.19*), i.e. when the instructor’s ratings 
were high, so was the hit difference. 

• Utterance frequency and problem frequency were moderately 
to highly positively correlated (rp=0.74**), i.e. when talk rate 
was high, so was communication problem rate. 
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6 DISCUSSION 

6.1 Hypotheses 
Hypothesis 1 was formulated as follows:  
A large amount of communication is positively correlated with high 
performance. 
 
For the between-group main effect of Win case, the utterance 
frequency was highest for Blue wins, which is the most positive of 
the three outcomes. It was almost equal for the two other cases, 
Equal and Blue loss. There was no between-group interaction 
effect found for Launcher x Hit/miss, i.e. Launch case, and the 
utterance frequency means were distributed opposite to the 
hypothesis. For Instructor ratings, there was a between-group 
main effect with no coherent relation to utterance frequency. 
Therefore, hypothesis 1 was proven true for the Win case per-
formance variable, but false for the two performance variables of 
Launch case and Instructor ratings. 
 
Hypothesis 2 was formulated as follows: 
A large amount of communication problems is negatively correlated 
with high performance. 
 
No between-group main effects were found where the performance 
and problem frequency were negatively related. The problem 
frequency means over Win case were highest for Equal runs, 
followed by Blue wins, and were lowest for Blue losses. For 
Launch case, no between-group main effects of communication 
problems were found, however the problem frequency means were 
distributed in line with the hypothesis, with the highest problem 
frequency occurring during Red hits, and the lowest during Blue 
hits. For Instructor ratings on the other hand, the pattern was in 
fact opposite the hypothesis, with high problem frequencies 
occurring for cases rated high and lower problem frequencies for 
lower rated cases. Hypothesis 2 was thus proven false for all of 
the three performance variables – Launch case, Win case and 
Instructor ratings. 
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6.2 Interpretation 
A large total amount of radio talk correlated positively with a good 
global outcome (winning) in the training runs. This was in 
accordance to several studies performed, e.g. Prince et al. (in 
Brannick et al., 1997), and in line with hypothesis 1. The result 
for Win case might however be partly explained by the fact that 
having many pilots still in the air, which occurs when winning a 
run, will increase the amount of utterances made in the team by 
pure mathematics, i.e. the more pilots in the team, the more 
coordination and thus communication is needed. On the other 
hand, successful launches for a team would result in fewer 
enemy aircraft to exchange information and strategies about, and 
would in that case make communication rates drop when 
winning, which was not true – utterance frequencies were highest 
for Blue wins and almost equal for Blue losses and Equal runs. 
This is a methodological problem that has to be addressed by 
compensational calculation formulas or by other means. 
 
No negative association of communication problems and perfor-
mance was found in the study. A significant effect of Communi-
cation problem frequency and Win case was found, though the 
average problem frequency was highest for runs ending in an 
Equal result, and not in Blue losses, as was hypothesized. The 
problem frequency was almost equal for runs ending in Blue wins 
and Blue losses. This can be interpreted as an effect of both the 
utterance frequency being lower for blue losses, and thus the 
problem frequency following, in combination with the mentioned 
issue of having fewer team members during runs ending in losses 
than for wins, which may reduce the risk of communication 
problems. 
 
Neither utterance nor Problem frequency were associated with 
specific successful launch cases or with high ratings. In fact, the 
pattern was opposite to the hypothesis for Launch case and 
Utterance frequency. Thus, the pattern for the means implied a 
negative relation between Utterance frequency and the Launch 
case independent variable, though no significant effect of Launch 
case was found. For Problem frequency, the pattern of means 
turned out in line with hypothesis 2, i.e. low problem frequencies 
for positive outcomes (Blue hit and Red miss) but no effect was 
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found her, either. The Problem frequency pattern followed the 
utterance frequency pattern for Launch case. 
In the analysis, within-group interaction effects of both utterance 
and problem categories were found for the independent variables 
of Win case, Instructor ratings and Hit/Miss, though not for 
Hit/Miss x Launcher, i.e. Launch case. It might therefore be 
useful to study each utterance and problem category by itself, 
performing post-hoc tests and finding out whether specific 
utterance or problem types are contributing more or less to the 
results. This was however not made to full extent in the current 
study, as it was out of the thesis delimitation and purposes. 
 
Utterance frequency did not show a coherent pattern for the 
Instructor ratings independent variable, and the pattern for 
Problem frequency was not similar to that of Utterance frequency. 
However, the correlation of Problem frequency and Rating average 
implied a negative relationship where better ratings were given 
when communication problem rates were higher. It is not clear 
how this relationship is formed, but fatigue effects may be 
involved, since the average rating went up during the two days of 
training sessions, followed by the problem frequency. 
 
No effects whatsoever were found for the Launch case 
independent variable, but for one of its constituents, the Hit/Miss 
variable, there were effects. The found interaction effects of both 
Utterance and Communication problem category x Hit/Miss could 
be interpreted as deriving from some inherent difference between 
the two situations/cases of launching hitting or missing missiles, 
independent of which team made the launch. Both the time of 
launch and the launch situation duration differed between hits 
and misses in the two teams, but not between the teams. 
Launches resulting in hits were on average performed three 
minutes later into the runs than misses. This might be a result 
partly explained by the intentionally early “pusher” launches. For 
communication, it might be the case that the content is different 
during different periods of the runs, though it is not clear if the 
discrepancy in time of three minutes would fully explain the 
effect. It was also the case that launches resulting in hits were 
shorter in duration than misses, more precisely about 45 % 
shorter. However, considering the duration of the launch 
situations, which were the basis for analysis, the duration for hits 
was only about 20 % shorter than misses, as listed in table 6-1. It 
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is not clear how this difference might have affected the communi-
cation results. 
 

Table 6-1. Durations of launches and launch situations over hits/misses.  

 Avg. duration  
Result Launches Launch sit. N 
Hits 00:28 1:28 29 
Misses 00:51 1:51 108 

 
Communication problem frequency correlated positively with 
radio speech amount, i.e. utterance frequency. The conclusion 
that more talk will increase the risk of communication problems 
seems fairly intuitive. A linear function estimating the relation-
ship between the two variables was found to be Communication 
problem frequency = 0.12 x Utterance frequency – 0.30. This 
would mean that for every additional utterance made per minute, 
the frequency of communication problems would rise by 0.12 
problems per minute. It would also mean that a rate of below 2.5 
utterances per minute would generate zero problems. However, 
this would in reality not be true, since a communication rate that 
low would be abnormal and in turn generate problems in the 
Unconventional or Unclear information category. It might also be 
the case that the relationship is not linear, in any case maybe not 
for the whole span of communication rates. 
 
The most common communication problem was Simultaneous 
talk, and the most common combination of situation and problem 
was Simultaneous talk and Communicative utterance. 
Acknowledgements were not always uttered, and often made after 
a short pause. The next speaker therefore started the subsequent 
utterance at the time of acknowledgement, which often caused 
simultaneous speech. This relates to two of Clark’s (1996) 
features – the Participatory status and the Action ladder. The 
team members are participants in a conversation where speaker 
and addressee are multiple, and at times their current status in 
the conversation is unclear, which causes problems to occur. 
Also, nonverbal signals normally revealing an intended utterance 
are not visible for the eyes of the participants to see, and 
therefore the risk of making colliding utterances increases. It can 
thus be stressed that the addressee of an utterance must be 
expressed clearly in order to reduce the risk of problems, and that 
feedback should always be given.  
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A probable additional cause for the problem of Simultaneous 
speech is the lack of a PTT (Push to talk) button, which is used 
normally by the pilots and fighter controllers for sending speech. 
It is also used for acknowledgement by double-clicking. The 
button implies using short messages, since only one person can 
use the radio channel at a time. The lack of a PTT button might 
thus affect the use of formal, conventional speech and make the 
communication more informal and lengthy, which were 
behaviours associated with low performance in S. Hutchins et al. 
(1999), see table 3-2. 
 
The problem of Unclear information was the second-most 
common communication problem, obviously occurring the most 
during Informative situations. It was also one of the most 
common problems found in the study by Björk et al. (2001). This 
problem may for the results presented here pertain to fighter 
controller and fighter pilot inexperience. During training, the 
information may become more precisely uttered, and the need for 
corrections or clarifications less significant. Also, the simulator is 
a new working environment for the team, which may cause 
uncertainty. However, it is an issue that needs addressing. The 
other communication problem types are described in section 
5.1.5.1 Problem examples. 
 
Instructor ratings were moderately positively correlated with hit 
difference. The instructor ratings seem to be related to the team 
outcome as measured by hit difference to a minor extent, 
although they are based on seven aspects of team 
behavior/process. The need for multiple approaches to and 
measures of performance, as noted by Brannick et al. (1997), is 
apparent. 
 

6.3 Method 
For the dependent variable of communication frequency, it seems 
that both a 7- and a 4-category classification can be used to 
explore and find variances in team communication content. In 
deed, many different categorization schemes have been used 
before, for different purposes. Though, problems will occur in the 
study of utterances by content-coding, due to the complex nature 
of human interaction and the subjectivity involved in its 
evaluation. For the choice of categories, there has to be balance in 
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the number of categories used, in order to make the analysis both 
relevant and useful. Too many categories will make practically 
every utterance a category of its own. Too few might make 
important variation undetectable. In both cases, there is the 
problem of interpreting utterances and putting labels on them. 
This problem might require the use of different coders, though 
that was not used in the current study. 
 
The definition of launch situations as ‘the time one minute before 
launch to the point of either hit or missile failure’ may not cover 
all situations characterized as critical. A launch could be made 
from a large distance more or less on chance, during a low-
workload period and other critical situations may occur without 
the launch of any missile. Though, it seems more likely that 
critical situations occur mainly in the regions of launches. The 
choice of using a period of more or less than one minute of pre-
launch time might be considered along with using other criteria, 
e.g. studying the whole runs, or using observational protocols 
with critical incidents as the basis for later analysis.  
 
As noted in the literature (Prince et al., in Brannick et al., 1997), 
communication during critical periods is characterized as unlike 
that of normal or routine periods. To develop the content 
analysis, the critical time period could be further analyzed in 
contrast to the other, non-critical periods during runs (if such 
“non-critical” situations do exist during real-life scenarios). Such 
an analysis was performed speculatively in this study. It revealed 
that both the utterance frequency of one run and the 
communication problem frequency during all runs were higher 
during launch situations than during other periods. Other 
scenarios with other workload demands could also be used, as 
performed previously (S. Hutchins et al., 1999), to further 
understand the difference in communication during calm and 
stressful situations. These studies would require analysis of the 
whole time span of the runs, which is a time-consuming task. It 
also raises the question of what scenarios and runs can be 
compared to each other. In the study, only eight of the 12 
recorded runs were used, due to scenario differences, differences 
in team composition and technical problems. 
 
Missile launches, and especially launch situations were 
overlapping in time with each other rather often. A missile launch 
rarely came alone, but as part of an attack. Therefore the same 
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utterance or problem would mostly be associated in time with 
more than one launch situation and sometimes with different 
launch cases. This method of using each launch situation by 
itself was used for various reasons. It is not possible to clearly say 
which specific launch a series of utterances would be related to 
and which not. For the analysis of the Win case dependent 
variable, there was a choice of in addition using a non-
overlapping summation of utterance and problem frequency, i.e. 
to not use statistics from each launch situation by themselves, 
but from the time period covered by the launch situations. This 
would make each utterance or problem occurrence count only 
once. For the communication problem frequency dependent 
variable over Win case, statistics for the whole runs and not just 
for launch situations could also be used. However, these 
alternatives would have involved too few cases (8 runs), and thus 
a too low N to perform an analysis. Therefore, data used in the 
analysis originate from all launch situations treated by 
themselves. Though, overall numbers and averages without 
overlap were presented in addition, to give a more general 
description of the communication. 
 
Using utterance token versus utterance duration analysis will 
produce different results. These differences are due to the fact 
that the mean utterance length is unequally long for different 
utterance categories. Orders, tactics and information utterances 
take on average longer to utter than communicative utterances, 
such as “Yes” or “Repeat”. It seems more useful to study 
utterance durations, as it entails the important temporal aspect. 
This will however require time coding of utterances as well, 
which, as noted previously, is quite time-consuming if not made 
automatically. 
 
As for communication problems, the PILOT method was found to 
be useful and efficient for finding and categorizing problems. 
However, all problem occurrences were not taken to the third 
level – transcribed and analyzed with regard to causes for the 
problems. Using only one coder will lead to problems with the 
question of finding all problems and only problems, which may 
call for the need of problem categories made up in advance. Since 
the domain of BVR combat communication is a rather stable and 
narrow field, this preparation might be done. However, the PILOT 
method implies creating problem categories on-line, as problems 
are found. 
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Unfortunately, neither the briefing videos nor the TSD videos were 
included in the current study, due to lack of time since the 
amounts of data were great and no coding or analysis automation 
was available. The video recordings could give better insight into 
what preparations and plans were made before the runs, and give 
the context, situation and possibly justifications of certain 
communication and actions.  
 
The correlation of utterance and communication problem 
frequency may be used in the development of a new independent 
measure, being the ratio of problems per utterance. If a large 
number of utterances can be made without a lot of communi-
cation problems occurring, this may be interpreted as positive. 
However, the interpretation of all communication problems as 
negative can also be discussed. Delivering uncertain information 
is no positive communication behaviour, but requesting clearer 
information might alternatively be viewed as a positive treat in a 
team, where members are making certain that no misunderstand-
ings can occur. Clearing or repairing communication problems is 
an issue for further research. 
 
In this study individual data or team roles were not investigated 
for all runs, thus each team was treated as one unit. For further 
studies, it might be interesting to study the team leaders or the 
fighter controllers in further detail. It would perhaps also be 
interesting to study any individual differences between 
experienced and fresh pilots or fighter controllers with regard to 
communication variables. An observation made was that the 
group leader often took a position with a greater distance to the 
enemy than the rest of the group. This sometimes led to the 
leader not launching any missile at all during a whole run, 
though not being shot down either.  
 
The Hit difference variable corresponded to Win case in the eight 
runs analyzed here. This was a coincidence, however it points at 
the risk of getting at least one aircraft shot down even when 
winning. The discussion of how to assess a team’s performance 
with regard to offensive vs. defensive strategies and behaviours 
will have to be furthered. Should a 4-1 win be regarded as a 
better or worse result than a 3-0 win? This is of course an issue 
for the instructors and personnel at training to discuss as well. 
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The different dependent variables used here, i.e. team perfor-
mance measures, were meant as complements to each other. 
Other methods, such as observational protocol or self-assess-
ments were considered but left out in the current study. Using 
global outcome in combination with expert (instructor) ratings 
will have to be further evaluated, though there were effects found 
and the methods have been supported in the literature (e.g. 
Brannick et al., 1997).  
 

6.3.1 Internal and external validity 
The data set used in this study was rather small; eight training 
runs lasting 14 to 27 minutes. For instructor ratings, only six 
runs were rated. Considering this, the massive amount of results 
may seem inappropriately large. However, data was taken from 
137 different situations during these runs, though many were 
overlapping. In addition, the purpose of the work included a 
method study, where different approaches and dimensions were 
to be used and compared. This combination of factors explains 
the multitude of results that were gathered. 
 
The variety of the participants might also have been larger. Two 
different teams with ten pilots from the same squadron and four 
fighter controllers from the same air force air control and 
surveillance facility were used. Ideally, pilots and fighter 
controllers from all squadrons and air force facilities, with an 
array of experience, should be used. This especially considering 
the squadron’s and instructors’ reports of different “culture”, 
jargon and procedures existing at different places.  
 
Another approach, using comparison of teams performing well to 
teams with low scores/ratings or other performance measures, 
might be used to study differences in team behaviour, 
communication, planning etc. to clarify the differences between 
top and bottom performers. 
 
Although the set of eight training runs was rather small, the data 
analysis required was extensive and quite time-consuming. The 
full transcription of one run took several days to complete, albeit 
for a non-expert. Performing time coding, content coding and 
problem searching also took long time. This could have been 
reduced by using several persons for coding, which in turn may 
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have caused inter-judger reliability problems when not all runs 
may have been analyzed the same. 
 
The data collection was made during a two-day period in the 
middle of a week of practice. Some participants had undergone 
previous training in the simulator; others were new and may still 
have suffered from beginner problems regarding handling and 
interaction with the system. Additionally, technical problems in 
the simulator during the data collection may also have had 
motivational effects, negative for the teams. Though, this is not 
clear and no such motivational data was collected. 
 
The external validity with regard to the radio system used was 
rather low, since the audio system used at FLSC and the radio 
system used at the squadrons differ in several ways. The FLSC 
system provided an open channel of high quality. Usually pilots 
and fighter controllers talk on a simplex (one-at-a-time) radio 
system using a PTT button, which implies clear turn taking, and 
less risk of non-task related talk “leaking out”. Practices such as 
using double clicks to acknowledge can not be used without a 
send button. The sometimes suboptimal sound quality in real 
situations also calls for the use of short messages and proper 
phraseology, which in combination with the use of a PTT button 
may rule out many of the occurrences of Simultaneous talk, 
Uncodeable and Unconventional speech. However, the radio issue 
is currently being addressed at FLSC. In addition, the external 
validity as far as the simulator is concerned can be argued to be 
rather low, since FLSC uses a basic static simulator, which does 
not generate G-forces, a computer monitor for head-down display 
with on-screen controls, along with a projection screen delivering 
a narrowed field of vision compared to the aircraft. Though, the 
main topic for FLSC is not to generate high-fidelity simulations of 
the flight experience, but to train teams at BVR combat. 
 
The rating form had not been previously used, though it was 
developed in cooperation with the instructor who later filled it in. 
The possible affects on the results of using a new rating form are 
unclear. It is possible that calibration of the scales and aspects, 
which was not made in advance for this study, is necessary to get 
reliable ratings. Further development of the form and more usage 
of it will have to be made in order to increase internal validity. 
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6.4 Future research 
The current study regarded communication frequency, content 
and problems. Further studies and research could be made in the 
following areas. 
 
Forthcoming studies should include the use of a realistic simplex 
radio to increase the external validity. The current content and 
problem analysis, and other methods would also be greatly 
helped by the potential introduction of automatic logging of radio 
transmissions. This could be accomplished using a send, or PTT 
(push to talk), button, connected to a logging computer. Using the 
PTT button for automatic logging will produce many 
opportunities, such as these:  
- sender identification 
- utterance frequency calculation 
- utterance length calculation 
- sequence logging and analysis 
- calculation of talk/silence ratios 
- automatic matching with missile launches or other important 

events during the run 
 
Applying Clark’s model of language use was proven useful in 
Fairburn et al. (1999). Further studies of how miscoordination in 
joint actions occurs, and the possible repairs of problems in 
coordination, might produce interesting and valuable information. 
Problem and problem repair analysis at all levels of the ‘action 
ladder’, from linguistic sound interpretation errors to 
misunderstandings of intents, could provide variables for 
research. The focus on information flow will then be turned to a 
language focus, which might make problems and errors on other, 
more detailed, levels highlighted. 
 
Team roles, individual experience and team positions should be 
further explored. The possibility exists that problems in one 
position in the team could affect the whole team or another team 
member, causing errors or problems for them. 
  
The combined variable of Communication problems per utterance 
could be useful for further studies, as a measure of how the team 
communication is affected by raised frequencies. If this rate is 
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low, the team is capable of handling the need for increased 
communication well. 
Comparing low workload vs. high workload situations in training 
with regard to communication frequency, problems and content 
might provide further information on how well teams use non-
critical periods to make plans and discuss strategies or 
cooperation, and finding out when problems occur the most. 
Analyzing sequences of utterances into bigrams (pairs) and 
trigrams (threes) will provide the opportunity to search for 
beneficial patterns, such as feedback loops. Thus, the rate of 
closure (Clark, 1996) or acknowledgement could be calculated. 
Also, the speaker sequence and the direction of who speaks with 
whom the most might be used for analysis. 
 
Making data collections and field studies of real-life situations 
and communication and comparing these to the results from the 
simulator may provide feedback on training issues, in addition to 
extending the ecological validity. 
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7 CONCLUSIONS 

The prospects of using communication analysis as a predictor of 
team performance are still unclear. In this study, a positive effect 
of communication frequency on performance was only found for 
one of three performance measures, and the effect may partly be 
explained by team member losses when losing a run. For 
communication problems, no coherent results relating to 
performance were found in the study. The data set will have to be 
larger for further studies, and the methods overlooked. 
 
As the communication frequency increased, so did the communi-
cation problem frequency. Also, utterances and problems occur-
red more often during launch situations than during the other 
periods of the training runs. These results may be used for 
further research. 
 
Content coding and analysis was demonstrated useful as addition 
to the PILOT communication problem analysis method. The 
communicative situations were involved in communication 
problems to different extents. Simultaneous speech in Communi-
cative situations and Unclear information in Informative 
situations were the most common combinations, while the 
Informative situation contained the most problems overall. What 
possible consequences the problems might have depends on the 
particular situation and the repairs made to the problems, 
though no communication problem will gain explicit coordination. 
 
The method of communication analysis used here proved useful 
in finding variance both on an overall per-run basis and for a 
more detailed level of launch situations, in addition to non-critical 
situations. The measures and methods will have to be further 
developed, preferably by introducing utterance time coding 
automation using the PTT button, which would make further 
analysis more efficient and additional resources free for analysis 
of briefings, pre-planning and team behaviour data. It is also 
necessary to make field studies comparing communication in 
simulator training to communication in real flight situations, in 
order to widen the perspective and gain external validity. 
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Appendix A. Launch charts 

 A:I 

In the following charts, the launch distribution and timing for the 
eight analyzed training runs are displayed. Pilots 1 to 4 are mem-
bers of the Blue team, and stations 5 to 8 make up the Red team. 
Missile launch durations are indicated by the X error bars, and 
the targets for the launches by the Y error bars. Launches resul-
ting in misses are displayed as squares, while hits are rhomboid. 
Outlined launches are special cases, targeted at either the 
AWACS, other computer targets in the scenario, or at a member 
of the own team. 
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