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ABSTRACT
Fighter pilots operate high-performing powerful aircraft, equipped with complex sensor
systems, in a dynamic and hostile environment. The pilots need to have control over their
own aircraft as well as the developing situation surrounding them. Moreover, the fighter
pilot rarely is on a mission by himself, but collaborates with teammates to achieve the goals
jointly. This collaboration between fighter aircraft cannot take place without technology in
the form of a tactical support system (TSS) that aids the pilots with information retrieval
and decision-making. A TSS in a fighter aircraft fuses data from different sources and
organizes the information in order to assist the pilot in building situation awareness and
support in the decision-making during missions. The capabilities of the aircraft and its
sensors, as well as the design of the TSS will directly affect how the pilots can perform the
missions. The technology and the design at the same time enable and constrain the possible
acting space, such that the tactics and plans for the missions will be a consequence of these
factors. Hence, the design and development of such a complex system requires deep
knowledge about the users and understanding of how they will operate the system. High
usability is among the requirements for such a specialized and advanced system as the TSS,
and in order to achieve this there is a need to understand the circumstances the system will
be used in. Due to the complex nature of the military operations and the difficulties to
access the domain for others than pilots, it is challenging for designers of the TSSs to
obtain this needed knowledge. Therefore, this thesis aims at investigating the nature of the
operations, as well as the practice of user participation in the domain, in order to increase
the designers’ knowledge and give guidance to how users should participate in the
development of the systems.
Several methods that aim to design efficient and usable systems are available. Usercentered design is a holistic philosophy that prescribes that the interests and needs of the
users should be in focus through the whole development process in order to achieve better
systems. At the core of user-centered design is to increase the knowledge about the users
and their needs. This thesis applies two perspectives, which both contributes to fulfill the
goal of user-centered design of the TSSs by obtaining more knowledge about the users. The
two perspectives are: a better understanding of how the users/pilots utilize the TSS to
perform teamwork during missions, and an insight into how the users/pilots participate
during the development process of the TSSs.
The teamwork perspective is motivated by the fact that fighter pilots perform a majority of
their missions collaborating in teams. Their teamwork is depending on technology since
the pilots are separated from each other in their fighter airplanes. Understanding this
teamwork is hence a key to understanding the users in this domain. This thesis investigates
the nature of teamwork between fighter pilots based on a theoretical teamwork model, the
I

“Big Five” of effective teamwork proposed by Salas, Sims, and Burke (2005). The “Big Five”
model contains eight elements that Salas et al. identified as necessary for effective
teamwork: adaptability, backup behavior, closed-loop communication, shared mental
models, mutual performance monitoring, team orientation, mutual trust, and team
leadership.
The user-participation perspective is based on the notion that involving the users in
different stages through the development process will benefit the results. However, user
participation can take many different forms. The users can have different roles during the
process, and the impact their opinions will have on the product can vary. This thesis
investigates user participation and the roles the users, i.e. pilots, have in the development
process of fighter aircraft of TSSs and cockpit interfaces.
These two perspectives are each assigned an aim in the investigation. For the first aim,
Increase the knowledge about how fighter pilots collaborate in teams during missions
with the current systems, ten fighter pilots were interviewed about their views on
teamwork. The teamwork elements of the “Big Five” model are explored and described for
the military fighter context. With this knowledge, a task performance cycle is proposed
which shows were in the cycle of a mission each teamwork element is most important.
Finally, a modified teamwork model adapted for mission performance for fighter pilots is
suggested.
For the second aim, Increase the knowledge about how pilots can and should participate
in the design process of fighter aircraft interfaces, a study on how pilots participate in the
design work of cockpit interfaces is conducted. The inquiry is based on a questionnaire,
which was distributed to designers of fighter cockpit interfaces. The results indicate that
the designers think the pilots have and should have many different roles in the design
process. The designers wish to be able to observe pilots at work to a greater extent and to
obtain more information and ideas from them. They also think that pilots should be more
involved as examiners and testers. However, pilots should not be designers or decisionmakers regarding design, according to the majority of respondents.
The presented contributions of the team-related research in this thesis are a deeper
understanding and rich descriptions of how fighter pilots perform missions from a
teamwork perspective. The teamwork elements are examined, and their relations and their
importance during mission performance are described. For example, it was found that the
abilities to monitor each other, to adapt, and to communicate were the most important
factors for effective teamwork during a mission. For the investigation of how designers of
pilot interfaces work with user representatives in the design process, the contribution is a
description of the different roles the users can have during the development process in this
domain. The results are primarily intended to inform designers of tactical support systems
and cockpit interfaces. However, other domains where team members are distributed, and
are highly dependent on technology for their teamwork, should benefit from the findings.
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SAMMANFATTNING
Stridspiloter opererar högpresterande kraftfulla flygplan, utrustade med komplexa
sensorsystem, i en dynamisk och fientlig miljö. Piloterna behöver ha kontroll både över sitt
eget flygplan såväl som situationen som omger dem. Dessutom utför en pilot sällan ett
uppdrag ensam, utan samarbetar med medlemmar i en grupp för att tillsammans med dem
uppnå målen. Detta samarbete mellan flera flygplan kan inte ske utan teknik i form av
taktiska stödsystem (TSS), som hjälper piloterna med informationsinhämtning och
beslutstöd. Ett TSS i ett stridsflygplan behandlar data från olika källor och organiserar
informationen för att hjälpa piloten att bygga situationsmedvetande och fatta beslut under
uppdragen. Flygplanets förmågor och dess sensorer, såväl som designen av stödsystemet
kommer att direkt påverka hur piloterna kan utföra sina uppdrag. Teknologin och designen
både möjliggör och begränsar handlingsutrymmet. Detta innebär att både taktiken och
planeringen av uppdragen blir en konsekvens av dessa faktorer. Följaktligen kräver
designen och utvecklingen av ett sådant komplext system djup kunskap om användarna
och förståelse för hur de kommer att använda systemet. Ett av kraven för ett sådant
specialiserat och avancerat system som ett TSS är hög användbarhet, och för att uppnå
detta krävs insikt och kunskap om de omständigheter systemet används i. På grund av
komplexiteten i användningen av militära system och svårigheter för andra än piloter att få
tillgång till domänen, är det svårt för utvecklare av TSS att skaffa sig den nödvändiga
kunskapen. Avhandlingen undersöker därför dels hur uppdragen utförs, och dels hur
användarna deltar i utvecklingen av TSS. Avhandlingens syfte är att både öka utvecklarnas
kunskap om användningen av produkten (TSS) i domänen samt ge råd om hur användare
bör delta i utvecklingen av produkten.
Det finns flera olika metoder för att designa och utveckla användbara system.
Användarcentrerad design är en holistisk filosofi som innebär att användarnas intressen
och behov ska vara i fokus under hela utvecklingsprocessen för att uppnå bättre system. Att
förstå användarna och deras behov är därför centralt i användarcentrerad design. Denna
avhandling anlägger två olika perspektiv, som båda bidrar till att uppfylla målet med
användarcentrerad design genom att skaffa mer kunskap om användarna. De två
perspektiven är: en bättre förståelse för hur användarna/piloterna utnyttjar TSS när de
samarbetar i team för att genomföra uppdrag, samt en insikt i hur användarna/piloterna
deltar i utvecklingen av TSS.
Teamwork-perspektivet motiveras av det faktum att piloterna genomför majoriteten av
uppdragen genom att samarbeta i team. Teamarbetet är beroende av teknik eftersom
piloterna är separerade från varandra i varsitt stridsflygplan. Att förstå hur piloterna
samarbetar är därför en nyckel till att förstå användarna i denna domän. Arbetet i
avhandlingen baseras på en teoretisk modell för effektivt teamarbete kallad the ”Big Five”
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of teamwork, som är föreslagen av Salas, Sims, och Burke (2005). Modellen består av åtta
faktorer som Salas et al. identifierade som nödvändiga för ett effektivt team:,
anpassningsförmåga, att hjälpa och avlasta varandra, kommunikation, ha koll på varandra,
gemensamma mentala modeller, att sätta teamets mål före sina egna, tillit och ledarskap.
Perspektivet för användarmedverkan baseras på idén att det är gynnsamt för produkten om
användarna deltar i utvecklingsprocessen. Användarmedverkan kan dock ske på många
olika sätt. Användarna kan ha olika roller under processen och deras påverkan på
slutprodukten kan variera. I avhandlingen undersöks användarmedverkan i utvecklingen
av TSS och vilka olika roller användarna/piloterna har i denna utveckling.
Dessa två perspektiv har varsitt mål i undersökningen. Det första målet är: Öka kunskapen
om hur stridspiloter samarbetar i team under uppdrag med nuvarande stödsystem. För
detta ändamål intervjuades tio stridspiloter om sin syn på teamarbete. Faktorerna från ”Big
Five”-modellen utforskas och beskrivs för den militära flygkontexten Utifrån dessa resultat
föreslås en cykel för hur uppdragen utförs och var varje faktor är viktigast i denna cykel.
Slutligen föreslås en anpassad modell för effektivt teamarbete som speglar teamarbetet
mellan stridspiloter under uppdrag.
För det andra målet: Öka kunskapen om hur stridspiloter kan och bör delta i
utvecklingsprocessen av användargränssnitt i stridsflygplan, genomfördes en
enkätstudie. Enkäten distribuerades till utvecklare av användargränssnitt i stridsflygplan.
Resultaten indikerar att utvecklarna anser att piloterna har och bör ha flera olika roller i
utvecklingsprocessen. Utvecklarna önskar mer tillfällen att observera hur piloter arbetar
och de önskar även mer information och idéer från piloterna. Utvecklarna anser även att
piloterna bör vara mer involverade som granskare och testare. Däremot ska inte piloter
vara utvecklare eller ta beslut om design enligt en majoritet av svaren.
De presenterade resultaten av den teamrelaterade undersökningen bidrar till en bättre
förståelse och beskrivningar av hur stridspiloter utför uppdrag ur ett teamperspektiv.
Faktorerna för effektivt teamwork undersöks och deras inbördes förhållanden och
betydelse under uppdragen beskrivs. Till exempel framgår det att förmågan att ha koll på
varandra, anpassningsförmågan och kommunikationen är de viktigaste faktorerna för
effektivt teamarbete under ett uppdrag. För undersökningen av hur utvecklare av
användargränssnitt arbetar med användarrepresentanter är bidraget en beskrivning av de
olika roller användarna kan i utvecklingen inom domänen. Resultaten är i första hand
avsedda att öka kunskapen hos utvecklarna av TSS. Men även andra domäner, där
teammedlemmar arbetar distribuerat och är beroende av teknologi för samarbetet, kan ha
nytta av resultaten.
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CHAPTER 1

INTRODUCTION
Fighter pilots perform demanding and challenging missions in technologically advanced
aircraft that require a range of special skills as well as years of training and practice. During
a mission, the pilot has to fly and operate his aircraft at the same time as he performs fastpaced and dangerous mission tasks. Moreover, the fighter pilot rarely is on a mission by
himself, but collaborates with teammates to achieve the goals jointly. This collaboration
between fighter aircraft cannot take place without technology in the form of tactical
support systems (TSS) that aids pilots with information retrieval and decision-making. A
tactical support system has several functions including, for example, the control and
optimization of onboard sensors, fusion of measured data, and prioritizing and
presentation of targets and identified objects on a display (RTO/NATO, 2002). The
capabilities of the aircraft and its sensors, as well as the design of the TSS, will directly
affect how the pilots can perform the missions. The technology and the design at the same
time enable and constrain the possible acting space, such that the tactics and plans for the
missions will be a consequence of these factors. Hence, the design and development of such
a complex system requires deep knowledge about the context the system will be used in,
and how the users will operate it.
Large amounts of data are collected and stored in the TSS, and the task of the designers of
TSSs and cockpit interfaces is to make the information available to the pilot. For example,
in addition to the information about the environment from the TSS, the pilot needs to be
aware of his own position, speed and heading, as well as the status of the many different
aircraft systems, such as engine, fuel system, flight control system etc. The design of a
fighter cockpit has as its aim to sort out all this information and display it in a timely and
apprehensible way to the pilot. To design and develop fighter aircraft is a complex and
challenging task and guidelines are needed to support this work (Alfredson & Andersson,
2013).
The majority of fighter missions are performed by teams of aircraft, and teamwork is
essential for the successful outcome of missions (Castor, 2009; Helldin, Erlandsson,
Niklasson, & Falkman, 2010; Hierl, Neujahr, & Sandl, 2012). The importance of teamwork
in the domain has been acknowledged and air forces put effort into improving their teams
(Gozum, 1995). Since teamwork is so prevalent and an important success factor in the
domain, there is a need to understand more about how teamwork among fighter pilots is
carried out (Erlandsson, Helldin, Falkman, & Niklasson, 2010).
1
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The teamwork between fighter pilots is depending on technology; each pilot flies his own
aircraft and communicates with the other team members via radio and data links. The
information about the environment and the other team members is processed by the TSS
and presented to the pilot on displays in the cockpit. Verbal communication via radio is
often limited, and the pilots rely on the displays to build awareness and understanding of
the developing situation. The shared information and the way it is presented confines the
acting space for the team and affects how the team can solve their tasks. Hence, the way the
pilots collaborate and use the TSS is a consequence of the design of the TSS, and in order
for designers of TSSs to be able to build better and more capable systems for the future,
this collaboration needs to be better understood and considered. Performance in this type
of distributed teams can be improved by better-designed technological aids (Salas, Cooke,
& Rosen, 2008).
User-centered design is a design philosophy and framework based on the idea that the
system development process needs to be focused around the future users and their needs in
order to produce useful systems. Designers need to understand the users and be familiar
with what the users want to achieve with the system as well as how they will operate it
(Gulliksen & Göransson, 2002). A recommended method in user-centered design, and a
common practice in the development of fighter aircraft, is to have users participate in the
design process in order to provide information and influence the design (Alfredson &
Andersson, 2013). The user participation is motivated both by the notion that the users
themselves knows best how they want to operate the system, as well as the difficulties for
others than pilots to acquire the relevant knowledge due to the nature of the operations and
the complexity of the systems.
Hence, according to user-centered design, to acquire knowledge about the users is
fundamental, and there are several ways of increasing this knowledge in order to build
more efficient systems. This thesis uses two complementary perspectives to improve the
design of the TSS for fighter aircraft:
1) Investigate how pilots collaborate in teams during missions.
2) Investigate how pilots are involved in the design process.

TEAMW ORK
In the military fighter aircraft domain, several difficulties have to be overcome in order for
a team to be efficient and successful. The situations are dynamic and stressful with high
stakes and limited communication. The pilots are separated by great distances, and they
cannot look at each other for visual cues. Most of the time, the pilots cannot even see each
other’s aircraft other than on a display. The only way to communicate is using the radio or
to share information via data link. However, using the radio is not always desirable or
possible since the radio can be unavailable due to frequency jamming, and the amount of
data that can be transferred via link is limited besides also suffering from latency.
Teamwork is a common approach when organizations try to solve complex tasks (Devine,
Clayton, Philips, Dunford, & Melner, 1999), and the amount of literature concerning
different aspects of teamwork is extensive (Salas et al., 2008). A variety of models and
constructs to understand and describe teamwork have been suggested and discussed
through the years. From the vast literature on teamwork, Salas, Sims, and Burke (2005)
made a compilation of findings which had empirical support and suggested five main
factors and three supporting mechanisms that they identified as essential for effective
teamwork. Salas et al. proposed a model containing those factors and named their model
the “Big Five” of teamwork (2005). The “Big Five” model is used in this research as a
framework and starting point for the investigation of teamwork among fighter pilots.
2
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However, even though there is an extensive amount of literature regarding teamwork, the
theoretical findings are difficult to apply in practice (Salas, 2008). The empirical studies on
teams is not coherent, in part because the research is problem-driven due to urgent needs
in markets and the military, to address specific problems. This leads to a lack of research
for overarching theories (Ilgen, Hollenbeck, Johnson, & Jundt, 2005). Using an existing
framework and applying it to a specific domain is a way of increasing the current
knowledge.

USER PARTICIPATION
Usability is defined by the standard ISO 9241-11 as “the extent to which a system, product
or service can be used by specified users to achieve specified goals with effectiveness,
efficiency and satisfaction in a specified context of use” (ISO, 1998). User-centered design
is an approach to achieving usable systems which is described in the standards ISO 9441210 and ISO 9241-220 (ISO, 2010). The recently updated standards describe important
steps in the design process such as requirement capture, design, prototyping, and
evaluation and how these steps should be executed in order to ensure a usable system
(Bevan, Carter, Earthy, Geis, & Harker, 2016). According to user-centered design, the
development of a system should be focused around the needs of the users (Gulliksen et al.,
2003). Several methods proposed in relevant literature respond to the need to understand
the users, their characteristics and goals (Maguire, 2001).
To involve the users in the design process is called user participation, however it is not a
homogenous term and it is used differently in different domains (Cavaye, 1995).
Nevertheless, user participation means interaction between designers and users during the
design process (Kujala, 2003). Users can be involved to various degrees from providing
information to be active participants and decision makers during the design, and users can
have different roles during the design process (Damodaran, 1996). User participation can
be pursued in several ways, for example by observing users performing their tasks in
current systems, interviewing users about their tasks and goals, and involving users and let
them take an active part in the process of designing and developing the product (Gulliksen
et al., 2003). However, to involve users in projects can be demanding and, for example,
lead to increased cost and delays. Hence the methods and roles of the designers and users
must be carefully considered (Kujala, 2003).
User participation is a recommended and commonly used method during the development
of such complex systems as the tactical support system and cockpit displays of a fighter
aircraft (Alfredson & Andersson, 2013). Noyes, Starr and Frankish (1996) argue that user
participation is especially critical during the development of airborne systems due to the
high cost and risks associated with poorly designed systems. However, there is a lack of
guidance to designers of such complex systems as fighter aircraft on how to work with the
users and involve them in the development.
This research investigates the nature of user participation in the development of tactical
support systems and cockpit interfaces of fighter aircraft. How do designers of cockpit
interfaces involve the users in the design process? What roles do the users have in the
design process? Are there special circumstances regarding the development of fighter
aircraft that need to be considered when user participation is pursued?

RESEARCH GAP
To conclude, a gap has been identified between conducted research and the practical
applications regarding both team research and user-centered design. The researchers of
teams many times fail to inform practitioners about the implications for the design of
systems (Salas, 2008). Regarding human-computer interaction (HCI), it is claimed that the
3
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research theories are not used by the practitioners to the extent that could be expected and
theory has had little impact on the interaction design (E. Goodman, Stolterman, &
Wakkary, 2011). Dekker and Nyce (2004) argue that the difficulties for researchers to
synthesize and conceptualize research findings prevent the submission of useful design
guidelines.
The overarching goal of this research is to contribute to closing this gap and at the same
time enable improved tactical support systems for fighter aircraft. Taking the team
perspective rather than looking at individual users will increase the knowledge about how
the users depend on the TSS, and the investigation of how pilots as users are involved in
the design process is an attempt to improving the design process to better work the users.

1.1 RESEARCH AIMS AND OBJECTIVES
The overall goal of the thesis is to contribute to the knowledge of how to design better user
interfaces for complex and advanced systems such as tactical support systems for fighter
aircraft. Two aims are selected to achieve this goal. Each aim has objectives assigned to it.
Aim 1:

Increase the knowledge about how fighter pilots collaborate in teams
during missions with the current systems.

The following objectives (O1-3) have been identified in order to fulfill the first aim:
O1:

Identify constructs and models from relevant literature that describe
teamwork.

O2:

Investigate how fighter pilots collaborate in teams during mission s.

O3:

Identify and describe the important factors for effective teamwork among
fighter pilots, and the specific difficulties fighter pilots encounter when
they collaborate during missions.

Aim 2:

Increase the knowledge about how pilots can and should participate in the
design process of fighter aircraft interfaces.

The following objectives (O4-5) have been identified to fulfill the second aim:
O4:

Investigate from relevant literature how user participation is applied in
other contexts and what roles users can have in the design process.

O5:

Investigate and describe how the designers of pilot interfaces work with
users and what roles the users have in the design process.

1.2 INCLUDED PAPERS
The thesis is based on the following papers which are appended:
Paper 1
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Ohlander, U., Alfredson, J., Riveiro, M., & Falkman, G. (2015).
Understanding team effectiveness in a tactical air unit. Paper presented at
Engineering Psychology & Cognitive Ergonomics (EPCE) held as part of
HCI International 2015, Los Angeles, CA. In D. Harris (Ed.): Lecture Notes
in Artificial Intelligence 9174, pp. 1–8, 2015. Springer International
Publishing. DOI: 10.1007/978-3-319-20373-7_45
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Paper 2

Ohlander, U., Alfredson, J., Riveiro, M., & Falkman, G. (2016).
Elements of team effectiveness: A qualitative study with pilots.
Paper presented at CogSIMA 2016, San Diego, CA
In 2016 IEEE International Multi-Disciplinary Conference on Cognitive
Methods in Situation Awareness and Decision Support (CogSIMA), pp.
21-27, 2016. IEEE. DOI: 10.1109/COGSIMA.2016.7497781

Paper 3

Ohlander, U., Alfredson, J., Riveiro, M., & Falkman, G. (2016).
A teamwork model for fighter pilots. Paper presented at Engineering
Psychology & Cognitive Ergonomics (EPCE) held as part of HCI
International 2016, Toronto, Canada. In D. Harris (Ed.): Lecture Notes in
Artificial Intelligence 9736, pp. 221–230, 2016. Springer International
Publishing. DOI: 10.1007/978-3-319-40030-3_23

Paper 4

Ohlander, U., Alfredson, J., Riveiro, M., & Falkman, G. (2016).
User participation in the design of cockpit interfaces. Paper presented at
Applied Human Factors and Ergonomics, AHFE 2016, Orlando, FL
In Soares, M., Falcão, C., & Ahram, T. (Eds.): Advances in Intelligent
Systems and Computing 486, pp. 51-58, 2016. Springer International
Publishing. DOI: 10.1007/978-3-319-41685-4_5

Paper 5

Alfredson, J., & Ohlander, U. (2016).
System characteristics and contextual constraints for future fighter
decision support. International Journal of Information System Modeling
and Design (IJISMD), 7(1), 1-17. DOI: 10.4018/IJISMD.2016010101

Paper 1 investigates teamwork among fighter pilots. Six fighter pilots were interviewed
about the relevance and importance of the teamwork elements from the “Big Five” model.
This article investigates if the model offered by Salas et al. (2005) is applicable to a team of
fighter pilots. The results of the interviews imply that the model has relevance for the
teamwork among fighter pilots.
Paper 2 builds on Paper 1 and is based on interviews with ten fighter pilots. This paper
presents a model of task performance for military fighter pilots based on the teamwork
model “Big Five” proposed by Salas et al. (2005). The elements of the “Big Five” model are
explored and findings from these interviews are used to suggest where in the cycle of
mission performance each teamwork element comes in to play.
Paper 3 builds on papers 1 and 2 and is also based on the interviews with fighter pilots. The
pilots were interviewed about teamwork, how they prepare and perform missions in teams.
The results from the interviews are used to describe how pilots collaborate in teams, and to
suggest relationships between the teamwork elements from the “Big Five” model. A
teamwork model adapted for fighter pilots is suggested.
Paper 4 discusses how to involve users in the design process of cockpit interfaces. The
paper is based on questionnaires answered by twelve designers of cockpit interfaces. The
nature of user participation in the process of designing fighter aircraft cockpits is
investigated. The role of the users in the design of cockpit interfaces is explored.
Paper 5 discusses system characteristics and contextual constraints to be regarded during
the development of decision support systems for future manned and unmanned
cooperating aircraft. The paper is based on a literature review of state-of-the-art technology
and practices in the field and domain-specific lessons learned from relevant systems
5

CHAPT ER 1 I NT RO DUCT I O N

design. Long-term trends have been identified, for example the transformation of the
fighter pilot from pilot to tactical decision maker. Automation strategies and function
allocation are also discussed.
I am the main author of papers 14. I had the sole responsibility for the planning, data
collection and analysis. The other authors provided feedback and support. I had the main
responsibility for writing the manuscripts, and I presented the work at the four different
conferences. Paper 5 is a journal article which was co-written by the two authors. My main
contributions are the parts about decision support systems and joint cognitive systems.

1.3 CONTRIBUTIONS
For the first research aim, “Increase the knowledge about how fighter pilots collaborate in
teams during missions with the current systems,” the main contribution is an application of
the “Big Five” model for effective teamwork (Salas et al., 2005) to teams of fighter pilots
and a domain-specific description of the teamwork factors that contribute to successful
teamwork.
A deeper understanding of the teamwork processes, their relations to each other and to
team effectiveness as well as performance episodes is provided together with rich
descriptions of the teamwork elements. These findings contribute with applied knowledge
to the teamwork research community as well as inform designers of fighter aircraft systems
how fighter pilots collaborate in teams.
For the second research aim, “Increase the knowledge about how pilots can and should
participate in the design process of fighter aircraft interfaces,” the contribution is a deeper
understanding of how designers of pilot interfaces work with user representatives and what
roles the users have in the design process. The findings contribute to existing knowledge
about how designers of interfaces for complex systems work with user representatives.

1.4 THESIS OUTLINE
The overall purpose of the research and the two research aims in this research are
explained in Chapter 1. In the remaining chapters, these two aims will be discussed in
parallel. Chapter 2 provides a background to relevant parts of the fighter aircraft domain.
The theoretical background is discussed in Chapter 3, first regarding teamwork and then
regarding user participation in the design process. The research methods for both research
aims are discussed in Chapter 4. Chapter 5 contains the results from the research, followed
by a discussion for each research aim in Chapter 6. Finally, the conclusions and possible
future research questions are discussed in Chapter 7.
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C H APTER 2

THE FIGHTER AIRCRAFT DOMAIN
This chapter describes specifics about the fighter aircraft domain that are important as a
background information in order to understand the researched context.
Paper 5 (appended), covers the specific characteristics and constraints of interest for an
intelligent fighter-pilot support system. Long-term trends for the aviation domain are
identified and aspects of tactical decision support systems, including system design
approaches, are discussed.
The following topics are of special interest in the thesis: tactical support systems, fighteraircraft teams, and the development process for cockpit interfaces.

2.1 TACTICAL SUPPORT SYSTEMS
Modern fighter aircraft are equipped with a range of different sensors, for example radar
and IRST (infrared search and track), in order to scan the environment for possible threats
(Randleff & Clausen, 2007). Measurements from the sensors are collected and processed
by the tactical support system (TSS) which fuses the data from the different sensors,
identifies and assesses potential targets and threats, and passes the information on to the
pilot via the display system. The TSS manages the sensors on-board the fighter aircraft and
supports the pilot with information retrieval and decision-making.
Schulte (2002) defines three principal main goals for the fighter pilot; flight safety, combat
survival, and mission accomplishment. These goals are sometimes conflicting and the TSS
supports the pilot in the process of achieving the objectives during the mission.
An example of a modern fighter aircraft cockpit is shown in Figure 2.1.
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Figure 2.1: Example of a cockpit in a future fighter aircraft.

The basic functionality of a TSS is to collect and fuse sensor-data, assess the situation, and
pass the information on to the pilot in order to support him in the tactical decision-making
(RTO/NATO, 2002). There are several different purposes of a TSS; for example threat
evaluation and weapon assignment (Roux & van Vuuren, 2007), but management of
countermeasures and route planning are also common applications (Randleff & Clausen,
2007; RTO/NATO, 2002). Some of these tasks the TSS can perform autonomously, such as
target tracking and dispensing of countermeasures.
A TSS is a decision support system (DSS) tailored for the military fighter pilot. DSSs are
developed for many different applications and in a wide range of domains, for example
military, medical and business intelligence (Arnott & Pervan, 2005). A suitable definition
of a DSS for the military application was made by Rasmussen (2003); A decision support
system is a collection of computerized interactive applications, that on the basis of
domain specific knowledge and information supports a decision maker in one or several
phases of the decision-making process (p.15, translated from Danish by the author).
A large number of research programs regarding decision support for fighter pilots have
been conducted over the years, for example the “Pilot’s associate” (Banks & Lizza, 1991),
“Copilote Electronique” (Amalberti & Deblon, 1992) , and “Pilot Oriented Workload
Evaluation and Redistribution”, POWER project (Hesselink et al., 2001). The scope and
aim for these initiatives vary. Some of these systems are very elaborate and advanced,
seeking to support the pilot not only in the threat evaluation and management, but also to
adapt the displayed information to the current developing situation and the
psychophysiological status of the pilot (Bonner, Taylor, Fletcher, & Miller, 2000;
Svenmarck & Dekker, 2003).
The requirements for a TSS are very demanding; for example, the system needs to run in
real-time and the hardware needs to be adapted to the rough environment in a fighter
aircraft. Parameters that describe the different possible threats are stored in a database and
this library needs to be updated regularly as more knowledge about the opponent’s system
become available (Randleff & Clausen, 2007).
An important sensor on the aircraft is the radar which by emitting electromagnetic energy
can detect range, bearing and elevation to objects. Infrared search and track (IRST)
systems are also used which passively detect emission in the infrared frequency band for
example heat from an aircraft engine. (Ferm, 2001; Jensen & Karlsson, 1997). This is
performed at a distance greater than the human eye can see; therefore, this kind of
8
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scenarios are labelled BVR (beyond visual range) (Higby, 2005). Information about objects
is obtained from the different sensors simultaneously and the sensors need to be controlled
and fine-tuned in order to deliver the best possible measurements (Erlandsson, Molander,
Alfredson, & Nordlund, 2009). In addition, measurements made by TSSs on other aircraft
in the same team and the command and control (C2) will enter the TSS via data link.
Networked decision support systems are vital in supporting fighter pilots (Lebraty & GodéSanchez, 2010).
In Figure 2.2, an example of the flow of data and commands between the sensors and the
pilot via the TSS is schematically pictured.

Figure 2.2: Schematic overview of an example of a tactical support system for a fighter aircraft.

Examples of the functionality of a TSS are (RTO/NATO, 2002):







Fuse data from different sensor sources including sources such as team members
and command and control.
Identify aircraft (friend, foe, unknown).
Classify aircraft (fighter, attack or other).
Determine type of aircraft (e.g. F-16, Su-27, etc.).
Assess the situation; determine the most hostile aircraft etc.
Control sensors for further measurements according to the assessed situation.

The information is presented to the pilot through symbols on a radar display or a digital
moving map. The graphics on the displays should optimally contain all the information the
pilot needs. The graphic interface is hence what the pilot sees from the TSS and his
understanding about the situation and what is going on relies to a great extent on these
displays.
Multiple sensors provide a better source of information over a single sensor since data from
different sensors using different technologies can be combined and fused to build a better
understanding of the environment. Multi-sensor fusion is a challenging task and the
underlying algorithms are complex (Hall & Llinas, 1997).
The functionality of a TSS is critical for supporting the pilot in achieving SA (Hierl et al.,
2012). Without the fusion of incoming data, the display would be cluttered with symbols
representing each object from each sensor. Both the pilot and the TSS assess the situation
9
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and both the pilot and the TSS can select objects for closer monitoring. But, as a rule, the
pilot should always have the last word and the system must adapt to his requests (Billings,
1997).
The purpose of the TSS is to perform tasks for the pilot such as object search and
identification, through control and scheduling of the sensors (Jensen & Karlsson, 1997).
Both system complexity and time constraints would make it very difficult if not impossible
for the pilot to both manually control the sensors and conclude from the data what kind of
object is being measured. It would be very difficult for the pilot to go into the details and set
up the sensors in the most optimal way. Not long ago, the radar was largely manually
controlled by the pilot and the raw data was plotted on a screen. In this setting, the pilot
probably felt that he was in control of the process and understood what the system was
doing. When he had trouble locating and identifying an object he tried a different mode or
perhaps changed some parameters. With the TSS, the aim is to achieve a highly capable
system working at a faster pace with several channels of information. The challenge is to
keep the pilot in control and to know what is going on in the system and still achieve
powerful and fast functionality. Transparency has been shown to be an important
characteristic for future semi-automated systems (Helldin, 2014).
When several aircraft cooperate in a team during a mission, their respective TSS in the
different aircraft can be coordinated and used to create a common picture of the tactical
situation. This is called multiplatform sensor management (MPSM) (Jensen & Karlsson,
1997). An example is an aircraft at a safe distance from the target using emitting radar and
other aircraft closer to the target passively receiving the radar echoes without revealing
themselves via radar emissions. Another possibility is to track objects with passive sensors
only by using cross bearing from two aircraft. These methods create great opportunities to
enhance the ability of the aircraft; however, it calls for close collaboration and high
awareness among the pilots.

2.2 TEAMS OF FIGHTER AIRCRAFT
Most of the missions are performed by teams; a team of fighter aircraft typically consists of
two to four aircraft (Hierl et al., 2012). The aircraft can be identical, which means they are
interchangeable in their tasks, but this is not always the case. In some cases, various types
of aircraft perform a mission together while in other cases; one of the aircraft is equipped
with a special sensor, making it the only one that can perform certain tasks.
Modern aircraft systems are highly automated with, for example, navigation aids and
autopilot in order to alleviate the pilot from the tasks of navigating and flying the aircraft.
At the same time, the tactical systems have become more and more capable and complex,
and the role of the modern fighter pilot has transformed from pilot to tactical decision
maker (Hierl et al., 2012). Situations are often complex, uncertain and dynamic
characterized by high stakes. As mentioned previously, there are three main goals for a
fighter pilot during a mission: flight safety, combat survival, and mission accomplishment
(Schulte, 2002). Hence, the fighter pilot has a large workload with managing his own
aircraft and situation, and the team aspect is not directly included in this model.
Since most missions are performed by teams of aircraft, it is of interest to study scenarios
where pilots are collaborating (Erlandsson et al., 2010). Erlandsson et al. (2010) describe a
scenario where a team of four pilots is performing a reconnaissance mission, and the
authors stress the importance of a common situational picture within the team. A
reconnaissance scenario and an air combat scenario are described by Helldin and
Erlandsson (2015), and the idea is to support the pilots in the evaluation of the different
options that are available for the team. Furthermore, an air-to-air scenario where the pilots
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collaborate with cross-triangulation to achieve sensor fusion using passive measurements
only is described by (Erlandsson et al., 2009).
Another example were teamwork is essential but difficult to perform was selected for the
purpose of this study and is discussed here in order to illustrate a typical collaboration task
in an air-to-air scenario. The scenario explained below was used as an example during the
interviews with pilots in order to facilitate discussions and assure that the interviewees and
the interviewer were discussing the same issues.
The used example is an air-to-air scenario with beyond visual range (BVR) conditions. BVR
is a scenario where the enemy is engaged before they can be identified visually (Higby,
2005). This is made possible due to the performance of the sensors available to the pilot,
via his own sensors (primarily the radar) or other team members’ sensors. The following
example illustrates a BVR situation a team of fighter pilots may encounter (see Figure 2.3).
The aircraft “B” is depending on aircraft “A” to provide measurements about the hostile
aircraft. B is closer to the target but is unable to or does not choose to use the radar
actively. The pilot in aircraft A needs to be aware of B’s intention to engage with the target.
Typical questions the pilot in aircraft B asks are “Can I trust the information I see on my
display?” and “Are there more aircraft in the area?”

Figure 2.3: Example scenario. Aircraft collaborating with target acquisition.

2.3 DEVELOPMENT OF FIGHTER AIRCR AFT
Fighter aircraft projects are usually long, and there can be a considerable amount of time
between requirements capture and introduction of the new system to the end users. Due to
the long life cycles for fighter aircraft, there is also a need for the developed system to be
adaptable and able to incorporate changing requirements and growth in functionality
(Holmberg, 2003). Requirements on the user interfaces can also originate from several
sources other than the users. Regulations and safety requirements are examples of
requirements that must be incorporated in addition to the users’ needs.
The scenarios that are the base for the design are assumptions based on the probable future
systems. The difficulties of making correct forecasts are obvious. Technology is developing
fast, and the aim for the design is often to be flexible and able to incorporate future
11
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upgrades and changes in technology. The envisioned world problem, discussed by Dekker
and Woods (1999), also includes the difficulty to foresee the impact technology changes will
have on user behaviors.
In the development of a complex system with high demands on the users such as a fighter
aircraft, it is necessary to regard human factors during the design of the interfaces
(Alfredson, Holmberg, Andersson, & Wikforss, 2011). The system is complex to use, and
the user is exposed to both environmental and psychological challenges near the limits of
what a human can endure. The designers try to achieve several goals with the cockpit
design. One goal for example, is to minimize the effort the pilot needs to put into flying the
aircraft and solving the tactical tasks, (mental workload). Another goal is to maximize the
pilot’s understanding of the current dynamic situation and support him in the projection of
what will happen next, (situation awareness). The two constructs mental workload and
situation awareness are central to cockpit design (Wickens, 2002).
User needs can be gathered using several different methods. Field studies, where users are
studied in the actual context, are one recommended approach (Kujala, 2008). Field studies
are time consuming and difficult to use in any domain, but regarding fighter aircraft, it is
extremely rare and difficult to get an opportunity to study the users in their real
environment. This means that field studies are not a viable option in this domain and the
designers are left with other methods to gather user requirements.
Due to the complexity of the context of use and the skills of the users of fighter aircraft,
user participation is a recommended approach in the development of cockpit systems.
Other recommended practices for the domain are the use of style guides, prototyping, and
man-in-the-loop simulations (Alfredson & Andersson, 2013).
Manufacturers of fighter aircraft have test pilots employed, and these are naturally used as
user representatives since they are available at the manufacturing company. However, the
risk of bias needs to be considered since as test pilots they are also the ones that will
formally test and approve the final system (Singer, 2002). In addition, former active
users/test pilots are often used as user representatives. Possible risks with this practice is
that the former pilots’ experience may be some years back in time, and most likely their
experience is from an older version of the system than the one currently being developed.
User interfaces for aircraft are often tested and developed in prototyped environments and
evaluated in simulators with different degrees of fidelity. This is the only feasible way of
receiving feedback from users during the development, since feedback from the end users
in the target environment will come years later.
Evaluation of design in a high-fidelity simulator can include both performance measures
and subjective assessments of SA and mental workload. According to Alfredson and
Andersson (2013), subjective and objective measures should me mixed. Singer (2002)
discusses the problem with the difficulties of using objective measurements in the
evaluation of cockpit instruments. Performance measures are difficult to agree upon and
administer. This leads to the dominating use of subjective ratings from pilots which gives
results that are difficult to interpret and synthesize.
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FRAME OF REFERENCE
This chapter gives the necessary theoretical background for the research, first regarding
teamwork and then user-centered design and user participation. The theoretical overview
will complement the domain and problem descriptions given in previous chapters.
As described earlier, the first aim of this research is to increase the knowledge about how
fighter pilots collaborate in teams with current systems during missions. To this end, one
objective is to identify constructs and models from the literature that describe teamwork.
An overview of current applicable research regarding teamwork is provided. Taxonomies
for teams and some major teamwork models are identified from and discussed.
Finally, methods for how to work with user requirements and user representatives in order
to address the second research aim increase the knowledge about how pilots can and
should participate in the design process of fighter aircraft interfaces are identified and
discussed.

3.1 TEAMWORK
Teamwork is a common approach in many areas, and having well-performing teams is a
key factor for success in many organizations (Devine et al., 1999). The meaning of
teamwork may be intuitively understood, but the concept is not easily defined. A quite
lengthy but comprehensive and illustrative definition is provided by Salas, Sims, and Klein
(2004): Teamwork is a set of flexible behaviors, cognitions, and attitudes that interact to
achieve desired mutual goals and adaptation to the changing internal and external
environments. Teamwork consists of the knowledge, skills, and attitudes (KSAs) that are
displayed in support of one’s teammates, objectives, and mission. Essentially, teamwork
is a set of interrelated thoughts, actions and feelings that combine to facilitate
coordinated, adaptive performance and the completion of taskwork objectives. (pp. 497498). This definition gives a good explanation and a feel for the concept of teamwork, but it
does not provide any details about which essential knowledge, skills, and attitudes are
actually needed. The definition implies that the KSAs may be different depending on the
team’s objectives and mission, and that the KSAs need to be explored in order to
understand the essence of teamwork in each application (Salas, Stagl, Burke, & Goodwin,
2007).
Members of a team cooperate to reach the team’s goals. It is important to distinguish
between team performance and team effectiveness (Salas et al., 2005). The performance of
the team is what the team achieves and it depends on how successful and effective the
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teamwork is. Only focusing on the performance, i.e. the outcome, will not answer the
question: “Why is this team successful?” Success in reaching the goal does not necessarily
mean that the team will be able to accomplish a successful outcome the next time since the
outcome may be due to chance or luck. To be able to understand what makes a team
successful, we need to look at the team processes, i.e. the teamwork, the inner life of the
team.
A commonly used definition of a team is the one made by Salas, Dickinson, Converse, and
Tannenbaum in 1992. “A distinguishable set of two or more people who interact
dynamically, interdependently, and adaptively toward a common and valued
goal/object/mission, who have each been assigned specific roles or functions to perform,
and who have a limited life-span of membership” (Salas, Dickinson, Converse, &
Tannenbaum, 1992) (p.4). Sometimes the term group is used interchangeably with team in
the literature especially in the older academic literature (Cohen & Bailey, 1997). In this
research, team is mostly used; however, sometimes group will appear, but it does not have
another meaning than team.
The task the team is set out to perform shapes the way the team functions. Team tasks can
generally be divided into two main categories: collaborative and coordination tasks (Salas
et al., 2005). In a coordination task, the team members depend on each other to perform
subtasks in a certain priority and perhaps only some members can perform certain actions,
for example in a medical team performing surgery. A collaborative team task means that
the team members are equally able to solve the subtasks and can step in for each other as in
most of the cases with a team of fighter pilots.
Teamwork is carried out with many different purposes and in many different settings and
research on teams is vast and diverse. This diversity has created a need for systematization
and categorization of this literature. Several extensive reviews have been published; one of
the more recent is performed by Mathieu, Maynard, Rapp, and Gilson (2008). The review
is mainly concerning work teams and spans between 1997 and 2007. It builds on findings
and recommendations from a review by Cohen and Bailey in 1997 (Cohen & Bailey, 1997).
Mathieu et al. (2008) conclude that the field has progressed, but it has also become more
differentiated. Current models for team effectiveness (IPO/IMO, see Chapter 3.1.2) have
served the field well but the complexity and dynamics of the modern workplace
organizations call for alternative models rather than trying to fit in to the existing ones.
Another extensive review of the teamwork literature focusing on key team processes and
emergent states that influence team effectiveness was performed by Kozlowski and Ilgen
(Kozlowski & Ilgen, 2006). They structured the team-process constructs findings into three
groups: cognitive, affective/motivational, and behavioral. The cognitive constructs for
knowledge organization within the team include, for example, team climate, team mental
models and transactive memory, and team learning. Affective/motivational processes
include team cohesion, affect, mood, and conflict. Finally, action and behavioral processes
are such constructs as coordination, cooperation, and communication. The here listed
constructs are only part of all that is discussed in the article and it can be noted that the
literature offers a wide variety of constructs; however not all of them are relevant to every
type of team and investigation. For this study of teams of fighter pilots, the affective and
motivational team processes are less interesting to investigate since the ultimate goal of the
study is to support the team with better technology during the missions. Hence, this study
focuses on processes that relate to action, communication, team cohesion and mental
models, factors that more directly contribute to the mission results. The interpersonal
aspects such as motivation, conflict and emotion are important for the organization in
which the team is embedded, but for understanding how the teams of fighter pilots perform
missions they are of less importance.
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The third and final large review of the team effectiveness models from the literature that
will be discussed here was performed in 2007 by Salas, Stagl, Burke, and Goodwin (Salas et
al., 2007). The authors reviewed and synthesized team effectiveness models and
frameworks from the last 25 years. They identified 138 different models and selected 11,
which they claimed represented cutting-edge advancements in the field, to discuss further.
Combining these models, the authors proposed an integrative framework that illustrates
the most important aspects of teamwork, and they suggested it should serve as a baseline
for future research. Salas et al. (2007) argue that team research has diversified too far and
there is a lack of integration and overarching common goals, in the short as well as the long
term.
Hence, it can be concluded from the brief overview of the literature above that team
research is a gigantic area, which is almost impossible to overview, and so far, no consensus
has been reached. The number of aspects studied and the amount of models offered makes
it difficult to know where to start an investigation. The following sections explore some of
the concepts from the literature and discuss the applicability of them to the team of fighter
pilots.

3.1.1 TYPES OF TEAMS
Since teamwork is pursued in many different settings and for different purposes, there are
many types of teams. A taxonomy is helpful in order to categorize the different team types,
tasks and settings where teams operate.
A commonly used classification is the taxonomy for work teams put forth by Sundstrom,
De Meuse & Futrell (1990). Examples of team types are: production teams, management
teams, project teams, and action teams. A team of fighter pilots can be classified as an
action team. These are defined as highly skilled specialist teams, cooperating in brief
performance episodes in unpredictable circumstances (Sundstrom et al., 1990). Other
examples of action teams would be response teams (medical, fire fighters), sports teams,
and aircrews (transportation). Later, Sundstrom (1999) suggested a slightly modified
taxonomy which includes six kinds of work teams: management, project, production,
service, action, and performing (which includes military units), and parallel teams. Parallel
teams are temporary teams that work outside of and in parallel with the primary teams in
an organization.
A review of the literature regarding different classification schemes for teams can be found
in Devine (2002). Devine suggests a taxonomy consisting of fourteen different workgroup
or team types to integrate nine studied schemes and accommodate for additional needs.
Devine argues that the existing taxonomies with 4-6 team types are too coarse and on a too
high abstraction level in order to be useful, and instead suggests a more fine-grained
analysis based on seven major team factors. Previous classification schemes were primarily
created in order to organize the literature and did not focus on the effectiveness of the
teams as Devine’s suggestion does. Devine argues that when the level of abstraction of a
model gets too high, generalizations may be done at that level, but it does not necessarily
help in advancing the knowledge.
The larger number of team types is motivated by taking into consideration factors that
relate to team effectiveness such as: the teams’ fundamental work cycle, physical abilities,
temporal duration, task structure, active resistance (whether the team is actively prevented
from achieving their goals), hardware dependence, and health risk. Among the identified
team types in Devine’s (2002) classification scheme are: executive, command, negotiation,
commission, design, advisory, service, production, performance, medical, response,
military, transportation, and sports teams. In earlier classifications, Sundstrom proposed
the military team to be a specialization of the action/performance team (Sundstrom, 1999;
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Sundstrom et al., 1990). The taxonomy suggested by Devine is the only one in the review
that points out the military team as a specific type of its own, not categorizing them
together with for example sports teams or response teams.
A military team is defined by Devine as “small formal units that use lethal force (or the
threat of it) to accomplish a variety of tasks associated with maintaining domestic order
and ensuring national security” (Devine, 2002, p. 303). The military team is characterized
by meeting active resistance, high dependency on specific hardware systems, and the team
members are facing high health risks. No other identified team type has the same
combination of the classification factors, which are selected with team effectiveness in
mind, and this serves as a motivation to consider the military team as a unique type of
team. The military team is embedded in a hierarchical organization following more or less
detailed orders. However, due to chaotic and unpredictable circumstances, the team has
high demands on communication and flexibility in leadership. Therefore, the team’s
processes, which have an impact on the team effectiveness, are not necessarily the same as
for any other type of team.
Teams of fighter pilots are clearly instances of the description of military teams given by
Devine (2002). These teams are highly dependent on hardware and technology to operate,
they are facing high risks regarding their health and lives, and they meet active resistance
in form of hostile aircraft and other threats. Devine’s more fine-grained taxonomy is
preferable to use as a starting point for this investigation. However, it should not be ruled
out that some findings may be possible to generalize to the group of action teams according
to Sundstrom’s taxonomy (1990, 1999).

3.1.2 TEAM EFFECTIVENESS MODELS
The following section provides an overview of the main contributions in the field and the
development of some of the important models for effective teamwork. The contributions
have often been added to earlier findings and models why a chronological approach is
taken for the review.
The input-process-outcome (IPO) model advanced by McGrath in 1964 (McGrath, 1964) is
generally considered to be the starting point of the modern research on teams, and much of
the later research is influenced by this model (Kozlowski & Ilgen, 2006; Mathieu et al.,
2008; Salas et al., 2007). An adapted version of the IPO model is illustrated in Figure 3.1.
Inputs are factors on three different levels: organizational, team, and individual level.
These factors drive the team processes that describe how team members interact towards
task accomplishment. Outcomes are the results and by-products of the processes.
Outcomes include the performance in terms of goal accomplishment, as well as team
members’ experiences, such as satisfaction.
Gladstein (1984) performed a study of a comprehensive version of the IPO model using a
questionnaire distributed to 10o sales teams. Group processes were represented by
behaviors and personal skills such as open communication, supportiveness, leadership,
training and experience. Gladstein found the model to be correctly predicting team
members’ satisfaction and self-reported performance. However, performance objectively
expressed as sales revenue showed no correspondence to the selected process variables.
This implies that the studied IPO model did not catch what is actually affecting
performance and that we need to look more closely into the “black box” of team processes
in order to understand what makes a team effective.
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Figure 3.1: Adapted version of McGrath’s original Input-Process-Outcome (I-P-O) model for team effectiveness adapted after Mathieu et al.
(2008).

Hackman argued that this kind of descriptive model does not help in understanding how
teams achieve effectiveness, so he introduced a normative model of group effectiveness,
which builds on McGrath (Hackman, 1983), see Figure 3.2. The normative model is more
elaborate and suggests organizational and group design factors to have an impact on team
effectiveness. The effectiveness in this model has three components: besides the task
output, which is the reason why the group exits, Hackman also added the ability of the
group to exist over time, and the satisfaction of group-member needs as effectiveness
criteria (Hackman, 1983).

Figure 3.2: Hackman’s normative model of group effectiveness adapted after Hackman (1983).
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The IPO models have been criticized for being linear and static, and therefore limiting
research by implying a linear progression from input to outcomes with no feedback loops
(Ilgen, Hollenbeck, Johnson, & Jundt, 2005; Salas et al., 2007). Several attempts have been
made to accommodate the IPO model for the identified deficiencies, see for example
Mathieu, Maynard, Rapp, and Gilson (2008) for a review.
Ilgen et al. (2005) recognized the changing nature of teams and their contexts and stated,
“Teams are complex, dynamic systems, existing in larger systemic contexts of people, tasks,
technologies and settings” (p. 519). In order to accommodate for the changes that occur in
a team over time between cycles of task performance episodes, Ilgen et al. (2005) suggested
a modified version of the IPO model which they called the input-mediator-outcome-input
model. However, according to Mathieu et al. (2008), this can be incorporated in the IMO
model as the feedback loop from output, back to inputs and processes. The underlying
development process is ongoing as the team performs several episodes. An adapted version
of the IMO model can be seen in Figure 3.3. One important distinction was made by Ilgen
et al. as they identified that the processes in the IMO model actually consist of both
processes and emergent states (Ilgen et al., 2005).

Figure 3.3: Input-Mediators-Outcomes (IMO) model for team effectiveness adapted after Mathieu at al. (2008).

Recent research discusses the problem that team processes are dynamic but have been
treated as static by researchers and the IPO model is blamed for this deficiency (Kozlowski,
2015). Kozlowski argues that McGrath’s intention with the IPO model never was to imply it
as a theoretical model, it was meant as a framework to organize the literature. However, the
simple IPO model was embraced and laid the foundation for several decades of team
research. Even if the situation was somewhat improved by the introduction of the IMO
model, this step was not enough. According to Kozlowski (2015), this has led to a lack of
understanding of the true nature of team processes, missing out on the dynamics. How to
capture and study the dynamics in team processes is an ongoing challenge for the field and
many calls have been out to remediate this deficiency (Cronin, Weingart, & Todorova,
2011).
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Goodman, Ravlin and Schminke argue that the main reason models like the IPO and IMO
are not sufficient is that they are too general and do not specify how variables relate to each
other. The IPO/IMO models mostly view psychological and organizational factors and leave
out technology which the authors suggest play a greater part than the research community
previously acknowledged (P. S. Goodman, Ravlin, & Schminke, 1987). Technology in this
context is defined as consisting of four components: equipment, materials, physical
environment, and programs/software. These components constrain and provide patterns
for the team’s activity. Other researchers agree that technology shapes the structure of a
team, and how the team may perform its tasks (Salas et al., 2008). Goodman et al. (1987)
believe it is necessary to take technology into account in order to advance and fine-grain
the models, and they conclude: “Therefore, to understand group effectiveness, one needs to
develop a model in the context of a specific technology, not in terms of groups in general”
(P. S. Goodman et al., 1987) (p. 130). This insight is central in the study of teams of fighter
pilots who are highly dependent on technology such as aircraft, sensors, data links,
computer systems, and displays in order to fulfill their missions.

TEAM PROCESSES AND EMERGENT STATES
An alternative teamwork model which focuses on the processes that occur in a team—the
interaction between team members—is proposed by Marks, Mathieu, and Zaccaro (2001).
The authors define team process as “members’ interdependent acts that convert inputs to
outcomes through cognitive, verbal, and behavioral activities directed toward organizing
task work to achieve collective goals” (p.357). Hence, team processes are what constitutes
teamwork.
Marks et al. (2001) make a clear distinction between team processes and emergent stages
and argue that much of the problems with lack of coherence and structure in the team
research field is due to mix-up and blurring of team processes and emergent states.
Emergent states, such as cohesion and situation awareness are considered products of the
team processes. “Emergence describes a process where a higher level phenomenon comes
into existence based on interaction among the lower level elements” (Cronin et al., 2011)(p.
574).

A TIME-BASED TEAMW ORK MODEL
Teams are formed in an organization and they perform their activities in cycles, so called
episodes, where there is a shift between action phases and transition phases (Marks et al.,
2001). Episodes are marked by periods of action and transition phases between actions,
and are most easily identified by the goals the team is trying to accomplish. Action phases
are the periods of time when teams are engaged in the acts that contribute directly to goal
accomplishment. During transition phases, teams focus on evaluation and/or planning the
next episode.
Marks et al. (2001) argue that different team processes are critical at different phases
during the execution of the task, and suggest a classification system and taxonomy with
three main dimensions to capture the temporal aspect of teamwork: transition, action, and
interpersonal processes. Transition processes are planning activities, strategy, and goal
specification. Action processes are monitoring of resources and progress, communication,
and coordination of actions. Interpersonal processes are conflict management, motivation,
and affect management. The transition processes mainly manifest themselves during the
transitions phase, while the action processes are predominant during the action phase.
Interpersonal processes occur both during transition and action phases. Mathieu et al.
(2008) agree that this taxonomy of team processes is useful; however, they comment that
not all processes fit the categorization and give creativity as an example. Consequently, it is
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important to identify the performance episodes in order to understand when different team
processes are most prominent. A task performance cycle describes how task goals relate to
time. The task performance cycle is not to be mixed up with the team life cycle, which
defines the different development phases forming-storming-norming-performing a team
goes through, as described by Tuckman (1965).
Work teams normally have to multi-task and are engaged in several episodes
simultaneously (McGrath 1991). The team of fighter pilots is formed for each mission they
are assigned to and dissolved after the debriefing, making performance episodes a
distinguishable and important part of the conditions these teams operate under.

3.1.3 THE BIG FIVE OF EF FECTIVE TEAMW ORK
Salas et al. acknowledged the problems with the fragmented literature on teamwork and
claimed it was nearly impossible to either direct future research or use practically (Salas et
al., 2005). The authors reviewed the literature for empirically supported findings and were
able to compile 138 models that they considered to be the combined knowledge about what
characterizes a highly effective team. Salas et al. focused on studies that had tried to
disclose the “black box” of team processes residing in the IPO/IMO models. The most
discussed variables, and the ones that were found to have the most impact on team
performance were included in the framework. The findings could be boiled down to five
core factors that describe effective teamwork, and Salas et al. suggested naming these the
“Big Five” of teamwork. The “Big Five” model differs from most other team models in that
it aims to unveil the teamwork processes in order to uncover the essence of effective
teamwork, leaving the traditionally used approach with IPO/IMO models (Salas et al.,
2007).
The main factors in the “Big Five” model are leadership, mutual performance monitoring,
backup behavior, adaptability, and team orientation. Furthermore, Salas et al. identified
three coordinating mechanisms that they claim is needed to support the five main factors:
shared mental models, mutual trust and closed-loop communication. The factors and
coordinating mechanisms manifest themselves through different behaviors among team
members, and Salas et al. give examples of behaviors for each variable and call them
behavior markers. The factors, coordinating mechanisms, and corresponding behavioral
markers that promote effective teamwork according to Salas et al. (2005) are listed in Table
3.1.
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Definition
Big Five Factors and
Coordinating Mechanisms
Team leadership

Ability to direct and coordinate the activities of
other team members, assess team
performance, assign tasks, develop team
knowledge, skills, and abilities, motivate team
members, plan and organize, and establish a
positive atmosphere.

Behavioral Markers
(a) Facilitate team problem solving.
(b) Provide performance expectations and
acceptable interaction patterns.
(c) Synchronize and combine individual team
member contributions.
(d) Seek and evaluate information that affects team
functioning.
(e) Clarify team member roles.
(f) Engage in preparatory meetings and feedback
sessions with the team.
(g) Identifying mistakes and lapses in other team
member’s actions.
(h) Providing feedback regarding team members’
actions to facilitate self-correction.

Mutual performance monitoring

The ability to develop common understandings
of the team environment and apply appropriate
task strategies to accurately monitor teammate
performance.

Backup behavior

Ability to anticipate other team members’
needs through accurate knowledge about their
responsibilities. This includes the ability to
shift workload among members to achieve
balance during high periods of workload or
pressure.

(i) Recognition by potential backup providers that
there is a workload distribution problem in their
team.
(j) Shifting of work responsibilities to underutilized
team members.
(k) Completion of the whole task or parts of tasks
by other team members.

Adaptability

Ability to adjust strategies based on
information gathered from the environment
through the use of backup behavior and
reallocation of intra-team resources. Altering a
course of action or team repertoire in response
to changing conditions (internal or external).

(l) Identify cues that a change has occurred, assign
meaning to that change, and develop a new plan to
deal with changes.
(m) Identify opportunities for improvement and
innovation for habitual or routine practices.
(n) Remain vigilant to changes in the internal and
external environment of the team.

Team orientation

Propensity to take other’s behavior into
account during group interaction and the belief
in the importance of team goals over individual
members’ goals.

(o) Taking into account alternative solutions
provided by teammates and appraising that input
to determine what is most correct.
(p) Increased task involvement, information
sharing, strategizing, and participatory goal setting.

Shared mental models

An organizing knowledge structure of the
relationships among the task the team is
engaged in and how the team members will
interact.

(q) Anticipating and predicting each other’s needs.
(r) Identify changes in the team, task, or teammates
and implicitly adjusting strategies as needed.

Mutual trust

The shared belief that team members will
perform their roles and protect the interests of
their teammates.

(s) Information sharing.
(t) Willingness to admit mistakes and accept
feedback.

Closed-loop communication

The exchange of information between a sender
and a receiver irrespective of the medium.

(u) Following up with team members to ensure
message was received.
(v) Acknowledging that a message was received.
(x) Clarifying with the sender of the message that
the message received is the same as the intended
message.

Table 3.1: The “Big Five” of teamwork, definitions and behavioral markers after Salas et al. (2005).

Salas et al. (2005) also suggest how the factors and coordinating mechanisms relate to each
other, which is illustrated in Figure 3.4. The arrows indicate proposals for how the factors
relate to each other in order to achieve team effectiveness. The three supporting
mechanisms are placed on the border of the circle.
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Figure 3.4: Adaption of the “Big Five” model for team effectiveness, after Salas et al. (2005). The big five factors are represented by ovals while
the coordinating mechanisms are shown as squares. The arrows represent propositions by Salas et al. for how the factors relate to each other.

The article about the “Big Five” model has been widely cited in the literature. However,
there is not much work done regarding the practical implications and the applicability of
the model to real-world problems even though this was the authors’ intention with the
model (Salas et al. 2005). An exception is a study by Moen van Rosmalen (2012), where a
sample of 182 participants responded to questionnaires based on the “Big Five” factors
relating to their experiences of teamwork. The results gave support for the model in a
general office work setting.
Another interesting study which was pursued in a military setting is the longitudinal study
of Dutch army peace-keeping teams by Duel (2010). In the study, questionnaires that built
on the “Big Five” model were distributed to 236 and 208 teams at the beginning and the
end of their month-long missions, giving a perspective of how team processes develop
during deployment. The study gave empirical support for 20 of the 24 studied hypotheses
(more relationships were studied than those included in Figure 3.4) regarding how the
teamwork factors relate to each other. The relationships from the “Big Five” model that
Duel did not find support for were: mutual trustmutual performance monitoring, team
leadershipmutual performance monitoring, team leadershipbackup behavior, and
team leadershipteam orientation. Duel concluded that the core of the teamwork for the
studied teams consists of team orientation, backup behavior, and adaptability. Duel also
concluded that mutual performance monitoring, shared mental models, and
communication played a modest role for how effective the teamwork was. This is in
contrast to what can be expected from the teams of fighter pilots where these factors
probably are more important due to the distributed nature of the teams and the fast-paced
missions.
In the following sections, each of the five “Big Five” factors and three coordinating
mechanisms will be discussed in more detail.
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Team leadership

Salas et al. (2005) suggest that the team leader influences team effectiveness by reinforcing
and encouraging behaviors such as performance monitoring and backup behavior. The
team leader is responsible for establishing and communicating the objectives, available
resources, and constraints to the team. The team leader is also central in the creation of the
team’s shared mental models. Duel (2010) demonstrated a moderately to strong path from
team leadership to shared mental models.

Mutual performance monitoring

Mutual performance monitoring is the ability follow the other team members’ work
situation and maintain awareness of the progress of the team. Mutual performance
monitoring is even more important in stressful situations since the team members are
more likely to make errors then. Salas et al. (2005) contend that it is very difficult to
determine when mutual performance monitoring occurs; therefore, it is difficult to
measure and study the construct. They propose that mutual performance monitoring is
mediating team effectiveness through backup behavior. Shared mental models is a
prerequisite for mutual performance monitoring; it cannot be effectively pursued without a
shared understanding of how the team should act.

Backup behavior

Backup behavior is to assist other team members in performing their tasks. Backup
behavior is proposed by Salas et al. to directly affect team effectiveness by assuring that all
team tasks are completed. According to Marks et al. (2001), backup behavior can occur by
verbal feedback or coaching, by assisting and helping a teammate, or by assuming and
completing a task for a teammate. In the “Big Five” model, shared mental models, team
orientation, team leadership, and mutual performance monitoring are all considered
prerequisites for backup behavior.

Adaptability

Adaptability is defined as the ability to recognize deviations from expected action and then
readjust actions accordingly (Priest, Burke, Munim, & Salas, 2002). The complexity of the
team task drives the need for adaptability, and the team must constantly monitor and
assess the environment in order to determine if the current plan will be successful. In the
“Big Five” model, adaptability is proposed to have a direct effect on team effectiveness and
adaptability requires shared mental models, mutual performance monitoring and backup
behavior.

Team orientation

Team orientation, the preference to work with others, is an attitude in contrast to the other
“Big Five” factors that are behavioral. Salas et al. argue that team orientation is the general
preference to work in team settings while team cohesion is the desire to work with a
particular team. The proposition in the “Big Five” model is that team orientation affects
team effectiveness through team members’ willingness to engage in mutual performance
monitoring and the acceptance of backup behavior.

Shared mental models

Shared mental models is one of the three coordinating mechanisms in the “Big Five”
model. Mental models can be described as internal representations of objects, actions,
situations, and people; these models are built on experience and observation (Staggers &
Norcio, 1993). They are simulations that run in the mind and they underpin people’s
understanding of a system. Mental models allow people to describe, predict and explain the
behavior of a system. However, they are also incomplete and unstable (J. R. Wilson, 2001).
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The term shared mental models can be used to describe a mental model where the overlap
in knowledge is what is shared (Langan-Fox, Anglim, & Wilson, 2004). Shared mental
models can be defined a as an organized understanding or mental representation of
knowledge that is shared by team members (Mathieu, Heffner, Goodwin, Cannon-Bowers,
& Salas, 2005; Mohammed, Klimoski, & Rentsch, 2000).
A high degree of shared mental models in a team has been linked to higher performance
(Mathieu, Heffner, Goodwin, Salas, & Cannon-Bowers, 2000). Mathieu et al. (2000)
distinguish between task mental models and team mental models. Task mental models is
the schema team members hold regarding how they are approaching the task. Team mental
model is the shared understanding about how the team members will interact with each
other.
Shared mental models have increased importance for teams that operate under stress and
under conditions when communication is limited (Orasanu & Salas, 1993).

Mutual trust

Mutual trust is the second of the three coordinating mechanisms. Trust between the team
members is fundamental and affects a variety of team processes. When team members
trust each other, they count on one another to perform each other’s share of the work, and
they are willing to share information between them. Trust is also affecting how team
members interpret behaviors, not misinterpreting performance monitoring and backup
behavior for spying or keeping tabs on each other (Salas et al. 2005). Trust is also needed
for leadership to be accepted, and Duel (2010) showed a strong path from mutual trust to
team leadership.

Closed-loop communication

The third and last of the coordinating mechanisms is closed-loop communication.
Communication is the distribution of information between team members and it is
fundamental for updating the team’s shared mental model.
Communication plays a role in the coordination between team members, and a distinction
can be made between implicit and explicit coordination (MacMillan, Entin, & Serfaty,
2004). Explicit coordination is when team members communicate to articulate actions and
plans; implicit coordination is when team members are able to act together based on their
shared understanding of the situation without need for further communication. However,
communication is necessary for team members to have an accurate understanding of each
other, and only when this understanding is reached the coordination may be implicit. It has
been shown that aircrews alternate between implicit and explicit coordination. They
communicate during periods of lower workload in order to be able to use this shared
understanding for implicit coordination during periods with higher workload (MacMillan
et al., 2004).
Communication can fail for a number of reasons, team members can be absorbed by their
own task and forget to communicate, messages can be misinterpreted or fail to reach the
receiver all together for technical reasons. Too much communication may be problematic
as well as too little, and the challenge is to find the correct balance. Therefore, Salas et al.
(2005) suggest that messages are acknowledged by the receiver and that the sender follows
up that the message was received as intended. In the “Big Five” model, no connections to
the other teamwork factors are given as opposed to the other two coordinating mechanisms
where suggestions for how they affect other teamwork factors are proposed. However, Duel
(2010) found support for the hypothesis that closed-loop communication relates to mutual
performance monitoring, backup behavior, and adaptability.
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Concluding remarks

There is no apparent difference between what constitutes a core factor or a coordinating
mechanism, and Salas et al. (2007) claim that they all collectively form teamwork. Through
this research, all the eight elements have been treated and evaluated in a similar way, and
in the following, no distinction will be made; they will all be referred to as teamwork
elements.
Salas et al. (2005) aim to bridge the gap between academicians and practitioners by this, as
they expect, practical framework of findings from the teamwork literature. According to
Salas et al., the manifestation of these eight described core team processes will differ
between teams depending on the team tasks and therefore, in order to understand the
effectiveness of a particular team, the team processes need to be described and analyzed in
the specific context.

3.1.4 SITUATION AW ARENESS
This section describes and discusses aspects of individual and team situation awareness
(SA) which is another important construct for understanding effective teamwork. Situation
awareness is not a part of the “Big Five” model since it is not considered a team process.
Instead, it is defined as an emergent state, i.e. a product of the team processes according to
Marks et al. (2001).
Situation awareness is a widely used concept among developers and system designers of
human-machine interaction (HMI), especially for military aviation where the construct has
its roots (Salmon et al., 2008) . However, several different models and definitions have
been offered to explain what SA stands for. In an attempt to sort these different views,
Stanton, Salmon, Walker and Jenkins (2010) determined that there are three different
viewpoints to SA: psychological, engineering, and systems ergonomics. The psychological
view, which regards SA as situated in the head of the individual, is commonly represented
by Endsley’s three-level model. The engineering view is technology focused and defines SA
as basically equal to the common operational picture, which is the collected information
that is distributed and displayed to all participants in a scenario. The systems ergonomics
view considers SA to emerge in the interaction between people and objects and it originates
from Hutchins’ studies of distributed cognition in navigation (1995).
The psychological view of SA is defined by Endsley (1988) 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” (p. 792). This threelevel model is the most cited model of SA in the literature (Salmon et al., 2008). According
to Endsley, SA is a product, the state that is reached through the process of situation
assessment. SA exists in the heads of individuals and Endsley defines team SA as “the
degree to which every team member possesses the SA needed for his or her job” (Endsley,
1995, p. 39). She argues that the overlap in the team members’ SA is what constitutes much
of team coordination. This coordination occurs as communication, either verbal or
exchange of data.
This view of team SA has been disputed on several points. The concept of distributed
cognition as described by Hutchins (1995) takes into account all agents and also artefacts in
the system and according to this view cognition occurs at a system level. Furthermore,
Artman and Garbis (1998) argue that artefacts are integral parts of the cognitive system
and that the concept of SA must take into account the distributed nature of cognition.
The psychological SA construct is commonly used to explain why things went wrong and
lack of SA is concluded as the cause of many accidents. Dekker and Hollnagel (2004) raise
concerns about this use and label the constructs as folk models. They argue that the
concept is intuitively understood but not defined in a way that can be scientifically proven.
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Rather, one label is substituted for another instead of the construct being decomposed into
measurable parts. The authors propose that operator performance should be used as a
measure to validate design instead. Parasuraman, Sheridan, and Wickens (2008) respond
that these constructs do indeed have a scientific base and argue that the SA construct is
useful in cognitive engineering. They argue that SA represents a continuous diagnosis of
the state of a dynamic world. There is a “truth” and the user’s SA tells something about how
much of this truth that is known to him, something which also has been argued by
Alfredson (2007). The term SA is often used in requirements for the development of
interfaces and to describe the desirable performance of systems, such as a TSS. In a recent
article, Endsley (2015) discusses the different views and the criticism that have occurred
against the three-level SA model and she concludes that almost all objections are based on
misunderstandings of the original model.
Situation awareness and workload are interrelated and central to aviation psychology
(Wickens, 2002). According to Wickens, the pilot has four different classes of tasks to
perform: aviating, navigating, communication, and systems management. Basically the
tasks are attended to in the listed order. All these tasks add to the workload for the pilot
and maintaining SA is in itself a task that requires mental effort.
According to Wickens (2002); for a pilot, SA has three components: spatial awareness,
system awareness, and task awareness. SA for a fighter pilot is demanding and includes for
example the navigation and flying of the aircraft, awareness of the status of one’s own
aircraft (fuel, weapons, system warnings, etc.), knowing where the team members are and
what they are doing as well as knowledge of the potential targets and threats in the
environment.

3.2 USER-CENTERED DESIGN
This chapter reviews the theoretical background to the second research aim, Increase the
knowledge about how pilots can and should participate in the design process of fighter
aircraft interfaces. The overview starts with the large research topics user-centered design
and usability, which will be briefly discussed, followed by methods to include users in the
design process, user participation. Different forms of user participation is a commonly used
approach in the development of user interfaces for fighter aircraft as earlier discussed in
Chapter 2.
Usability is defined in the ISO standard 9241-11 as “the extent to which a product can be
used by specified users to achieve specified goals with effectiveness, efficiency and
satisfaction in a specified context of use.” Usability is about making products and systems
efficient and effective to use. Several measures and steps are necessary during the whole
development process in order to achieve a usable system. Gould, Boies, and Ukelson (1997)
give an overview of recommended tools and methods where four principles guide the
practice: focus on users, user testing, iterative design, and integrated design.
One approach to supporting the goal of usability is user-centered design, which emphasizes
the focus on the users and their needs during the development process. User-centered
design, sometimes also referred to as user-centered systems design, is a framework with
recommendations and principles which should be applied during the whole development
process of a product or system (Gulliksen et al., 2003; Norman & Draper, 1986). Some of
the key principles of user-centered systems design according to Gulliksen at al. (2003) are:
user focus, active user involvement, the use of prototypes, and early evaluation. A central
notion is to work in iterations and let end users test prototypes that evolve with more
functionality and higher fidelity as the project proceeds.
Even though there is a substantial amount of literature about human-computer interaction
(HCI), research theories are not used by the practitioners to the extent that could be
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expected and theory has had little impact on the interaction-design (E. Goodman et al.,
2011; Rogers, 2004). Rogers argues that cognitive research is often performed in controlled
laboratory environments and the results cannot be directly translated to practice. She
studied how practitioners use theory in interaction design work and found that even
though they are familiar with the theoretical approaches, they rarely use them because they
feel they are too difficult to apply. Rogers suggests that the research community should put
more focus on the designers and how they want to be supported. Goodman et al. (2011)
conclude that research must be based on existing practice in interaction design in order to
be useful for designers.
Dekker and Nyce discuss the difficulties in taking the step from research findings to design
guidance in ergonomics (Dekker & Nyce, 2004). They argue that is too common for
researchers to simply record and transfer user statements without further analyzing in
order to raise the level of abstraction and reach higher-level concepts. This is especially
important when the design is aiming at future systems that do not yet exist.
The large amount of requirements, technical possibilities as well as limitations, user
desires, etc. that the designer of a system faces is referred to as design complexity
(Stolterman, 2008). According to Stolterman, this complexity at least in part explains why
theories from science that in many cases aim to reduce complexity fail to meet the needs of
the designers. Design complexity cannot be easily reduced; however, it is not only
something negative. Complexity provides richness and can be regarded as a positive quality
that challenges the designer and even spurs creativity and innovation.
Rittel and Webber (1984) made a distinction between tame and wicked problems and this
nomenclature has been absorbed by the HCI community (Wolf, Rode, Sussman, & Kellogg,
2006). Tame problems are well defined and there is usually one best solution. Engineering
approaches with iterative design and testing in prototypes are often useful methods.
Wicked problems on the other hand are complex with perhaps contradictory requirements
and the solution is not easily found. Most of the design problems are wicked and according
to Wolf et al., these problems need an approach of creative design to be mastered.

3.2.1 USER PARTICIPATION
According to user-centered design, users should be involved during the process, but the
reason for and the degree of user involvement may vary. Alfredson and Andersson (2013)
argue that to involve users in the design and development of user interfaces for fighter
aircraft is important, for example due to the fact that the domain is complex and not easy to
get access to and learn for designers.
Two main reasons to involve users in the design and development of information systems
can be distinguished: ethical and pragmatic. The ethics calls for involving the people who
actually will end up using the system in the creation of it. This view, based on the
philosophy of neo-humanism is especially prevailing when designing for the community
and the public user (Carroll & Rosson, 2007). The other reason, based on the pragmatic
functionalism paradigm, recommends to involve users in order to build better systems by
understanding the users’ needs and preferences (Cavaye, 1995). The functionalist paradigm
is the most prevailing, both in academia and among system developers (Hirschheim &
Klein, 1989).
Participatory design is a philosophy that aims to improve the design and use of information
systems in organizations (Schuler & Namioka, 1993). Central concepts in participatory
design according to Schuler and Namioka include the notion that workers should be given
better tools for their jobs, not being replaced by computers. It is also assumed that workers
are the best to determine how their work should be improved. Hence, the users are the
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experts and the designers are technical consultants. Computers and software should be
regarded in the context of the workplace, not in isolation.
However, even though the involvement of users in system design has been embraced by
practitioners, there are mixed results concerning whether this makes the systems more
successful (Cavaye, 1995; Hartwick & Barki, 1994). User involvement can be beneficial, but
there are also several challenges (Kujala, 2003). Examples of such challenges are: access to
users, little consensus across users, users unaware of implementation constraints, and
users’ lack of understanding the design process and of what developers need to know. An
exception are projects with high levels of task or system complexity where user
participation has been demonstrated to correlate with user satisfaction (McKeen &
Guimaraes, 1994). User participation, or influence, has been shown to have a positive
impact on system success in the development of agricultural decision support systems
(Lynch & Gregor, 2004).
User involvement and user participation are two common labels for the involvement of
users in system design. Sometimes they are used interchangeably, and sometimes they are
claimed to be two different notions, where user participation stands for the users taking an
active part in development activities, and involvement refers to a psychological state, the
users’ belief that the system is important and relevant (Hartwick & Barki, 1994). In this
thesis both terms are interchangeably used for activities in direct contact with users during
the design process.
Damodaran (1996) gives practical advice about how to involve users in the design process.
According to Damodaran, there are three main forms of user involvement. User
representatives can have an informative, consultative, or participative role. This means the
users can participate in projects in many different ways. For example, users can provide
information to the designers (knowledge elicitation). Users can test and comment on
various different types of prototypes (low-fi and hi-fi), and users can have a real impact on
the design and be allowed to take formal decisions.
Knowledge elicitation refers to the methods of acquiring knowledge from experts
(Hoffman, Shadbolt, Burton, & Klein, 1995). Hoffman et al. define an expert as someone
who is highly regarded by his or her peers, whose judgements are accurate and reliable,
whose performance shows skill and economy of effort, and someone who can deal with rare
or tough cases. According to Bradley, Paul, and Seeman (2005), an expert is someone who
is characterized by superior performance in a specific domain of activity. Examples of
methods for knowledge elicitation are interviews, task analyses, rating, and sorting tasks
(Hoffman et al., 1995). All users are obviously not experts in this sense, but in some highly
technological domains, (aircraft, nuclear power plants etc.), the users need to go through
special training in order to be able to perform the tasks even as novices.
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RESEARCH METHOD
This chapter describes and discusses the process used for this research and the research
methods used for each objective are described. A mainly qualitative approach was selected
due to the explorative nature of the research aims and the limited number of possible
respondents in the domain, and the underlying philosophical paradigm for the performed
research is discussed. The main strategy was survey, and the data collection techniques
used were interviews and questionnaires. Motivation for the methods and details about
how the research was performed are given. The chapter concludes with a discussion about
how to judge the quality of the performed research.

4.1 RESEARCH PROCESS
For the first aim: Increase the knowledge about how fighter pilots collaborate in teams
during missions with the current systems, objectives O1-O3 were identified:
O1:

Identify constructs and models from relevant literature that describe
teamwork.

O2:

Investigate how fighter pilots collaborate in teams during mission s.

O3:

Identify and describe the important factors for effective teamwork among
fighter pilots, and the specific difficulties fighter pilots encounter when
they collaborate during missions.

For the second aim: Increase the knowledge about how pilots can and should participate
in the design process of fighter aircraft interfaces, objectives O4-O5 were identified:
O4:

Investigate from relevant literature how user participation is applied in
other contexts and what roles users can have in the design process.

O5:

Investigate and describe how the designers of pilot interfaces work with
users and what roles the users have in the design process.

Since the aim of this research was to understand and describe specific social phenomena in
a specific context (how fighter pilots collaborate in teams, and how pilots are involved in
the design process of cockpit interfaces), an approach using qualitative methods was
selected. The main strategy was to use surveys as the data collection method. The types of
survey used were interviews and questionnaires. Objectives 1 and 4 were approached with a
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literature review. For Objective 2 and 3, interviews were performed. Finally, for Objective
5, questionnaires were used. The research process is shown in Figure 4.1.

Figure 4.1: Overview of the research process showing how the activities and objectives lead to the aims and research goal.

4.2 PHILOSOPHICAL PARADIGM
Surveys are strongly associated with positivism and quantitative methods, and used when
the researcher seeks patterns and generalizations (Oates, 2006). However, in this case,
when the aim is to explore and describe, and the samples are small, the data collection and
analysis using surveys may be used as a qualitative method.
A paradigm is defined by Guba and Lincoln (1994) as the basic belief system or world view
that guides the investigator. Positivism is the most common and well-known philosophical
paradigm that researchers from all sorts of disciplines work in (Oates, 2006). Positivism is
often regarded by both natural scientists and nonprofessionals as the scientific method.
The world exists out there, independently of the observer, and it can be objectively
examined by the researcher through, for example, experiments and surveys (Oates, 2006).
The researcher seeks to find the laws that explain what is being observed and to generalize
that the findings are valid outside of the researched sample. Positivism transformed during
the latter part of the 20th century into post-positivism where the aim is to falsify a
hypothesis (Guba & Lincoln, 1994). Positivism/post-positivism is so common and
dominating that many researchers do not reflect on it or motivate why they choose to work
in this paradigm (Oates, 2006).
When the goal of the research is to understand and describe users in their context the
researcher can choose to adhere to the interpretivist paradigm instead. Interpretive
research aims at understanding and explaining factors and their relations in the social
setting (Orlikowski & Baroudi, 1991). This paradigm recognizes that there are several
multiple subjective realities, not one truth. What people take for real is a construction of
the mind and different individuals and groups perceive the world differently (Oates, 2006).
In addition, the researcher cannot be neutral in the interpretivist paradigm. The
researchers carry their own assumptions and beliefs that will shape the process. The results
are often rich descriptions of the social setting based on qualitative data such as what
words and metaphors the subjects use.
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Quantitative as well as qualitative data collection methods and analysis can be applied both
in the positivist and interpretivist paradigms (Guba & Lincoln, 1994; Oates, 2006). It is a
common misinterpretation that positivism equals quantitative research and interpretivism
equals qualitative research. Patton (2002) holds a pragmatic view and claims that it is not
necessary for a researcher to be faithful to any single philosophical perspective in order to
use qualitative methods, “in real-world practice, methods can be separated from the
epistemology out of which they have emerged” (p. 136).
Positivism is guiding research when specific phenomena are isolated and studied in
laboratories. However, reality is often complex and consists of combinations of several
factors which are difficult to replicate in the laboratory. Hence, the need for field studies
emerged as, for example, in the case of research regarding decision making (Lipshitz, Klein,
Orasanu, & Salas, 2001). Well-known field research was done by Klein who studied
naturalistic decision making by conducting in-depth interviews with experienced fire
ground commanders. The findings lead to the recognition primed decision (RPD) model,
which was later tested and confirmed on chess players. Another example where the
researcher went into the real world and studied professionals in action is Hutchins’ studies
of ship navigators which led to a detailed and rich description of how the navigation task is
performed in sub-tasks shared between several people at different locations and mediated
by tools (Hutchins, 1995).
One major and important difference between the two paradigms is the motivation for the
research and the role of the scientist. According to Lincoln, Lynham, and Guba (2011), the
positivist researcher takes the role as the disinterested scientist who seeks to be an
objective informer to other parties, for example change agents. The interpretivist or
constructionist on the other hand, is the passionate participant who seeks to interpret the
opinions of the studied population and give a voice to it. In this research, the studied
groups of pilots and designers are professionals, and the aim is to understand the context
in order to improve the design process and the technological aids for teamwork. The
positivistic research approach is based on the assumption that the studied groups are
capable of objectively expressing their experiences and views.

4.3 LITERATURE REVIEW
The search for literature for Objectives 1 and 4 followed general guidelines found for
example in Oates (2006). Literature review is central to all research. It is needed both to
create an understanding of the current literature on the research topic and to identify
where more research is needed. The work of the current research needs to be put in the
context of already published research.
The first step in the literature review was to identify keywords and search for relevant
articles regarding user participation and teamwork both within the military context and
elsewhere. Examples of keywords used are teams, teamwork, collaboration, user
participation, user-centered design, and user involvement. When interesting articles
appeared they were traced backwards via their references and forward via links to citing
articles. The search for literature has been ongoing work throughout the whole process of
the thesis.

4.4 INTERVIEWS
A series of interviews with active and experienced pilots was selected as the data collection
method for Objectives 2 and 3. These interviews aimed at understanding the domain and
gathering information about teamwork among fighter pilots.
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A qualitative approach could also have involved studying pilots flying in their aircraft
during missions. However, it is nearly impossible for a researcher (or anyone) to have the
opportunity to fly in the backseat of a fighter aircraft during a mission, and even if this
would happen, it would only happen once, so the analysis would rely on one single event.
Another possibility would be to observe pilots training in a full mission simulator. This is
somewhat easier to accomplish but still not very accessible due to security issues and the
difficulties of setting up such complex scenarios in a simulator. The scenarios possible to
study this way would be simplified and not close enough to how the pilots would behave in
the real world.
There are three main types of interviews: structured, semi-structured, and unstructured
(Myers & Newman, 2007). In this research, the interviews were conducted as semistructured. This means that the theme and the questions were prepared but it was also
allowed for the interviewees to influence the conversation. The respondents were able to
add things they thought might be of interest, and there was time to ask questions to
develop an interesting theme even though it was not prepared for. Semi-structured
interviews are recommended when the primary purpose is to discover something rather
than checking, and it is a useful strategy for in-depth investigations (Oates, 2006). The
drawback is that it may be more difficult to analyze the answers since there may not be
responses about the same topics in the different interviews. Therefore, the elements of the
“Big Five” model was used as “conversation pieces” in order to structure the interviews, and
a few standard questions were prepared which could be asked during the interviews in the
same way. The planning and execution of the interviews followed the process for in-depth
interviews outlined by Boyce and Neale (2006). The main steps in this process are
planning, development of instruments, preparation, data collection, analysis and
dissemination of findings.
Ten active fighter pilots were interviewed regarding their views on team collaboration. The
pilots’ average age was 38 years, ranging from 29 to 46. Their experience of flying fighter
jets ranged from 500 to 3,000 hours, with an average of 1,500 hours. The interviews lasted
between 40 minutes up to 2 hours depending on the subject’s availability. Six of the pilots
were employed by a fighter aircraft manufacturer (Saab AB), and four by the Swedish Air
Force. The sampling of subjects was done by a combination of snowball and convenience
sampling, and the final selection was based on availability; the pilots who could spend 1-2
hours volunteered for an interview. Before the interviews started, a written consent was
signed by the interviewees about their anonymity and the processing as well as how the
information would be used afterward. The interviews were all performed in Swedish,
however, the “Big Five” teamwork elements, definitions and the behavioral markers were in
English, as given in Table 3.1.
During the interviews, the pilots were first asked about their experiences and views on
teamwork as fighter pilots in general. Then they were presented with the teamwork
elements printed on slips of paper, a total of eight pieces. The pilots were provided with the
definition of the elements as proposed by Salas et al. (2005), and they were asked to rank
the eight elements and put the most important element during a mission, such as the one
depicted in Figure 2.3, on top. Then, the pilots were presented with a list of the 23
behavioral markers in a randomized order. They were asked to select the five behaviors
that they considered most important during the airborne phase of a mission. In addition, a
subset of four fighter pilots (Air Force) from the group of ten was further interviewed
regarding the teamwork elements. The pilots were asked to discuss and reflect on each
element and to explain what they thought the element could mean for a group of fighter
pilots during a mission. The sample might seem small, but since the group of fighter pilots
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is quite homogenous, it can be argued that there will be enough data to generalize for the
group.
All interviews were recorded on a digital voice recorder and saved as mp3 files, and the
interviews were transcribed afterwards. During the interviews, notes were not taken in
order to focus on the dialogue and not disturb the respondents. The coding of the content
was done manually, and for the following analysis, a spreadsheet in Excel was used. When
a qualitative content analysis is to be done, there are mainly two approaches to creating the
codes to work with (Mayring, 2000). Either an inductive approach can be taken, where the
codes are created from what is found the material. The material is then worked through
with tentative categories, which are revised as the work progresses. The other approach is
to use a deductive workflow. The categories and coding rules are determined beforehand
on basis of the theoretical framework. Since the framework of the “Big Five” was used for
the interviews, the coding was based on the teamwork elements, and mainly followed the
deductive setup.

4.5 QUESTIONNAIRES
In order to investigate the HMI-designers’ views on the involvement of the fighter pilots in
the process of designing interfaces, a questionnaire was used. The advantage of
questionnaires over interviews is the possibility to reach more respondents and to be able
to gather large amount of data for quantitative analyses since exactly the same questions
are asked to all respondents. In this case, questionnaires was selected over interviews also
because this research was done on my colleagues. As an alternative, interviews could have
been performed instead since the number of available designers was low, but it could
perhaps have been more difficult for the designers to speak openly with an interviewer
being a colleague. One major drawback with questionnaires is the risk for a low response
rate. This risk was minimized by the fact that the names of the possible respondents were
provided by their managers, making it possible to approach people who had not answered
and ask them to complete the task. Moreover, the fact that the questionnaire was given by a
colleague, and that the motivation for the investigation was to improve their work
situation, probably resulted in a higher willingness to participate. Another aspect
concerning questionnaires is that since the questions are in writing, perhaps not everyone
interprets the questions the same way, so there is a risk of misunderstandings. In order to
formulate unambiguous questions and minimize the risk of misunderstandings, the
questionnaire was structured according to the guidelines given by Nählinder, Nilsson, and
Levin (2015). Moreover, the questions were checked by other colleagues before they were
finalized and sent out to the respondents.
The questionnaire included the following issues: the designers’ views on the user
representatives, current and desirable roles of the pilots, important knowledge needed to
carry out the designers’ job and sources of information. The questions were mostly short
statements where the interviewees were to provide their answers by marking a number on
a fixed scale (Likert 1-7) in order to make it easier to compile and compare answers. Some
open questions and space for personal opinions were also included.
The electronic questionnaire was distributed by e-mail to 16 designers of user interfaces in
fighter aircraft. The designers were identified and selected by their managers and they all
currently worked actively with the design of cockpit interfaces. Twelve of the approached
designers completed and returned the questionnaire, which gave a response rate of 75%. Of
the respondents, 4 were female and 8 male. Their ages were between 29 and 51, with a
mean of 39 years. The average time the respondents had worked as HMI designers of
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fighter aircraft was 7.7 years, ranging from 3 to 25 years. None of the respondents were
pilots, nor military or civil. The questionnaires were written in Swedish.

4.6 QUALITY
The quality of positivist research is traditionally judged using four criteria: objectivity,
reliability, internal validity, and external validity (Guba & Lincoln, 1994; Oates, 2006;
Patton, 2002). Objectivity is the degree to which the research is free from bias. Has the
researcher influenced the results? Does the researcher have an interest in a particular
outcome? Reliability is whether the results can be replicated will the same results. Internal
validity is how well designed the research is. Are the relevant things examined? Does the
data really lead to the claimed findings? External validity is the degree to which the results
can be generalized. Positivist research seeks high generalizability.
These criteria apply to both quantitative and qualitative research, even though they
originate from the quantitative approach. When judging the quality of interpretivist
research these four criteria for positivist research cannot be used. Instead, other criteria
have been proposed: trustworthiness, confirmability, dependability, credibility and
transferability (Lincoln & Guba, 1985). Sometimes it is proposed that these criteria also are
applicable to any qualitative research, regardless of philosophical paradigm. However,
according to the originators, Lincoln and Guba (1985), the purpose of these criteria is to
assess the quality of interpretivist research and the intention is to match the traditional
criteria of positivist research. Hence, since this research was mainly based in the positivist
paradigm, the traditional quality criteria will be used.

OBJECTIVITY
The question of objectivity is perhaps the most important when qualitative research is
evaluated. The risk for the researcher of being subjective is embedded in the approach, and
this is probably one of the main objections interpretivists make against positivism.
According to interpretivists, the researcher can never be objective, and it is not the point in
this type of research. A positivist, on the other hand, argues that it is possible to mitigate
the risks for subjectivity. The researcher must carefully avoid influencing the results and
there should not be an interest in a particular outcome (Oates, 2006).
There is a risk that the researcher is biased when a well-known and familiar field is studied.
Moreover, being a part of the studied organization may influence the views one takes, what
questions that are asked, and how results are interpreted. On the other hand, prior
knowledge about the studied field probably makes it easier to identify interesting issues
and to know who to approach for the investigation.

RELIABILITY
Regarding reliability, the likelihood of another researcher to arrive at the same conclusions,
it seems reasonable to presume that someone else could repeat the study using the same
interview questions and questionnaires. Some variations may occur, since the interviews
were semi-structured and the respondents will probably not be same. However, the group
of pilots is quite homogenous; and the chance is good that they all have approximately the
same view of how they perform missions in teams.
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INTERNAL VALIDITY
The internal validity is about how the research was executed. Are the relevant things
examined and does the collected data lead to the claimed conclusions? One limitation of
this study may be the fact that the “Big Five” model was used and the interviews were
structured according to the content of this model. Consequently, aspects that are not
included in the model were not studied and there is a risk that something was missed if
important teamwork factors were omitted by the selected model. However, the pilots were
asked whether they felt some factors were missing among the eight they were presented
with and nobody could think of anything. Another aspect that may affect the internal
validity is the fact that the interviews were performed in Swedish, with the names of the
elements, their definitions, and behavioral markers from the “Big Five” model given to the
pilots in English. The transcripts are in Swedish and the analysis of the interviews was
carried out in Swedish. The results were then translated back to English with a risk of
losing information during the process. However, to hold the interviews in English would
probably have meant a greater risk of losing information, since all involved persons are
Swedish native speakers.
In qualitative research, one of the challenges is to interpret and extract knowledge from the
findings in order to contribute to research. The researcher must not merely repeat the
words of the informants; he or she must be able to build an understanding on a higher level
together with theory (Dekker & Nyce, 2004).

EXTERNAL VALIDITY
External validity is about generalization. Can the findings be generalized and claimed to be
valid outside the studied sample? Patton (2002) discusses generalization and argues that
the first priority of the qualitative researcher is to do a good job with describing the studied
case and understanding the particulars before looking for patterns and generalizations.
Moreover, generalizations should never be treated as proven statements but rather as
hypotheses for future testing (Lee & Baskerville, 2003).
Generalization can be done in different ways and on different levels as discussed by Yin,
quoted in Lee and Baskerville (2003). Level 1 is from sample to population and Level 2 is
from study findings to theory. Two other forms of possible generalizations according to Lee
and Baskerville would be to go from theory confirmed in one setting to describing another
setting, (deduction actually) and to generalizing a theoretical construct that is derived from
one setting to a new theory. Hence, when making claims on generalizability, it is important
to be aware of what kind of that generalization is attempted.
Regarding the teamwork study, a generalization to the population of fighter pilots in the
Swedish Air Force should be possible since the fighter pilots in the Swedish Air Force have
all received the same training; they fly the same type of aircraft, and adhere to the same
strict rules and regulations. Generalizations of the findings to other nations’ air forces,
which operate other types of aircraft and employ different cultures of, for example,
leadership may not be directly done. However, it may be possible to generalize to other
domains, which have some of the circumstances in common, such as high performing
distributed teams working under extreme pressure.
For the user participation study, the studied sample is more or less the whole population of
Swedish cockpit designers. However, there may be opportunities to generalize to other
domains where the end users are skilled experts, and it is difficult to acquire knowledge
about the target conditions.
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The way the samples are selected in a survey is important. Sampling for qualitative inquiry
should be done with a clear purpose in mind, purposeful sampling. The sampling should
aim at getting rich insight in the studied phenomenon (Patton, 2002). The number of
samples in a qualitative inquiry is not important according to Patton; as long as the
descriptions are rich and no new findings are being made, the investigated sample can be
considered sufficient.
In the teamwork study, ten fighter pilots were interviewed. The analysis of their responses
showed that their answers did not differ remarkably from each other. There was a
consensus about what teamwork meant and how they performed it.
For the user participation study, the answers were more scattered and showed a greater
individual variability, probably due to greater differences between the respondents
regarding age, gender, education, and working experience compared to the group of pilots
who is more homogenous.
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RESULTS

This section gives a review of the results from the performed studies. First, the results from
the teamwork study are given, followed by the study regarding user participation.

5.1 TEAMWORK
Papers 1, 2 and 3 investigate different aspects of teamwork among fighter pilots. Paper 1 is
the first published paper and it explores how the “Big Five” model fits the fighter domain
and whether it seems feasible to apply the model to the teams of fighter pilots. Paper 2
reports the interviews of ten fighter pilots and provides descriptions of how each of the
eight teamwork elements is manifested when the pilots collaborate during missions.
Moreover, in Paper 2, the task performance cycle is proposed, where the teamwork
elements are analyzed in the light of performance episodes. In Paper 3, the teamwork
elements are further investigated, their relationships, and how they affect team
effectiveness in the studied setting is analyzed. This analysis leads to a suggestion for an
adaptation of the “Big Five” model in order to mirror the teamwork of fighter pilots.

RELEVA NCE OF THE TEAMW ORK ELEMENTS
Papers 1 explores how well the “Big Five” model fits the studied domain and reports the
initial attempts to apply and verify that model.
In Paper 1 six pilots were interviewed about their views on teamwork during missions, and
how they pursue teamwork. The general impression from the interviews is that teamwork is
considered essential for mission success among fighter pilots. During the interviews, the
pilots were presented with the eight elements from the “Big Five” model on paper slips and
asked to discuss the meaning of those elements. Finally, they were asked to rank the
elements, putting the most important one during the execution of a mission on top. The
results from this investigation showed that the elements of the “Big Five” model were
relevant and the model was concluded to be a helpful framework to explore the nature of
teamwork among fighter pilots.
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Later, an additional four pilots were interviewed and asked to rank the elements too.
Considering the responses made by all ten participants, the ranking of the teamwork
elements was as follows:
1.
2.
3.
4.
5.
6.
7.
8.

Mutual performance monitoring (3.4)
Closed–loop communication (4.0)
Shared mental models (4.1)
Adaptability (4.3)
Mutual trust (4.4)
Team orientation (4.8)
Team leadership (5.0)
Backup behavior (6.1)

The average ranking is given in parenthesis after each element. This result is published in
Paper 2.

BEHAVIORAL MARKERS
Each teamwork element is explained in terms of the behavioral markers introduced by
Salas et al. (2005). The behavioral markers are descriptions and examples of how each
element may manifest itself during teamwork. The behavioral markers as defined by Salas
et al. can be found in Table 3.1. During the interviews, the pilots were presented to the
behavioral markers as defined by Salas et al. The statements were randomly listed on a
sheet of paper and the pilots were asked to select the five most important behaviors during
the execution of a mission.
The two most selected behavioral markers among all ten pilots were:


Identify cues that a change has occurred, assign meaning to that change, and
develop a new plan to deal with the changes (7 votes, teamwork element:
Adaptability)



Information sharing (6, Mutual trust)

An additional four behavioral markers were selected by four pilots each:


Clarify team member roles (Team leadership)



Engage in preparatory meetings and feedback sessions with the team. (Team
leadership)



Taking into account alternative solutions provided by teammates and appraising
that input to determine what is most correct. (Team orientation)



Increased task involvement, information sharing, strategizing, and participatory
goal setting. (Team orientation)

It can be noted that the ranking of the teamwork elements and the selection of the most
important behavioral marker do not correspond to each other. The two behavioral markers
that were the most selected describe the teamwork elements adaptability and mutual trust,
but these elements were not among the highest ranked in the previous listing. Considering
the subsequent four behavioral markers, they describe team leadership and team
orientation, which were also lower ranked. This may be due to differences between how the
behavioral markers are described in the “Big Five” model and how the fighter pilots
perceive the teamwork elements.
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THE TEAMW ORK ELEMENT S EXPLORED
In-depth interviews were made with four of the pilots and reported in Paper 2. Those
interviews provided a rich description and deeper understanding of the characteristics of
the teamwork processes in the fighter domain. This made it possible to better define and
describe the eight elements of the “Big Five” model in the context of military fighter pilots.
The definitions of the eight elements as provided by Salas et al. (2005) can be found in
Table 3.1. The elements are here presented in the order they were ranked by the pilots.

Mutual performance monitoring

This element was ranked as the most important one and it comes into play during mission
execution. Knowing where the others are, their status, and what they are doing is
fundamental for a successful mission. However, the importance of not checking on each
other for mistakes was stressed. During the execution of a mission, the monitoring depends
on technical solutions, such as data links and cockpit displays. The fast-paced situations
make it difficult to rely on that information; it might be updated too slowly to be useful.
However, not only is the current status of interest, information about what the teammates
are planning to do is also highly desirable. Furthermore, in many cases it is not suitable to
communicate status and intentions on the radio. If a pilot feels he cannot ask about this
information, he is left guessing from the teammate’s behavior in the air. In addition, as one
pilot said, “If I don’t know, I might have to fire the shot myself, and then perhaps we will
waste a missile.”

Closed-loop communication

Closed-loop communication is also considered important during the missions. In general,
the discipline concerning the closed loop was not regarded as a problem since there are
clear procedures that determine how communication via radio is carried out, with call signs
and acknowledgements. As long as the original plan is followed, the need for a closed loop
is considered less important, “I can see that he is doing what we planned.” This element
should probably be regarded as, in this context, not only referring to the necessity of a
closed loop but the capability and occurrence of communication between the team
members at all. However, the information transferred via data link can help in keeping the
closed loop. The utility of clear acknowledgements via data link was expressed. If the
information is on the displays, there is no need to ask. The absence of acknowledgements
generally adds workload to the team leader since he cannot move on with the planned
actions until he knows that the message has been received. The safety aspect of closed-loop
communication was also articulated, especially when the plan is changed, “It is crucial to
know whether everybody understands, or the situation may become dangerous.”

Shared mental models

Shared mental models are considered very important for a successful mission. Shared
mental models are interpreted by the pilots as emerging from the tactics and standard
procedures that the team complies to. Before the mission, the team members plan and
discuss the mission and the goals during the briefing session. The pilots considered it very
important that everybody share the same understanding about the mission. The tactics and
plans for a mission are based on standard procedures that everyone is familiar with. These
procedures can be very detailed and give guidance to the team on how to solve the task.
During the briefing, the tactics are discussed and decided on. This enables all team
members to ensure that they have the same ideas about how to proceed with the mission.
The standardized procedures ensure common grounds and predictability. “If we all have
the same mental models, I can count on that most people will make the same decisions.” It
was also recognized that the better the shared mental models are, the less talk during the
mission is needed.
39

CHAPT ER 5 RESULT S

Adaptability

Adaptability was interpreted as the ability to change plans and adapt to new situations and
it was considered important since the conditions during a mission can change rapidly. The
team needs to be flexible about what they may encounter. Adaptability was considered as
an important factor since it is impossible to plan a mission in every detail. The behavioral
marker “identify cues that a change has occurred, assign meaning to that change, and
develop a new plan to deal with the changes,” was the most selected from the list of 23
suggestions; seven out of ten pilots choose this. Hence, it is interesting to notice that the
factor Adaptability was ranked as number four and not on top. However, there may be
problems with adaptability, which might explain this. The mission is planned and
discussed and the tactics are selected according to the standard procedures on ground
before take-off. Some contingency will always remain, and unexpected events may occur.
However, there are difficulties with being adaptive in this environment with the limited
communication. The limited abilities to communicate in a reliable way during the mission
may result in that not everybody in the team receives or understands the new plan. The risk
of failure due to communication difficulties must always be judged against the possible
gains that can be achieved by the changes. In many cases it is best to “stick to the plan” as
one pilot said.

Mutual trust

The team members trust that their colleagues will do what is expected of them during the
mission. Mutual trust was very much considered a direct result of the team leadership. The
team leader was considered responsible for the trust in the team. The team members, on
their part, allow the leader to act as leader during the mission. It is, for example, not
uncommon for a higher ranked officer to fly in a group as an ordinary team member. This
means that during the mission a pilot with a lower rank can be the commander of a higher
ranked team member.

Team orientation

Team orientation is an attitude in contrast to the other elements that are behavioral. Pilots
are trained and disciplined to work in teams; not many missions are performed by single
pilots. Team orientation was considered to be unproblematic and a natural trait among the
interviewed pilots, something they assume always to be present among their teammates.
The pilots expressed it as “the team above self.” However, this does not mean that it can be
taken for granted. The importance of team orientation is fostered and emphasized by the
organization. One aspect of team orientation that was mentioned was that during stressful
situations, it is easy to lose awareness about the situation as a whole and what the others
are doing. The pilot can become so focused on his own situation that he “forgets” about the
rest of the team and does not realize that perhaps some other team member is better
positioned and can step in and take over.

Team leadership

Team leadership was considered important by the respondents, since this element plays an
important role in the understanding of the task and affects how the team is going to
perform the mission. The interviewed pilots argued that a good team leader does the main
part of the job before the mission and during the actual execution of the mission, team
leadership was deemed less important. A good team leader listens to the team and lets
everybody take part in the discussions when the tactics are decided. With good leadership,
team members understand the tactics, what is expected of them, without the need of
detailed orders from the leader during mission execution. It was considered important for
the pilots to be an active part of the preparations and to have the opportunity to discuss
alternatives. However, when the discussion is finished and the tactics are decided, team
members must respect the decision of the team leader. “No problem solving regarding
40

CHAPT ER 5 RESULT S

tactics in the air, it must be clear who decides.” Further, when unforeseen events occur in
the air, the leader is expected to take control and give clear instructions on how to proceed.

Backup behavior

The respondents agreed that the need for backup behavior is something they are aware of
and try to build into the system. If, for example, the team leader is forced to leave the group
for some reason, there is always a deputy appointed to step in. Since the team task to a
large extent is collaborative, and in most cases all participants are equally able to perform
the subtasks of the mission, backup behavior might be difficult to distinguish from
adaptability. Both these elements are essentially equal to flexibility. The priority for the
team is to get the job done—who actually does what seems to be of less importance. This
could explain why the ranking of backup behavior is low; the pilots did not really regard it
as backup if someone else got in the position to use the radar or fire a shot. Only when roles
shift because someone is out of weapons, low in fuel or has to leave the group, it was
considered backup behavior.

THE TASK PERFORMANCE CYC LE
Different team processes are probably critical and dominating at different phases during
the execution of the task (Marks et al., 2001). Salas et al. (2005) also suggest that
depending on the task in question the teamwork elements will vary in importance during
the different phases of the execution of a performance episode.
The interviews gave insight into the cycle of mission performance which is presented in
Paper 2. There is the long-term organization, the air force wing, from which the members
of the group are selected for each mission. Somebody is appointed leader and the group is
given a task. The group gathers for a briefing to prepare for the mission. Then the mission
is performed. Afterwards, there is a debriefing where the mission is discussed, and the
team members can give feedback to each other and reflect on their performance. After the
debriefing, the team is dissolved and a new team can be formed for the next mission.
The task performance cycle and suggestions where each teamwork element mainly comes
into play is shown in Figure 5.1.
Shared mental models are established during briefing before the mission according to the
findings in the interviews. Team leadership is identified as being most important before the
mission. After the mission and during debriefing, what happened during the mission is
discussed and team members give each other feedback. Differences in the pilots’ mental
models may be identified and hence the shared mental models are updated. The team
leader is essential to ensure that the debriefing and feedback session is performed with
trust and mutual respect. Therefore, these two elements are also connected to the
debriefing phase.
Team orientation and mutual trust are elements that the air force organization is
emphasizing and promoting. Therefore, they are addressed and cultivated in the transition
phases between the performance episodes.
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Figure 5.1: The teamwork elements from the “Big Five” model by Salas et al. (2005) placed in the task performance cycle.

THE ADAPTED TEAMW ORK MODEL
With the rich descriptions of the teamwork elements and the suggested task performance
cycle, the next step is to analyze how the teamwork elements relate to each other and to
team effectiveness during missions in the studied domain. In Paper 3, a modified version of
the teamwork model adapted for teams of fighter pilots is presented.
The model starts with team orientation, which affects team leadership and mutual trust.
Team orientation is a natural starting point since it is an attitude and not a behavior (Salas
et al. 2005). Hence, it is something the team members must carry and bring in to the
teamwork. Team leadership and mutual trust are found to be important during the initial
phase of the task cycle, i.e. the briefing and the pilots consider the team leadership to be a
prerequisite for the mutual trust in the team.
The shared mental models are found to be highly important for the teams of fighter pilots.
Since the communication is limited during the mission, it is extremely important to have
details regarding the course of action and alternative plans set beforehand. The team leader
is responsible for how the team plans for the mission and how well the team actually will
develop shared mental models.
According to the pilots, the most important element during the missions is mutual
performance monitoring and it is therefore placed at the core of the adapted teamwork
model. Closed-loop communication is a prerequisite for maintaining mutual performance
monitoring. Finally, adaptability and backup behavior are the actions that the team can
take in order to reach the mission goals.
The suggested relationships between the eight teamwork elements, and how team
effectiveness is built up during a mission, are shown in Figure 5.2.
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Figure 5.2: The suggested relationships between the “Big Five” elements (blue ovals), and how they affect each other leading to team
effectiveness for teams of fighter pilots.

5.2 USER PARTICIPATION
Paper 4 reports the results from the questionnaire, which was distributed to designers of
fighter cockpit interfaces, and discusses how pilots as users can contribute to and
participate in the design of cockpit interfaces.
The designers thought that the users they work with were representative of the whole
community of end users. Moreover, the respondents did not consider access to users to be a
significant problem, and they thought the users and the designers understand each other.
Furthermore, the designers agreed it is important that the pilots understand the design
process.
The designers answered that the pilots have and should have many different roles in the
design process. The different user roles that were given in the questionnaire and the
designers’ answers are listed in Table 5.1. The designers wish to be able to observe pilots at
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work more and to get more information and ideas from them. They also think that pilots
should be more involved as examiners and testers. However, pilots should not be designers
or decision makers according to the majority of respondents.

User Role

As is today

Desirable

Object for observation

6

10

Information provider

10

12

Contributor of ideas

9

11

Advisor

11

12

Examiner

9

11

Tester

9

10

Designer

3

2

Decision maker

5

3

Other*
*One respondent suggested that pilots give
information about other aircraft they have flown.

0

1

Table 5.1: Different roles that designers think the users have today and should have in the design process. The largest difference between actual
and desired state has been underlined.

Designers indicated that it might be a problem that the users often hold different opinions
about the design. In these cases it was preferred if a senior chief engineer responsible for
the project in question or a senior principal engineer takes the final decision.
Colleagues and users were ranked as the best sources for design.
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DISCUSSION
The overarching goal of this research is to contribute to improved design of tactical support
systems and cockpit interfaces for fighter aircraft, something which will be achieved by
increasing the knowledge and understanding of the users.
Two aims are identified towards the goal, to investigate team collaboration and user
participation in the domain. Since pilots collaborate in teams during missions, the team
perspective is expected to add value to the traditionally applied single user perspective. The
user participation investigation is expected to contribute with insights into how to involve
the users in the design process of the complex and highly specialized tactical support
systems.
In this chapter, the findings and conclusions drawn from the results of this research
regarding these two aims will be discussed, starting with teamwork aspects and then
moving on to issues regarding user participation.

6.1 TEAMWORK
The first aim is stated in Chapter 1.1 as: Increase the knowledge about how fighter pilots
collaborate in teams with current systems during missions. In order to achieve this the
literature regarding teamwork in general is first studied, followed by an investigation of the
nature of teamwork among fighter pilots. Since the domain is specialized and difficult for
others than pilots themselves to obtain access to, the acquired knowledge is intended to
inform designers of cockpit interfaces and tactical support systems.
In order to gain an overarching understanding of the nature of teamwork among fighter
pilots, a literature search for theories and models that take a holistic view on teamwork, not
focusing initially on details and specific constructs, was performed. By approaching the
subject from this all-embracing point of view, the intention is to reach an understanding of
both the “soft” intra-human, as well as the “hard” technology-depending aspects of
teamwork in the domain. The “Big Five” model for effective teamwork, which is claimed to
capture the essential teamwork processes (Salas et al., 2005), is found to satisfy the above
mentioned need and is selected as the entry point to the studies of teamwork in the
domain. Using an existing framework as the approach for the investigation could limit the
research and lead to a risk that other important aspects are left out and missed. However,
based on the findings by Duel (2010), where the model was used for investigating army
teams, the “Big Five” model can be considered to be a satisfactory starting point for an
investigation of this kind.
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THE TEAMW ORK ELEMENT S
Interviews structured around the eight elements of the “Big Five” model were performed
with fighter pilots and the investigation gave insights into how pilots perform missions in
teams. The investigation confirms the notion that teamwork is considered a vital capability
in the domain, and the investigated elements, which make up the “Big Five” model, are
found to be relevant and important for the pilots. The results from the interviews provide a
rich description of how each of the elements is perceived by the pilots and is manifested in
their teamwork during missions.
Not surprisingly, mutual performance monitoring is ranked as the most important element
during a mission. Without the ability to monitor each other on displays, no teamwork can
exist in the domain. In other settings, where team members are co-located, the monitoring
is more implicit and can be pursued without bigger effort. As a comparison, Duel (2010)
found that for army teams, mutual performance monitoring was of less importance, and
other elements such as team orientation were considered to contribute more to the
teamwork effectiveness.
Closed-loop communication is related to workload and safety in this domain. Messages
need to be actively acknowledged since the absence of acknowledgements adds workload,
especially to the team leader. There is an awareness about this among pilots and
communication via radio follows a protocol. However, in teams where members know each
other well, and have flown a lot together, the protocol may not be strictly followed all the
time. This behavior may lead to increased workload and perhaps delay of actions.
The pilots are aware of the importance of having shared mental models and the mission is
planned together with several possible backup plans in case of deviations from the original
plan. The operation of a fighter aircraft is built on many rules and procedures that need to
be followed, and detailed behavior is regulated so that in many cases there are standard
procedures which everybody is aware of and can count on that the other team members
also know. This is connected to the need for implicit coordination according to Mac Millan
et al. (2004). Effective teams have a high degree of implicit coordination where team
members are able to act together, based on their shared understanding of the situation,
without further communication.
The shared mental models are also discussed by the pilots after the mission, during the
debriefing, and this is important for future missions. Feedback and reflective practices are
found to be important factors that enable coordination in teams that operate in extreme
environments according to Gode & Lebraty (2015).
As of today, the potential benefits of changing plans need to be balanced with the risk that
the new plan is not received and understood by the whole team. The limited acting space,
i.e. the team’s adaptability, beyond what is possible to plan and foresee should be expected
to improve with better communication and mutual performance monitoring.

RANKING OF TEAMW ORK ELEMENTS
It can be noted that a ranking of the eight teamwork elements and considering only the first
six pilots does not differ markedly from the list in Chapter 5.1 which is based on all ten
interviews. The first three elements were in the same order: mutual performance
monitoring, closed-loop communication, and shared mental models. Backup behavior was
last in both cases. Regarding adaptability and team orientation, they swapped places as did
team orientation and team leadership. This indicates that the group of pilots is a
homogenous group who are quite united in their opinions, and even a small sample from
this group gives valuable information.
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To rank the teamwork elements was considered difficult by the pilots. Their first reaction to
the task was in many cases that all elements are valuable and important, making it
impossible to choose one over the other. The purpose of the “Big Five” model is not to
emphasize one aspect over the other, but rather to highlight and put together the most
important factors for effective teamwork. However, the authors of the “Big Five” model do
propose that the importance of elements of the model will differ depending on the team
task and composition. By asking the pilots to rank the elements, they were made to reflect
on each element and decide on its importance in relation to the other elements. As
discussed earlier, it was also clearly stated during the interviews that the pilots were asked
to consider a mission scenario in order to assure they all had the same mindset, and that
the results reflect what is most important during the execution of missions.

BEHAVIOR MARKERS
The eight teamwork elements are further described by Salas et al. (2005) by what they call
behavior markers, see Table 3.1. The behavior markers are examples of actions and serves
to explain how the teamwork elements manifest themselves. In order to investigate
whether the behavior markers describe the teamwork elements for the domain, the pilots
were asked to select five behavior markers from the complete list of 23.
The two most selected behavior markers were: Identify cues that a change has occurred,
assign meaning to that change, and develop a new plan to deal with the changes, which
describes adaptability, and Information sharing which describes mutual trust.
There are several possible explanations to the fact that these selected behavior markers did
not correspond to the highest ranked teamwork elements. Is it because it is difficult to
select the most important elements since all of them are equally important, making the
selection a result of chance? Or, is it because the behavioral markers as given by Salas et al.
(2005) do not well enough describe the conditions for these kind of teams? As discussed
earlier, the pilots were asked to consider a mission scenario in order to increase the
possibility to discover any variations in the importance of the elements during performance
cycles. The second explanation, that the behavior markers do not well enough describe the
conditions for these teams seems more feasible. The reason why so many selected
information sharing as important behavior is probably due to the high importance of
communication during the missions and that the pilots interpret the term more in a
technical way than social/behavioral. However, the intention with this behavior marker
from Salas at al. is to describe social factors such as openness and trust in a team, since it
describes mutual trust.
Team leadership and closed-loop communication are the elements that end up the most
selected behavioral markers. The number of most-selected elements cannot be directly
compared between the elements since not all elements have the same amount of suggested
behavioral markers. However, this result indicates that the behavioral markers given for
team leadership and closed-loop communication are good descriptions of the real needs of
the teams of fighter pilots. The behavior marker Providing feedback regarding team
members’ actions to facilitate self-correction belonging to mutual performance monitoring
on the other hand, was the only one selected that describes this element and it was only
selected by one pilot, indicating that the descriptions given by Salas et al. (2005) for this
teamwork element is not characteristic for the teams of fighter pilots. Finally, the most
selected behavior marker, (identify cues that a change has occurred…) which describes
adaptability, may actually instead have been interpreted by the pilots as describing mutual
performance monitoring.
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These findings show that the teamwork elements need to be investigated and described for
each applied context and that they cannot be expected to be valid for all kinds of teams and
domains.

SITUATION AW ARENESS AS AN EMERGENT PROCESS
During the interviews, some of the pilots commented that situation awareness was missing
from the teamwork elements. The concept is so fundamental for the domain so the pilots
probably expected SA to be a part of the model. However, as one pilot concluded, “these
factors describe how we build SA”. This view is in line with the notion of SA as an emergent
process (Marks et al., 2001).

THE TASK PERFORMANCE CYC LE
The teams of fighter pilots are found to perform their teamwork in episodic cycles
consisting of briefing, mission performance and debriefing, see Figure 5.1 in Chapter 5.1.
The task performance cycle is used to analyze the teamwork of fighter pilots from a time
perspective, which has been identified both by Salas et al. (2005) and Marks et al. (2001) as
necessary in order to better understand teamwork. Performance episodes for teams consist
of action phases and transition phases according to Marks et al. (2001). For the fighter
pilots, the action phase is the execution of missions, and between the missions there is the
transition phase, which includes training, preparation, and culturing of organizational
values. Team orientation and mutual trust are found to be developed and maintained
during the transition phases. Team leadership belongs to both the transition and action
phases. Leadership needs to be present at all times in a team but the foundation is laid
between missions, during the transitions. During the action phase, the leadership needs to
be flexible since the development of the scenario is unpredictable. Mutual performance
monitoring, shared mental models, backup behavior, and closed-loop communication are
identified as the factors most important during the execution of the mission.
Team effectiveness can be improved by addressing factors from both these phases,
identifying the transition factors as well as the factors that have an impact during the
mission. This view can be compared to the sharp end/blunt end model (Reason, 1990), that
describes how errors can be introduced at different levels of an organization. The blunt end
refers to the factors that are further away in space and time such as management,
strategies, etc. and the sharp end refers to the executing level, here and now.

THE ADAPTED TEAMW ORK MODEL
In Figure 5.2 in Chapter 5.1 an adapted version of how the teamwork elements relate to
each other in the fighter aircraft domain is suggested. The relations are suggested based on
the findings in the interviews. During missions, mutual performance monitoring and
closed-loop communication can be regarded as prerequisites to adaptability and backup
behavior. Adaptability and backup behavior are outcomes, and the resulting capabilities
that occur when the team as a whole has a good understanding of the situation and they are
needed for the team to be able to perform effectively. This is in accordance with the
propositions Salas et al. (2005) give in the original model.
Salas et al. (2005) define team orientation as an attitude, in contrast to the other elements
that are behavioral. Since an attitude is something that the team members need to bring
into the teamwork, this makes team orientation a natural starting point for the chain of
relationships. According to the propositions by Salas et al., team leadership would
influence the team’s ability to engage in mutual performance monitoring and backup
behavior. However, in the researched context it is found that the team leadership rather is
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considered central for the mutual trust, and in the establishing of shared mental models
during briefings before the mission.
Shared mental models are in accordance with the propositions by Salas et al., found to be a
prerequisite for mutual performance monitoring, adaptability, and backup behavior. In the
original model pictured by Salas et al., the element closed-loop communication is a
coordinating mechanism and no connections to the other elements are shown. However,
there are propositions given in the paper (Salas et al., 2005), not pictured in the model,
regarding how closed-loop communication may affect mutual performance monitoring,
backup behavior, and adaptability. These propositions are in line with the findings in this
research, that during the performance of an air mission, closed-loop communication is a
prerequisite to mutual performance monitoring. Therefore, close-loop communication is
put in this place in the adapted teamwork model.
It can also be noted that closed-loop communication and mutual performance monitoring
are elements that need technology to occur, since no monitoring of teammates or
communication between them can take place in the environment in question without
technological aids.
The model in Figure 5.2 shows a chain of relationships between the teamwork elements,
and propose how the teamwork elements contribute to effective teamwork in a team of
fighter pilots performing a mission.

6.2 USER PARTICIPATION
The second aim of this research is: Increase the knowledge about how pilots can and
should participate in the design process of fighter aircraft interfaces.
The complex and advanced nature of the tactical support system, coupled with the
difficulties for others than pilots to access the field in order to study and learn the domain,
makes user participation an indispensable component during the design and development
of fighter aircraft.
The results indicate that the designers think that the users they work with are
representative of the end users. However, because the designers have no fighter-aircraft
experience of their own, and field studies are not viable in the domain, it is difficult for the
designers to know how the average end user really uses the system. Fighter aircraft are
usually acquired by governmental agencies and operated by air forces. Even though the
purchasing organizations have their own test pilots, who also act as user representatives,
they are not the ones that will use the systems in the end. Despite this, the pilots were
considered by the designers to be representative of the end users. This issue is important
since the end users in this domain can be quite distant from the manufacturing company in
terms of both time and place. Moreover, it has been found that when the highly skilled and
specialized test pilots act as user representatives, there is a risk that the design will be
optimal for highly skilled and specialized pilots, not for the average user in the air force
(Singer, 2002).
The respondents do not consider lack of access to the users to be a significant problem, and
they think the users and the designers understand each other. All the design philosophies
that include user participation stress the fact that access to users is central in the design
process, and since fighter pilots are scarce, this could have been an issue in the domain.
Access to users is highlighted in the literature as a common problem (Kujala, 2003; S.
Wilson, Bekker, Johnson, & Johnson, 1997), probably because the users are normally not
found within the developing organization but have to be recruited from outside.
Manufacturers of aircraft have test pilots within the company who take part in the design
activities. However, these pilots are highly skilled, as mentioned before, and they are the
ones who will evaluate and test the systems in the end, which may be problematic.
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Several issues with recruiting company employees as usability test participants have been
identified (Li, 2016). Among the reasons that companies to a large extent use employees as
test participants are convenience, cost, and confidentiality. However, possible problems
include the fact that company employees have prior knowledge about the company and the
product which may affect their behavior. Employees may feel more pressure to accept the
solutions and feel hesitant to suggest changes that they know would affect the project. A
study performed showed that when company employees were used as test persons, they
were biased towards preferring their own company’s products (Locascio, Khurana, He, &
Kaye, 2016).
The designers agree it is important that the pilots understand the design process. Support
for the importance of informed users has been found in other studies (S. Wilson et al.,
1997). According to the authors, users need to be educated in the designers’ task in order to
understand the constraints of technology and the consequences of changes. Users also need
to be able to envision future systems. Failure in these aspects may lead to delays and
increased costs in the end.
The designers answer that the pilots have and should have many different roles in the
design process. The designers wish to be able to observe pilots at work more and to get
more information and ideas from them. They also think that pilots should be more involved
as examiners and testers. However, pilots should not be designers or decision makers
according to the majority of respondents. Different forms for how users can be involved in
the design are possible: informative, consultative, and participative (Damodaran, 1996).
The informative role was in the questionnaire covered by the following roles: object for
observation, information provider, and contributor of ideas. The consultative form, for
example users trying a prototype, was covered by the roles: advisor, examiner, and tester.
Finally, the roles designer and decision maker belong to the participatory form where users
more directly influence the final product. The responses indicate that the designers would
like the users to contribute more in the informative and consulting forms rather than the
participative, where a decrease is desirable.
Who should make design decisions? Designers indicate that it might be problematic that
the users often hold different opinions about the design. In these cases, it is preferred if a
senior chief engineer responsible for the project in question or a senior principal engineer
makes the final decision.
It is easier to decide on design if there is a consensus among the users, but even if this is the
case, there are other aspects regarding design decisions, such as safety. In this area, as with
many large and complex systems, the user is not the one that does the procurement, there
are many actors involved in this process. Consequently, the designers will have to consider
requirements and regulations from many other stakeholders. This could partly explain the
designers’ view that the pilots should not be involved in the decision-making process.
The notion that the users should not make design decisions seem to contradict findings
from other areas, for example agricultural decision-support systems, where it was
concluded that user influence was positively related to system success. The more and
deeper influence the users had during system development, the greater success the system
had on the market (Lynch & Gregor, 2004). Nevertheless, even if the simplified conclusion
of the agricultural study may be that “the more and deeper user participation, the better,” it
may not be comparable since it is more likely that the agricultural systems are less safetycritical than an aircraft. User participation should be used with caution when safety is at
stake regarding commercial airliners where pilots are often used to validate system designs
(Stone & Babcock, 1988). The authors argue that there is a tendency to put too much
responsibility on pilots during evaluations. They do recommend that pilots should be
participating in technical evaluations but only as pilots and operators of the systems, not as
50

CHAPT ER 6 DI SCUSSI O N

human factors experts. Of course, there are pilots who have both these competences, but
they are rare.
A fighter aircraft is a complex and evolving system where new functionality is constantly
added. It is challenging to accommodate the design for future additions of functionality and
upgrades. To draw on user participation in these cases may also be difficult, and a reason
why the designers think that others than users should have the last word.
Another aspect to consider, where the users probably need to be more involved, is
proposed by Rasmussen who argues that the users will adapt their behavior as they use the
system and it is impossible and inappropriate for the designer to try to only support one
best way. A good design will allow the user to adapt to unpredicted situations and find new
ways to use the system (J. Rasmussen, 2000). This may imply that the designer actually
need to consider and if possible accommodate for the different opinions of the users.
The designers ranked colleagues and users as the best sources for design. This probably
connects to the need for domain-specific knowledge. Because of the complexity of the
fighter aircraft system, the designers need to discuss and consult with senior colleagues and
the users who are experts in this field. It takes time to acquire experience in such a complex
system with many different sub-systems to handle. The design of fighter aircraft has
evolved during decades, and there are several design principles to adhere to (Alfredson et
al., 2011). It can also be noted that several designers commented on the question about how
many years of experience they thought is needed for them to work independently. The
designers argued that due to the complexity of the systems, it is not appropriate for anyone
to work on their own, except for small limited design tasks. The ability to cooperate with
users and other experts in the field was stressed.
The investigation of how pilots participate in the design of cockpit interfaces and tactical
support systems gave insight into the different roles and the variety of aspects that the
users provide to the designers.
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CONCLUSIONS AND FUTURE WORK
This chapter summarizes the findings and discusses possible steps to be taken next.

7.1 CONCLUSIONS
In this section, the contributions of this research will be regarded in view of how the
previously defined research aims and objectives have been met.
The first research aim was to: Increase the knowledge about how fighter pilots collaborate
in teams with current systems during missions. To this end, three objectives were
identified:
O1:

Identify constructs and models from the literature that describe teamwork.

O2:

Investigate how fighter pilots collaborate in teams during mission s.

O3:

Identify and describe the important factors for effective teamwork among
fighter pilots, and the specific difficulties fighter pilots encounter when
they collaborate during missions.

A literature search for models and constructs that describe teamwork was done. The “Big
Five” model for effective teamwork suggested by Salas et al. (2005) was identified as a
suitable framework for the investigation. Ten fighter pilots were interviewed about their
views and experiences from teamwork. The interviews were structured using the “Big Five”
teamwork elements and the elements were explored in the context of teams of fighter
pilots. The findings regarding each teamwork element provide information about how
teamwork is viewed by the interviewed subjects in this specific domain. The findings result
in a suggestion of how the elements of the “Big Five” model relate to each other and
contribute to effective teamwork in the domain.
The teamwork elements that are most important during a mission are found to be; mutual
performance monitoring, closed-loop communication, backup behavior, and adaptability.
The monitoring is central and includes not only the current situation but also intentions
and future possible states of mind of the team members. Today, the information is focused
on the current situation, and there is more to be done to help the pilots to predict their
teammates’ actions. The capability to adapt and change plans relies largely on the
communication ability. If the support for communication and mutual performance
monitoring is improved, the team will be able to adapt to developing situations. The variety
of possible new plans will increase together with the probability for the team to
communicate the new plan. However, the descriptions presented here about these
teamwork elements need to be further investigated in order to describe exactly what
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information is the most important in certain situations in order to fulfill these
requirements.
One important view of the teamwork is the task performance cycle, which describes how
the teamwork elements vary in importance during the different phases of task episodes
(Marks et al., 2001). The four teamwork elements that are found to be most important
during the action phase of the missions are: mutual performance monitoring, adaptability,
closed-loop communication, and backup behavior. During preparation and the briefing
before the mission, the foundations for the elements shared mental models and team
leadership are established. These elements are also subject to feedback and discussion
during the debriefing after the mission. Finally, during the transition phases between
missions, the teamwork elements team orientation and mutual trust are cultivated. The
cycle helps in understanding how an effective team is achieved and what factors are most
important during different phases.
The descriptions of the teamwork elements and the task performance cycle help in
understanding how pilots collaborate and give insight to how information should be
presented on the cockpit displays in order to support situation awareness. According to
Goodman, Ravlin, and Schminke (1987) one of the main reasons previous models like the
IPO and IMO are not sufficient is that they mostly view psychological and organizational
factors and leave out technology which the authors suggest play a greater part than the
research community has acknowledged.
Other domains might also benefit from the findings in the area of teamwork and effective
team collaboration. This kind of transfer has for example been proposed regarding
experiences from aviation and military teams to the training of health care teams (Burke,
Salas, Wilson-Donnely, & Priest, 2004). The proposed elaborated model, adapted for
teamwork of fighter pilots, together with a deeper understanding of how these highperforming and experienced teams collaborate can hopefully inform and inspire how teams
in other domains, with similar characteristics, can accomplish effective teamwork.
The second research aim was defined as: Increase the knowledge about how pilots can and
should participate in the design process of fighter aircraft interfaces. Two objectives were
identified:
O4:

Investigate from the literature how user participation is applied in other
contexts and what roles users can have in the design process.

O5:

Investigate and describe how the designers of pilot interfaces work with
users and what roles the users have in the design process.

The results of an online questionnaire answered by twelve designers of pilot interfaces for
fighter aircraft were presented. The designers were asked about the different roles the users
can have during the design process: informative, consultative, and participative.
The results indicate that the designers think pilots could contribute more in the
informative and consultative roles. The designers express the need for more opportunities
to observe the pilots, and to obtain more information and ideas from them, which is the
informative role. The designers also think pilots could be more involved in the consultative
role as examiners and testers in the evaluation process. On the other hand, the pilots
should not be more involved in the participative role and act as designers and decision
makers according to the designers. Major design decisions should normally be taken by the
chief engineer. These findings can serve as an input for further evolvement of the design
process in the studied domain and a starting point for discussions about the users’ role in
the development process.
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7.2 FUTURE WORK
This chapter discusses some topics and issues that have been identified during the research
and should be subject for further research.
Each pilot builds his awareness of the situation through mutual performance monitoring
and closed-loop communication and the teamwork is depending on technology during
missions as has been discussed earlier. Several issues that need to be further explored in
order to better support the team of fighter pilots have been identified. For example, the
task to maintain both one’s own situation and keep track of the whole team at the same
time is difficult. The study indicated that there is a risk that a pilot becomes so engaged in
his own situation that he forgets to check whether someone else can help or even perform
the whole task instead. Another issue that needs to be further investigated is the ability to
communicate and understand each other’s intentions, especially with short notice and in
very dynamic situations. Design propositions based on these findings could be tested and
evaluated in order to establish guidelines for the design of pilot interfaces in fighter aircraft
for enhanced team collaboration among fighter pilots.
The teams studied so far in this research context consist solely of human beings. The
purpose was to study how fighter pilots collaborate in order to be able to make
improvements to the technology that supports their teamwork. Future fighter pilots will
most likely have to interact, directly or indirectly, with manned as well as unmanned fellow
air vehicles in various scenarios and situations as discussed in Paper 5. Hence, the findings
can be of interest when studying mixed teams consisting of both manned and unmanned
vehicles. The term uninhabited is sometimes used instead of unmanned since the
assumption is that the vehicles must at all times be supervised by a pilot/controller on the
ground for flight safety reasons. However, the vehicles are assumed to have a great degree
of autonomy and will be able to interact and respond to other team members’ requests
without the involvement of the pilot on ground. A third category of team members, who
may be included in future studies of teams of fighter pilots, is the command and control
(C2) officer who can be situated either on the ground or in an aircraft at some distance
from the rest of the team. See Figure 7.1 for an example of a mixed team.
When new systems and subsystems are developed, new tactics often evolve in parallel; the
use of manned and unmanned aircraft together is an example of that. How future BVRcombat will be performed is highly dependent on the capabilities of the future systems, and
potentially decisions will be distributed over several users and technical systems acting
together.
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Figure 7.1: Example of a mixed team with manned and unmanned or uninhabited aircraft supported by C2.

The proposed task performance cycle has the potential of aiding the cognitive task
allocation considering the performance episodes with the phases, serving at wing, briefing,
in air, and debriefing. Supporting user experience, cognitive tasks may be allocated to the
human user or to a technical cognitive agent. Thereby, the task cycle is not limited to aiding
cognitive engineering of aircraft cockpits but is also useful for a wider, system of systems
approach, for example mixed teams as described above.
Future research regarding the design process is also needed in order to investigate if
activities should be added or changed in order to accommodate for the highlighted needs of
the designers. Furthermore, the pilots’ view on their role as user representatives and their
participation in the design process activities should be investigated in more detail.
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Abstract. Effective team work is regarded as a key factor for success in
missions performed by ﬁghter aircraft in a Tactical Air Unit (TAU). Many
factors contribute to how a team will succeed in their mission. From the existing
literature on teamwork, Salas, Sims and Burke [1], suggested ﬁve main factors
and three supporting mechanisms for effective team work. These were proposed
as the “Big Five” of teamwork. This article investigates if the model offered by
Salas et al. is applicable to a TAU of ﬁghter aircraft. Semi-structured interviews
were carried out with six ﬁghter pilots. The results of these interviews imply that
the model has relevance for the teamwork in a TAU. Moreover, this paper
discusses implications for the design of future decision-support systems that
support team effectiveness.
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1 Introduction
Collaboration in teams is in many operations a necessity in order to achieve the goals of
an organization. A team can perform tasks that would be impossible to effectively
accomplish with just single entities acting in an uncoordinated fashion. In the military
ﬁghter domain, the unit of operation often consists of two to four aircraft flying in a
group, called tactical air unit. Modern ﬁghter aircraft are equipped with sensors and
data links to collect and distribute data and information. This is achieved by a decision
support system (DSS) which fuses, analyzes data and distributes this information
within the TAU. Further, the pilots in a TAU need to coordinate their actions and
communicate their intentions for a successful mission. Thus, it is important to design
the DSS and pilot interfaces for optimal team performance. However, pilots’ means of
communication are often restricted to voice radio and data links. Using the radio is
sometimes not advisable, or even possible, due to risk of exposure and enemy jamming
of frequencies. Hence, the pilots are sometimes left to infer situations and intentions of
the other members of the TAU. This limited ability to communicate makes it challenging to achieve good team collaboration within the military ﬁghter domain.
Research in a simulated context has demonstrated a positive correlation between
teamwork and performance in ﬁghter missions [2]. Furthermore, ﬁghter pilots have
been found to regard teamwork as crucial for mission success [3].
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The purpose of this paper is to analyze and describe teamwork between ﬁghter
aircraft in a TAU. The “Big Five” model for effective teamwork suggested by Salas
et al. [1] is analyzed in this context. Further, factors crucial to successful team collaboration in the selected scenario are identiﬁed. The results could inform further work
on establishing guidelines for the design of DSSs for ﬁghter aircraft and methods to
assess team effectiveness in the military ﬁghter domain. Hereby, this could be a ﬁrst
step towards a method that allows developers of ﬁghter aircraft to design and evaluate
their product for improved team effectiveness.

2 Team Effectiveness and the “Big Five” in Teamwork
This section describes important theories and ﬁndings in team research and relates them
to the TAU in the ﬁghter domain.
A team can be deﬁned as “a distinguishable set of two or more people who interact
dynamically, interdependently, and adaptively toward a common and valued goal/
object/mission, who have each been assigned speciﬁc roles or functions to perform, and
who have a limited life span of membership” [4]. For this paper, we would like to stress
the difference between team effectiveness and team performance. Performance is a
measure on the outcome of the work; what the team accomplishes. Effectiveness is
about how the team acts and interacts during the task. A team can perform well and
reach its goals but still not be functioning effectively. Hence, focusing only on the
outcome and results of the team will not give us any information about how the team
reached the goals.
Research on teams is vast and diverse. There is research performed in practically
every aspect imaginable, from how to compose teams with respect to different personalities, how to train teams, to how to evaluate how well they perform. The research
is also carried out within different domains, such as health care, nuclear plants, military
command and control, and air trafﬁc control etc. Salas et al. [1], made an extensive
review of the current literature on teamwork and were able to compile more than 138
models that aimed at describing teamwork. They suggested that the combined
knowledge about what characterizes a highly effective team could be boiled down to
ﬁve main factors that can be used to describe effective teamwork, and they suggested
naming these the “Big Five” of teamwork. The main factors are leadership, mutual
performance monitoring, back-up behavior, adaptability and team orientation. Furthermore, they identiﬁed three coordinating mechanisms that support the ﬁve main
variables; shared mental models, mutual trust and closed-loop communication. The
factors and the corresponding behavioral markers that contribute to team effectiveness
according to Salas et al. are listed in Table 1 below.
Salas et al. also suggest a model of how the factors and coordinating mechanisms
relate to each other which can be seen in Fig. 1 below. The arrows illustrate how they
propose that the factors contribute to each other for team effectiveness. The three
supporting mechanisms are shown on the border of the circle.
The article about the “Big Five” model has been widely cited in the literature.
A database search on Scopus in February 2015 gave 315 citations, and more than half
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Table 1. The “Big Five” of teamwork, coordinating mechanisms and behavioral markers after
Salas et al. [1].
Big ﬁve factors and
coordinating mechanisms
Team leadership

Mutual performance
monitoring

Backup behavior

Adaptability

Team orientation

Shared mental models

Mutual trust
Closed-loop communication

Behavioral markers
(a) Facilitate team problem solving
(b) Provide performance expectations and acceptable
interaction patterns
(c) Synchronize and combine individual team member
contributions
(d) Seek and evaluate information that affects team
functioning
(e) Clarify team member roles
(f) Engage in preparatory meetings and feedback sessions
with the team
(g) Identifying mistakes and lapses in other team member’s
actions
(h) Providing feedback regarding team members´ actions to
facilitate self-correction
(i) Recognition by potential backup providers that there is a
workload distribution problem in their team
(j) Shifting of work responsibilities to underutilized team
members
(k) Completion of the whole task or parts of tasks by other
team members
(l) Identify cues that a change has occurred, assign meaning
to that change, and develop a new plan to deal with
changes
(m) Identify opportunities for improvement and innovation
for habitual or routine practices
(n) Remain vigilant to changes in the internal and external
environment of the team
(o) Taking into account alternative solutions provided by
teammates and appraising that input to determine what
is most correct
(p) Increased task involvement, information sharing,
strategizing, and participatory goal setting
(q) Anticipating and predicting each other’s needs
(r) Identify changes in the team, task, or teammates and
implicitly adjusting strategies as needed
(s) Information sharing
(t) Willingness to admit mistakes and accept feedback
(u) Following up with team members to ensure message was
received
(v) Acknowledging that a message was received
(x) Clarifying with the sender of the message that the
message received is the same as the intended message
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Fig. 1. Model of the “Big Five” for team effectiveness, after Salas et al. [1]. The big ﬁve factors
are represented by ovals while supporting mechanisms are shown as squares. The arrows
represent propositions by Salas et al. for how the factors relate to each other.

of these were from 2012 and later. A study, presented in [5], where a sample of 182
participants responded to questions related to their experiences of team work in general,
gave support for the model. The model has also been applied and analyzed in view of
military teams [6].

3 Fighter Domain
A TAU typically consists of two to four aircraft. The aircraft can be identical, which
means they are interchangeable in their tasks, but this is not always the case. In some
cases, various types of aircraft perform a mission together, and in other cases one of the
aircraft is equipped with a special sensor making it the only one who can perform
certain tasks. A military team can be classiﬁed as an “action team”. The classiﬁcation is
used to describe teams who are highly skilled specialist teams, cooperating in unpredictable circumstances [7]. Other examples of action teams would be response teams
(medical, ﬁre ﬁghters), sports teams and air crews (transportation).
In order to illustrate what kind of situations a TAU may encounter, the following
example scenario was selected, see Fig. 2. The “B” aircraft is depending on “A” to
provide measurements about the enemy aircraft. B is closer to the target and is unable
to or does not choose to use the radar actively. Typical questions the pilots in aircraft
A and B are asking could be: “Can I trust the information I see on my display?” “Is
A aware of B’s intention to engage with the target?”
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Fig. 2. Example scenario. Cooperative target acquisition

4 Method
Semi-structured interviews were performed with six ﬁghter pilots. The interviewed
pilots were all male and ranged in age between 34 and 50 years. They had between
1000 and 3000 flight hours of experience on ﬁghter aircraft. They were informed of the
purpose of the study and the procedure through textual instructions. They were ﬁrst
interviewed about their experience and views of teamwork in a TAU. This gave a
general background on how teamwork is regarded in the ﬁghter domain. Then the
interviewees were asked to complete two tasks. First, they were presented to the “Big
Five” factors and coordinating mechanisms printed on eight paper slips and were asked
to rank them with the most important factor on top. They were asked to relate the
ranking to the example scenario. No distinction was made between the “Big Five”
factors and the three supporting mechanisms. All eight concepts were handled equally.
For the second task the pilots were given a list of the 23 behavioral markers that
Salas et al. gave to describe signiﬁcant behaviors for the “Big Five” factors and the
coordinating mechanisms. The behaviors were listed on a sheet in a randomized order.
The pilots were asked to select and mark the ﬁve behaviors that they considered to be
most signiﬁcant for effective teamwork relating to the example scenario.

5 Results
The results from the ranking and the selected behavioral markers are listed in Table 2
below. For identifying subgroups of factors/subjects, common hierarchical clustering
was applied to the interview data.
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Table 2. Results from the interviews. The behavioral markers that each respondent selected are
listed under the factor it belongs to and identiﬁed by letters which corresponds to Table 1.

6 Discussion
Since the sample is small it is difﬁcult to draw any conclusions but some remarks and
reflections can be made.
“Closed-loop Communication” and “Shared mental models” had the highest rank
on average. “Mutual performance monitoring” was selected top three by four pilots.
“Back-up behavior” had the lowest rank on average.
Based on the rankings provided, two groups can be seen. The rankings made by P1
and P5 are more similar and the rest show another pattern. P1 and P5 placed “Mutual
trust” and “Team leadership” as number 1 and 2. While the others ranked them in the
lower end. This might depend on the perception of these two factors. Either they are
regarded as fundamental and therefore put ﬁrst, or they can be regarded as a prerequisite for even going in to the situation with the team.
Leadership turned out to be the factor that collected the most behavioral markers
but it also had the most alternatives. When corrected for the amount of alternatives,
“Mutual trust” gained most scores and it was ranked 1 or 2 by three pilots. “Team
orientation” scored number two together with “Adaptability”. “Team leadership” was
number four, very close behind.
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One behavior marker stood out and was selected by ﬁve of six pilots. It was
“Identify cues that a change has occurred, assign meaning to that change, and develop a
new plan to deal with changes” (l), and it belongs to the factor “Adaptability”.
Two behavior markers were selected by four of six pilots. “Information sharing”,
(mutual trust), and “Engage in preparatory meetings and feedback sessions with the
team”, (leadership).
It is interesting to notice how the factors and behavioral markers did not seem to
follow the same pattern. The factor “Team leadership” was on average ranked low but
it collected many behavioral markers, while “Engage in preparatory meetings and
feedback sessions with the team” was the most selected. The factor “Adaptability” was
low in rank but the behavioral marker “Identify cues that a change has occurred, assign
meaning to that change, and develop a new plan to deal with changes” was the most
selected behavioral marker of all (5 of 6). “Shared mental models” and “Closed-loop
communication” were the two highest in rank but scored only one behavior marker
between the two of them.
A dual perspective can be taken when analyzing the teamwork for a TAU. First
there is the long term “preparation” view which includes training, leadership, preparations before mission and evaluation afterwards. Then there is the short term “execution” view which is during the actual mission. “Team orientation” and “Mutual trust”
can mainly be regarded as being developed during the long term perspective. Team
Leadership is a cornerstone which belongs both to the long as well as the short term
perspective. Leadership needs to be present at all times in a team and the foundation for
it is laid between missions. During the execution the leadership needs to be flexible
since the development of the scenario is unpredictable. “Mutual performance monitoring”, “Shared mental models” and “Close-loop communication” were identiﬁed here
as important factors during the execution of the mission.
Team effectiveness can be improved by addressing factors from both these perspectives, identifying the long term factors as well as the factors that have impact
during the mission. This dual view can be compared to the “sharp end/blunt end”
model [8], that describes how errors can be introduced at different levels of an organization. The “blunt end” refers to the factors that are further away in space and time
such as management, strategies etc., and the “sharp end” refers to the executing level,
“here and now”.

7 Conclusions and Future Work
The general impression from the interviews is that the proposed “Big Five” factors and
supporting mechanisms were all regarded as relevant and important descriptions for
successful teamwork in a TAU. When asked, all interviewees responded that the factors
were all important and no one could think of a factor that was missing. The “Big Five”model is an interesting foundation and helps in the attempt to understand team effectiveness in a TAU. Future work could include to investigate in more detail how each
factor and behavior marker manifest themselves and what they denote in this context.
It can be noted from the results that the meaning users put into the different factors and
behaviors needs to be further clariﬁed for the context. The “Big Five” is a general
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model and for it to be useful in a speciﬁc context the terms and deﬁnitions needs to be
speciﬁed in more detail.
The aim of this study was to investigate how applicable this model is to a TAU in
the ﬁghter domain. The intended outcome was to identify which factors and coordinating mechanisms were considered most important by ﬁghter pilots in the given
scenario. With this in mind, future work could be to identify whether the identiﬁed
important factors and behaviors for a successful mission can be better supported by
technology. This could very well beneﬁt further activities towards a system that better
supports team effectiveness.
Acknowledgements. This research was funded by NFFP (National Aviation Research Programme, NFFP6-2013-01201), which is founded by VINNOVA (Swedish Governmental
Agency for Innovation Systems), the Swedish Armed Forces and the Swedish Defence Material
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Abstract—Fighter pilots performing air missions rely heavily on
teamwork for successful outcomes. Designing systems that support
such teamwork in highly dynamic missions is a challenging task,
and to the best of our knowledge, current teamwork models are
not specifically adapted for this domain. This paper presents a
model of task performance for military fighter pilots based on the
teamwork model “Big Five” proposed by Salas, Sims, and Burke
[1]. The “Big Five” model consists of eight teamwork elements that
are essential for successful team performance. In-depth interviews
were performed with fighter pilots to explore and describe the
teamwork elements for the fighter aircraft domain. The findings
from these interviews are used to suggest where in the task cycle
of mission performance each teamwork element comes in to play.
Keywords—teamwork; fighter pilots; team effectiveness; fighter
aircraft

I. INTRODUCTION
In order to be able to design useful complex systems there is a
need for the designers to know about the end users and
understand how they operate the system. It is plausible to
assume that the more the designers are aware of the context in
which the systems are designated to operate in, the better
chances are that the outcome will be useful systems.
When performing air missions, fighter pilots rely heavily on
teamwork for a successful outcome. The teams of pilots during
missions may consist of two, four, or more aircraft. Missions
are fast paced and carried out under time pressure. According
to Castor [2], there is a positive correlation between teamwork
and performance in fighter missions. Teamwork in this case
was measured by subjective ratings by pilots after simulator
sessions. For example: “To what extent could you predict the
behavior of the other pilots in your unit?” and “How well did
the teamwork in the unit work out?” Data links and decision
support systems (DSSs) are vital in supporting fighter pilots in
their decision-making (Lebraty & Godé-Sanchez, 2009).
However, regarding the design and development of DSSs in this
domain, the main research focus remains at supporting the
single pilot in the mission, while in practice, many missions are
carried out by a team of aircraft. Furthermore, Erlandsson,
Helldin, Falkman and Niklasson, [3] concluded that team
situation awareness is crucial for effective collaboration among
fighter pilots and that more research is needed about
information presentation techniques to this end.
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University of Skövde
Skövde, Sweden

Effective teamwork is to a large extent depending on individual
cognition of team members, and also, team cognition is central
to teamwork [4]. Especially for fighter pilots conducting fighter
missions, Castor [2] has modelled how individual cognitive
aspects such as mental workload and situation awareness are
related to teamwork. Thereby we know that cognitive processes
are central for team performance and the contribution of this
paper is rather on the elements of team performance in a group
of fighter pilots.
In both military and commercial aviation Crew Resource
Management, CRM, has been practiced since the eighties in
order to train the crews for enhanced teamwork [5]. CRM
training aims at minimizing human error by promoting the
human resources skills such as communication, leadership and
decision making.
To the best of our knowledge, there is no model that describes
teams of fighter pilots and the complex interactions between
them when performing missions. Such a model would aid
designers of fighter aircraft to develop more effective user
interfaces and DSSs, Therefore, the purpose of this paper is to
investigate the nature of teamwork among fighter pilots. The
teamwork model “Big Five” proposed by Salas, Sims, and
Burke [1] is used as a starting point and guidance for the
investigation. The model serves as an aid in understanding how
groups of fighter pilots are functioning and how they effectively
perform their tasks. In order to be useful for understanding
teamwork in a specific setting, the “Big Five” model needs to
be tailored in content and modified from empiric findings
[1],[6].
This paper is organized as follows. In the background section,
the studied type of team of pilots, and the military fighter
domain are described. The theoretical basis is found in section
III, together with the main features of the “Big Five” model for
effective teamwork. The research methods used are introduced
in section IV. The results are presented in section V, followed
by a discussion in section VI. Finally, conclusions and future
work are presented in section VII.

II. BACKGROUND
A team of military fighter pilots typically consists of a group of
two or four aircraft, sometimes more. The team can be classified
as an “action team”. The classification is used to describe teams
which are highly skilled specialist teams, cooperating in
unpredictable circumstances [7]. Other examples of action
teams would be response teams (medical, fire fighters), sports
teams and aircrews. Naturally, the task the team is set out to
perform affects the way the team functions. Team tasks can
generally be divided into two main categories; collaborative
and coordination tasks [1]. In a coordination task the team
members depend on each other to perform subtasks in a certain
priority, and perhaps only some members can perform certain
actions, for example in a medical team performing surgery. The
team task for a team of fighter pilots is in most cases described
as collaborative. This means that the team members are equally
able to solve the subtasks and can step in for each other.
However, this might not always be true, since there can be cases
when one of the team members is flying an aircraft with special
equipment.
III. THEORETICAL BACKGROUND AND TEAMWORK MODEL
Literature regarding teamwork is vast. Many models for
teamwork in different areas exist. The model used as baseline
for this research was proposed by Salas, Burke, and Sims [1].
We selected this model since it was based on a review of more
than 138 models of teamwork found in the literature. The model
consists of the most prevalent elements that have been studied
and found to have an impact on team effectiveness. Salas et al.
named the model the “Big Five” of teamwork, and it contains
five central factors and three coordinating mechanisms. Thus,
in total eight elements, which need to be present for successful
teamwork. In this work, when we are exploring the relevance
and significance of the model as a whole, we choose not to
make a distinction between the five factors and the three
coordinating mechanisms. We chose to label all eight
components teamwork elements. For each element Salas et al.
gave both a definition and examples of behavioral markers to
describe how each element manifests in the teamwork process
(see Table 1 below). An adapted illustration of the model is
shown in Fig. 1.
The “Big Five” model has been applied and used both in a
military context [8], as well as for teamwork in general [9].
Moreover, it has been found to be relevant for teams of fighter
pilots [10].

TABLE I.

TEAMWORK ELEMENTS. ADAPTED FROM SALAS ET AL. [1]

Teamwork elements and
their definition

Behavioral Markers

Team leadership

(a) Facilitate team problem solving.
(b) Provide performance expectations and
acceptable interaction patterns.
(c) Synchronize and combine individual
team member contributions.
(d) Seek and evaluate information that
affects team functioning.
(e) Clarify team member roles.
(f) Engage in preparatory meetings and
feedback sessions with the team.

Ability to direct and
coordinate the activities of
other team members, assess
team performance, assign
tasks, develop team
knowledge, skills and
abilities, motivate team
members, plan and
organize, and establish a
positive atmosphere.

Mutual performance
monitoring
The ability to develop
common understandings of
the team environment and
apply appropriate task
strategies to accurately
monitor teammate
performance.

Backup behavior
Ability to anticipate other
team members’ needs
through accurate
knowledge about their
responsibilities. This
includes the ability to shift
workload among members
to achieve balance during
high periods of workload or
pressure.

Adaptability
Ability to adjust strategies
based on information
gathered from the
environment through the
use of backup behavior and
reallocation of intrateam
resources. Altering a course
of action or team repertoire
in response to changing
conditions (internal or
external).

Team orientation
Propensity to take other’s
behavior into account
during group interaction
and the belief in the
importance of team goal’s
over individual members’
goals.

(g) Identifying mistakes and lapses in other
team member’s actions.
(h) Providing feedback regarding team
members´ actions to facilitate selfcorrection.

(i) Recognition by potential backup
providers that there is a workload
distribution problem in their team.
(j) Shifting of work responsibilities to
underutilized team members.
(k) Completion of the whole task or parts
of tasks by other team members.

(l) Identify cues that a change has occurred,
assign meaning to that change, and develop
a new plan to deal with changes.
(m) Identify opportunities for improvement
and innovation for habitual or routine
practices.
(n) Remain vigilant to changes in the
internal and external environment of the
team.

(o) Taking into account alternative
solutions provided by teammates and
appraising that input to determine what is
most correct.
(p) Increased task involvement,
information sharing, strategizing, and
participatory goal setting.

Shared mental models
An organizing knowledge
structure of the
relationships among the
task the team is engaged in
and how the team members
will interact.

Mutual trust
The shared belief that team
members will perform their
roles and protect the
interest of the teammates.

Closed-loop
communication
The exchange of
information between a
sender and a receiver
irrespective of the medium.

(q) Anticipating and predicting each
other’s needs.
(r) Identify changes in the team, task, or
teammates and implicitly adjusting
strategies as needed.

(s) Information sharing.
(t) Willingness to admit mistakes and
accept feedback.

(u) Following up with team members to
ensure message was received.
(v) Acknowledging that a message was
received.
(x) Clarifying with the sender of the
message that the message received is the
same as the intended message.

about their experiences and views on teamwork as fighter
pilots. Then they were presented with the teamwork elements
printed on loose paper slips, a total of eight pieces. They were
provided with the definition of the elements as proposed by
Salas et al. [1], and they were asked to rank the eight paper slips
and to put the most important element during a mission on top.
Finally, the pilots were presented with a list of the 23 behavioral
markers in a randomized order. They were asked to select the
five statements that they considered most important during the
airborne phase of a mission. In addition, a subset of four fighter
pilots from the group of ten was further interviewed regarding
the teamwork elements. The pilots were asked to discuss and
reflect on each element and to explain what they thought it
could mean for a group of fighter pilots during a mission.
B. Scenario
A particular scenario, illustrated in Fig. 2, was selected to serve
as an example during the discussions. The same scenario was
communicated to all participants to ensure that their responses
related to the same type of situation. The “B” aircraft is
depending on “A” to provide measurements about the hostile
aircraft. B is closer to the target and is unable to or does not
choose to use the radar actively. Typical questions the pilots in
aircraft A and B ask are: “Can I trust the information I see on
my display?” “Is A aware of B’s intention to engage with the
target?”

Fig. 1. The “Big Five” model for effective teamwork, adapted from Salas et al.
[1] with the five central factors in blue, and the coordinating mechanisms in
green.

IV. METHOD
Since the purpose of this research was to explore and
investigate fighter pilots’ view on teamwork, a qualitative
approach was used. Interviews were selected as the most
suitable research method and they were carried out following
the guidelines presented in [11].
A. Conducted interviews
Open ended interviews were conducted with ten experienced
and active fighter pilots. The participants were all male and
their average age was 38 years. Their mean flying time on
fighter jets was 1500 hours. The interviews lasted between 40
minutes up to 2 hours depending on the subject’s availability.
During the interviews the subjects were first asked in general

Fig. 2. Aircraft collaborating with target acquistion. Example scenario used
during the interviews.

V. RESULTS
Considering the responses made by all the participants, the
ranking of the teamwork elements with the mean value given in
parenthesis is as follows:
1.
2.
3.
4.
5.
6.
7.
8.

Mutual performance monitoring (3.4)
Closed–loop communication (4.0)
Shared mental models (4.1)
Adaptability (4.3)
Mutual trust (4.4)
Team orientation (4.8)
Team leadership (5.0)
Back-up behavior (6.1)

The two most selected behavioral markers among all ten pilots
were:
 Identify cues that a change has occurred, assign
meaning to that change, and develop a new plan to deal
with the changes. (7 votes, Adaptability)
 Information sharing. (6 votes, Mutual trust)
The results presented hereafter are based on the more extensive
interviews with four of the pilots. Such interviews provided a
broader understanding of the importance of teamwork in the
fighter domain and how it is performed. This enabled us to
better define and describe the eight elements of the “Big Five”
model in the context of military fighter pilots. The definitions
of the eight elements can be found in table 1.
A. Mutual performance monitoring
This is an element that really comes in to play during mission
execution. It was ranked as the most important teamwork
element in the air. Knowing were the others are, their status and
what they are doing is fundamental for a successful mission.
One pilot stressed the importance of monitoring teammates
with a positive mindset, not checking each other for mistakes
lapses. During the execution of a mission, this element depends
on technical solutions, such as data links and cockpit displays,
to be at all available. Information is shared within the team via
data links, and the pilots look at the displays to gather
information about where the others are and what they are doing.
The fast paced situations make it difficult to rely on the
information; it might be updated too slowly to be useful in some
cases. If, for example, someone is making a sharp turn it might
take too long before this is visible on the other’s screens.
B. Closed-loop communication
Closed- loop communication was considered important during
the mission; it was ranked as number two in importance in the
air. But in general it was not regarded as a problem, since the
discipline and routines in the air force takes care of this. There
are clear procedures that determine how communications via
radio are carried out, with call signs and acknowledgements.
But when it comes to information transferred via data link it
was not always obvious that the receiver had got the message.
Also, it can be taken as a sign of overload if someone remains
silent on the radio. Perhaps he/she is too busy with something

else and did not hear the message? The absence of
acknowledgements generally adds workload also to the team
leader since he/she cannot move on until he/she knows that the
message was received. This probably explains why this element
was ranked as number two.
C. Shared mental models
Shared mental models were considered to be very important for
the successful mission. It was considered as a prerequisite and
viewed as fundamental to have these set before the mission.
The tactics and plans for a mission are based on standard
procedures that everyone is familiar with. These procedures can
be very detailed and give guidance to the team how to solve the
task. During the briefing the tactics are discussed and decided
upon. This enables all team members to ensure that they have
the same ideas about how to proceed with the mission.
D. Adaptability
Adaptability was considered important since the conditions
during a mission can change rapidly. The team needs to be able
to be flexible about what they will encounter. The behavioral
marker “Identify cues that a change has occurred, assign
meaning to that change, and develop a new plan to deal with
the changes”, was the most selected from the list of 23
suggestions (seven out of ten made this selection) Considering
this, it is interesting to notice that the factor Adaptability was
ranked as number four, and not on top. However, there can be
a drawback with adaptability, which might explain this. The
mission is planned and discussed and tactics are selected
according to the standard procedures on ground before take-off.
The limited abilities to communicate in a reliable way during
the mission may result in that not everybody in the team
receives or understands the new plan. The risk of not getting the
new plan out to the team must always be balanced with the
possible gains that can be achieved by the changes.
E. Mutual trust
Mutual trust was very much considered to be a direct result of
the team leadership. The leader is responsible for the trust in the
team. The team members on their hand allow the leader to act
as leader during the mission. It is for example not uncommon
for a higher ranked officer to fly in a group as an ordinary team
member. This means that during the mission a pilot with a lower
rank can be the commander of his higher ranked colleague.
F. Team orientation
Team orientation is described by Salas et al. as an attitude in
contrast to the other elements that are behavioral. The
interviewed pilots did not consider team orientation to be an
issue in their domain. Pilots are trained and disciplined to work
in teams, not many missions can be performed by single pilots.
Thus, team orientation was considered to be unproblematic and
natural by the interviewed pilots, and something they take for
granted to always be present in their teams.

G. Team leadership
Team leadership was considered important by the respondents,
since this element plays an important role in the understanding
of the task and how the team is going to perform the mission.
However, during the actual execution of the mission team
leadership was deemed less important. The rationale being that
when the leadership is good, everything is set and clear when
the mission begins. With good leadership, team members
understand the tactics, what is expected of them without the
need of detailed orders from the leader. However, during
unforeseen events in the air, the leader is expected to give clear
instructions on how to proceed.
H. Back-up behavior
The respondents agreed that the need for back-up behavior is
something they are aware of and try to build into the system.
There is always a deputy appointed in case the team leader is
forced to leave the group for some reason. Back-up behavior
might be difficult to distinguish from flexibility in this context,
since it is a collaborative task and in most cases all participants
are equally able to perform the subtasks in the mission. It is
also notable that this element received the lowest ranking in
total.
I. Implications for task performance cycle
Salas et al. [1] also suggest that depending on the task in
question the teamwork elements will vary in importance during
the different phases of the execution of a mission. Teams are
formed in an organization but perform their activities in cycles,
so called “episodes”, and there is a shift between action phases
and transition phases [12]. In this case, there is the long-term
organization, the air force wing, from which the members of the
group are selected for each mission. This group is appointed a
leader and a task. The group gathers for a briefing to prepare for
the mission. Then the mission is performed. Afterwards there is
a debriefing where the mission is discussed and the team
members can give feedback and reflect on their performance.
After the debriefing the group is dissolved and a new group can
be formed for the next mission.
The interviews gave insight into the cycle of mission
performance. The task cycle and suggestions where each
teamwork element mainly comes into play is shown in Fig. 3.
Three of the four elements that were ranked as most important
during the mission are connected to the airborne phase. Shared
mental models are established during briefing before the
mission according to the findings in the interviews. Backup
behavior received the lowest rank, but it can only occur in the
air as defined in this study. Team leadership was said to be most
important before the mission. Team orientation and mutual trust
are elements that the culture of the air force is emphasizing and
promoting.

Fig. 3. The teamwork elements from the “Big Five” model by Salas et al. placed
in the task performance cycle.

VI. DISCUSSION
The eight teamwork elements from the Big Five model have
been explored and described in the context of teams of military
fighter pilots. This gave an understanding about the significance
of the elements in this context, and how the elements come into
play during the performance cycle of a mission. The teamwork
elements all seem to have relevance for the studied type of
teams and tasks, and the implications in this context are
captured and described. One of the findings is that there is a
variation in the impact of each element during the cycle of a
mission. The main contribution of this study is the proposed
task cycle in Fig. 3, where the elements have been connected to
the different phases of a mission to describe this variation. This
can be compared with the taxonomy for teamwork processes,
which also is time-based, proposed by Marks et al. [12]. The
identification of these performance episodes and the connection
of the team elements to them, is critical to understanding the
underlying processes of the team [12].
Four teamwork elements are identified as occurring during the
mission performance, mutual performance monitoring, closedloop communication, adaptability, and backup behavior.
Mutual
performance
monitoring
and
closed-loop
communication can be regarded as prerequisites to the other
two elements. Adaptability and backup behavior are outcomes
and the resulting capabilities that occur when the team as a
whole has a good understanding of the situation. This result can
also be viewed in the light of team situation awareness, which
is stated by Salas et al. [13] to be “...at least in part the shared
understanding of a situation between team members at one
point in time”. Situation awareness is not a direct part of the big
five model. However, the model helps to explain how situation
awareness is achieved for the team. As Endsley argues [14],
team situation awareness is the overlap in each team member’s
individual situation awareness and “…it is this subset of
information that constitutes much of team coordination”. This
coordination occurs as communication, either verbal or
exchange of data.

VII. CONCLUSIONS AND FUTURE WORK
In order to guide the design of future DSS for fighter pilots from
a teamwork perspective, this paper investigated the content of
the elements from the teamwork model by Salas et al. and their
relevance during the performance of a mission.
Four of the teamwork elements, (adaptability, backup behavior,
mutual performance monitoring, and closed loop
communication), are identified as occurring in the air during the
performance of the mission, and the remaining four elements
need to be present in the team before and after the missions. It
is up to future research to study if there are equivalent phases in
other domains, possibly extending the validity of the proposed
model to other contexts.
It can also be noted that closed-loop communication and mutual
performance monitoring are elements that need technology to
occur, since no monitoring of team mates or communication
between them can take place in the environment in question
without technological aids. The results perhaps will help in
understanding how the information presented on the displays in
cockpit should be prioritized and visualized, to support pilot
situation awareness. As modelled by Castor [2], fighter pilot
situation awareness positively effects team aspects, that in turn
has positive effects on both offensive and defensive
performance. However, the descriptions presented here about
these two elements need to be further investigated in order to
describe exactly what information is the most important in
certain situations in order to fulfill these elements.
Also, the proposed task cycle has the potential of aiding the
cognitive task allocation between the phases serving at wing,
briefing, in air, and debriefing, supporting user experience,
where cognitive tasks may be allocated to the user, or a
technical cognitive agent, at ground or in the air. Thereby, the
proposed task cycle is not limited to aid cognitive engineering
of aircraft cockpits, but also for a wider, systems of systems
approach. For instance, the proposed task cycle could assist in
performing function allocation for decision support for mixed
teams of manned and unmanned aircraft, that is a potential
future possibility [15].
To conclude, the proposed task cycle potentially will aid
cognitive engineering for fighter aircraft development. This
model could help to inform designers of technology and user
interfaces in fighter aircraft in their cognitive design. However,
future work is needed to validate the proposed task cycle in this
and other domains.
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Abstract. Fighter pilots depend on collaboration and teamwork to perform
successful air missions. However, such collaboration is challenging due to
limitations in communication and the amount of data that can be shared between
aircraft. In order to design future support systems for ﬁghter pilots, this paper
aims at characterizing how pilots collaborate while performing real-world
missions. Our starting point is the “Big Five” model for effective teamwork, put
forth by Salas et al. [1]. Fighter pilots were interviewed about their teamwork,
and how they prepare and perform missions in teams. The results from the
interviews were used to describe how pilots collaborate in teams, and to suggest
relationships between the teamwork elements of the “Big Five” model for
ﬁghter pilots performing missions. The results presented in this paper are
intended to inform designers and developers of cockpit displays, data links and
decision support systems for ﬁghter aircraft.
Keywords: Team effectiveness

 Teamwork  Fighter aircraft  Fighter pilots

1 Introduction
A majority of air missions are conducted by teams of aircraft, and effective teamwork
among ﬁghter pilots is a pre-requisite for a successful outcome of missions [2].
Team performance is the result of the teamwork, what the team accomplishes, and
team effectiveness is about how the team members acts and interacts when performing
the task. A team can perform well and even accomplish its goals, despite ineffective
functioning. Hence, focusing only on the outcome and results of the teamwork will not
give enough information about how the team reached its goals. In order to understand
team effectiveness, it is necessary to investigate the internal processes of the team [1].
Teamwork is practiced in almost all kinds of settings, for example sports, management,
product development, health care, as well as in the military. Research on teams is vast,
and much of the previous literature focuses on human aspects related to teams, such as
team building and leadership. The need for communication is often emphasized in the
literature as a success factor, but in most other studied cases, the ability to communicate
does not depend on technology as much as in the case between aircraft. The extreme
conditions and circumstances, for example time pressure, high stakes, combined with
this limited ability to communicate, make the teamwork for pilots challenging. In order
© Springer International Publishing Switzerland 2016
D. Harris (Ed.): EPCE 2016, LNAI 9736, pp. 221–230, 2016.
DOI: 10.1007/978-3-319-40030-3_23
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to overcome the limitations associated to current support systems and design more
effective systems for the future, this paper aims at investigating which factors make
teamwork successful in this domain. To the best of our knowledge there is currently no
such description in the literature.
The main contribution of this paper is the description of the teamwork in teams of
ﬁghter pilots. The aim is to describe how to these types of teams achieve effectiveness
and successful outcomes of their missions. It has been shown that well-designed
technology can improve team performance [3]. The teamwork elements that must be
supported by technology in the studied environment are therefore of special interest.
Since the teamwork between ﬁghter pilots relies heavily on technological support, and
there are certain limitations to which data can be distributed and displayed, the presented results are intended to guide in selecting the information that should be processed and presented to the pilots.

2 Teamwork Model
This section describes important theories and ﬁndings in team research and relates them
to teams of ﬁghter pilots.
A team of military ﬁghter pilots typically consists of two or four aircraft, sometimes
more. Since teamwork is present in many different settings, teams can be grouped
depending on their characteristics such as team membership, work cycles and output.
There are for example project teams, management teams and service teams. A team of
ﬁghter pilots can be classiﬁed as an action team. Other examples of action teams are
response teams (medical, ﬁre ﬁghters), sports teams and aircrews. The classiﬁcation is
used to describe teams which are highly skilled specialist teams, cooperating in
unpredictable circumstances [4]. Naturally, the task the team is formed to solve affects
how the team works. There are mainly two categories of team tasks: collaborative and
coordination tasks [1]. In a coordination task, team members depend on each other to
perform subtasks in a certain priority, and perhaps there are specialized members for
certain actions, for example in a medical team performing surgery. In a collaborative
task, the team members are equally able to solve all the subtasks. The team task for a
team of ﬁghter pilots is in most cases collaborative. But there might be exceptions from
this, for example when one of the team members is flying an aircraft with special
equipment.
Many models for teamwork have been proposed in different areas. Salas et al. [1]
made a review and found more than 138 relevant models of teamwork. They synthesized the factors that had been found to have an impact on team effectiveness and they
named the model The “Big Five” of teamwork. The “Big Five” model contains ﬁve
central factors and three coordinating mechanisms, thus in total eight elements, necessary for successful teamwork. The approach used when the model was created, and
the general applicability, makes it a good starting point for team research. The Big Five
model has been analyzed both in military team settings [5], as well as in general,
ofﬁce/school types of teams [6]. Moreover, it has been found to be relevant for teams of
ﬁghter pilots [7].
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In this work, when we are exploring the meaning of the elements in this speciﬁc
context, we choose not to differ between the ﬁve factors and the three coordinating
mechanisms. Instead, we label all eight components teamwork elements. The “Big
Five” elements and their deﬁnitions as given by Salas et al. are listed in Table 1. An
adapted illustration of the model with relationships between the elements as suggested
by Salas et al. is shown in Fig. 1.
Table 1. The “Big Five“of effective teamwork and their deﬁnitions, after Salas et al. (2005)
Big Five Element
Team leadership

Mutual performance
monitoring
Backup behavior

Adaptability

Team orientation

Shared mental models

Mutual trust
Closed-loop
communication

Deﬁnition
Ability to direct and coordinate the activities of other team
members, assess team performance, assign tasks, develop team
knowledge, skills, and abilities, motivate team members, plan and
organize, and establish a positive atmosphere
The ability to develop common understandings of the team
environment and apply appropriate task strategies to accurately
monitor teammate performance
Ability to anticipate other team members’ needs through accurate
knowledge about their responsibilities. This includes the ability to
shift workload among members to achieve balance during high
periods of workload or pressure
Ability to adjust strategies based on information gathered from the
environment through the use of backup behavior and reallocation
of intrateam resources. Altering a course of action or team
repertoire in response to changing conditions (internal or
external)
Propensity to take other’s behavior into account during group
interaction and the belief in the importance of team goals over
individual members’ goals
An organizing knowledge structure of the relationships among the
task the team is engaged in and how the team members will
interact
The shared belief that team members will perform their roles and
protect the interests of their teammates
The exchange of information between a sender and a receiver
irrespective of the medium

Teamwork is a dynamic activity. The team is formed, the task assigned, planned,
performed, ﬁnished and evaluated. The cycle of task performance is vital to investigate
in order to understand the teamwork as also pointed out by Salas et al. [1]. Teams
perform in episodes, and these processes have been investigated and described in [8].
A suggested task performance cycle with the “Big Five” elements for a team of ﬁghter
pilots is shown in Fig. 2 [9].
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Fig. 1. The “Big Five” for team effectiveness, after Salas et al. [1]. The “Big Five” factors are
represented by ovals while supporting mechanisms are shown as squares. The arrows represent
propositions by Salas et al. for how the elements relate to each other.

Fig. 2. Task performance cycle for ﬁghter pilots with the “Big Five” elements [9]

3 Method
A qualitative research approach was applied and interviewing was selected as the most
suitable method, since the aim of this work was to characterize how pilots collaborate
while performing real-world missions. The interviews were conducted as described
below following general guidelines for qualitative research [10].
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Conducted Interviews

Open-ended interviews were conducted with ten experienced active ﬁghter pilots. The
participants were all male and their average age was 38 years (29–45). Their average
flying time on ﬁghter jets was 1500 h (500–3000). The interviews lasted between
40 min up to 2 h depending on the subject’s availability. During the interviews, the
subjects were ﬁrst asked in general about their experiences and views on teamwork as
ﬁghter pilots. Then, they were presented with the teamwork elements printed on loose
paper slips, a total of eight pieces. They were informed about the deﬁnitions of the
elements as proposed by Salas et al. [1], and they were asked to rank the eight paper
slips and to put the most important element during the performing of a mission on
top. In addition, the pilots were asked to discuss and reflect on the teamwork elements
and to explain what they thought the elements could mean for a group of ﬁghter pilots
during a mission. The interviews were recorded and transcribed afterwards for analysis.

4 Results
4.1

Ranking of Teamwork Elements

The average ranking of the most important teamwork elements during mission execution between all interviewees was calculated. The resulting list, with the mean value
of the ranking in parenthesis, is presented below:
1.
2.
3.
4.
5.
6.
7.
8.

4.2

Mutual performance monitoring (3.4)
Closed loop communication (4.0)
Shared mental models (4.1)
Adaptability (4.3)
Mutual trust (4.4)
Team orientation (4.8)
Team leadership (5.0)
Back-up behavior (6.1)

Description of the Teamwork Elements

In this section, each element in the teamwork model is described in the context of a
team of ﬁghter pilots. The descriptions are the results of the interviews.
Mutual Performance Monitoring. Mutual performance monitoring was ranked
among the pilots as the most important teamwork element in the air. Without knowing
where the others are, their status and what they are doing, it is almost impossible to
perform a mission. However, the importance of not checking on each other for mistakes
was stressed. The monitoring depends on technical solutions, such as data links and
cockpit displays. Since the aircraft are moving very fast, it is sometimes difﬁcult to rely
on the information on the displays; it might be updated too slowly to be useful in some
cases. If, for example, someone is making a sharp turn it takes too long before this is
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visible on the others’ screens. But, not only is the current status of interest, information
about what the teammates are planning to do is also highly desirable. Also, in many
cases it is not suitable to communicate status and intentions on the radio. If a pilot feels
he cannot ask about this information he is left guessing from the teammate’s behavior
in the air. And as one pilot said: “If I don´t know, I might have to shoot myself, and
then perhaps we will waste a missile.”
Closed Loop Communication. Closed loop communication was also considered
important during the mission; it was ranked as number two by the pilots. In general, the
discipline concerning the closed loop was not regarded as a problem, since there are
clear procedures that determine how communication via radio is carried out, with call
signs and acknowledgements. And in the cases where people might skip the routines,
the pilots concluded that they know each other so well that they know how each person
usually manages the radio. As long as the original plan is followed, the need for a
closed loop was considered less important, “I can see that he is doing what we planned”. This element should probably in this context be regarded as not only referring to
the necessity of a closed loop, but the capability and occurrence of communication
between the team members at all. However, the information transferred via data link
can help in keeping the closed loop. The utility of clear acknowledgements via data
link was expressed. If the information is on the displays, there is no need to ask. Also,
the absence of a closed loop would sometimes be taken as a sign of cognitive overload.
If someone remains silent on the radio, perhaps he/she is too busy with something else
and was not able to hear to the message. The absence of acknowledgements generally
adds workload also to the team leader since he/she cannot move on with the planned
actions until he/she knows that the message has been received. The safety aspect of
closed loop communication was also articulated, especially when the plan is changed,
“It is crucial to know whether everybody understand, or the situation may become
dangerous.”
Shared Mental Models. The element shared mental models was interpreted by the
pilots as originating from the tactics and standard procedures that the team complies to.
Before the mission, the team members plan and discuss the mission and the goals
during the brieﬁng session. The pilots considered it to be very important that everybody
share the same understanding about the mission. The standardized procedures ensure
common grounds and predictability. “If we all have the same mental models, I can
count on that most people will take the same decisions.” It was also recognized that the
better the shared mental models are, the less talk is needed.
Adaptability. Adaptability was interpreted as the ability to change plans and adapt to
new situations. It was considered as an important factor since it is impossible to plan a
mission in every detail. Some contingency will always remain, and unexpected events
may occur. However, there are difﬁculties with being adaptive in this environment with
the limited communication. The possible gains must always be judged against the risk
of a failure due to communication difﬁculties and misunderstandings. In many cases it
is best to “stick to the plan”.
Mutual Trust. The team members trust that their colleagues will do what is expected
of them during the mission. Mutual trust was argued to be the result of good team
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leadership. The leader was considered to be responsible for the trust among the team
members. The team members on their hand trust the team leader to act during the
mission. During missions, pilots with different ranks can be mixed in one team. It is not
uncommon that a pilot with a lower rank is trusted to act as the team leader over a
higher ranked colleague.
Team Orientation. Pilots are trained and disciplined to work in teams; not many types
of missions are performed by single pilots. Team orientation was considered to be fairly
unproblematic and a natural trait among the interviewed pilots, something they assume
always to be present among their teammates. The pilots expressed it as “the team above
self.” However, this does not mean that it can be taken for granted. The importance of
team orientation is fostered and emphasized by the organization. One aspect of team
orientation that was mentioned was that during stressful situations it is easy to lose
awareness about the whole situation and what the others are doing. The pilot can get so
focused on his own situation that he “forgets” about the rest of the team and does not
realize that perhaps some other team member is better positioned and can step in and
take over.
Team Leadership. During the actual execution of the mission, team leadership was
ranked as less important. The interviewed pilots argued that a good team leader does
the main part of the job at the brieﬁng before the mission. A good team leader listens to
the team, and lets everybody take part in the discussions when the tactics are decided.
With good leadership, team members agree and understand the tactics, and they know
what is expected of them without the need of detailed orders during mission execution.
It was considered important for the pilots to be an active part of the preparations and to
have the opportunity to discuss alternatives. However, when the discussion is ﬁnished
and the tactics are decided, team members must respect the decision of the team leader.
“No problem solving regarding tactics in the air, it must be clear who decides.” Further,
when unforeseen events occur in the air, the leader is expected to take control and give
clear instructions on how to proceed.
Backup Behavior. The respondents agreed that the need for backup behavior is
something they are aware of and try to build into the system. If, for example, the team
leader is forced to leave the group for some reason, there is always a deputy appointed
to step in. Since the team task to a large extent is collaborative, and in most cases all
participants are equally able to perform the subtasks of the mission, backup behavior
might be difﬁcult to distinguish from adaptability. Both these elements are essentially
equal to flexibility. The priority for the team is to get the job done, who actually does
what seems to be of less importance. This could explain why the ranking is low; the
pilots did not really regard is at a back-up behavior if someone else got in the position
to use the radar or ﬁre a shot. Only when someone was out of weapons, low in fuel or
had to leave the group, it was considered as a backup behavior.
Relationship Between the Teamwork Elements. For establishing the relations
between the teamwork elements we use the performance cycle presented in Sect. 2.
This cycle suggests where each teamwork element comes into play.
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The elements team orientation, team leadership and mutual trust were previously
identiﬁed as prerequisites for a mission, and are mainly established and manifested on
ground [9]. Team leadership was considered to be central for the mutual trust and in the
establishing of shared mental models during brieﬁngs before the mission. The element
shared mental models was found to be a prerequisite for mutual performance monitoring. The elements the pilots ranked as most important for a successful mission were
mutual performance monitoring and closed loop communication. These are also the
two elements where the pilots need technology, such as radio, data links and displays to
perform. Backup behavior and adaptability are the elements that are central during
mission performance, which are dependent on mutual performance monitoring and
closed loop communication to be present before they can be accomplished.
Based on these ﬁndings, a suggested relationship between the eight teamwork
elements, and how team effectiveness is built up during a mission, is shown in Fig. 3.

Fig. 3. The found relationships between the “Big Five” elements for effective teamwork for
teams of ﬁghter pilots.

5 Discussion
The “Big Five” model for effective teamwork was found to be relevant and well suited as
a starting point for research of teams in the military ﬁghter domain. The model has
previously been used for research on peace keeping army teams where it was also found
to be applicable [5]. Team orientation is described by Salas et al. as an attitude in
contrast to the other elements that are behavioral. This makes team orientation a natural
starting point for the chain of relationships. According to the propositions by Salas et al.
team leadership would influence the team’s ability to engage in mutual performance
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monitoring and backup behavior. However, in this context it was found that the team
leadership was considered to be central for the mutual trust and in the establishing of
shared mental models during brieﬁngs before the mission. Shared mental models was in
accordance to the propositions by Salas et al. found to be a fundamental prerequisite for
mutual performance monitoring, adaptability, and back-up behavior. In the original
model by Salas et al. the element closed loop communication is a coordinating mechanism without connections to the other elements. However, there are propositions given,
but not incorporated in the model, regarding how closed loop communication may
connect to mutual performance monitoring, back-up behavior and adaptability. During
the performing of an air mission closed loop communication was found to be a prerequisite to mutual performance monitoring, and is therefore put in the model in this
place. The need for the pilots to communicate does not only occur during the actual
mission, but also during brieﬁng and debrieﬁng, but then there are no technical
limitations.

6 Conclusions
The aim of this paper was to describe how ﬁghter pilots work in teams and what factors
they think are central for achieving effective and successful missions. To this end ten
ﬁghter pilots were interviewed about their experiences from team work. The ﬁndings
regarding each teamwork element inform how teamwork is viewed by the interviewed
subjects in this speciﬁc domain. The ﬁndings resulted in a suggested relationship
between the elements of the “Big Five” model by Salas et al. (2005), adapted to the
domain.
Team leadership was considered to be central for the mutual trust and in the
establishing of shared mental models during brieﬁngs before the mission. Shared
mental models was in accordance to the propositions by Salas et al. found to be a
fundamental prerequisite for mutual performance monitoring, adaptability, and back-up
behavior. The elements the pilots ranked as most important for a successful mission
were mutual performance monitoring and closed loop communication.

7 Future Work
Each pilot builds his awareness of the situation through mutual performance monitoring and closed loop communication. Since the pilots are separated, and many times
they do not even see each other’s aircraft, the teamwork is depending on technology
during missions. There are several identiﬁed issues that could be further explored in
order to better support the team with technology:
• The task to maintain both one’s own situation and keep track of the whole team at
the same time is difﬁcult. There is a risk that a pilot gets so engaged in his own
situation that he forgets to check whether someone else can help out or even
perform the whole task instead.
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• As of today, the potential beneﬁts of changing plans needs to be balanced with the
risk that the new plan is not received and understood by the whole team. The limited
acting space, i.e. the team’s adaptability, should be expected to improve with better
communication and mutual performance monitoring.
• The ability to communicate and understand each other’s intentions, especially with
very short notice could be further explored and developed in order to support the
teamwork.
Other domains might also beneﬁt from our ﬁndings in the area of teamwork and
effective team collaboration. The proposed elaborated model, adapted for teamwork of
ﬁghter pilots, together with a deeper understanding of how these high-performing and
mature teams collaborate can hopefully inform and inspire how teams with similar
characteristics can accomplish effective teamwork.
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Ulrika Ohlander, Jens Alfredson, Maria Riveiro and Göran Falkman

Abstract This paper investigates the nature of user participation in the process of
designing ﬁghter aircraft cockpits. The role of the users, i.e. pilots, in the design of
cockpit interfaces is explored. We present the results of an on-line questionnaire
with twelve designers of cockpit interfaces for ﬁghter aircraft. The results show that
the designers have highlighted the need for more opportunities to observe the pilots,
and they wish to obtain more information and ideas from them. Moreover, a larger
involvement from users as examiners and testers in the evaluation process was
desirable. Access to users was considered unproblematic and the risk of misunderstandings was reported to be low. Moreover, the designers did not support the
idea that users should design or take design decisions.
Keywords User participation

 User involvement  Fighter aircraft

1 Introduction
The design of user interfaces for complex systems such as ﬁghter aircraft is challenging in many ways [1]. This is both because of the complexity of the technical
systems and the challenging scenarios the aircraft are to be used in [2]. Since the
designers of ﬁghter aircraft normally have little personal experience of the systems
to be developed, the involvement of experienced users in the design process is a
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common and natural approach. This paper investigates and discusses how users can
be involved and participate in the design process. The objective is to understand and
describe the role of user representatives and how the designers work with them in
the design process. How do the designers collect and consider user requirements
and information about the users, the context and needs?
There are two main reasons to involve users in the design and development of
information systems; morale and pragmatic. The morale calls for involving the
people that actually will end up using the system in the creation of it. This view,
based on the philosophy of neo-humanism is especially prevailing when designing
for the community and the public user [3]. The opposite view, based on the
pragmatic functionalism paradigm, prescribes to involve users in order to build
better systems by understanding the user’s needs and preferences [4]. The functionalist paradigm is the most prevailing, both in academia and among system
developers [5]. To involve users in the design and development of interfaces for
complex systems is a common approach, and the intention is to secure that user
requirements are met and to create a usable system. However, even though the
involvement of users in system design has been embraced by practitioners, there are
mixed results concerning whether this makes the systems more successful [4, 6]. An
exception are projects with high levels of task or system complexity, where user
participation has been demonstrated to correlate with user satisfaction [7].
User involvement and user participation are two common labels for the
involvement of users in system design. Sometimes they are used interchangeably,
and sometimes they are claimed to be two different notions, where user participation stands for the users taking active part in development activities, and involvement refers to a psychological state, the user’s belief that the system is important
and relevant [6]. In this paper both terms are equally used for activities in direct
contact with users during the design process. The development process contains
several stages and the users may participate during different parts and in different
activities.
Different philosophies and approaches have been offered through the years for
the development of user interfaces in general, such as for example; participatory
design, user centered design, user experience, effect mapping etcetera [8–10]. All
these methods propose various ways of involving the users in the design process.
User involvement can be beneﬁcial, but there are also several challenges [11].
Examples of such challenges are; access to users, little consensus across users, users
unaware of implementation constraints, and user´s lack of understanding the design
process and of what developers need to know. Based on the general challenges
identiﬁed by Kujala [11] and a literature review, this paper presents a survey in
order to investigate the involvement of the user (pilot) in the design process of
ﬁghter aircraft. The results of the survey are presented and the speciﬁc issues for the
domain are discussed and compared to practices from other areas.
In addition to the general challenges identiﬁed above the following issues that
are domain speciﬁc need to be considered during the design process. All the design
philosophies mentioned above stress the fact that access to users is central in the
design process, and since ﬁghter pilots are scarce this might be an issue in the
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domain. Moreover, ﬁghter aircraft are usually acquired by governmental agencies
and operated by air forces. Even though the purchasing organizations might have
their own user representatives, they are not the ones that will use the systems in the
end.
User interfaces are often tested and developed in prototyped environments and
evaluated in simulators with different degrees of ﬁdelity. This is the only feasible
way of getting feedback during the development, since feedback from the end users
in the target environment will come years later.
Due to the long development times for ﬁghter aircraft there is also a need to
predict future use of the system. The scenarios that are the base for the design are in
many cases assumptions, and the difﬁculties to make correct forecasts are obvious.
Technology is developing fast, and the aim for the design is often to be flexible and
able to incorporate future upgrades and changes in technology.
Requirements on the user interfaces can also originate from several sources other
than the users. Regulations and safety requirements are examples of requirements
that must be incorporated in addition to the user’s needs.

2 Method
In order to investigate the involvement of the ﬁghter pilots in the process of
designing interfaces, we decided to outline a questionnaire that inquire about the
following issues: the designers’ views on the user representatives, current and
desirable roles of the pilots, important knowledge needed to carry out the designers
job and sources of information.
The questionnaire was distributed by e-mail to 16 designers of user interfaces in
ﬁghter aircraft. 12 of the approached designers completed the questionnaire, which
gave a response rate of 75 %. Of the respondents, 4 were female and 8 male. Their
ages were between 29 and 51, with a mean of 39 years. The average time they have
worked as HMI designers in this area was 7.7 years, ranging from 3 to 25 years.
None of the respondents were pilots, nor military or private. The questionnaires
were in Swedish.

3 Results
On the question “how many years of experience do you think is needed for
someone to work as a designer”, the answers ranged between 1 and 10 years, with
3.3 (r = 2.8), years as a mean.
A number of questions were asked were the respondents should give their
answer on a seven grade rating scale; the average and standard deviation values of
their numerical answers are listed in Table 1.
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Table 1 Questions and ratings
Question

Mean rate on 7 grade
rating scale

r

To what extent to you consider yourself to have enough
knowledge about how pilots work?
To what extent do you think that the users you work with are
representative for the end users?
To what extent do you ﬁnd that there are several different
opinions about the design among the users?
To what extent are you prevented from doing your work due
to the availability of users?
To what extent do you think there is a risk of
misunderstandings between designers and users?
How important do you think it is that the users know how to
design?
How important are the following knowledge and
competencies for you as a designer?
General knowledge about tactical use of the aircraft systems
Operational performance of air missions
Sub-system knowledge, for example about the fuel system?
Methods for designing user interfaces
Knowledge about the avionics system (target system)
Programming skills
To what extent do you user the following as sources for your
design?
Requirements documentation
System descriptions
Style guide
Colleagues
Users

4.8

0.8

5.2

1.5

5.7

1.2

3.3

1.4

3.3

1.3

5.0

1.9

5.8
6.3
5.0
6.3
4.5
3.6

1.0
0.6
1.4
0.9
1.2
1.2

4.1
5.4
5.6
6.5
6.3

1.6
1.4
1.5
0.9
1.4

The respondents were also asked to select alternatives for different roles that
users can have during the design. Several alternatives were possible. The results are
listed in Table 2.
On the question “Who do you think should decide when there are different
opinions about the design?” the majority answered either the specialized fellow
engineer (5) or the chief engineer (4). Only two persons thought that it should either
be the users or the designer.
Even though the sample is small with only 12 participants, some general remarks
and observations can be made.
The designers thought that the users they work with are fairly representative for
the whole community of end users. Moreover, the respondents did not consider
access to users to be a signiﬁcant problem, and they think they understand each
other. Furthermore, the designers agree it is important that the pilots understand the
design process.
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Table 2 Different roles that
designers think the users have
today and should have in the
design process

User Role
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As is today

Desirable

Object for observation
6
10
Information provider
10
12
Contributor of ideas
9
11
Advisor
11
12
Examiner
9
11
Tester
9
10
Designer
3
2
Decision maker
5
3
Other*
0
1
The largest difference between actual and desired state has been
underlined
*One respondent suggested that pilots give information about
other aircraft they have flown

The designers answered that the pilots have and should have many different roles
in the design process. It can be noted the designers wish to be able to observe pilots
at work more and to get more information and ideas from them. To observe is the
aspect that shows the largest difference on how it is now (6) and how they would
like it to be (10). They also think that pilots should be more involved as examiners
and testers. However, pilots should not be designers or decision-makers according
to the majority of respondents.
Designers indicated that it might be a problem that the users often hold different
opinions about the design. In these cases it is preferred if a senior chief engineer
responsible for the project in question or a senior principal engineer takes the ﬁnal
decision.
Knowledge of the operational and tactical use of the plane is together with
methods for design valued as the most important skills for the designers, while
knowledge about the hardware, avionics, and programming is considered less
important.
Colleagues and users are ranked as the best sources for design.

4 Discussion
Access to users is highlighted in the literature as a common problem [11], probably
because the users are normally not found within the developing organization but
have to be recruited from outside. Manufacturers of aircraft have test pilots within
the company that take part in the design activities. This probably explains why the
designers did not consider access to users to be a problem. However, when the
highly skilled and specialized test pilots take part as user representatives there could
be a risk that the design will be optimal for a highly skilled pilot, not the average
user in the air force [12].
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The pilots were considered representative of the end users. This is important
since the end users normally are quite distant from the manufacturing company both
in terms of geography and time. Fighter aircraft projects are usually long, and there
can be a considerable amount of time between requirements capture and introduction of the new system to the end users.
The designers indicated they think it is important for the pilots to understand the
design process. Support for this can be found in [13], this study stresses the
importance of informed users. They need to understand when decisions will be
made and the consequences of the decisions.
The designers selected several different roles that they thought the users should
have. Different forms for how users can be involved in the design are possible;
informative, consultative and participative [14]. The informative role was in the
questionnaire covered by the roles object for observation, information provider, and
contributor of ideas. The consultative form, for example users trying a prototype, is
covered by the roles advisor, examiner, and tester. Finally, the roles designer and
decision maker belong to the participatory form where users have more influence on
the ﬁnal product. The responses indicate that the designers would like the users to
contribute more in the informative and consulting forms rather than the participative, where a decrease is desirable. In this area, as with many large and complex
systems, the user is not the one that does the procurement, there are many actors
involved in this process. Consequently, the designers will have to consider
requirements and regulations from many other stakeholders. This could explain the
designers’ notion that the pilots should not be involved in the decision-making
process. This may seem to contradict other ﬁndings, for example regarding agricultural decisions support systems, where it was concluded that user influence was
positively related to system success [15]. User influence was in this context
regarded as a more important construct than user participation or user involvement,
stressing the importance of the impact of the user’s opinions.
Regarding knowledge and skills of the designers, knowledge of the operational
and tactical use of the plane was considered the most important. This is probably
also the skills that are the most difﬁcult to obtain. Methods for design, and programming skills are competencies the designers learn during their education, but the
domain speciﬁc knowledge needs to be acquired on the job.
The designers ranked colleagues and users as the best sources for design. This
probably connects to the need for domain speciﬁc knowledge. Because of the
complexity of the ﬁghter aircraft system, the designers need to discuss and consult
with more senior colleagues and the users that are experts in the ﬁeld. It can also be
noted that several commented on the question about how many years of experience
they thought is needed for a designer to work independently. The designers argued
that due to the complexity of the systems it is not really appropriate for anyone to
work on their own, only for small limited design tasks. The ability to cooperate
interdisciplinary with users and other experts in the ﬁeld was highlighted.
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5 Conclusions and Future Work
In this paper, we have presented the results of an on-line questionnaire with twelve
designers of pilot interfaces for ﬁghter aircraft, in order to investigate the role of the
user representatives in the design process.
In general, the designers do not feel that their work suffers from not having more
access to the pilots, and that they think they understand each other. However, the
designers indicated that there are user roles where they think pilots could contribute
more. In particular, the designers have highlighted the need of more opportunities to
observe the pilots, obtaining more information and ideas from them, and a larger
involvement in the evaluation process as examiners and testers. On the other hand,
the designers concluded that the pilots should not act as designers and decision
makers, and that the chief engineer normally should take the decisive role.
Future research lines could concern the outline and study of the design process;
should some activities be added or changed in order to accommodate for the
highlighted needs of the designers? Furthermore, pilots’ view on their role as end
user representatives and their participation in the design process activities could be
investigated in more detail.
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ABSTRACT
Research on decision support systems for fighter aircraft has to regard future manned and unmanned
cooperating aircraft. This paper highlights system characteristics and contextual constraints to guide
research as well as system development. Long term trends have been identified for the domain that
has to be coped with, including the transformation of the fighter pilot from pilot to tactical decision
maker. Automation strategies have to be developed to support manned and unmanned aircraft in a
joint cognitive system. For instance, for intelligent fighter pilot support, for distributed unmanned
and manned decision making, function allocation has to be concerned. For function allocation it is
important not only to regard which agent is best at performing a task but also to regard the risk/cost
of performing a task in this kind of potentially hazardous context.
KeywoRDS
Decision Support, Fighter Aircraft, Fighter Pilot, Function Allocation, Human Interoperability, Joint Cognitive
Systems, RPAV, Scenario, UAV

INTRoDUCTIoN
This paper identifies and describes system characteristics and contextual constraints of an intelligent
fighter pilot support system for distributed unmanned and manned decision making. This is central
for future manned and unmanned aircraft. The work is based on a literature review of state-of-the-art
and domain specific lessons learned from context relevant systems design.
For a manned aircraft the pilot is positioned in the aircraft and in the case of an unmanned aircraft
the pilot could be positioned on the ground or in another aircraft. In any case it is important to design
for human factors by regarding what is special about this specific context (Alfredson & Andersson,
2013), and to successfully apply cognitive design principles (Alfredson, Holmberg, Andersson, &
Wikforss, 2011). For instance, human-centred automation guidelines could be applied to the fighter
aircraft domain (Helldin, Falkman, Alfredson, & Holmberg, 2011). Also, design principles for adaptive
automation and aiding have been provided by Steinhauser, Pavlas and Hancock (2009). Already
today and more so in future contexts, a fighter pilot has to interact with intelligent applications for
heterogeneous systems where transparency is important (Helldin, 2014).
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BACKGRoUND
Back in the days of early aviation keeping the aircraft in the air was hard in itself. The aviators were
often fully occupied by piloting. After years of progress within the domain, the aircraft could be
better controlled and there were also time and mental resources to attend to other activities. The
pilots found time not only to aviate but also to navigate, and later also to communicate. For instance,
military pilots could communicate what they had observed on the ground when landed, providing
valuable reconnaissance information. Even later, the history of military aviation is full of different
types of aircraft carrying out very different missions in a variety of scenarios. Today´s fighter pilots
make use of an “autopilot” or other functions to aid the piloting of the aircraft. Moreover, modern
fighters are equipped with high tech sensors, advanced weapon systems, electronic warfare systems,
and many other subsystems for a modern fighter pilot to handle. If you were ever given the opportunity
to look at the instrumentation of a modern fighter aircraft performing a tactical mission, you would
probably see that instrumentation and displays to a great deal is used for tactical considerations and
not only for flight instrumentation. The role of a fighter pilot has been transformed over time; from
pilot to tactical decision maker.
This long term trend has led to current situations where a fighter pilot has to manage several
tactical subsystems simultaneously. At the same time, he has to assess ongoing parallel tactical
situations on the ground and in the air, and make fast and important decisions to provide influence on
the situations. Naturalistic decision making, as it were characterised by Klein, Orasanu, Calderwood,
and Zsambok (1993), is applicable to many of these situations, since they are often complex, uncertain
and dynamic, characterised by high stakes, potentially risking both own and others life under extreme
time pressure. Moreover, demanding situations may appear suddenly, when performing almost any
military mission, either it is an air-to-air mission, an air-to-surface mission or a reconnaissance mission.
Today, and perhaps even more so in future aircraft systems, the future pilot has to regard and
interact with even more and more information. This trend increases the need to support decision
making. At the same time, there is a trend towards increasing abilities to support decision making.
For instance, the computational power of modern avionics has increased substantially, and the humanmachine interaction technology has been improved, providing fighter aircraft development engineers
with new means of supporting fighter pilot interaction during difficult situations. There has been a
long term trend towards increasing communication abilities between pilots, not only including oral
communication but also various means of data communication, allowing new means of communication
between pilots as well as with command and control functions and more. Moreover, the cognitive
ability for technical agents the fighter pilot is in contact with, either direct by own manipulation and
control, or indirect through another human, is increasing. Examples of technical agents that could
influence the situation for a fighter pilot is a decision support system in the own aircraft as well
as equivalent systems on other platforms, autonomous or highly automated unmanned aircraft or
command and control decision support systems, as well as intelligent support systems for planning
and evaluating the own mission. Also, some technical agents possess ability to support each other
with data, including situation assessments, status of own system capabilities etcetera.
The further this trend is going the greater the abilities become to distribute decision making. One
cognitive agent, human or technical, could very well pre-process information that another agent is
making a decision based on, that yet another agent is executing, etcetera. There are also tactical needs
to distribute abilities between various cognitive agents. For example, it might be more acceptable
to expose unmanned systems to high risk settings simultaneously as a human agent is assigned to
judge the situation supported by decision support technology, all being distributed in the total system
by location and/or in time. At the same time, as the technology for unmanned systems is matured, a
parallel trend is emerging towards even more competent unmanned aircraft, with various capabilities.
Hence, new opportunities emerge to generate intelligent fighter pilot support for distributed unmanned
and manned decision making.
2

International Journal of Information System Modeling and Design
Volume 7 • Issue 1 • January-March 2016

Within various civil sectors different trends that emphasize user subjective impression such as
Kansaei Engineering (Nagamachi, 1989; 2011; Schütte, 2005) or user experience from the usercentred design tradition (Norman, Miller & Henderson, 1995; Hassenzahl & Tractinsky, 2006) have
influenced design. Even though there have been variations in the actual design for military systems
there has, for a long time, been an emphasis on performance as the utter importance for military
systems. Even though concepts as mental workload and situation awareness have been widely used
to guide the design of military systems for several decades, their link to performance has been
particularly central and has been scrutinized for the fighter aircraft domain (Castor 2009; Svensson,
Angelborg-Thanderz, & Sjöberg, 1993; Svensson, Angelborg-Thanderz, Sjöberg, & Olsson, 1997;
Svensson & Wilson, 2002).
Moreover, it is of special importance that the performance of the total system is higher than only
the performance of individual subsystems, not to risk suboptimization. This is one of the reasons why
the joint cognitive system perspective (Hollnagel & Woods, 1983; 2005; Woods & Hollnagel, 2006)
is a potentially useful base for analysis. However, for pragmatic reasons the system boundaries set
for the analysis have to map the system level of the design process it is there to support. Clearly it
is of utter mort importance for a future user of a system that the system supports the tasks that will
be executed in the applied setting, however, not all these conditions are known when the design is
performed. Not knowing all design conditions and their relevance when conducting the design is
a problem that has to be handled during the design, and is sometimes referred to as the envisioned
world problem (Dekker, 1996; Dekker & Woods, 1999). The fact that conditions other than the ones
considered in the design process affect end users, can be regarded in the design process by assumptions
and analysis, but cannot be controlled by system design alone. Conditions concerning the human,
the methods used in the applied context, organizational factors and technology developed by other
design organizations are all examples of factors of importance for the performance but with little
or no influence from the system design process. To regard this broader scope, however, the design
could be put in a wider context. An example of this is the NATO human view presented by Handley
and Smillie (2008).
Apart from striving to optimize the system design for future users of the system being designed
right now, the developing organisation may also have long term technology development goals.
There has, for example, been a long term trend towards highly automated systems and autonomy
where the designing organisation may have ambitions and technological or other visions. One way
to manage this is to develop a strategy that aims towards that all products and product versions
should be usable, as well as to cope with the long term trend towards partial or fully autonomous
systems. The strategy could include an automation strategy that could also assist in designing what
functionality to automate and what not to automate. To optimize the system design for users of the
system the strategy could regard which activities humans are better at, which activities technical
systems performs better, and which activities are best performed together by humans and technical
systems, by thoughtful function allocation. Also, this function allocation does not have to be static,
but could be designed to be dynamic over time. If the automation strategy involves guidance on how
the dynamics of the function allocation should be designed, it is more likely that the system design
is more useful in aiding the user towards high performance.
DeCISIoN SUPPoRT
Modern fighter aircraft are equipped with a range of sensors in order to give the fighter pilot a view
of the tactical environment and to support the weapons management. The information from sensors
is collected by a decision support system (DSS), which then identifies and assesses the potential
targets and threats, to provide analysed information to the fighter pilot. The DSS manage the sensors
and decides in which direction they should be active and for what kinds of objects. The DSS aid
the pilot to make action decisions, for instance to dispense countermeasures, as well as provide
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recommendations for weapons delivery. The concept of a DSS has been defined by Rasmussen et
al. (2003) as: ‘A Decision support system is a collection of computerized interactive applications,
that on the basis of domain specific knowledge and information, supports a decision maker in one or
several phases of the decision making process’ (translated from Danish). DSSs are developed for many
different applications and in wide range of domains and sometimes they are called “expert systems”.
Many approaches to the design of DSS have been suggested where some were more elaborate and
advanced, aiming to support the pilot not only in making threat evaluation, but also adapt the displayed
information to the current situation and pilot status (Svenmarck & Dekker 2003).
It is very important that the pilot is able to establish and maintain a high degree of situation
awareness, SA, in stressful dynamic situations with short decision time. SA and mental workload are
commonly used concepts when requirements are captured for the development of human-machine
interfaces, and the purpose is not seldom to describe the desirable performance of systems, such as
DSSs. Endsley (1988) defines SA 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”. The SA construct is often used to explain why things went wrong and lack of SA is
concluded as the cause of many accidents. Dekker and Hollnagel (2004) raise concerns about this use
and label the constructs as “Folk Models”. They argue that the SA concept is intuitively understood
but not defined in a way that can be scientifically proven. Rather, one label is substituted for another,
instead of trying to decompose into measurable parts. They propose that operator performance should
be used as measure to validate design instead. Parasuraman, Sheridan and Wickens (2008) respond
that these constructs do indeed have a scientific base, and argue that the SA construct is useful in
cognitive engineering. They argue that SA represents a continuous diagnosis of the state of a dynamic
world. There is a “truth” and the user´s SA tells something about how much of this truth that is known
to him, which has also been argued by Alfredson (2007).
The DSS in this context is aiding the pilot in the tactical tasks of a mission; it is not involved
with the actual flying of the aircraft. The complete SA should therefore be considered to include
both awareness of the status of the aircraft (fuel etcetera), the navigation and flying of the aircraft,
knowing where the team members are located as well as what they are doing and knowledge of the
potential targets and threats in the scenario. The DSS supports the pilot in a part of his complete task.
The system discussed here is a hypothetical DSS in a fighter aircraft; it is simplified, and modelled
for the purpose of this study.
The sensors on the aircraft are typically radar, electronic warfare, and infrared based systems
that either actively, (by sending out and receiving signals), or passively, (by picking up signals),
detect objects in the environment. This is performed at a distance greater than the human eye can
see; therefore this kind of scenario is labelled beyond visual range (BVR). Here we will not focus on
the sensor technology, but rather presume that information about objects is obtained from the sensors
and that the sensors need to be managed and optimized in order to deliver the best measurements.
Further, measurements performed by other aircraft in the same group or tactical unit as well as the
command and control (C2) will enter the DSS via data link.
The information that is fed into the DSS from the sensors typically consists of measurements of
distances and bearings to different objects. The DSS fuses the information from the various sources
to establish a fused object to make further analysis on. Then the DSS makes an estimate of what
kind of aircraft it is most likely to be. Objects can for instance be classified as fighter, attack or other
(transport, surveillance aircraft). The DSS also tries to establish the identity of the aircraft such as
for example friendly, neutral, unknown or hostile.
The information is typically displayed to the pilot as a symbol on a digital moving map. The
graphics on the map should optimally contain all the information the pilot needs at the time the pilot
need the information for his decision.
In Figure 1, below, the data flow and commands between pilot and sensors via the DSS is depicted.
High level functionalities for such a system could be:
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Figure 1. Overview of the analysed system, including the decision support system

•
•
•
•
•

Fuse data from different sensor sources
Classify objects, (fighter, attack or other)
Identify objects, (friendly, hostile, unknown)
Assess situation, prioritize from most hostile object
Control sensors for further measurements

It can be noted here that both the pilot as well as the DSS perform situation assessments and both
the pilot and the DSS can select objects for closer observation. However, as a rule of thumb, the pilot
often wants to have the last word and the system adapt to pilot requests. Furthermore, it should be
noted that the term DSS sometimes refers to a system which helps in sorting out alternative ways of
acting and aid the user in decision making. The DSS in this context should do a little more than that.
It optimizes the use of the sensors and manages them according to pilot detailed command to extract
as much information from the environment as possible. Aiming at high level interaction between the
DSS and the pilot, a higher level of automation could influence the pilot to think more higher-level
thoughts that has been shown in a commercial aviation context by Casner and Schooler (2014).
AVIATIoN oPeRATIoNAL CoNTeXT
Ollero and Maza (2007) listed the following civil application areas for unmanned aerial vehicles
(UAV): “Aerial photography and cinematography”, “Aerial mapping”, “Meteorology”, Environmental
monitoring”, “Agriculture and forestry”, “Inspection”, “Law enforcement and security applications”,
Disasters and crisis management”, “Fire fighting”, “Traffic surveillance”, “Communications”, and
“Civil engineering”, but also concluded that currently the main UAV applications are within the
defence domain. Also in the future there will most likely be defence related applications for unmanned
aircraft. Even though the future scenarios are not known in detail, they will most likely be related to
the scenarios of today, for manned and unmanned aircraft.
There are several potential scenarios were an intelligent fighter pilot support for distributed
unmanned and manned decision making could become useful. Below, we discuss scenario aspects and
discuss their relation to future intelligent fighter pilot support. One example scenario could be an airto-air scenario with beyond visual range conditions. “Beyond Visual Range (BVR) means a scenario
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where the enemy is engaged before they can be seen visually. This is possible due to the performance
of the sensors available to the formation, either their own sensors (primarily the aircraft radars),
and the sensors and information available to the fighter controller” (Castor, 2009, p. 21). Helander
and Skinnars (2000a) used cognitive walkthrough for evaluation of cockpit design. A breakdown of
subtasks for an air-to-air combat beyond visual range has been identified and presented by Helander
& Skinnars (2000b). Helldin and Erlandsson (2015) presented an air combat scenario composing a
team of fighter aircraft, explaining how an air combat scenario demands short planning horizon and
includes assignment problems. Further, Helldin and Erlandsson (2015) the mission objective of the
air combat scenario was described as to defend the airspace from all intruders.
A view containing some relevant technical and tactical parameters of air combat is suggested
by Johansson (1999):
Jamming, electronic countermeasures and radar warning receiver
◦ Range of own jamming versus enemy radar
◦ Radar warning receiver range and accuracy
Radar
◦ Radar modes (e.g. Track While Scan, Continuous Wave)
◦ Aircraft radar range and angle of coverage
Weapon characteristics
◦ Mean speed
◦ Maximum range
◦ Missile seeker opening distance
Aircraft behaviour and tactics
◦ Absolute and relative altitude of aircraft in engagement
◦ Absolute and relative speed of aircraft in engagement
◦ Thrust
◦ Geometry, i.e. the relative position and ranges of the aircraft within the twoship or fourship
to the enemy, and to other friendly aircraft, e.g. attack aircraft that are being escorted
◦ Aggressive or defensive stance and risk taking
◦ Intentions and Rules of Engagement for both sides
◦ Active versus passive use of radar
Numerical superiority
◦ Number of own aircraft
◦ Number of enemy aircraft
Command and Control
◦ Radar coverage for air surveillance radars (i.e. other friendly radars on the ground or in
the air)
◦ Fighter controllers’ threats classification capabilities
Loadout on aircraft
◦ Fuel
◦ Weapons loadout (quoted from Castor, 2009, p. 24).
There are various ways of performing BVR-combat, by the use of different tactics and strategies
and various systems and subsystems. However, as expressed by Castor (2009): “Regardless of
engagement scenario the pure tactical goal would be to shoot down as many as possible of the
enemy aircraft, while not getting shot down yourself” (p. 21). When new systems and subsystems
are developed, often also new tactics are evolved in parallel. Partly since the new technology will
give new possibilities to the pilots, but also because enemies may use similar technology that may
call for tactical changes. Furthermore, there may be incentives to improve tactics that will also be
used as an input to long term technology development. The use of manned and unmanned aircraft
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together is one example of that. Ollero and Maza (2007) has described challenges with multiple
heterogeneous unmanned aerial vehicles, and more specifically Alfredson, Lundqvist, Molander,
and Nordlund (2010) has described challenges related to the collaboration between a manned fighter
aircraft and an unmanned aerial reconnaissance vehicle. Future fighter pilots have to interact, direct
or indirect, with manned as well as unmanned fellow air vehicles in various scenarios and situations.
How BVR-combat will then be performed is highly dependent on the capabilities of the future system
and one speculation is that the potentials of distributed decisions will be explored further and that
several users and technical systems will act together. The following situations, illustrated in Figure
2 are examples that can be considered for analysis. They represent situations that are both tactically
important and could also help illustrate the performance of the total system. The first case includes
a team where one or several members are not using their radar in order not to emit energy and reveal
themselves. One team member is relaying on the information he receives from the rest of the team
via data link. It is crucial in this situation that the other team members are aware of this fact and
realize that they are contributing with important information for this team member, for the situation
depicted in Figure 2 (A).
Another example is when a team is performing reconnaissance, see Figure 2 (B). The total area
of interest for the team is marked on the map and it should also be noted that it is a volume in space
not just a flat area. How does each team member know what area to search next and how can the
team best keep track of where the others recently have been searching?
JoINT CoGNITIVe SySTeMS
One way to describe users and technical systems is to regard them as a joint cognitive system – JCS
(Hollnagel & Woods, 1983; 2005; Woods & Hollnagel, 2006). Agents in such a JCS could very well
be interdependent to fulfil the tasks of the JCS that could act as one unit, although distributed in
space. This section explores how the JCS perspective could be applied to an intelligent fighter pilot
support for distributed unmanned and manned decision making.
Sometimes researchers that are applying the JCS approach argue that traditionally the focus in
the field of Human Factors engineering has been to the interface between the user and the computer,
human-machine interaction, and therefore the purpose of the total system is at risk to be lost. Perhaps
too much energy is spent designing the interface instead of optimizing the output from the total

Figure 2. Two example situations: A) Team measurement (intersecting), and B) Team reconnaissance. Also, the right part of the
figure (B) illustrates an overview of cognitive agents in a joint cognitive system that supplies an intelligent pilot support for
distributed unmanned and manned decision making. Any of the aircraft could be manned or unmanned and they all have the
potential of exchanging information between each other and with command and control
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system. Instead, the JCS approach shifts the attention towards the functionality and performance of
the system. The JCS is not defined by what it is but rather by what it does.
A JCS can be defined in various ways depending on the analysis but at least it consists of a
human user, (who is regarded as a cognitive system), and an artefact. A cognitive system is defined
by Hollnagel and Woods (2005) as “a system that can modify its behaviour on the basis of experience
so as to achieve specific anti-entropic ends” (p.22). The term anti-entropic here refers to the systems
ability to resist the increase in entropy, that is, the amount of disorder. An artefact is defined as
something made for a specific purpose.
What parts of the system that should be included in the JCS analysis may differ depending on
the context, but typically the things that can be controlled should be included. An example is when
analysing traffic, the driver and the car are obviously included. But also the roads can be embraced
since they are possible to control and change to some extent. The weather on the other hand is excluded.
Even though the weather does influence traffic, it cannot be controlled and changed (at least not by
the technology used today). The JCS in the case of fighter aircraft discussed here can for instance
be regarded as consisting of the pilot, the aircraft and the DSS together. In this view the DSS is an
artefact that mediates the relationship between the sensors and the pilot. The interaction is considered
to be with the world through the artefact rather than with the artefact itself. The borders of the JCS
can also be expanded to include several cooperating aircraft depending on the scope of the analysis.
For example, the analysis can be done for a team of aircraft some of which can be unmanned, and
the JCS in this case would consist of several agents.
The artefact can be categorized depending on how transparent it appears to the user and how the
user perceives it. The transparency-exchangeability relation as proposed by Hollnagel and Woods
(2005) consists of two dimensions:
•
•

Transparency: Hermeneutic vs. Embodiment
Exchangeability: Tool vs. Prosthesis

In the transparency dimension there are two extremes, hermeneutic or embodied. In the case
that the artefact is embodied, it is experienced by the user as a part of him rather than as a part of
the application. The artefact can serve as an extension of the user´s body and mind, and therefore
the relationship is considered to be embodied. It is easy for the user to build and maintain a mental
model of the artefact functions. The other extreme in this dimension is when the artefact is working
as an interpreter, in this case all communication between the user and the process must take place
through the artefact. The artefact is opaque or non-transparent and is experienced more as being part
of the process rather than of the operator. In the here discussed case with the DSS, the pilot cannot
have any experience of what is going on outside the cockpit, other than through the artefact since
the scenario is taking place at a distance out of his sight, and all the data fusion and identification is
done by the system. In this case, when the operator is dependent of the artefact, the relation is labelled
hermeneutic, and it means that the operator must go through the artefact to get to the world. The
other dimension of classifying the artefact, the exchangeability dimension, consists of the extremes
tool and prosthesis. A tool is defined as an artefact that amplifies the user´s cognitive functions,
while prosthesis rather takes over functions from the user. The DSS is a complex system and it will
substitute the pilot in the control of the sensors and alleviate in the fusion of data. Hence, it belongs
to the prosthesis’ end of the scale.
Thus, the analysis of the DSS gives that it will be classified in these dimensions as hermeneutic and
prosthesis. This could also be described as being low in transparency and having a high exchangeability.
The combination of hermeneutic and prosthesis relation makes it challenging to develop a system that
the user will be able to understand and perform well with. It is probably advisable to try to design and
construct the system in order for it to be perceived by the user as more of a tool with high transparency,
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even if it is “actually” a hermeneutic prosthesis. One goal of the design would therefore be to try to
move towards the perception of the system as a tool, striving for high transparency.
The hermeneutic relation implies that is not possible for the pilot to have any experience of what is
going on in the scenario except than through the DSS. However, one way for pilots to go “beside” the
DSS would be to look at raw sensor data and try to make the fusion and assessments by themselves.
This means that they would want to have access to the direct measurements from each sensor as well
as the fused objects. The designers will then have to consider if this shall be provided. The risk being
that the system gets even more complicated with many low level functions.
HUMAN INTeRoPeRABILITy
To regard the contribution from the design process in a wider context other aspects than technical has to
be included in the analysis. Often novel technology that is to be developed has very high expectations;
Expectations to meet increasing operational needs of the future that could not always be met. From
studies of the command and control domain Persson (2014) has demonstrated that numerous expected
advantages of future technologies have not been met. However, relating technology to a wider context
including human aspects when developing the technology, may both adjust the expectations of the
technology to more realistic levels, as well as increasing the actual benefits from the technology by
developing it considering, for instance, human operability. A network model for human interoperability
proposed by Handley (2014) including the human view (Handley & Smillie, 2008) is applying the
eight aspects: Concept, Constraints, Functions, Roles, Human network, Training, Metrics, and Human
dynamics. The human view “…provides an integrated set of products that can be used to inform and
influence system design, especially for network-enabled systems” (Handley, 2014, p. 351). One of
the clear benefits of this kind of analysis is that it potentially aids human interoperability into systems
design and supports collaboration. Below, these aspects are discussed in the light of intelligent fighter
support for distributed unmanned and manned decision making.
The human view product Concept concerns the human in relation to operational demands
and system components. This is a high-level representation, and for an intelligent fighter support
for distributed unmanned and manned decision making it is essential to have an idea of human
contributions to decisions in this context. Figure 2 (B), provides a picture of cognitive agents, amongst
some are human. Cognitive agents in this context could for example be an unmanned aircraft or any
human interacting with that aircraft or a decision support system either on a manned aircraft, on the
ground or distributed between several aircraft etcetera. Operational demands in this kind of setting
are very much determined by the concept of operation in applied scenarios. As discussed above there
are many potential scenarios to regard for this kind of systems, amongst a BVR-combat is only one.
However, it is assumed that the role of the human is important for total system performance and that
several humans have to cooperate together with unmanned systems and intelligent subsystems for
mission success. The abilities of system components are highly dependent on the technologies used
in this systems and subsystems. However, some general abilities could be defined such as the ability
for a technical system to be used as means of communication between human agents, or the ability
for a technical system to aid a distributed decision process together with other technical systems and
humans, or to autonomous execute tasks etcetera. Later, the ability and potential benefit of distributing
tasks through function allocation will be further discussed.
The human view product Constraints is about the capabilities and limitations of the human in
the system. Sub views presented by Handley and Smillie (2008) are: Manpower Projections, Career
Progression, Establishment Inventory, Health Hazards, Human Characteristics, and Personnel Policy.
Several of these categories contain aspects that could not at all, or only indirectly, be managed by
design decisions in a technical design process. However, it is important to regard these aspects also in
the design process by making assumptions and analysis of potential future constraints of relevance for
the technical systems under development. The human characteristics including physical characteristics
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of a pilot performing a mission is very relevant to regard in the design process. Pilots are buzzy.
In fighter aircraft of today mental workload demands are occasionally very high and information
overload could affect the performance negatively. A context where more information is available
and decisions are designed to be distributed between several cognitive agents could very well add
to mental demands if this is not supported by technology, training and organisational measures.
Aspects to regard to design for human factors in development of fighter aircraft has been addressed
by Alfredson and Andersson (2013) and what is special about a fighter pilot compared to many other
users is that the pilot community is in some sense homogeneous, due to for instance selection and
training. Apart from mental demands fighter pilots for instance also have to cope with high G-loads,
visually demanding environments and more, which also limits the potential design of a fighter aircraft.
The human view product Functions is about functions decomposed into tasks that have been
allocated to the human, including a justification for why a human is performing the task and not a
technical system. Later, function allocation is going to be discussed separately. Apart from the actual
function allocation this human view product includes the development of interface design guidelines
dependent on the task requirements. Guidelines for human-centered automation have been studied for
the fighter aircraft domain (Helldin, 2014; Helldin & Erlandsson, 2012; Helldin, Falkman, Alfredson,
& Holmberg, 2011). It is likely that specific guidelines have to be defined or current guidelines
have to be modified. For instance, guidelines probably have to be adjusted concerning principles of
interaction for dynamic function allocation between various cognitive agents, as the competences of
these agents become better.
The human view product Roles is about a job function defining specific behaviour, and includes:
Responsibility, Authority, Competencies, and Multiplicity (Handley & Smillie, 2008). Several of these
categories contain aspects that could not at all, or only indirectly, be controlled by design decisions
in a design process. Nevertheless, it is important to regard these aspects also in the design process by
making assumptions and analysis of potential future constraints of relevance for the technical systems
being developed. It is very important to map the roles to the function allocation, and to decide if roles
are to be regarded as static or if they could dynamically change over time.
The human view product Human Network is about the human-to-human communication patterns,
including team aspects, but also technology for distributed cognition, shared awareness etcetera. The
human view product human network also includes type of interaction, such as coordination, supervision
etcetera. There might be indirect influence from technology to human-to-human communication. For
instance, reported Lyons and Stokes (2012), indications of that human-human reliance could become
biased towards lower behavioural reliance on human aids when confronted to conflicting information
from automation. Further, the multidimensional construct of team cohesion is essential for team
effectiveness, although there are needs to develop measures for this (Salas, Grossman, Hughes, &
Coultas, 2015). For intelligent fighter support for distributed unmanned and manned decision making
it is likely that humans will have to collaborate to achieve mission objectives. Furthermore, there
will be someone formally in charge. However, apart from the strictly formal structure there might
also be informal structures of a human network influencing mission outcome and even formal and
informal networks between human and non-human cognitive agents, possible expanding the scope
of this human view product, if not handled in another human view product.
The human view product Training is about how aspects concerning training will affect the human.
Most training aspects are partly or only indirectly controlled by design decisions in a design process.
It is important to regard these aspects in the design process by making assumptions and analysis of
potential future constraints of relevance for the technical systems under development. For instance,
functionality for embedded training has a clear link between the design during the development
process and the use of the future product in its operational use. Especially for intelligent fighter pilot
support for distributed unmanned and manned decision making the implications to train for missions
with mixed manned and unmanned components has to be regarded.
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The human view product Metrics is about human factors metrics and human related performance
criteria, target values etcetera. Involving human factors assessment, this product is broad and
assessments may be effected by concerns in any of the other human view products. Recently, Berggren,
Nählinder, and Svensson (2014) described important aspects of assessing command and control
effectiveness. Regarding intelligent pilot support for distributed unmanned and manned decision
making it is important not only to regard human factors assessment at the level of human system
interaction for all humans involved, but also include assessment of behaviour and performance of
the total system, including a JCS approach.
Finally, the human view product Human Dynamics is about change over time and may concern
any of the other products. Handley and Smillie (2008) provides the following examples of elements
that the human view product Human Dynamics may include: states and state changes, conditions, time
units, and performance measures. Scenarios belong to this human view product and for intelligent
fighter pilot support for distributed unmanned and manned decision making it is important to regard
not only the operational scenarios, such as the BVR-combat case described above, but also various
use cases and examples of how a flexible system may perform in different ways in given operational
scenarios.
FUNCTIoN ALLoCATIoN
Function allocation design challenges has to be regarded for an intelligent fighter pilot support for
distributed unmanned and manned decision making, to achieve a high performing total system.
There is a long research tradition in using knowledge of what humans are good at and machines
are good at for achieving better design. For instance Fitts (1951) suggested principles to allocate
functions between man and machine. Even though substitution-based function allocation methods
have been criticised (Hollnagel, 1999; Dekker & Woods, 2002) it is still contributing to design in
various domains. Also, dynamic function allocation described as levels of automation (Sheridan &
Verplank, 1978; Taylor, 1997) is still contributing to design in various domains. However, Defense
Science Board (2012), suggests to “abandon the debate over definitions of levels of autonomy and
embrace a three-facet (cognitive echelon, mission timelines, human-machine system trade spaces)
autonomous systems framework…” (p. 2). Later, what to automate is discussed. Also, analysis will
benefit from distinguishing between various types of automation suited for specific tasks with known
user cognitive demands (Taylor, Reinerman-Jones, Szalma, Mouloua, & Hancock, 2013). Similar
to a study from the automotive domain on context adaptable driver information (Davidsson & Alm,
2014), this section will describe what do whom need and want when.
Five key requirements for effective function allocation proposed by Feigh and Pritchett (2014),
in a model of human-automation function allocation (Pritchett, Kim, & Feigh, 2014) are described
below, that is: 1) “Each agent must be allocated functions that it is capable of performing”, 2) “Each
agent must be capable of performing its collective set of functions”, 3) “The function allocation must
be realizable with reasonable teamwork”, 4) “The function allocation must support the dynamics of
the work”, and 5) “The function allocation should be the result of deliberate design decisions”. Each
of these aspects could be applied to the context of an intelligent fighter pilot support for distributed
unmanned and manned decision making. By such an approach all cognitive agents, human and
technical systems are analysed together which could be perceived as unsophisticated for any human
that perceives human abilities and behaviour to be very different from those of technical systems.
The analysis will for instance risk describing human characteristics in technical terms and thereby
reduce humans into information processing agents. Also the opposite critique could be expressed,
risking anthropomorphism when a technical system and its behaviour is analysed together with
human agents. However, first, this analysis and the requirements below is not intended to regard every
aspect of a system in use, but is used to guide design decisions. Secondly, the reason for applying the
requirements is that there are differences between the agents and if there are significant differences it
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is more challenging to develop methods and requirements that could be applied to all these various
agents. However, it is due to the fact that there are significant differences between the agents that
methods and requirements are needed to support the design process.
The first requirement proposed by Feigh and Pritchett (2014); Each agent must be allocated
functions that it is capable of performing, is about each particular function relative to the capabilities
of the agent that has been allocated the function. In the tradition of Fitts (1951) lists has described
what men are better at and what machines are better at, in general. Specifically for an intelligent
fighter pilot support for distributed unmanned and manned decision making an estimation of abilities
of agents in that context has to be performed. In this context it is not only of interest which agent
is better at performing a task, but also the risk/cost of performing a task has to be regarded since
many missions may include substantial risks. For example, if the performance of a task is associated
to an increased risk of being shot down, there would be an incentive to allocate such a task to an
unmanned rather than a manned aircraft as far as possible. Also, from either an economical or military
strategically point of view it might be that some assets, either a flying platform itself or its subsystems
or carried loads, may be very valuable and thereby the risk level of that entity should be minimized
in comparison to other entities.
The second requirement; Each agent must be capable of performing its collective set of functions,
is about understanding the agents limited resources. Even though one agent might be the best agent
to perform the task according to its characteristics (for instance, according to a list of what men are
better at and what machines are better at) it might not be prioritised or might not even be possible
for that agent to perform the task due to the collective set of functions. For instance, workload
might constrain the performance of a task, either the task might risk being performed badly or not
performed at all due to high workload. For a technical system it might be limitations in processing
capability or lack of memory or any other technical constraint, whilst for a human agent it might
be an overload of some mental capability. Specifically for the fighter domain the visual demands
of a fighter pilot has been very high at times. Team spatial working memory has been shown to
affect team performance in networked supervisory control of unmanned air vehicles (McKendrick,
Shaw, de Visser, Saqer, Kidwell, & Parasuraman, 2014). Specifically for an intelligent fighter pilot
support for distributed unmanned and manned decision making it is important to regard the spatial
positioning of the aircraft relative each other before allocating the tasks, since some tasks may be
better performed at one position rather than another. Also, in some military missions each agent’s
ability to perform a collective set of functions might vary a lot, due to for instance radar jamming or
decreased functionality due to enemy fire etcetera.
The third requirement; The function allocation must be realizable with reasonable teamwork, is
about teamwork functions that coordinates the work across the agents. In this sense human agents as
well as technical systems are team members that have to communicate, interact and coordinate their
actions. Some tasks need teamwork to be performed, whilst other tasks may be better performed
by teamwork although they might have been possible to perform to some degree by a single
agent. Specifically for an intelligent fighter pilot support for distributed unmanned and manned
decision making it is important to consider the spatial positioning of the aircraft also for teamwork
considerations. For instance, the distance between two aircraft that both use a passive sensor, such
as an infra-red-search-and-track (IRST) sensor, is very important for determining the position of an
object of interest. Also, the relative positioning of aircraft might be of importance for tactical reasons
such as establishing potential threats at an enemy over a longer period of time etcetera.
The fourth requirement; The function allocation must support the dynamics of the work, is about
the ongoing response to the work environment for each agent as well as for the total system. When
functions are interdependent this could be more or less obvious and sometimes it is not obvious at
all, but the function allocation should support the agents to cope with the dynamics of the situation.
An alternative approach that could complement the striving of allocating functions to when they are
needed is to gain resilience by increasing a team’s ability to perform during unexpected conditions.
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Specifically for an intelligent fighter pilot support for distributed unmanned and manned decision
making it is important to regard fast and drastic changes in the work setting, to cope with events such
as aircraft that has been shut down or the sudden appearance of stealth aircraft on the battle scene
etcetera. Also, the rules of engagement (ROE) that defines what to do during various circumstances
has to be regarded at the same time as the function allocation supports the dynamics of the work.
The fifth and last of the requirements proposed by Feigh and Pritchett (2014); The function
allocation should be the result of deliberate design decisions, is about integrating function allocation
into the design process. In general it is important to make deliberate design decisions concerning
function allocation early in the design as these decisions often influence the choice of technology to
be used and very much influence criteria for human-machine interaction. Specifically for an intelligent
fighter pilot support for distributed unmanned and manned decision making it is important to consider
the very long life time of aircraft as well as the long cycles for development of new products compared
to many other domains. Also, it is important not only to make deliberate design decisions on the
function allocation of a specific aircraft, manned or unmanned, but also on the total system level of
several cognitive agents collaborating using several manned and unmanned aircraft.
DISCUSSIoN
The purpose of the analysed DSS was to perform tasks for the pilot such as object search and
identification. Both system complexity and time constraints would make it very difficult if not
impossible for the pilot to both manually control the sensors and conclude from the data what kind of
object is being measured. It would be very difficult for the pilot to go into the details and set up the
sensors in the most optimal way, since the sensors in their self are very complex systems. Not long
ago the radar was to a large extent controlled manually by the pilot on a fairly low level and the raw
data was plotted on a screen to the pilot. In this setting the pilot probably felt that he was in control
of the process and understood what the system was doing, to a large extent. When he had trouble
locating and identifying an object he tried a different mode or perhaps changed some parameters.
There was a transparent and closed communication between the pilot and the technical system. With
the DSS the aim is to achieve a more capable system working at a faster pace with several channels
of information. The challenge is to keep the pilot feeling in control and being in control, and knowing
what is going on in the system. Also it is challenging to for the pilot to easily extract powerful and
fast automated functions of the DSS.
The division of decisions between the DSS and the pilot could include a strategy such as that the
DSS handles for instance rule based decisions or suggestions, which can be predicted and programmed
in the system that is automated. The pilot could take the more difficult decisions, such as the decision
if to launch a weapon. He is able to adapt to the changing environment which is difficult for the DSS
to currently manage. The type of decisions can serve as a guide to what functions should belong to
the pilot and the DSS respectively. This could for instance be communicated throughout a design
organisation through design guidelines.
One purpose of the DSS is to measure objects with such good quality that weapons can be
launched at hostile objects if needed. Identification and classification of the objects is a key capability
of the JCS. The performance of the DSS in the identification and classification of the objects is
crucial. If the pilot experiences that the performance is bad there is a risk that he will lose trust in
the DSS and perhaps try to make the assessment himself without the aid of the DSS. It is probably
not possible to have total transparency in how the DSS controls and takes the decisions. Sometimes
sophisticated algorithms are used and they can for instance rely on Bayesian probability which is
perhaps not totally intuitive. But in the case of uncertainty a measure to indicate this to the pilot
could be provided. Helldin and Erlandsson (2015) explore the potential of applying the concept of
team option awareness. A DSS could very well support in addressing options as well as performing
autonomous decisions on options to some extent. In that sense the system is not only supporting the
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option awareness of the pilot but the option awareness is also distributed between the pilot and the
technical system. This wound then rather become joint cognitive system option awareness than team
option awareness. However, the concept of joint cognitive system option awareness needs to be studied
and analysed further regarding its applicability to the fighter aircraft domain.
There are still several challenges to be addressed concerning measuring team cohesion (Salas,
Grossman, Hughes, & Coultas, 2015). Although measuring is an important aspect there are also other
important aspects to regard concerning the development of technical systems used in collaborative
settings. CSE and the JCS view stress the need to design systems starting from the functionality and the
purpose of the JCS. In this view it becomes clear why the system is being built and the requirements on
the total system including the user can be identified. However, at some point during the development
the need to make an interface between the artefact and the user still come up. Guidelines for what to
automate and design style guides helps in the development.
CoNCLUSIoN
To conclude, some long term trends have been identified and reported for the domain. The role of a
modern fighter pilot has transformed from pilot to tactical decision maker. Already today, and even
more so tomorrow, the fighter pilot has an increasing need to be provided with decision support, and
fortunately there are also an on-going parallel trend supporting this by technical progress. There are
also increasing opportunities for distributing decision making, even between manned and unmanned
aircraft, potentially including team option awareness. The term decision support system may in
that sense become a bit misleading since it consists of functionality distributed between potentially
several systems.
Just like many military applications it is important for an intelligent fighter pilot support for
distributed unmanned and manned decision making to prioritize performance, and not only the
performance of an individual aircraft and its subsystems but also the total system engaged in a mission,
that could involve manned as well as unmanned aircraft in a JCS. It is very important to have an
automation strategy to achieve this at the same time as long term technology development goals for
the design organization could be reached. The domain is very much characterized by long life cycles
and long development times for aircraft compared to many other domains.
The automation strategy could specifically aim at aiding the DSS to be perceived as highly
transparent and not very exchangeable, as a design goal. It is likely that specific guidelines has to be
developed concerning principles of interaction for dynamic function allocation and it is important to
map roles to the function allocation, regardless if the they are constant over time or not, taking into
account both formal and informal structures among active cognitive agents. Concerning a DSS it is
a challenge to keep the pilot feeling in control and being in control and knowing what is going on in
the system and it is probably not possible to possess total transparency in how the DSS functions,
but in the case of uncertainty a measure to indicate this to the pilot could be provided. As a part of
an automation strategy guidelines could be provided to aid the development. For instance, the human
pilot’s ability to adapt to the changing environment could very well be explored further together with a
DSS. Hopefully guidelines could be developed for joint cognitive system option awareness. However,
it is for future work to study the concept of joint cognitive system option awareness regarding its
applicability to the fighter aircraft domain.
Specifically for intelligent fighter pilot support for distributed unmanned and manned decision
making, concerning function allocation, it is very important to not only regard which agent is best at
performing a task but also to regard the risk and cost of performing a task in this kind of potentially
hazardous context. Also, the risk of decreased functionality such as jammed radar or a shot down
aircraft has to be regarded, as well as other drastic changes and dynamics of a mission. Another
important factor to specially regard is the spatial positioning of aircraft which impact both the
performance of an individual aircraft as well as team work between aircraft for certain tasks during
a mission.
14

International Journal of Information System Modeling and Design
Volume 7 • Issue 1 • January-March 2016

ACKNowLeDGMeNT
This research has been supported by the Swedish Governmental Agency for Innovation Systems
(Vinnova) through the National Aviation Engineering Research Program. This paper presents a
revision and update to Alfredson and Ohlander (2015).
ReFeReNCeS
Alfredson, J. (2007). Differences in situational awareness and how to manage them in development of complex
systems [Doctoral dissertation No. 1132]. Linköping, Sweden: Linköping University.
Alfredson, J., & Andersson, R. (2011). Designing for Human Factors in the Technology-Intensive Domain
of Fighter Aircraft. International Journal of Aviation Technology, Engineering and Management, 1(2), 1–16.
doi:10.4018/ijatem.2013070101
Alfredson, J., Holmberg, J., Andersson, R., & Wikforss, M. (2011). Applied cognitive ergonomics design
principles for fighter aircraft. In D. Harris (Ed.) Proceedings of the 9th International Conference on Engineering
Psychology and Cognitive Ergonomics (EPCE 2011) (pp. 473–483). Springer-Verlag. doi:10.1007/978-3-64221741-8_50
Alfredson, J., Lundqvist, A., Molander, S., & Nordlund, P.-J. (2010). Decision support for the Gripen aircraft
and beyond. Proceedings of the 27th International Congress of the Aeronautical Sciences ICAS 2010.
Alfredson, J., & Ohlander, U. (2015). Intelligent fighter pilot support for distributed unmanned and manned
decision making. In K. K. Sarma, M. P. Sarma, & M. Sarma (Eds.), Intelligent Applications for Heterogeneous
System Modeling and Design (pp. 1–22). IGI Global. doi:10.4018/978-1-4666-8493-5.ch001
Casner, S. M., & Schooler, J. W. (2014). Thoughts in flight: Automation use and pilots’ task-related and taskunrelated thought. Human Factors, 56(3), 433–442. doi:10.1177/0018720813501550 PMID:24930166
Castor, M. (2009). The use of structural equation modeling to describe the effect of operator functional state on
air-to-air engagement outcomes [Doctoral dissertation No. 1251]. Linköping University, Linköping, Sweden.
Davidsson, S., & Alm, H. (2014). Context adaptable driver information – Or, what do whom need and want
when? Applied Cognitive Ergonomics.
Defense Science Board. (2012). The role of autonomy in DoD systems. Washington DC: Undersecretary of
Defense.
Dekker, S. W. A. (1996). Cognitive complexity in management by exception: Deriving early human factors
requirements for an envisioned air traffic management world. In D. Harris (Ed.), Engineering psychology and
cognitive ergonomics, Volume I: Transportation systems (pp. 201-210). Aldershot, England: Ashgate.
Dekker, S. W. A., & Woods, D. D. (1999). Extracting data from the future: Assessment and certification of
envisioned systems. In S. Dekker & E. Hollnagel (Eds.), Coping with computers in the cockpit (pp. 131–143).
Aldershot, England: Ashgate.
Dekker, S. W. A., & Woods, D. D. (2002). MABA-MABA or Abracadabra: Progress on human automation
cooperation. Cognition Technology and Work, 4(4), 240–244. doi:10.1007/s101110200022
Endsley, M. R. (1988). Situation Awareness global assessment technique (SAGAT). Proceedings of the IEEE
National Aerospace and Electronics Conference (pp. 789-795). New York: IEEE.
Feigh, K. M., & Pritchett, A. R. (2014). Requirements for effective function allocation: A critical review. Journal
of Cognitive Engineering and Decision Making, 8(1), 23–32. doi:10.1177/1555343413490945
Fitts, P. M. (1951). Human engineering for an effective air navigation and traffic control system. Ohio State
University Research Foundation Report, Columbus, OH.
Handley, H., & Smillie, R. (2008). Architecture framework human view: The NATO approach. Systems
Engineering, 11(2), 156–164. doi:10.1002/sys.20093

15

International Journal of Information System Modeling and Design
Volume 7 • Issue 1 • January-March 2016

Handley, H. A. H. (2014). A network model for human interoperability. Human Factors, 56(2), 349–360.
doi:10.1177/0018720813493640 PMID:24689253
Hassenzahl, M., & Tractinsky, N. (2006). User experience – a research agenda. Behaviour & Information
Technology, 25(2), 91–97. doi:10.1080/01449290500330331
Helander, M., & Skinnars, Ö. (2000a). Use of cognitive walkthrough for evaluation of cockpit design. Proceedings
of the 44th Annual Meeting of the Human Factors and Ergonomics Society. (pp. 616-619). Santa Monica, CA:
Human Factors and Ergonomics Society. doi:10.1177/154193120004400619
Helander, M., & Skinnars, Ö. (2000b). Use of cognitive walkthrough for evaluation of cockpit design (HFA
Paper No.2000-01). Linköping, Sweden: Swedish Centre for Human Factors in Aviation.
Helldin, T. (2014). Transparency for Future Semi-Automated Systems. Doctoral dissertation. Örebro, Sweden:
Örebro University.
Helldin, T., & Erlandsson, T. (2015). Supporting fighter pilot decision making through team option awareness.
Proceedings of the 12th International Conference on Engineering Psychology and Cognitive Ergonomics. (pp.
345-355). Springer. doi:10.1007/978-3-319-20373-7_33
Helldin, T., Falkman, G., Alfredson, J., & Holmberg, J. (2011). The Applicability of Human-Centred Automation
Guidelines in the Fighter Aircraft Domain. Proceedings of the 29th Annual European Conference on Cognitive
Ergonomics (pp. 67-74).Universitätsdruckerei Rostock, Germany doi:10.1145/2074712.2074727
Hollnagel, E. (1999). From function allocation to function congruence. In S. Dekker & E. Hollnagel (Eds.),
Coping with computers in the cockpit (pp. 29–53). Aldershot, England: Ashgate.
Hollnagel, E., & Woods, D. D. (1983). Cognitive systems engineering: New wine in new bottles. International
Journal of Man-Machine Studies, 18(6), 583–600. doi:10.1016/S0020-7373(83)80034-0
Hollnagel, E., & Woods, D. D. (2005). Joint cognitive systems: Foundations of cognitive systems engineering.
Boca Raton, FL: Taylor & Francis. doi:10.1201/9781420038194
Johansson, C. (1999). Modellering av luftstridsavdömningar [Air Combat Resolution Modeling] (LiTH-ISYEX-2049) (In Swedish). Linköping, Sweden: Linköping Institute of Technology.
Klein, G., Orasanu, J., Calderwood, R., & Zsambok, C. (Eds.). (1993). Decision making in action: Models and
methods. Norwood, NJ: Ablex.
Lyons, J. B., & Stokes, C. K. (2012). Human-human Reliance in the context of automation. Human Factors,
54(1), 112–121. doi:10.1177/0018720811427034 PMID:22409106
McKendrick, R., Shaw, T., de Visser, E., Saqer, H., Kidwell, B., & Parasuraman, R. (2014). Team performance
in networked supervisory control of unmanned air vehicles: Effects of automation, working memory, and
communication content. Human Factors, 56(3), 463–475. doi:10.1177/0018720813496269 PMID:24930169
Nagamachi, M. (1989). Kansei Engineering. Tokyo: Kaibundo.
Nagamachi, M. (2011). Kansei/Affective Engineering. Boca Raton, FL: CRC Press.
Norman, D., Miller, J., & Henderson, A. (1995). What you see, some of what’s in the future, and how we go
about doing it: HI at Apple Computer. Proceedings of CHI (p. 155). New York: ACM Press.
Ollero, A., & Maza, I. (2007). Multiple heterogeneous unmanned aerial vehicles. Springer Tracts on Advanced
Robotics. NY: Springer. doi:10.1007/978-3-540-73958-6
Parasuraman, R., Sheridan, T., & Wickens, C. (2008). Situation Awareness, Mental Workload and Trust in
Automation: Viable, Empirically Supported Cognitive Engineering Constructs. Journal of Cognitive Engineering
and Decision Making, 2(2), 140–160. doi:10.1518/155534308X284417
Persson, M. (2014). Future technology support of command and control: Assessing the impact of assumed future
technologies on cooperative command and control. Doctoral dissertation. Uppsala, Sweden: Uppsala University.
Pritchett, A. R., Kim, S. Y., & Feigh, K. M. (2014). Modeling human-automation function allocation. Journal
of Cognitive Engineering and Decision Making, 8(1), 33–51. doi:10.1177/1555343413490944

16

International Journal of Information System Modeling and Design
Volume 7 • Issue 1 • January-March 2016

Rasmussen, P. H. et al.. (2003). ‘Feasibility-Studie Intelligente Systemer’, Forum for Forsvarsstudier. Denmark:
Forsvarsakademiet.
Salas, E., Grossman, R., Hughes, A. M., & Coultas, C. W. (2015). Measuring team cohesion: Observations from
the science. Human Factors, 57(3), 365–374. doi:10.1177/0018720815578267 PMID:25875429
Schütte, S. (2005). Engineering emotional values in product design – Kansei engineering in development.
[Doctoral dissertation No. 951]. Linköping University, Linköping, Sweden.
Sheridan, T. B., & Verplank, W. (1978). Human and Computer Control of Undersea Teleoperators. Cambridge,
MA: Man-Machine Systems Laboratory, Department of Mechanical Engineering, MIT.
Steinhauser, N. B., Pavlas, D., & Hancock, P. A. (2009). Design principles for adaptive automation and aiding.
Ergonomics in Design, 17(2), 6–10. doi:10.1518/106480409X435943
Svensson, E., Angelborg-Thanderez, M., Sjöberg, L., & Olsson, S. (1997). Information complexity: Mental
workload and performance in combat aircraft. Ergonomics, 40(3), 362–380. doi:10.1080/001401397188206
PMID:11536799
Svensson, E., Angelborg-Thanderz, M., & Sjöberg, L. (1993). Mission challenge, mental workload and
performance in military aviation. Aviation, Space, and Environmental Medicine, 64(11), 985–991. PMID:8280046
Svensson, E., & Wilson, G. F. (2002). Psychological and psychophysiological models of pilot performance for
systems development and mission evaluation. The International Journal of Aviation Psychology, 12(1), 95–110.
doi:10.1207/S15327108IJAP1201_8
Svensson, E., Nählinder, S., & Berggren, P. (2014). Assessing command and control effectiveness: Dealing with
a changing world. Farnham, England: Ashgate.
Taylor, G. S., Reinerman-Jones, L. E., Szalma, J. L., Mouloua, M., & Hancock, P. A. (2013). What to automate:
Addressing the multidimensionality of cognitive resources through systems design. Journal of Cognitive
Engineering and Decision Making, 7(4), 311–329. doi:10.1177/1555343413495396
Taylor, R. M. (1997). Human-Electronic Crew Teamwork: Cognitive Requirements for Compatibility and Control
with Dynamic Function Allocation. In M. J. Smith, G. Salvendy, & R. J. Koubek (Eds.), Design of Computing
Systems, 21B (pp. 247–250). Amsterdam: Elselvier.
Woods, D. D., & Hollnagel, E. (2006). Joint cognitive systems: Patterns in cognitive systems engineering. Boca
Raton, FL: Taylor & Francis. doi:10.1201/9781420005684

17

P UBL IC ATION S IN TH E
D ISSERT ATION S ER IE S

88

PUBLICATIONS IN THE
DISSERTATION SERIES
1. Berg Marklund, Björn (2013) Games in formal educational settings: Obstacles for the
development and use of learning games, Informatics.
Licentiate Dissertation, ISBN 978-91-981474-0-7
2. Aslam, Tehseen (2013) Analysis of manufacturing supply chains using system dynamics
and multi-objective optimization (2013), Informatics.
Doctoral Dissertation, ISBN 978-91-981474-1-4
3. Laxhammar, Rickard (2014) Conformal Anomaly Detection: Detecting Abnormal
Trajectories in Surveillance Applications, Informatics.
Doctoral Dissertation, ISBN 978-91-981474-2-1
4. Alklind Taylor, Anna-Sofia (2014) Facilitation matters: A framework for instructor-led
serious gaming, Informatics.
Doctoral Dissertation, ISBN 978-91-981474-4-5
5. Holgersson, Jesper (2014) User participation in public e-service development:
Guidelines for including external users, Informatics.
Doctoral Dissertation, ISBN 978-91-981474-5-2
6. Kaidalova, Julia (2015) Towards a definition of the role of enterprise modeling in the
context of business and IT alignment, Informatics.
Licentiate Dissertation, ISBN 978-91-981474-6-9
7. Rexhepi, Hanife (2015) Improving healthcare information systems: a key to evidence
based medicine, Informatics.
Licentiate Dissertation, ISBN 978-91-981474-7-6
8. Berg Marklund, Björn (2015) Unpacking digital game-based learning: The complexities
of developing and using educational games, Informatics.
Doctoral Dissertation, ISBN 978-91-981474-8-3
9. Fornlöf, Veronica (2016) Improved RUL estimations for on-condition parts in aircraft
engines, Informatics.
Licentiate Dissertation, ISBN 978-91-981474-9-0
10. Ohlander, Ulrika (2016) Towards Enhanced Tactical Support Systems, Informatics.
Licentiate Dissertation, ISBN 978-91-982690-0-0

