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Abstract  
 
      
The working situation of fighter pilots is often very challenging. The pilots 
are requested to perform their tasks and make decisions in situations char-
acterised by time-pressure, huge amounts of data and high workload, 
knowing that wrong decisions might result in fatal consequences. To aid 
the pilots, several automatic support systems have been implemented in 
modern fighter aircraft and will continue to be implemented in pace with 
technological advancements and new demands posed on the pilots. For 
example, innovations within the information fusion (IF) domain have made 
it possible to fuse large amounts of data, stemming from different sensors, 
databases etc., to create a better foundation for making decisions and act 
than would have been possible if the information sources had been used 
separately. However, there are both positive and negative effects of auto-
mation, such as decreased workload and improved situation awareness on 
the one hand, but skill degradation and complacent behaviour on the oth-
er. To avoid the possible negative consequences of automation, while at the 
same time ameliorating the positive ones, a human-centred automation 
(HCA) approach to system design has been proposed as a way of optimiz-
ing the collaboration between the human and the machine. As a design 
approach, HCA stresses the importance of a cooperative human-machine 
relationship, where the operator is kept in the automation loop. However, 
how to introduce HCA within the fighter aircraft domain as well as its 
implications for the interface and automation design of support systems 
within the field has not been investigated. 
     This thesis investigates the implications of introducing HCA into the 
fighter aircraft domain. Through literature surveys and empirical investiga-
tions, general and domain specific HCA guidelines have been identified. 
These advocate, for example, that an indication of the reliability of the 
information and the recommendations provided by the different aircraft 
support systems must be given as well as that support for appropriate up-
dates of the pilots’ individual and team awareness of the situation must be 
provided. A demonstrator, mirroring some of the identified guidelines, has 
been implemented and used to evaluate the guidelines together with system 
developers within the domain. The evaluation indicated that system devel-
opers of modern fighter aircraft implicitly incorporate many of the identi-
fied HCA guidelines when designing. However, the evaluation further re-
vealed that to explicitly incorporate these guidelines into the development 
approach, preferably through the development of a domain specific style 
guide, would aid the system developers design automated support systems 
that provide appropriate support for the pilots. The results presented in 
this thesis are expected to aid developers of modern fighter aircraft support 
systems by incorporating HCA into the traditional simulator-based design 



(SBD) approach. This approach is frequently used within the field and 
stresses early and frequent user-involvement when designing, in which 
complementary HCA evaluations could be performed to further improve 
the support systems implemented from an automation perspective. Fur-
thermore, it is expected that the results presented in this thesis will con-
tribute to the research regarding how to incorporate the human operator in 
the information fusion processes, which has been recognised as a research 
gap within the IF field. Thus, a further contribution of this thesis is the 
suggestion of how the HCA development approach could be of aid when 
improving the interaction between the operator and the automated fusion 
system.  
 

Keywords: Human-centred automation, fighter aircraft, design guidelines, 
situation awareness, information fusion, decision support. 



 
 

Sammanfattning  
 
 
Arbetssituationen för stridspiloter är ofta mycket utmanande. Piloterna 
måste utföra sina uppgifter och fatta beslut i stressiga situationer med stora 
informationsmängder och hög arbetsbörda, samtidigt som val av fel beslut 
kan leda till allvarliga konsekvenser. För att hjälpa piloterna har flera 
automatiska stödsystem implementerats i moderna stridsflygplan. Denna 
trend kommer att fortsätta i takt med nya tekniska framgångar och nya 
krav som ställs på piloterna. Forskning inom informationsfusion (IF) har 
bland annat gjort det möjligt att fusionera stora mängder data som här-
stammar från olika sensorer, databaser m.m. för att på så sätt skapa en 
bättre grund för att fatta beslut och agera än vad som hade varit möjligt 
om informationskällorna hade använts separat. Dock har både positiva 
och negativa effekter av automatisering rapporterats, såsom minskad ar-
betsbörda och förbättrad situationsuppfattning men även försämrad pilot-
prestation till följd av att de automatiska systemens prestanda inte överva-
kas. För att undvika negativa effekter av automation samtidigt som de 
positiva effekterna stärks har den så kallade människo-centrerade automat-
ionen (HCA) lyfts fram som en möjlig väg att designa system där samver-
kan mellan automationen och den mänskliga operatören optimeras. Som 
en designapproach fokuserar HCA på viken av en samverkande människa-
maskin relation, där operatören hålls kvar i automatiseringsloopen. Men 
hur HCA kan introduceras inom stridsflygdomänen och dess implikationer 
för gränssnitts- och automationsdesign av stödsystem inom domänen har 
inte undersökts.  
     Denna licentiatavhandling undersöker möjliga implikationer av att in-
troducera HCA inom stridsflygdomänen. Genom litteraturundersökningar 
och empiriska studier har generalla och domänspecifika HCA riktlinjer 
identifierats, såsom att piloterna måste erbjudas en indikation angående 
tillförlitligheten hos den information och de rekommendationer som de 
olika implementerade stödsystemen i flygplanet har genererat, samt att 
stöd för att uppdatera piloternas individuella och gemensamma uppfatt-
ning av situationen måste ges. En demonstrator, som återspeglar några av 
de identifierade HCA riktlinjerna, har implementerats och använts för att 
utvärdera riktlinjerna tillsammans med systemutvecklare inom domänen. 
Denna utvärdering påvisade att systemutvecklare inom stridsflygdomänen 
implicit använder sig av många av de identifierade HCA riktlinjerna under 
designprocessen, men att explicit inkludera dessa i en domänspecifik design 
guide skulle kunna hjälpa dem att designa automatiska system som erbju-
der lämpligt stöd för piloterna. De resultat som presenteras i denna licenti-
atavhandling förväntas kunna hjälpa utvecklare av moderna stridsflygsy-
stem genom att inkludera HCA i den traditionella simulator-baserade de-



 
 

signapproachen (SBD). Denna approach används flitigt inom området och 
fokuserar på tidigt och återkommande användardeltagande vid designarbe-
tet, där komplementära HCA utvärderingar skulle kunna genomföras för 
att förbättra de stödsystem som implementeras från ett automationsper-
spektiv. Det förväntas även att de resultat som presenteras i denna avhand-
ling kommer att bidra till forskningen kring hur operatörer kan påverka 
fusionsprocessen, vilket har identifierats som ett område där mer forskning 
behövs inom IF området. Ytterligare ett bidrag av denna avhandling är 
därför det förslag som ges på hur HCA utvecklingsprocessen skulle kunna 
användas för att förbättra interaktionen mellan operatören och det auto-
matiska fusionssystemet.  
 
 
Nyckelord: Människo-centrerad automation, stridsflyg, designriktlinjer, 
situationsuppfattning, informationsfusion, beslutsstöd. 
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Chapter1 – Introduction  
The working environment of modern fighter pilots is often very challeng-
ing. The consequences of making a wrong decision might be severe, and 
decisions must often be made under extreme time pressure and where the 
information available to the pilots might be both uncertain and contradic-
tory. To deal with such working environments, fighter pilots of today are 
extensively trained to be able to fly the aircraft, accomplish their missions 
and survive potential battles. However, in pace with the technological de-
velopments, the tasks of the pilots have changed (Olson, 2001). The mod-
ern aircraft is equipped with a range of different sensors, weapons and 
decision support systems that have been designed to aid the pilots during 
flight, for example by gathering and fusing large amounts of information 
stemming from sensors with longer detection ranges and with better preci-
sion than ever before. These technological developments are closely related 
to the research area of information fusion (IF), where the main objective is 
to fuse data in order to support decisions or actions that in some sense are 
better than would be possible if the information sources had been used 
separately (Dasarathy, 2001). Research within information fusion is ex-
pected to guide further advances within the field, such as how to make 
better use of the data available as well as how to present this data to an 
operator (Svenmarck & Dekker, 2003). However, it has been acknowl-
edged within the IF domain that more research is needed regarding how 
the human operator can influence and improve the fusion processes per-
formed, which could result in a better foundation for the operators to 
adapt the support provided by the automatic support systems according 
their needs.  

Closely related to the research within information fusion is the concept 
of situation awareness (SA). To improve the pilots’ awareness of the situa-
tion has been the focus of many years of research within the aircraft do-
main. According to Endsley (1995), SA is achieved when an operator has 
perceived the elements in the environment, within a volume of time and 
space, has understood their meanings and can perceive their status in the 
near future. Though, with the development of increasingly complex sys-
tems and dynamic environments, it might be difficult to acquire a satisfying 
level of SA. Thus, Endsley (1995) argues that it is important to incorporate 
the concept of SA when designing systems to be used by human operators. 
This might, for example, include an analysis of the information that the 
operators need to be able to perceive objects properly, understand their 
implications and, to some degree, predict what will happen in the near 
future.  
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The implemented support systems within the civil and fighter aircraft 
domains are designed to perform many tasks autonomously, with the aim 
of letting the pilots concentrate on the most prominent tasks for the situa-
tion (see for example (Bonner, Taylor, Fletcher, & Miller, 2000)). The 
inclusion of such automated functions has thus altered the pilots’ way of 
working and the tasks they perform. As in many other domains where 
automation has had great impact on the way the human operators perform 
their tasks, the role of the pilots has changed from being direct manipula-
tors of the physical controls of the aircraft to being managers of the air-
craft systems (see for example Vakil and Hansman (2002)). The change of 
tasks has also altered the nature of errors performed within the aviation 
domain. For example, within the civil aircraft domain, most accidents were 
previously due to lack of physical skills or error of judgment when flying 
the aircraft; in today’s information age the problems are most often related 
to issues of management of the complex aircraft systems (Vakil & 
Hansman, 2002).  

The trend to incorporate more technology into the fighter aircraft is ex-
pected to further deepen with additional technological advancements in the 
form of better sensors, data links, weapons etc. Furthermore, due to pro-
jected changes in team structure, where additional teams of pilots must 
collaborate (for example during international missions) this thesis hypothe-
sises that new support systems must be developed to aid the pilots collabo-
rate and perform their individual and collaborative tasks even under such 
new and demanding situations. These changes in the pilots’ working envi-
ronment call for the need of creating a good balance between the tasks 
carried out manually by the pilots and automatically by the implemented 
support systems, which has been recognized as important within, for ex-
ample, the civil aircraft domain by Kaber and Endsley (1997).  

Since there are known problems with automation, such as skill degrada-
tion, loss of situation awareness as well as complacent behaviour (see for 
example (Lee & See, 2004; Parasuraman & Riley, 1997; Parasuraman, 
Sheridan, & Wickens, 2000; Wiener & Curry, 1980)), the designers of 
automated systems must perform careful investigations to be able to design 
and develop automated systems that suit their intended operators. This is 
the aim of the research area of Human-Centred Automation (HCA) (see 
for example (Billings, 1997)), where focus is put on investigating design 
approaches and characteristics of automated systems that work in collabo-
ration with the human operator – not replacing him/her. Issues that are 
highlighted within this area of research are the importance of performing 
careful investigations of which tasks to automate, at which level of auto-
mation, as well as making sure that the operator has appropriate amount 
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of trust in the automated functions available. Thus, through well-designed 
automation, a human operator might be able to perform his/her tasks ap-
propriately and with good SA.  

The HCA development approach is not new – within for example the 
nuclear power and civil aircraft domains researchers have argued for the 
importance of incorporating characteristics of HCA in the system devel-
opment process (see for example (Billings, 1997) and (Skjerve & 
Skraaning, 2004)). However, there is a lack of such research within the 
fighter aircraft field. Furthermore, very little work has been performed 
regarding how to incorporate HCA characteristics during a system devel-
opment process, both in general and within the military domain.  

This thesis presents the first steps toward introducing the HCA devel-
opment approach and incorporating HCA characteristics in the modern 
fighter aircraft domain. Important characteristics of HCA are identified 
and described, as well as the first attempt to apply these characteristics on 
a new proposed situational adapting system that is foreseen to aid fighter 
pilots create and maintain good SA and provide support for team collabo-
ration. A demonstrator has been developed of such support system, of 
which a first evaluation together with system developers within the field 
has been performed. Furthermore, a suggestion of how to incorporate 
HCA during the fighter aircraft support system development process is 
presented together with examples from current system automation design 
of a modern fighter aircraft, where characteristics of HCA are mirrored.  

The rest of this chapter describes the research questions and objectives 
identified, the contributions as well as an outline of the thesis.  

 

1.1 Research questions and objectives 
The overall goal of this thesis is to investigate how HCA could be applied 
in the future development of support systems within the fighter aircraft 
domain. To address this goal, the following research questions have been 
specified:  
 
Research question 1: What is the need for HCA in the fighter aircraft do-
main?  
To address this question, a need for understanding the working situation of 
fighter pilots flying modern fighter aircraft and the challenges that they are 
expected to be exposed to in the near future was identified. This is consid-
ered central in order to receive a better insight into what future fighter 
aircraft support systems should be able to manage in order to aid the pi-
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lots. To do so, interviews and surveys together with active fighter pilots 
have been performed, as well as domain specific literature surveys.   
 
Research question 2: How can HCA be applied in the modern fighter air-
craft domain?  
To answer this question, investigations of the reasons why characteristics 
of HCA should become a central building block in the fighter aircraft sys-
tem development process have been performed. To make this analysis, 
literature surveys and interviews have been conducted.  
 
To address these questions, the following objectives have been proposed:  
 
Objective 1: Review support systems that have been implemented within 
the military fighter aircraft domain.  
 
Objective 2: Analyse the need for additional support systems within the 
modern fighter aircraft domain.  
 
Objective 3: Investigate important characteristics of HCA within the mod-
ern fighter aircraft domain.  
 
Objective 4: Investigate how/if characteristics of HCA, identified in objec-
tive 3, are mirrored in the automation design of modern fighter aircraft.  
 
Objective 5: Perform an initial design and implementation of a support 
system demonstrator, mirroring some of the characteristics identified in 
objective 3.  
 
Objective 6: Perform an initial evaluation of the automation design of the 
demonstrator.  
 
Table 1.1 presents an overview of the research questions and objectives of 
the thesis, as well as associated chapters and publications. 
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Table 1.1 – Thesis questions, objectives, chapters and publications. 
 

Question (Q) Objective (O) Chapter Paper 
  
  
 
Q1: What is 
the need for 
HCA in the 
modern 
fighter air-
craft do-
main?  
 

O1: Review support systems that have been 
implemented within the military fighter 
aircraft domain. 

 
 

 
 

 
2 
4 
5 

 
 
 

 
II 
IV 
V 
VI 
VII 

 VIII 
 

O2: Analyse the need for additional support 
systems within the modern fighter aircraft 
domain. 
 

O3: Investigate important characteristics of 
HCA within the modern fighter aircraft 
domain. 
 

 
 
 
 
Q2: How 
can HCA be 
applied in 
the modern 
fighter air-
craft do-
main? 

O4: Investigate how/if characteristics of 
HCA, identified in objective 3, are mirrored 
in the automation design of modern fighter 
aircraft. 

5 III 

O5: Perform an initial design and implemen-
tation of a support system demonstrator, 
mirroring some of the characteristics identi-
fied in objective 3. 
 

 
 
 

6 

 
 
 

I 
VII 

VIII  
O6: Perform an initial evaluation of the 
automation design of the demonstrator. 
 

 

1.2 Contributions  
The first set of contributions of this thesis regards the analysis of the need 
for additional support systems within the modern fighter aircraft domain 
and, especially, support systems incorporating characteristics of HCA. A 
literature survey of implemented support systems within the domain has 
been conducted as well as interviews with fighter pilots to reveal their ex-
pected future needs. Literature surveys and empirical investigations have 
further resulted in the identification of general and domain specific HCA 
guidelines, such as to provide the pilots with an indication of the reliability 
of the recommendations generated by the implemented support systems, to 
implement automated functions at suitable levels of automation as well as 
that support for appropriately updating the pilots’ individual and team 
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awareness of the situation must be provided. To exemplify possible impli-
cations of HCA within the domain, an analysis is presented in which iden-
tified HCA guidelines are reflected in examples from a modern fighter air-
craft.  

The second set of contributions of this thesis includes the initial devel-
opment of a demonstrator, mirroring some of the identified guidelines, 
which has been used to evaluate the identified HCA guidelines together 
with system developers within the field. This evaluation further resulted in 
the discovery of the system developers’ anticipated positive effects of ex-
plicitly including the HCA guidelines in a domain specific style guide to be 
used during the development process of future support systems within the 
domain. Furthermore, the results presented in this thesis are expected to 
aid developers of future fighter aircraft support systems to design automat-
ed systems that provide appropriate support for their operators through 
the incorporation of HCA characteristics and complementary HCA evalua-
tions during the commonly used SBD approach.  

An additional contribution of this thesis is the incorporation of HCA 
within the IF field. HCA is identified as a means to improve the relation-
ship between the human operator and the automated fusion system 
through the implementation of automated support functions that the oper-
ator can understand and, thus, also be better able to improve, which is the 
focus of the fifth level of the JDL model.   
 

1.3 Thesis outline  
The second chapter of this thesis introduces the reader to the background 
material of the research presented. Here, the reader finds information 
about information fusion, situation awareness, human-centred automation 
as well as information regarding conducted research programs within the 
domain. Chapter 3 provides a description of the research approach taken, 
followed by a depiction of the working situation of fighter pilots and the 
need for additional support systems in chapter 4. Chapter 5 presents the 
reader to the HCA guidelines proposed to be suitable in the current field as 
well as examples of how these are mirrored in the automation design of 
current fighter aircraft support systems. A first evaluation of the demon-
strator, mirroring some of the identified HCA guidelines is given in chapter 
6, whereas chapter 7 presents the reader with a discussion of the results 
obtained and the ideas for future work. Figure 1.1 presents an overview of 
the thesis.  
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Figure 1.1: Thesis outline.  
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Chapter 2 – Background 
In the fighter aircraft domain, as well as in many other domains, the deci-
sion-maker often has to process huge amounts of data in order to make an 
informed and correct decision. Furthermore, the process of decision mak-
ing is often aggravated by factors such as time-pressure and the presence of 
uncertain information. New technologies for decision making have been 
developed over the years, which have introduced both new challenges and 
new opportunities for the decision-maker. One challenge is, for example, 
the ever increasing amounts of data that is collected from sensors, data-
bases and within teams from which the operator shall base his/her decision 
on. If not presented in a compact and understandable manner, the operator 
might have problems with perceiving which information that is important 
and, as a consequence, base his/her decisions on irrelevant facts for the task 
at hand (see for example (Bossé, Roy, & Wark, 2007; Breton, Paradis, & 
Roy, 2002)). An opportunity stemming from the new technology, on the 
other hand, is that the data, due to advances in sensor technology, is likely 
to be more accurate which might result in better decisions. Another chal-
lenge is to create a good working environment for the human operators. 
The introduction of new technologies has not only resulted in increased 
amounts of data to process, but has also altered the way the operators 
perform their tasks, as well as which tasks they perform (Hawkley, Mares, 
& Giammanco, 2005). The introduction of more and more automated 
functions that have taken over many of the tasks previously performed by 
human operators has implied both positive and negative effects upon oper-
ator performance – such as a better awareness of the situation on the one 
hand, but complacent behaviour on the other hand (Parasuraman, et al., 
2000).  

This chapter presents models and theories within three research areas, 
namely information fusion, situation awareness and human-centred auto-
mation. Research regarding information fusion is presented in chapter 2.1 
due to its strong influence on the technologies incorporated into military 
support systems, i.e. where large amounts of data from different sensors 
must be fused and analysed to create a good knowledge base for the opera-
tors to base their decisions upon. In chapter 2.2, the reader will find infor-
mation about situation awareness, since it is of utmost importance that the 
pilots can make sense of the data fused and presented on the available dis-
plays as well as understand what is happening in the surroundings. Fur-
thermore, in this particular domain, situation awareness on both an indi-
vidual level and at a team level is important due to the cooperative nature 
of many of the tasks carried out. Thus, information regarding team situa-
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tion awareness will be presented as well as research performed within the 
field of human-centred automation (chapter 2.3) to provide the reader with 
an insight into the challenges and opportunities of designing human-
centred automated functions. The results from a literature survey regarding 
implemented support systems within the fighter aircraft domain are also 
provided in chapter 2.5.  

 

2.1 Information Fusion  
In order for the decision makers to make use of the data, it has to be fused 
and analysed effectively (Tien, 2003). To do so, information fusion (IF) 
techniques can be applied. According to Dasarathy (2001), information 
fusion includes the theory, techniques and tools that can be used in order 
to make use of the synergy in the information obtained from multiple 
sources (for example sensors, humans and databases). The goal of IF is 
then to fuse data in order to produce decisions or actions that in some 
sense are better, either quantitatively or qualitatively, than would be possi-
ble if only one source of information had been used (Dasarathy, 2001). 
Hall and Llinas (1997) contribute to this view and claim that through in-
formation fusion, the operator can create a more accurate picture of the 
environment than if he/she has just used data from one source alone. Nu-
merous information fusion systems have been developed since the 1970s – 
the majority of them within the defence domain, such as threat assessment 
systems and identification-friend-foe-neutral (IFFN) systems (D.  Hall & 
Llinas, 1997). According to Oxenham (2003), current research in the air 
defence domain that aims to improve the pilots’ awareness of the situation 
can be broadly categorised into three areas: 1) enhancements of the air 
picture (for example automatic target recognition), 2) automated situation 
and impact refinement (for example scheduling of agile sensors) and 3) 
human factors (with focus on, for example, human-machine interface is-
sues) (see Oxenham (2003) for more information). Information fusion 
techniques can also be found in domains such as the nuclear power domain 
and the health care domain.  

The concept of information fusion is not at all new: both humans and 
animals fuse information from their senses in order to make inferences 
about objects or events in the environment. Many of the data fusion tech-
niques and methods developed thus try to imitate the way humans fuse 
data (D. Hall & McMullen, 2004). There are several approaches for de-
scribing the fusion process, which have resulted in the development of a 
number of frameworks and models. Two of the most referenced models 
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within IF related literature are presumably the JDL model and the OODA 
loop, described below.  

The JDL model (see figure 2.1) was developed in 1985 by the U.S. Joint 
Directors of Laboratories (JDL) Data Fusion Working Group in order to 
create a standard terminology related to fusion. The JDL model is a con-
ceptual model which describes the processes, functions and categories of 
techniques applicable to data fusion (D.  Hall & Llinas, 1997). The model 
describes how the data from different sources is transformed to infor-
mation, which an operator can use when making decisions. A description 
of the processing performed at each level of the model, as proposed by Hall 
and McMullen (D. Hall & McMullen, 2004), is presented below.  
 

 
 

Figure 2.1: The JDL model depicting the fusion process (adapted from Hall 
and McMullen (2004)). 

 
Level 0 processing (signal assessment): at this level, the data is pre-
processed, sorted and filtered so as to not overwhelm the fusion system 
with raw data.  
 
Level 1 processing (object assessment): processing at this level aims at 
combining data in order to create more reliable and accurate estimates of 
the position, velocity, identity and attributes of objects and entities.  
 
Level 2 processing (situation assessment): objects and entities discovered 
during the level 1 processing are here further analysed in order to establish 
relationships among them in the current environment so as to create an 
interpretation of the situation.  
 
Level 3 processing (impact assessment): the focus of the fusion system at 
this level is to “predict” the future, i.e. draw inferences about threats, op-
portunities and vulnerabilities.  
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Level 4 processing (process refinement): processing at this level is con-
cerned with improving the other fusion processes by for example control-
ling and adjusting the sensors available for the fusion process, identifying 
which information is needed in order to make the process better as well as 
allocating the resources available in such a way that the fused data can 
help to achieve the goals of the mission.  
 
Level 5 processing (user refinements): level 5 processing is concerned with 
improving the interaction between the human and the system. Ways of 
improving the interaction as well as identifying information needs and 
adapting the system to individual operators are considered at this level.  
 
Since its creation, various variations of the JDL model have emerged. Dis-
cussions regarding whether the two levels “process refinement” (level 4) 
and “user refinement” (level 5) should be parts of the model or be treated 
as meta-processes (and not as actual levels) refining the process or the out-
comes at the other levels in the model, have been raised in literature (D. 
Hall & McMullen, 2004). Blasch and Plano (2002) point out that it is 
important to consider the higher levels in the JDL model, since all levels are 
connected – the algorithms chosen for the data fusion at level 3 might be 
adapted by an operator at level 5. If no consideration to the higher levels is 
made, it might be difficult for the operator to use the information fusion 
based support system effectively (Nilsson, 2008). To make the JDL model 
more “user centred”, Blasch and Plano (2002) have suggested the “JDL-
User model”, which stresses the importance of taking into account issues 
such as trust, workload, attention and situation awareness when designing 
the fusion system (see figure 2.2). In contrast to the original JDL model, 
the JDL–User model depicts that the operator is indeed involved in every 
step in the fusion process and is not just a receiver of fused information. 
According to Blasch (2006) the user impacts the fusion system design 
through determining what and how much data value to collect, which tar-
get to give priority, understanding the context and user role, defining 
threat intent and through determining which sensors to deploy and to acti-
vate  (see figure 2.2).  
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Figure 2.2: The JDL-User Model (adapted from Blasch and Plano 

(2002)). 
 

The JDL model is a functional model, while the OODA loop (Observe – 
Orient – Decide – Act), described below, is a process model that specifies 
the interaction among functions within a system (see figure 2.3). The 
OODA loop originates from the military domain and is used within the IF 
community as a general model of decision making (Nilsson, 2008). The 
model focuses on four activities:  
 
Observe: the decision maker should gather data by observing the environ-
ment (D. Hall & McMullen, 2004). This activity could, for example, lead 
to the detection of a flying aircraft.  

 
Orient: after having observed an object or event, the decision maker should 
assess the situation and position him/herself in the environment. In the 
fighter aircraft domain, this could imply the positioning of the aircraft in a 
favourable position for the next actions to take place.  

 
Decide: after having observed the environment and oriented oneself, the 
decision maker is to make a decision regarding how to proceed. This could 
imply a decision to increase speed and altitude to prepare for battle.  
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Act: after having decided upon what to do, the decision maker should act 
on the decision. This could, for example, mean the actual activity, i.e. to 
press the trigger to shoot down an enemy.  
 

 
 
 
 
 
 
 
 
 
 
 

Figure 2.3: The OODA loop (adapted from Brehmer (2005)). 
 

The activities of the model are to be performed in a cyclic and iterative 
manner. The aim of the model is to make the decision making process 
more efficient in order for the operators to position themselves one step 
ahead of their opponents (Nilsson, 2008).  

Many researchers have claimed that the purpose of an information fu-
sion system is to support their human decision makers (see for example 
(Bossé, Guitouni, & Valin, 2006; D. Hall & McMullen, 2004)). As such, 
questions regarding how to present the results from the fusion processes to 
the human operator have been posed and the lack of research of human-
computer interaction (HCI) related issues has been acknowledged by sever-
al authors within the information fusion community (such as (Blasch & 
Plano, 2002; D. Hall & McMullen, 2004; M. Hall, Hall, & Tate, 2000)). 
Discussions regarding the “HCI bottleneck”, i.e. how to present rich in-
formation from many different sensors, on a two-dimensional screen, have 
been raised, resulting in additional research concerning the subject. It has, 
for example, been acknowledged that in order for a decision maker to 
make well-informed and correct decisions based on the information pro-
duced by the fusion system, it is important that he/she understands what is 
happening in the observed environment. To do so, it has been argued that 
the operator must have a good awareness of the situation. The following 
section reports on research concerning situation awareness.  

 

Orient

Decide

Act

Observe
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2.2 Situation Awareness 
In order for a decision maker to make complex decisions, a certain level of 
situation awareness (SA) must be reached (Endsley, 1995). According to 
Endsley (1995) situation awareness (SA) is achieved when an operator has 
perceived the elements in the environment, within a volume of time and 
space, has understood their meanings and can perceive their status in the 
near future. Wallenius (2004) states that achieving situation awareness is a 
mental process that relies on the human mind and senses, but that it can be 
enhanced by fusing data from several sources and combining it with stored 
knowledge. Though, in pace with the development of increasingly complex 
systems and dynamic environments, it might be difficult to acquire a 
satisfying level of situation awareness. Thus, Endsley (1995) argues that it 
is important to incorporate the concept of situation awareness when 
designing the interface of the system (as suggested by the fifth level of the 
JDL model, see figures 2.1 and 2.2).  

According to Endsley (1995), there are three levels of situation 
awareness (see figure 2.4). The first level, ”perception”, deals with 
perceiving relevant elements in the environment together with their 
attributes. In a military aircraft scenario, this would for example imply that 
the pilot has knowledge of where other aircraft are situated, their 
directions and speed. The second level of SA, ”comprehension”, is about 
understanding the situation at hand, grouping perceived elements and 
understanding their significance in relation to the goals of the task at hand 
(Endsley, 1995). In a military aircraft scenario, a pilot observing the 
environment can at this level of SA, for example, detect anomalous 
behaviour of other aircraft. The third level of SA, ”projection”, is 
according to Endsley the process of analyzing the near future of the 
perceived elements and events. In a military aircraft scenario, a pilot might 
at this level of SA be able to draw conclusions regarding the probability 
that an enemy will fire missiles. In light of this knowledge, the pilot can act 
in a way that meets his/her objectives (Endsley, 1995). 
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Figure 2.4: The three levels of situation awareness (adapted from 

(Endsley, 1995)). 
 

These three levels can be compared to the levels 1–3 of the JDL model 
(where the operator is to detect objects, create an understanding of the 
environment and predict the future). Though, the JDL model provides a 
technological basis for achieving situation awareness, while the model for 
situation awareness depicts the mental state of having achieved SA 
(Lambert, 2001).  

Situation awareness can be achieved at both an individual level and at a 
team level. According to Shu and Furuta (2005), team SA is a critical factor 
in establishing collaborative relations among team members involved in 
cooperative activity. There are a number of different terms in use for defin-
ing situation awareness in teams, such as “common understanding”, “team 
shared awareness”, “shared understanding”, “distributed cognition”, “dis-
tributed understanding”, “group situation awareness”, “shared cognition”, 
“shared visualization”, “team awareness” and “coherent tactical picture” 
(Nofi, 2000). Definitions of SA in teams have also been provided by several 
researchers. Wellens (1993) argues that group SA is “the sharing of a 
common perspective between two or more individuals regarding current 
environmental events, their meaning and projected future” (p.272), where-
as Salas, Prince, Baker and Shrestha (1995) define team SA as “at least in 
part a shared understanding of a situation among team members at one 
point in time” (p.131). Another definition is provided by Artman (2000) 
who argues that team SA is “two or more agents’ active construction of a 
situation model which is partly shared and partly distributed and, from 
which they can anticipate important future states in the near future” (p. 
15–16). Additional definitions exist, and there seems to be a lack of a uni-

Situation awareness

Level 1 
Perception of elements in the current situation 

Level 2 
Comprehension of current situation 

Level 3 
Projection of future states



16 I TOVE HELLDIN Human-Centred Automation – With Application to the Fighter Aircraft Domain 
 

fied, universally accepted model of team SA (P. Salmon et al., 2007). In an 
attempt to create a holistic view of team SA, Salmon et al. (2007) have 
proposed a model consisting of individual team member SA (common or 
shared SA), SA of other team members and SA of the overall team (see 
figure 2.5). In this thesis, a specific definition of team SA is not considered, 
however, it is important to stress that the concepts of individual and team 
situation awareness are of great importance for fighter pilot mission suc-
cess.  
 

 
 
Figure 2.5 – A model of Team SA (adapted from Salmon et al. (2007)).  
 

According to Nofi (2000), there is an obvious difference between individu-
al and team SA, since SA in teams involves several persons trying to form a 
common picture of the environment. To do this, they must first build their 
own individual SA within the mission to be accomplished, followed by 
distributing their individual SA and becoming aware of relevant actions 
and functions of other members in the team as well as to develop the 
shared SA. However, as Artman (2000) argues, team SA is not simply the 
sum of individual operators’ SA or a shared idea of a situation (as suggest-
ed by Kaber and Endsley (1998)), but that it is an actively communicated 
and coordinated accomplishment between several members.  

The operators’ degree of situation awareness has great influence over the 
decision making process. The mental model that the operator has of the 
situation will directly affect the actions and problem-solving strategies that 
will be applied in order to meet the objectives (Endsley, 1995). Endsley 
(1995) further claims that there is an evident relationship between SA and 
performance. In general, it is expected that poor performance is a result of 
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incomplete or inaccurate SA, when the correct actions are not known for 
the current situation or when time or other factors (such as stress, 
workload and complexity) limit an operator’s ability to choose the correct 
action. Thus, if an operator interacting with a fusion system has a high 
degree of SA, he or she should be better prepared to make high-quality 
decisions. The cognitive load of the operator might also decrease, which in 
turn might allow him/her to focus on the most interesting objects and 
events in the observed environment.  Several techniques and methods for 
measuring an operator’s SA have been developed, such as SAGAT 
(Situation Awareness Global Assessment Technique) and SART (Situation 
Awareness Rating Technique)  (see (Endsley, 1995; P.  Salmon et al., 2009) 
for more information).  

The process of achieving SA is called situation analysis, under which the 
decision maker creates a mental model of the environment through 
examining the situation, its elements and relations (Matheus, Kokar, & 
Baclawski, 2003; Roy, Breton, & Paradis, 2001). This process is expected 
to become more complex in pace with the introduction of new automated 
technologies, often leaving the human operator as a mere observer. 
However, it is still the human operator who is ultimately responsible for 
the automated tasks performed and also for creating and maintaining 
his/her own SA. Thus, to incorporate the human operator in the tasks 
performed by the automated technologies is crucial. This is the focus of the 
research performed within the field of HCA, described in the following 
section.  

 

2.3 Human-Centred Automation  
Computers today are capable of autonomously carrying out tasks that 
previously could only be performed by human operators. Automation has 
been defined as “a device or system that accomplishes (partially or fully) a 
function that was previously carried out (partially or fully) by a human 
operator” (Kelly, Boardman, Goillau, & Jeannot, 2003) (p.10). Another 
definition of automation has been provided by Moray, Inagaki and Itoh 
(2000) who argue that “[a]utomation is any sensing, detection, infor-
mation-processing, decision-making, or control action that could be per-
formed by humans but is actually performed by machine” (p.1). The defi-
nition provided by Kelly et al. focuses on the functions that are automated 
while Moray et al. put emphasis on the automation processes involved. 
Since the research presented in this thesis describes automation issues from 
a broader perspective, where the effects of automation on, for example, 
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situation awareness and the process of designing the automation are fo-
cused upon, the latter definition is used for the research carried out.  

More and more tasks in our everyday lives are performed by automated 
technologies. The reason for this is often related to monetary issues such as 
reducing personnel costs and the time needed to perform the tasks, but also 
for preventing errors performed by the human operators. The author of 
this thesis believes that this trend is anticipated to continue in pace with 
improved software and hardware technologies, making is possible to ex-
tend or improve the human operators’ capabilities. However, such reasons 
have also been causing the so called “ironies of automation”. Bainbridge 
(1983) argues that the increase of automated technologies stem from the 
basic view that human operators are unreliable and inefficient and, thus, 
should be eliminated from the system. From this view, the first irony 
highlights the fact that the automation designer him/herself can be a major 
source for operator unreliability and/or inefficiency (i.e. leaving the 
operator with a system that is difficult to understand and use), whereas the 
second has its roots in the developer’s strive to eliminate the need for an 
operator, but only for those tasks that he/she is able to automate (i.e. the 
operator is left with tasks that could not be automated due to for example 
their technological complexity). Most literature regarding automation has 
a technological focus, discussing what can be automated with the aid of the 
latest technology. Though, as Parasuraman, Sheridan and Wickens (2000) 
state, there is a small, but growing, research base examining the human 
factors consequences of introducing automated technologies which has 
shown that automation often changes the activities of the human operators 
in ways not intended or anticipated by the designers of the automation. As 
Parasuraman et al. (2000) further state, “[a]utomation design is not an 
exact science. However, neither does it belong in the realm of the creative 
arts, with successful design dependent upon the vision and brilliance of 
individual creative designers” (p.294).  

The effects of automation on operator performance might be both posi-
tive and negative. Reported positive effects are, for example, improved 
operator situation awareness and decreased operator mental workload 
after having automated repetitive tasks, ill-suited for the human operator, 
letting him/her spend more time on tasks requiring deeper analyses and 
operator expertise. In fact, common measures of successful automation are, 
according to Parasuraman et al. (2000), appropriate operator mental 
workload, a high degree of situation awareness as well as the absence of 
complacent behavior and skill degradation. An example of successfully 
implemented autonomous functions can be found in Rovira, McGarry and 
Parasuraman (2007), where improved operator performance was reported 
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when automating the task of identifying the most threatening object in a 
command and control setting. However, negative effects of automation 
have also been reported. One such example from the civil aircraft domain 
is the faulty automation of the autopilot of one Airbus A320 aircraft (Lee 
& See, 2004). The pilots over-trusted the autopilot, leaving them no time 
to take manual control to avoid the collision with the ground. Further-
more, Parasuraman and Riley (1997) have documented that inappropriate 
automation can result in misuse, disuse and abuse of automated functions. 
Such automation might increase an operator’s mental workload if he/she, 
for example, does not understand how the automated system works or 
knows what is being performed. Automation might also decrease an opera-
tor’s awareness of the situation by alienating him/her from the tasks car-
ried out, leaving the operator less attentive to changes in the environment 
caused by the autonomous functions (Parasuraman, et al., 2000). Further-
more, autonomous functions that leave the operator as a mere observer 
could also result in skill degradation and a sense of being positioned out of 
the loop. Additionally, a highly reliable, but not 100% perfect system 
might also lead to operators having trouble to detect automation failure 
when it does occur (Parasuraman, et al., 2000). 

To experience the positive effects of automation, as well as at the same 
time prevent or suppress the known negative effects of automation, the 
HCA design approach can be of great aid. HCA is described by Bainbridge 
(1983) as a design approach in which optimal collaboration between the 
human and computer is strived for, as opposed to other approaches where 
the human operator is substituted by the computer and in which the opera-
tor is left with tasks that were “un-automatable” (for example due to tech-
nological shortcomings). According to Billings (1997), general aspects of 
HCA constitute, amongst others, the incorporation of the human operator 
in the execution of automated tasks, appropriate information distribution 
as well as the implementation of automated functions that are easy to learn 
and to operate. To achieve such automation, it is important that the 
developers of automated functions have knowledge of possible positive and 
negative effects of introducing automated technologies in the operators’ 
working environment to ultimately enhance the human-machine 
collaboration. To do so, researchers have claimed that careful 
investigations and analyses must be performed to make sure that the 
operator has appropriate amount of trust in the automated technologies, 
that suitable tasks are selected for automation as well as that appriopriate 
levels of automation (LOAs) are applied to these selected tasks (see for 
instance (Atoyan, Duquet, & Robert, 2006; Lee & See, 2004; 
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Parasuraman, et al., 2000)). These HCA characteristics are the focus of the 
following sections.  

 

2.3.1 Trust in automation  
One factor that influenses the usefulness of an automated system is the 
level of trust that the operator has in the system (Atoyan & Shahbazian, 
2009). Madsen and Gregor (2000) have defined trust in human-machine 
systems as “the extent to which a user is confident in, and willing to act on 
the basis of the recommendations, actions and decisions of an artificially 
intelligent decision aid” (p.1). According to Atoyan and Shahbazian 
(2009), the issue of trust is becoming increasingly important with the 
development of new operator supporting technologies since it is 
“potentially harder to gain, easier to loose and even more difficult to 
recover when lost” (p.161). Thus, it is of great importance when designing 
and evaluating automated functions that the issue of trust is taken into 
account in order to provide a good basis for the operator-automation 
relationship as well as to improve operator performance.  

Several reserachers within different research areas, such as psychology 
and information technology, have attempted to model trust. Rempel, 
Holmes and Zanna (1985) argue that trust progresses in three stages over 
time – from predictability, to dependability and faith. Sheridan (1988) 
proposes that trust depends on the reliability, robustness, familiarity, 
understandability, explication of intent, usefulness and dependence of the 
system, whereas Muir and Moray (1996) argue that trust consists of six 
components, namely: predictability, dependability, faith, competence, 
responsibility and reliability. Despite the choice of trust components, it is 
apparent that trust is a complex and mutlifaceted concept, incorporating 
both psychological and technical issues that need to be taken into account 
during the design process of the automated functions. Important to 
consider is also the fact that neither is too much, nor too little trust in 
automated systems desirable. Too much trust might lead to complacent 
behavior, or misuse of the automation, whereas too little trust might lead 
to the disuse of the automation (Parasuraman & Riley, 1997) (see figure 
2.6).  
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Figure 2.6 – The appropriate amount of trust in automated technologies 

must be adapted according to the system reliability (Kelly, et al., 2003). 
 

In relation to trust, studies have also shown that distrust in a particular 
autonomous function may spread to other functions performed by the 
same sub-system (Atoyan, et al., 2006). Furthermore, experiments have 
shown that trust in automated systems decreases if failures are performed 
on easy tasks, in contrast to more difficult tasks, as well as that trust 
depends on the current and prior level of system performance, the presence 
of faults and prior levels of trust. Trust has also been shown to depend on 
the risks involved – the higher the risk level, a higher level of trust is 
required for the operator to use the system. This may lead to unwarranted 
distrust, unnecessary monitoring and overriding of good decisions (Atoyan, 
et al., 2006). Trust also depends on the context, where parameters such as 
workload, time constraints, involved risks, stress and self-confidence levels 
can affect trust and reliance (Atoyan, et al., 2006). According to Dzindolet 
et al. (2003), designers should make sure that the operators have a good 
understanding of how the system works. A transparent system will make it 
easier for operators to understand faults that may occur as well as when 
they might occur. In the same spritit, Jensen, Aldenryd and Jensen (1995) 
argue that a decision support system should have features for explaining 
how its recommendations have been generated in order to support the 
decision maker as well as increase his/her confidence in the system. Lacave 
and Díez (2002) confirm this view and state that a system’s ability to 
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explain its reasoning behind a recommendation is of great importance for 
an operator to fully accept the advice that the system proposes. The 
generation of support system explanations has, for example, been 
investigated within the military maritime domain by Helldin and Riverio 
(2009). In this study, the cause of an anomaouls vessel alarm was 
investigated and and a graphical explanation, explaining the cause of the 
alarm, was generated. Other studies within the naval command and 
control domain have suggested that an operator’s trust in and acceptance 
of the system are influenced by the system’s feedback to the operator (see 
for instance Kelly et al. (2003)). In the study presented in Kelly et al. 
(2003), the operators neither misused or disused the system (thus had 
appropriately calibrated their trust in the system), which was possible since 
they had knowledge of how the system worked, its strengths and 
limitations. Thus, the better the understanding, the more likely it is that the 
operator will trust the automation appropriately. Hence, the result of not 
analyzing the potential positive and negative effects of automation as well 
as carefully design the autonomous functions might have severe effects on 
operator trust as well as on operator performance. 

Trust has been measured both subjectively, using different kinds of 
rating scales where an operator’s subjective feelings of trust are measured, 
and objectively by, for example, analysing an operator’s usage of the 
automated functions available (thus assuming that the usage/the disuse of 
automated functions reflects the operator’s trust in the automation). 
Subjective questionnaries that have been used are for example the Lee and 
Moray scale (Lee & Moray, 1992, 1994) where operators are requested to 
evaluate their trust in a system by using a ten-point scale (ranging from no 
trust – complete trust), answering questions such as “overall, how much do 
you trust the system?”.  Another subjective measure of trust was developed 
by Madsen and Gregor (2000), who presented the “Human-Computer 
Trust” (HCT) Scale. This scale is used to evaluate trust from five different 
perspectives: reliability (how consistent the system is in its functioning 
etc.), technical competence (if the system performs the tasks accurately and 
correctly), understandability (in the sense that the operator can form a 
mental model of the behavior of the system), faith (the operator has faith 
in the system’s future ability) and personal attachment to the computerised 
system (the operator finds the system agreeable) (see figure 2.7). The scale 
is further divided into two classifications: cognition-based trust and affect-
based trust. The “cognition-based” component of human-computer trust 
defines an operator’s perceptions of the characteristics of the system, while 
the “affect-based” component describes an operator’s emotional responses 
to the system. The model includes most of the factors that influence trust 
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that have been proposed by other researchers, but the model does not 
attempt to depict the process of how trust develops or changes over time.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 2.7 – Model of Human-Computer Trust (adapted after Madsen 
and Gregor (2000)). 

 

2.3.2 Levels and types of automation 
Automation can be applied to a range of different tasks and levels. In the 
1950s, Paul Fitts presented “Fitts’ list” which specifies tasks that a human 
operator is better at, and which tasks that a computer is better at, such as 
reasoning versus speed (de Winter & Dodou, 2011). A similar classifica-
tion is provided by Schulte (2001), see figure 2.8, who argues that through 
cognitive man-machine cooperation, synergies from these strengths can be 
exploited.  Such categorization is, of course, a gross simplification of the 
human operator’s and computer’s capabilities, and might not be up-to-date 
with the latest technological development, but has served as a foundation 
for human-computer function allocation.  
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Figure 2.8 – Synergetic resources to be exploited through man-machine 
cooperation (from Schulte (2001)). 

 
Researchers have also suggested several classifications describing the opera-
tor-automation relationship. One is provided by Onken and Schulte (2010) 
who argue that there are two forms of automation: supervisory control and 
co-operative control. The first refers to that the operator monitors the 
workings of the automation while the latter implies that the operator 
works in collaboration with the automated functions to perform selected 
tasks. Hou, Gauthier and Banbury (2007) provide another classification 
and argue that automated technologies can either operate at the assistant 
level (aiding the operator when requested), the associate level (working in 
collaboration with the operator) or at the coach level (guiding the operator 
to make appropriate decisions). Another classification is suggested by 
Wright and Kaber (2005) who argue that automation can aid an operator 
in four different ways: 1) through action support (where the operator is 
assisted by the automation), 2) through shared control (where the system 
implements the operator’s plan under his/her supervision), 3) through deci-
sion support (aiding the operator to make appropriate decisions) and 4) 
through blended decision making (where the system is able to select from 
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decision alternatives and implement them). How to design the operator-
automation relationship must be carefully investigated to suit the intended 
operators in their working environment. However, as has been argued by 
Parasuraman et al. (2000), an often successful operator-automation rela-
tionship is the collaborative one, due to issues such as trust and situation 
awareness.  

Which tasks to automate and at which automation level must be careful-
ly investigated to create a good base for a successful human-automation 
collaboration. As Parasuraman et al. (2000) state, automation design is not 
an exact science, however there is more to the design than just lucky guess-
es.  Thus, to implement succcessful automation, automation designers need 
to perform a range of different analyses in a structured way. To do this, the 
designer might be aided by the model proposed by Parasuraman et al. 
(2000), which can serve as a framework when designing automated 
technologies (see figure 2.9). According to this model, there are four broad 
classes of functions that can be automated, namely: 1) information 
acqusition, 2) information analysis, 3) decision and action selection and 4) 
action implementation. Automation of information acquisition might in-
volve strategies for mechanically directing sensors in order to observe a 
specific geographical area. It might also include an organization or high-
lighting of incoming information from such sensors according to some 
criteria. Automation of information analysis might imply presenting anal-
yses of projected future states of objects, the aggregation of several varia-
bles to a single variable or the presentation of context dependent summar-
ies of data to the user. Decision and action selection automation might 
involve the generation of system recommendations of what the user should 
decide, while automation of action implementation might imply the sup-
port system’s execution of the selected action. A connection between these 
automation functions and the OODA loop (see figure 2.3) can be observed. 
The acquisition and analysis of information is incorporated into the ob-
serving and acting activities of the OODA loop, whereas the deciding and 
acting activities correspond to the decision/action selection and action im-
plementation of the automated functions. Within each of these four classes, 
automation can be applied at various levels – ranging from low automation 
(manual control) to high automation (automatic control) (see table 2.1).  
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Figure 2.9 – A flow chart depicting the application of the model of types 
and levels of automation (adapted after Parasuraman et al., (2000)). 

 
Following this iterative model, the automation designer is first to investi-
gate which tasks that should be automated, as well as identify which types 
of automation that these tasks involve. Thereafter, the designer should 
decide upon which level(s) of automation that should be applied to the 
selected tasks. After these steps, the designer is to apply the primary and 

What should be automated?

Identify types of automation 

Acquisition Analysis Decision  Action 

Identify levels of automation

Apply Primary Evaluative Criteria

Human performance consequences: 
Mental workload, sitiuation awareness, 
complacency, skill degradation etc. 

Initial types and levels of automation 

Apply Secondary Evaluative Criteria
Automation reliability, costs of action 

outcomes etc. 

Final types and levels of automation

Low (manual) High (full automation)
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secondary evaluative criteria. The primary evaluative criteria involve the 
human performance consequences of the automation, such as their implica-
tions for operator mental workload, skill degradation and situation aware-
ness, whereas the secondary evaluative criteria involve issues related to 
automation reliability and the costs of action consequences. However, the 
evaluative criteria selected should be adapted according to the specific 
types of automated systems being developed. Furthermore, the model does 
not prescribe what should or should not be automated, which must be 
carefully investigated for each type of system. However, according to Par-
asuraman et al. (2000), the application of the model provides an objective 
basis for the automation designer, which approaches based on technologi-
cal capability or economic considerations do not (in contrast to human-
centred approaches).  

To decide upon appropriate levels of automation for the selected tasks, 
the automation designer could be aided by the “Sheridan-Verplanck Scale 
of Human-Machine Task Allocation”. This scale suggests a formal classifi-
cation of automation levels and describes the possible interaction styles 
between humans and the automated systems. This classification was de-
signed to classify the task allocation between the human and the automa-
tion as well as to aid engineers determine the appropriate level(s) of auto-
mation (Moray, et al., 2000) (see table 2.1).  
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Table 2.1 – The Sheridan-Verplanck Scale of Human-Machine Task Al-
location (adapted after Sheridan and Verplanck (1978)). 

 
Automation 

level 
Automation description 

Low 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

High 

1. The computer offers no assistance; the operators have to 
perform all decisions and actions.  

2. The computer offers a complete set of decision/action alterna-
tives. 

3. The computer narrows the set of decision/action alternatives 
down to a few.  

4. The computer suggests one alternative. 

5. The computer executes the suggestion if the operator ap-
proves to. 

6. The computer allows the operator a restricted time to veto 
before automatic execution. 

7. The computer executes automatically, then necessarily in-
forms the operator. 

8. The computer informs the operator only if asked. 

9. The computer informs the operator only if the computer 
decides to. 

10. The computer decides everything, acts autonomously, ignor-
ing the operator. 

 
As suggested by Moray et al. (2000), the ten levels of the Sheridan and 
Verplanck scale can be grouped into three categories, where levels 1–4  are 
classified as low automation (where the operator is responsible for the 
decision making and the control of the automated functions), whereas 
levels 5–7 can be considered as intermediate automation levels (where there 
is a dynamic collaboration between the operator and the automation) and 
where the levels 8–10 can be considered high automation. Although this 
scale has been frequently referenced, little empirical work has been con-
ducted to determine the validity of its conceptualizations of interactions 
between man and machine (B. Adams, Bruyn, Houde, & Angelopoulos, 
2003). Another critique regarding the automation levels has been posed by 
Parasuraman et al. (2000) who argue that the different levels of automa-
tion, ranging from low to high, refers mainly to automation of decision 
and action selection, or output functions of a system. However, automa-
tion may also be applied to input functions, i.e. to functions that precede 
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decision making and action. Therefore, Parasuraman et al. (2000) suggest a 
four-stage view of human information processing (see figure 2.10).  

 

 
Figure 2.10 – Simple four-stage model of human information processing 

(after Parasuraman et al. (2000)). 
 

The first stage, “sensory processing”, refers to the acquisition and registra-
tion of multiple sources of information, whereas the second stage, “percep-
tion/working memory”, involves perception and manipulation of this in-
formation in working memory. At the third stage, “decision making”, deci-
sions are reached based on the operator’s cognitive processing while the 
operator in the fourth and last stage, “response selection”, implements a 
response or action consistent with the decision choice. Parasuraman et al. 
(2000) recognize that this model is almost certainly a gross simplification 
of human information processing, but stress that it provides a starting 
point for automation design as well as that it presents the system functions 
that can be automated (i.e. information acquisition, information analysis, 
decision and action selection and action implementation).  

Within the military aircraft domain, another classification of automation 
levels has been proposed by Bonner, Taylor, Fletcher and Miller (2000). 
This classification, called “PACT” (Pilot Authorisation and Control of 
Tasks), is based on the scale by Sheridan and Verplanck, but includes a 
military description of operational relationships for five aiding levels (au-
tomatic, direct support, in support, advisory, at call and under command) 
(see table 2.2).  The PACT terminology and levels are based on operational 
considerations that are consistent with theory, to afford usability and com-
patibility with military user cognitive schemas and models (Bonner, et al., 
2000).  
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Table 2.2 – The PACT system (Pilot Authorisation of Control of Tasks) 
(adapted after Bonner et al. (2000)). 

 
Levels Operational 

relationship 

Computer 

autonomy 

Pilot  

authority 

Adaptation Information on 

 performance 

5 Automatic. Full. Interrupt. Computer 

monitored by 

pilot. 

On/off. 

Failure warnings. 

Performance 

only if required. 

4 Direct sup-

port. 

Action 

unless 

revoked. 

Revoking 

action. 

Computer 

backed up by 

pilot. 

Feedback on 

action. Alerts 

and warnings on 

failure of action.  

3 In support. Advice, 

and if 

authorised, 

action. 

Acceptance 

of advice 

and au-

thorising 

action. 

Pilot backed 

up by the 

computer. 

Feed-forward 

advice and 

feedback on 

action. Alerts 

and warnings on 

failure of author-

ised action.  

2 Advisory. Advice. Acceptance 

of advice. 

Pilot assisted 

by computer.  

Feed-forward 

advice. 

1 At call. Advice 

only if 

requested. 

Full. Pilot, assisted 

by computer 

only when 

requested. 

Feed-forward 

advice, only on 

request. 

0 Under com-

mand. 

None. Full. Pilot. None, perfor-

mance is trans-

parent. 

 
The choice of autiomation level(s) is not an easy choice. According to 
Cummings (2004), higher levels of automation is often the best solution 
when automating tasks that require no flexibility in decision making and 
with a low probability of system failure. However, within time-critical 
domains such as the military domain, where there are many external and 
changing constraints, higher levels of automation might not be advisible 
due to the possibility of imperfect and unreliable automation (Cummings, 
2004).  
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2.3.3 Automation guidelines  
In order to guide system developers when incorporating automated 
functions in an operator’s working environment, researchers have 
proposed automation guidelines that should be considered when 
developing automated systems.  The majority of the guidelines identified 
from literature concerns how to achieve appropriate amount of trust in the 
automated functions, but other guidelines give implications for the actual 
design of the automated technologies. Billings (1997) lists both 
requirements for HCA and specific automation requirements (see table 
2.3).  

 
Table 2.3 – Requirements for HCA and specifically for automation 

(after Billings, (1997)). 
 

Requirements for HCA 

The human operator must be in command. 

To command effectively, the human operator must be involved.  

To remain involved, the human operator must be appropriately informed.  

The human operator must be informed about automated systems behavior.  

Automated systems must be predictable.  

Automated systems must also monitor the human operators.  

Each agent in an intelligent human-machine system must have knowledge of 
the other agents.  

Functions should be automated only if there is a good reason for doing so.  

Automation should be designed to be simple to train, to learn and to operate.  

 

 
Guidelines for creating a good foundation for operator-automation trust 
have been provided by Atoyan et al. (2006). They specify 

Specific requirements 

Automated systems must be comprehensible.  

Automation must ensure that operators are not removed from the command 
role.  

A primary objective of automation is to maintain and enhance SA. All 
automation elements and displays must contribute to this objective.  

Automation must never be permitted to perform, or fail, silently.  

Management automation should make human-machine systems easier to 
manage.  

Designers must assume that human operators will rely on reliable automation, 
because they will.  
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recommendations both for the actual design of the automated systems as 
well as for which information that should be provided to the human 
operators.  

 
Guideline 1: Provide access to raw data  
The reliability of automated systems cannot always be guaranteed. Howev-
er, the operators might still rely on the automation if they have access to 
the raw data.  

 
Guideline 2: Provide means to indicate to the user that data is missing, 
incomplete, unreliable, or invalid 
If the operator is aware of possible automation errors, he/she can perform 
control tasks in order to compensate for such errors. If such, the operator 
might still trust the faulting automation.  

 
Guideline 3: Make clear to the user the purpose of the automation 
When introducing automation to the operators, clearly state the purpose of 
the automation. Furthermore, reveal how the automation can aid the oper-
ators achieve their goals.  
 
Guideline 4: Design with good computer etiquette 
If the automation has a positive effect on an operator (improved operator 
performance etc.), the more it will be trusted. However, it is important not 
to make the automated functions appear reliable if they are not since this 
can lead to inappropriate trust.  
  
Guideline 5: Reveal the rules and algorithms used by the automation, and 
if it is possible, keep the algorithms simple 
The automation will be better trusted if the operators understand the un-
derlying algorithms. If the operator is able to follow the decision process of 
the automation, he/she will be more prone to trust the system.  

 
Guideline 6: Group and isolate less reliable or vulnerable functionalities of 
the system if it is possible 
To decrease the risk for a spread of automation distrust, unreliable func-
tions should be separated from reliable ones, since distrust does not nor-
mally spread across similar but functionally independent systems.  
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Guideline 7: If algorithms of the system are context dependent, make the 
context explicit to the operator 
Automated functions might be sensitive to changes in external conditions 
or system settings. To achieve appropriate trust in automation, these 
changes must be made apparent to the operator.  

 
Guideline 8: Show the source of automation failure 
By showing the source of automation failure, an operator might maintain 
appropriate trust in the automated functions. Atoyan et al. (2006) state 
that trust will be less degraded if the source of failure is outside the auto-
mation (for example loss of power) than if it is due to the automation itself 
(software bugs etc.).  

 
Guideline 9: Provide the user with an adaptable automation 
If possible to implement, adaptive automation could aid operators avoid 
complacent behaviour and out-of-the-loop problems.  

 
Guideline 10: Train the operator in order to develop adequate trust 
Train the operator to use the automated functions and to recognize when 
the automation fails. Training can avoid problems of complacent behav-
iour, but it should not be used to compensate for poor design of decision 
support systems.  

 
Guideline 11: Evaluate trust in the system both at an introductory stage 
and after acquiring a certain level of experience with the system operations 
To reach appropriate trust in automated decision support systems, it must 
be evaluated. This is mostly done through subjective questionnaire-based 
rating scales (see section 2.3.1).  
 

2.4 Other automation approaches  
Researchers have proposed a number of solutions to overcome problems 
with automation (see section 2.3). Often without specific support systems 
in mind, these solutions are presented in the form of general recommenda-
tions (M. C. Wright, 2002). Several researchers have suggested the human-
centred approach for the design of automated systems, such as Bainbridge 
(1983) and Billings (1997) where focus is put on the design of systems that 
are based on the needs of the operators rather than driven by the technolo-
gy available. However, some researchers stress a number of HCA charac-
teristics (such as adequate feedback, support for SA and appropriate levels 
of automation) without referring to the concept of HCA as a whole (see for 
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example (D. Kaber & Endsley, 1997)). Other approaches than the human-
centred one are the adaptive automation (or adaptive aiding), the mixed 
initiative and the team member approach. Adaptive automation can be 
seen as a form of HCA, where focus is put on, for example, adjusting the 
level of automation according to the operators’ work level, i.e. in stressful 
situations a higher level of automation might best aid the operators per-
form their tasks, while a lower level of automation might be preferable in 
situations with low workload to keep the operators in the loop (see (D. B. 
Kaber, Riley, Tan, & Endsley, 2001)). The mixed initiative approach to-
ward automation design seeks to involve the human operator in the loop 
by establishing a dialogue and requiring the operator’s input to the prob-
lem solving process (Irandoust, Benaskeur, Kabanza, & Bellefeuille, 2010), 
whereas the team member approach looks upon the automated system as a 
member of the team which needs to be taken into account in the coordina-
tion between the human operator and the machine (Christoffersen & 
Woods, 2002; Klien, Woods, Bradshaw, Hoffman, & Feltovich, 2004). 
However, a closer description of these different approaches is out of the 
scope of this thesis.  

The adaptive aiding, the mixed initiative and the team member ap-
proaches are in this thesis regarded as sub-approaches within the broader 
HCA approach. The three approaches all concentrate on specific automa-
tion characteristics, such as appropriate levels of automation in relation to 
the operators’ workload and to incorporate the operator in the problem 
solving activities of the automated functions – characteristics that the au-
thor of this thesis believes are incorporated into the HCA approach toward 
automation design. Thus, to investigate how to improve the relationship 
between the automation and the operator from a broader perspective, the 
HCA approach was chosen.  

 

2.5 Support systems within the fighter aircraft domain 
Fighter pilots of modern fighter aircraft are often exposed to huge amounts 
of data from different sources, of which they are to base their decisions on. 
Not only must the pilots be able to cope with these amounts of data – they 
must often do so under extreme time-pressure, stress and high workload. 
Further, the pilots must perform these tasks very carefully since wrong 
decisions might lead to fatal consequences. To even worsen the decision 
making process of the pilots, the data collected is often uncertain and per-
haps even contradictory due to, for example, limitations in the sensor ca-
pabilities of the aircraft and the fact that adversaries might transmit false 
information etc. Since the 1980s, several research programs within the 
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aircraft domain have concentrated upon developing different support sys-
tems for pilots – both within the civil and military domains. Implemented 
prototypes of such systems have been demonstrated in various simulator 
experiments, and some of them have been tested during flight trials where 
aiding functions such as starting, landing and flying the aircraft have been 
tested, but also decision making functions aiding the pilots to make good 
decisions. These systems are often referred to as Crew Assistant (CA) sys-
tems of which the US Pilot’s Associate (PA), the French Copilote Elec-
tronique (CE), the UK Cognitive Cockpit (COGPIT), the German Assistant 
for Single Pilot IFR Operation (ASPIO), Cockpit Assistant System 
(CASSY), Crew Assistant for Military Aviation (CAMA) and the Dutch 
Pilot Oriented Workload Evaluation and Redistribution (POWER) project 
are examples (see (Banks & Lizza, 1991; Hesselink et al., 2001; Onken & 
Schulte, 2010; Svenmarck & Dekker, 2003)). Most programs have taken 
either a technology driven or a human factor driven approach to the design 
of the CA systems, however successful combinations of the two approaches 
also exist (Hesselink, et al., 2001). Below follows a short description of 
some of the larger military crew assistant projects: the PA, CE, COGPIT, 
CAMA, and POWER projects.   

 
Pilots’ Associate 
The PA program was initiated in 1986 by the Defence Advanced Research 
Projects Agency (DARPA) and the U.S. Air Force (Onken & Schulte, 2010) 
with the aim of developing a fully integrated decision support system for 
fighter aircraft pilots that would aid pilots assess the situation, plan actions 
and execute actions (Banks & Lizza, 1991). The PA program resulted in a 
decision support system divided into five different modules: the mission 
planner, the tactics planner, the situation assessment, the system status and 
the mission manager modules. These different modules aided the pilots by, 
for example, calculating the best route to navigate in terms of threat expo-
sure and fuel consumption, choosing among possible alternatives of ac-
tions, adjusting which information to display according to the current situ-
ation and informing the pilot of the system status (Svenmarck & Dekker, 
2003). 

To understand and specify the requirements of the PA support system, 
interviews with experienced pilots and experts on mission planning, air 
combat, sensor management and diagnostics were performed. Central to 
the investigation was the recognition and modelling of the pilot’s inten-
tions, which was used as input to adapt which information to display to 
the operators. The system was also designed so as to offload the pilot in 
case of high workload (Svenmarck & Dekker, 2003). Thus, the PA support 
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system tried to anticipate the needs of the pilot and to provide suitable 
recommendations of actions as well as to perform actions automatically 
(Onken & Schulte, 2010; Svenmarck & Dekker, 2003). The pilot did not 
need to input data to the system – the system gathered data from available 
aircraft sensors and formed its own problem definitions, developed solu-
tions and carried out the plan if authorised by the pilot (Onken & Schulte, 
2010).  

 
Copilote Electronique 
In contrast with the PA program, the emphasis of the French Copilote Elec-
tronique initiative was to design a system that supported the pilot’s cogni-
tive processes (Svenmarck & Dekker, 2003). The development was led by 
Dassault Aviation together with additional French industrial and scientific 
partners. The resulting system was intended to aid the pilots with in-flight 
re-planning in a manner that suited the pilot’s cognitive characteristics. To 
do so, investigations were carried out to understand how the pilots used 
important information, assessed the situation and managed the demands 
on their cognitive resources. This investigation resulted in a description of 
how the pilot used mental resources when flying low-level air-to-ground 
missions (Onken & Schulte, 2010; Svenmarck & Dekker, 2003). The assis-
tance focused on the generation of plan proposals, however without the 
generation of possible actions to perform according to the plan. Laborato-
ry tests were performed, however there are no publications about the re-
sults of these (Onken & Schulte, 2010). 

 
Cognitive Cockpit 
The Cognitive Cockpit (COGPIT) project was initiated by the UK Ministry 
of Defence and the Defence Evaluation Research Agency (DERA) with the 
aim of developing a laboratory demonstrator of a military assistant system 
(Hesselink, et al., 2001). Focus of the project was to develop a theoretically 
grounded, human-centred approach for guiding the development of intelli-
gent pilot aiding concepts for cockpit automation (Hesselink, et al., 2001). 
The resulting system consisted of four components: a situation assessment 
component, which recommended actions based on the status of the aircraft 
and the environment, a cognition monitor component, which monitored 
the pilot’s state, a tasking interface manager component, which tracked 
goals and managed the pilot-vehicle interface and system automation and a 
cockpit layout component that modified the display and automation upon 
request. The system offered both associative and substituting assistance 
according to the pilot’s choosing (Onken & Schulte, 2010).  
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Crew Assistant for Military Aircraft 
The German Crew Assistant for Military Aircraft (CAMA) program fo-
cused on developing a transport assistant system (Hesselink, et al., 2001). 
CAMA was sponsored by the German Department of Defence and was 
developed in co-operation by the University of German Armed Forces in 
Munich together with the companies DASA, ESG and DLR. Like the PA 
system, the CAMA system consisted of different modules that, for exam-
ple, kept track of the status of the aircraft systems and calculated the threat 
distribution along the intended mission plan (Onken & Schulte, 2010). The 
CAMA system was tested in two flight simulator campaigns in 1997 and 
1998, where military pilots commented on, for example, the system’s posi-
tive effects on their situation awareness (Schulte & Stütz, 1998).  

 
Pilot Oriented Workload Evaluation and Redistribution 
The Dutch Pilot Oriented Workload Evaluation and Redistribution 
(POWER) project implemented military decision support tools to be tested 
in a simulated environment (Hesselink, et al., 2001). These tools were 
based on a multi-agent technology where each agent had different respon-
sibilities: the data and information input agent, the data processing agent, 
the information output agent and the weapon agent. The system gathered 
data from different sources, fused it and generated recommendations to be 
used by the pilots, for example which route to take or which weapon to 
fire. Depending on the pilot’s choice, the system executed actions semi-
automatically or automatically (Hesselink, et al., 2001).  
 
It should be noted that very few results have been found during the litera-
ture survey regarding implemented support systems within the fighter air-
craft domain. Information can be found regarding the purposes of the dif-
ferent programs and their implementation focuses, however actual results 
are sparse, which might be due to secrecy issues etc. Furthermore, no in-
formation is available regarding if HCA aspects have been considered dur-
ing the different development processes of the programs and, if so, how 
they affected the processes and results.  

Additional research projects related to improving fighter pilots’ working 
situations have been conducted, such as the investigations concerning im-
proved displays in the aircraft that are anticipated to enhance the pilots’ 
understanding of the situation (see Strömberg et al. (2002) for more infor-
mation). However, the literature survey conducted was limited to only 
include CA research programs where support for the majority of the pilots’ 
tasks was developed.  
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2.5 Discussion 
The background material presented in this chapter has revealed that there 
is indeed a connection between the research areas of IF, SA and HCA.  
HCA has been recognised as an approach for maintaining operators’ SA in 
situations where many tasks have been automated, i.e. to keep the operator 
in the automation loop. Examples of techniques for measuring SA are re-
ported in section 2.2, yet none of these techniques have been further inves-
tigated or used during the research performed and presented in this thesis 
since this was considered out of the scope of the research carried out.  

A connection between the suggested possible tasks to automate, i.e. the 
tasks of acquiring and analysing the information as well as to decide upon 
appropriate actions and to implement these actions (see figure 2.9), are 
also found in the OODA loop, i.e. the tasks of observing and orienting 
oneself in the environment, to decide upon actions and to implement these 
actions (see figure 2.3). An additional relation to the IF domain is the ex-
pected positive effects of HCA on the fifth level of the JDL model (see fig-
ures 2.1 and 2.2), i.e. to make sure that the operator is able to influence the 
fusion processing at the previous JDL levels to suit his/her needs. This posi-
tive effect is expected since it is anticipated that an operator that under-
stands what the automated system is doing and why, is better able to adapt 
the fusion processes according to his/her needs.    

The research area of HCA has neither been extensively investigated 
within the IF field, nor within the fighter aircraft domain. By identifying 
domain specific characteristics of HCA and how to incorporate these into a 
support system, the author of this thesis believes that developers of fighter 
aircraft support systems can be aided in the design of suitable pilot support 
where the positive effects of automation are ameliorated and the negative 
ones diminished. Furthermore, as found during the literature survey re-
garding implemented support systems within the domain, none of the pro-
grams focused on implementing systems that supported the pilots as a 
team, which is believed to become even more important during, for exam-
ple, international missions where additional teams of pilots must collabo-
rate. Thus, to develop an automatic support system that appropriately 
supports the pilots as individuals and as a team is believed to improve the 
pilots’ chances of mission success.  

The guidelines listed focus on operator trust in automated functions and 
their technical automation design. However, the guidelines do not take 
team cooperation issues into account, which the author of this thesis be-
lieves must be further investigated to aid system designers design automat-
ed systems that support teams of fighter pilots. Such guidelines could, for 
example, provide tips of how to enhance team situation awareness and 
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team cooperation, which are of great importance in the fighter aircraft 
domain.  
 

2.6 Summary 
This chapter has presented background information related to the three 
areas that serve as a basis for this thesis, namely 1) IF, 2) SA and 3) HCA. 
Background information regarding these areas thus serves as a setting for 
the research carried out and presented in this thesis.  These areas have also 
been described to give the readers of this thesis a better understanding of 
the complexities and challenges of answering the research questions posed 
in section 1.1, i.e. to investigate the need for HCA and how HCA can be 
applied in the modern fighter aircraft domain. The three research areas 
might at first seem disparate, however, at a closer look they share an 
important research question central for this thesis, i.e. how automated 
technologies can be created that make use of the vast amounts of data 
available in the given situation to aid human operators make good 
decisions in stressful situations with maintained awareness of the situation. 

Information regarding information fusion and variants of the JDL model 
have been given as well as what is meant by individual and team situation 
awareness. The information provided regarding HCA has focused upon 
research concerning trust and levels of automation as well as general HCA 
guidelines related to trust and the system design of automated functions. 
Furthermore, information regarding implemented support systems within 
the domain has been provided to give the reader an insight into the 
research performed within the field.  
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Chapter 3 – Research methodology  
The research presented in this thesis has taken place within a human fac-
tors context. It has strong connections to the military domain, where it has 
been suggested that the human operators need not only be provided with 
offensive and defensive systems, but also with technologies for improving 
their decision making in combat environments (Bolia, Vidulich, Nelson, & 
Cook, 2007). A strong link to the military industry is also prevalent within 
the information fusion research domain, however where the human factors 
related issues often have been neglected. To make a contribution to this 
research gap and to receive a better understanding of how the HCA ap-
proach could be adopted in future system development processes within 
the fighter aircraft domain, a qualitative approach has been chosen. Quali-
tative research refers to studies of phenomena in depth and detail, and 
where the context of these phenomena is of great importance (Patton, 
2002). To understand how fighter pilots perform their tasks and which 
kind of support that is needed, the author of this thesis has found it crucial 
to receive an insight into the pilots’ working situation. A short description 
of the methods used during the research performed is presented below.  
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Table 3.1 – The research methods used in the thesis. 
 

Question Method Data
 
 
 
What is the need 
for HCA in the 
modern fighter 
aircraft domain?  
 

Literature survey
 
 
 
Interviews 
 
 
 
Survey 

Survey regarding support systems 
implemented in the fighter aircraft 
domain. 
 
Transcriptions from two interviews 
with fighter pilots regarding the need 
for future support systems. 
 
Survey results containing a ranking of 
information pieces anticipated to be 
needed in the future.  

 
 
 
 
 
 
How can HCA 
be applied in the 
modern fighter 
aircraft domain? 

Literature survey
 
 
Interviews  
 
 
 
 
 
Survey 
 
 
 
Implementation  

Survey regarding the HCA develop-
ment approach.  
 
Transcriptions from interviews with 
fighter aircraft system developers 
regarding the applicability of the HCA 
guidelines within the field and an 
evaluation of the demonstrator.  
 
Survey results from five fighter pilots 
regarding HCA aspects in the fighter 
aircraft domain.  
 
A demonstrator showing examples of 
how HCA can be applied in the fighter 
aircraft domain.  

 

3.1 Theoretical grounding  
Continuous literature surveys have been performed throughout the re-
search. The two major surveys presented in this thesis are concerned with 
implemented support systems within the fighter aircraft domain and the 
HCA development approach. However, minor surveys regarding research 
areas such as information fusion, individual and team situation awareness 
and simulator-based design have also been performed. According to Web-
ster and Watson (2002) a literature search can be conducted in three steps. 
These steps have been followed during the research performed and present-
ed in this thesis.  
 

1. Begin the literature search by selecting leading journals and con-
ferences with good quality. 
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2. Proceed with going backwards and review the citations from the 
articles found in the first step.  

3. Last but not least, go forward and identify relevant articles that 
have been cited in the previous step.  

 
As previously stated, the literature surveys have constantly been performed 
during the research. Though, the main results from these surveys stem from 
the searches performed between January 2010 and February 2011. During 
the surveys conducted in relation to HCA, key references were ultimately 
found in the work published by Billings and Atoyan et al. (see for instance 
(Atoyan, et al., 2006; Billings, 1997)). Regarding support systems imple-
mented within the fighter aircraft domain, Svenmarck and Dekker (2003) 
and Onken and Schulte (2010) served as key references. The results from 
the literature surveys can be found in chapters 2, 4 and 5.  
  

3.2 Empirical investigations  
During the research performed, interviews have been conducted together 
with fighter pilots and system developers. Furthermore, surveys have been 
distributed to pilots within the domain. These empirical investigations 
served as means to increase the knowledge of several aspects within the 
field:  

1. Increase the knowledge of fighter pilots’ working situations, tasks, 
physical and mental demands, collaboration strategies etc. 

2. Increase the knowledge of the information preferences of fighter 
pilots during flight. 

3. Increase the knowledge of fighter pilots’ opinions regarding HCA 
within the field.  

4. Increase the knowledge of system developers’ opinions HCA with-
in the domain as well as their thoughts about how to mirror the 
identified HCA guidelines in the automation design of the demon-
strator.  

 
The first interviews were performed together with two active Swedish 
fighter pilots in June 2010. The pilots were both male, between the ages of 
25–40 and had experience of between 650–1500 flight hours. The inter-
views aimed at increasing the knowledge base of the pilots’ tasks and chal-
lenges during flight, their preparations before a mission and the evaluative 
actions performed after a mission. The results from these interviews can be 
found chapter 4 and in Paper VI. Furthermore, together with these pilots, a 
survey regarding their information preferences during flight was conduct-
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ed. The pilots were asked to rank 37 pieces of information according to 
their perceived importance for mission success. The survey, together with 
the interviews, was used as a means to develop an understanding of the 
pilots’ information needs during flight. However, since the survey was only 
conducted together with two pilots it is difficult to draw valid general con-
clusions (the results from this survey can be found in chapter 4).  

The second set of interviews was conducted in October 2011 together 
with six fighter aircraft system developers in order to receive their opinions 
of HCA. The interviewees were both male and female and had experience 
of conducting and leading design projects within the domain. These inter-
views included a general evaluation of HCA characteristics, the HCA 
guidelines proposed as well as the proposed guidelines in relation to the 
implemented demonstrator. The demonstrator was presented and its in-
tended function was explained to the developers, who were then asked to 
make a first evaluation of its automation design. The results from these 
interviews can be found in Paper VII and also in chapter 6. A similar study 
was performed together with six fighter pilots in a survey form in Febru-
ary/March 2011. The participants in this study were all active, male pilots 
and had experience of 300–2000 flight hours. The results from this survey 
can be found in Paper II and also in chapter 5.  

The interviews performed were all so called “in depth interviews”, i.e. 
intense, individual interviews with a small number of respondents to ex-
plore their perspectives on a particular idea or situation (Boyce & Neale, 
2006). In accordance with Boyce and Neale (2006), the interview process 
followed six steps: 
 

1. Plan the interview. 
2. Develop instruments. 
3. Train data collectors. 
4. Collect data. 
5. Analyse data. 
6. Disseminate findings. 

 
Following this process, the interviews were first carefully planned and an 
interview protocol was developed. This protocol was also evaluated with 
two domain experts within the fighter aircraft domain to improve the qual-
ity of the questions posed and to “use the language” of the interviewees. 
The interviews conducted followed a semi-structured form, i.e. the inter-
view protocol was followed to structure the interviews, but the interview-
ees were also instructed to feel free to elaborate upon additional issues than 
stated in the protocol. This structure was chosen in order to receive a more 
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coherent picture of the issues considered. Before the interviews, the partici-
pants were informed that their answers would be handled anonymously as 
well as how their answers would to be used (for example – where would 
the answers be published). Furthermore, they were also requested to give 
feedback on the questions posed to avoid misunderstandings etc. Before the 
interviews, key concepts and terms to be used during the interview sessions 
were explained. During the interviews and surveys conducted together with 
fighter pilots, questions regarding their flight experience (flight hours, type 
of aircraft etc.) were posed to be able to compare their answers from their 
different perspectives and experiences. The interviews were all recorded 
(with the permission of the interviewees) and were shortly after the inter-
views transcribed and analysed. The main conclusions drawn from the 
interviews have also been written down and can be found in many of the 
papers written during the research performed. These conclusions were also 
provided to the interviewees shortly after the interviews so as to avoid 
misunderstandings.  

Two surveys have been conducted: one regarding the pilots’ information 
preferences during flight and one concerning a first evaluation of the pro-
posed HCA guidelines (the results from the latter can be found in Paper II). 
Both surveys were conducted with the help of a computer-based tool where 
the pilots were asked to rank the importance of 37 information pieces dur-
ing flight or to answer questions regarding the guidelines. The author of 
this thesis chose to perform surveys in order to receive information that the 
interviews could not provide, for example, a strict ranking of information 
pieces or appropriate, static level(s) of automation. According to Lazar, 
Feng and Hochheiser (2009), surveys are one of the most commonly used 
research methods, across all fields of research. The data received is often 
not as descriptive as the data collected with the help of other research 
methods (such as interviews etc.), but it often let the researcher capture the 
“big picture” relatively quickly (Lazar, et al., 2009).  

It is important to note that the results obtained from the empirical inves-
tigations are most likely biased due to the researchers’ own opinions and 
experiences. However, the author of this thesis tried to minimize the effects 
of such bias by providing the interviewees and the survey participants with 
the major conclusions drawn from the studies shortly after the investiga-
tions. Furthermore, it should also be noted that a small number of pilots 
have been used as “studying objects” in this research. However, since 
fighter pilots form a homogenous group (age, mostly men, physical capa-
bilities etc.), the author of this thesis believe that the results obtained can, 
to some degree, be applicable to a larger pilot population. The questions 



 TOVE HELLDIN Human-Centred Automation – With Application to the Fighter Aircraft Domain I 45
 

posed during the interviews and the surveys can be found in the Appendix 
of this thesis.  

 

3.3 Implementation and design  
According to Berndtsson et al. (Berndtsson, Hansson, Olsson, & Lundell, 
2008), the development of new solutions is common within the computer 
science field. These solutions (for example new software architectures, 
algorithms, methods etc.) are often proposed to solve some problem in a 
new way as well as have some advantage over existing solutions. It is often 
necessary to implement the suggested solutions in order to demonstrate the 
proposed advantages (Berndtsson, et al., 2008). To investigate and mediate 
how HCA can be applied in the fighter aircraft domain, the author of this 
thesis decided to follow such a practical approach. An implementation of a 
demonstrator has been performed to meet the second question posed in 
this thesis, i.e. how HCA can be applied in the modern fighter aircraft do-
main. The demonstrator approach was chosen in order to explore how the 
identified HCA guidelines could be mirrored in the interface and automa-
tion design of one selected support function. To do this, a first version of 
an interface, reflecting one of the support functions proposed in Erlandsson 
et al. (2011), has been implemented with a subset of the domain specific 
HCA guidelines in mind. An initial evaluation of its intended automation 
design and interface has been conducted together with six system develop-
ers within the fighter aircraft domain (see Paper VII), however additional 
evaluations must be performed to make valid evaluations, which have been 
listed as future work (see chapter 7).  

 

3.4 Summary 
This chapter has presented the research methods chosen to answer the 
research questions posed in this thesis, i.e. literature surveys, in-depth in-
terviews, surveys and implementation. The majority of the methods are 
qualitative, due to the explorative nature of the questions regarded in this 
thesis, such as to analyse the need for additional pilot support systems 
within the domain and how HCA aspects can be applied. The author of 
this thesis found it crucial to perform these qualitative steps in order to 
increase the knowledge base of the current and future needs of fighter pi-
lots, the tasks they perform and the challenges they meet. Furthermore, the 
implementation of the demonstrator, mirroring parts of the suggested situ-
ational adapting support system, has aided the author of this thesis to fur-
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ther investigate and analyse the findings from the qualitative studies and 
their implications when related to a concrete example. As such, it is be-
lieved in this thesis that the mixture of qualitative studies and their physical 
implications has provided a good knowledge base.  
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Chapter 4 – The need for new support systems  
A support system, adapted according to the needs of the fighter pilots, 
cannot be designed without knowledge of the pilots’ working situation, i.e. 
the tasks they have to perform, the challenges they encounter and how they 
collaborate as a team. Thus, this chapter presents the results from inter-
views and a survey performed together with Swedish fighter pilots (see 
chapter 4.1). Furthermore, the need for additional support systems within 
the domain and a description of the proposed situational adapting support 
system is presented in chapter 4.2. The support system is expected to pro-
vide appropriate pilot assistance during flight and has been used as a base 
for several of the empirical investigations performed during this research. 
Hence, this chapter describes the investigations performed for answering 
the first research question of this thesis, i.e. to investigate the need for 
HCA in the modern fighter aircraft domain, see table 4.1.  
 

Table 4.1 – The question and objectives dealt with in this chapter. 
 

Question (Q) Objective (O) 
  
Q1: What is 
the need for 
HCA in the 
modern 
fighter air-
craft do-
main?  
 

O2: Analyse the need for additional support systems within the 
modern fighter aircraft domain. 
 

O3: Investigate important characteristics of HCA within the 
modern fighter aircraft domain. 
 

 

4.1 The working situation of modern fighter pilots  
As described by Schulte (2001), fighter pilots have to consider three 
objectives during flight, namely 1) flight safety, 2) mission accomplishment 
and 3) combat survival (see figure 4.1). Flight safety implicates that the 
pilot has to be able to fly the aircraft safely, i.e. to monitor the fuel level 
and navigate etc., whereas mission accomplishment includes objectives 
related to the goal(s) of the mission, such as to protect an object or a team 
member. The last objective, combat survival, implies that the pilot has to 
be able to detect threats, assess how dangerous these threats are as well as 
to determine appropriate actions to handle the threats.  
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Figure 4.1 – A goal model depicting the three objectives of fighter pilots 
(after Schulte, (2001)).  

 
During a mission, these objectives might conflict and in such situations the 
author of this thesis argue that it is important that automated systems 
provide appropriate support for their operators (see figure 4.2). For 
example, when the pilots have to focus all their attention on accomplishing 
the goal(s) of the mission, automated functions could be designed to, for 
example, aid the pilots calculate a new route that reflects the current threat 
situation.  

 
 

Figure 4.2 – It is suggested that an automated support system can aid pilots 
balance these three perspectives (see Papers V and VI).  
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However, as Schulte (2001) further argues, the design of the automation 
must be carefully investigated. He states that the increase of conventional 
automation in modern aircraft cockpits does not necessarily result in 
increased productivity. In contrast, it can become a major cause for 
decreased safety (due to “mode confusion”), ie. that the operator does not 
understand how the automated system works. The reason for this seems to 
be found in the lack of transparancy of automation behavior and a 
mismatch between the machine function and the operator’s mental model 
of it. Furthermore, conventional automation has traditionally focused on 
relieving flight crews from routine actions, thus providing full automation 
in well defined areas (see figure 4.3 a). Following this automation strategy 
might lead to severe problems concerning the man-machine interaction due 
to the introduction of complex avionic structures and functions where 
many tasks are fully automated, leaving the pilots to become mere solver of 
abnormal situations (Billings, 1997; D. Kaber & Endsley, 1997) (see figure 
4.3 b). To overcome such issues, the concept of an automated system that 
works in cooperation with the flight crew seems promising (Schulte, 2001) 
(see figure 4.3 c). Thus, Schulte further points out that designers should 
strive to develop “cognitive automation” as well as that the principles of 
human-centred automation can be of great use to achieve such automation. 
Such system should also be able to aid pilots balance the three goal 
objectives (see figure 4.1). However, according to Schulte (2001), there is a 
lack of support systems aiding pilots balance these three objectives.  
 

 
 

Figure 4.3 – To create a good relationship and cooperation between the 
flight crew and the automation, the automation should be made coopera-

tive as in figure 4.3 c (figure adapted from Schulte (2001)). 
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As found during the literature survey regarding support systems imple-
mented within the fighter aircraft domain (see chapter 2.5), none of these 
programs focused on developing systems that support team cooperation. 
Since cooperation has been identified as an important factor for pilot per-
formance (Castor, 2009), the author of this thesis wanted to explore this 
phenomena further with respect to how pilots actually cooperate and 
how/if a future support system could enhance this cooperation (which was 
not the focus of Castor’s work). To obtain knowledge of the pilots’ work-
ing situation, how they cooperate and to investigate how a system could 
support fighter pilots balance the three objectives of Schulte’s goal model, 
empirical investigations together with two fighter pilots were conducted, 
which is presented in the following section.  
 

4.1.1 Empirical investigations with fighter pilots 
To receive a better understanding of the pilots’ working situation – the 
tasks they perform, the decisions they have to make, how they cooperate as 
well as to get an insight into their expected needs of support systems in the 
future, empirical investigations have been conducted. These were carried 
out in two steps. First, in-depth, semi-structured interviews with two active 
Swedish fighter pilots were performed where the objective was to under-
stand the “big picture” of their working environment, both before, during 
and after a mission. The second step included a web-based survey where 
the two fighter pilots expressed their views regarding future information 
needs.  

The interviews conducted had three themes:  
 

1. How/if support systems can aid fighter pilots enhance their indi-
vidual and team situation awareness. 

2. How fighter pilots cooperate in a team (and an appropriate scenar-
io for studying team cooperation within the domain).  

3. How a support system could aid fighter pilots during threatening 
situations.   

 
The first theme involved an attempt to collect the pilots’ views concerning 
how a future support system could aid them improve their individual and 
collective understanding of the situation, whereas the second theme aimed 
at improving the thesis author’s understanding for how pilots cooperate in 
a team (the challenges, complexities and future possibilities of pilot coop-
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eration) during flight. The third aim regarded the pilots’ ideas of how such 
support system could aid them during a threatening scenario.  

Regarding situation awareness, the pilots claimed that good SA is crucial 
for mission success and survival. A foundation for their individual and 
team situation awareness is established before take-off, when the pilots are 
informed of the purpose of the upcoming mission, the team composition 
and what they are supposed to do. This information is used to create a 
mental picture of how the mission will be carried out and what will be 
required of the pilots. The specified route is added to one of the support 
systems incorporated into the aircraft and additional notes regarding the 
mission at hand are written down in textual form. Mission essential crite-
ria, such as when to abort a mission or when to execute substitute plans, 
are presented during the mission briefing. However, the pilots argued that 
the extent of the planning performed before a mission depends on the type 
of mission at hand – extensive plans are developed in the case of air-to-
ground missions (i.e. missions in which the objective is to defend oneself 
from ground based objects), which is not the case in air-to-air missions 
(due to the dynamic characteristics of the latter where the objective is to 
defend oneself from objects in the air). During the air-to-air missions, the 
pilots adhere to well established strategies and tactics, which help them 
create an understanding of the situation and what should be done.  

During a mission, it is not common that the plans are changed, except 
for the time of different events, which are then distributed within the team 
via radio communication and inserted into their planning system. Plans are 
not often changed due to the risk of loss of pilot situation awareness as 
well as other negative side-effects, such as misunderstandings within the 
team. During flight, the pilots maintain their situation awareness by using 
the aircraft sensors, through radio communication and by sending infor-
mation on the data link between the aircraft, which is presented on the 
displays. Not everyone has to have the same understanding of the situa-
tion, but it is important that they have a correct picture of the situation to 
avoid misunderstandings and unfortunate events. Thus, the information 
communicated and presented on the displays must be of high quality so 
that the pilots can create this picture of the environment. To limit the 
quantity of information presented was therefore stressed during the inter-
views, which the pilots argued would aid them discern the most important 
information.  

When asked about how fighter pilots cooperate in a team, the pilots an-
swered that the cooperation performed depends upon the mission at hand. 
During air-to-air scenarios, such as beyond visual range (BVR) missions, 
where the enemy is engaged before it can be seen visually, cooperation is of 
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great importance, which is not the case in air-to-ground scenarios where 
the mission structure is less dynamic due to extensive pre-planning. Thus, 
BVR missions were considered appropriate scenarios for investigating team 
cooperation within the domain, since the pilots argued that cooperation is 
the key to mission success during these missions. The pilots further argued 
that in large operations, with 30 or more aircraft, cooperation between the 
different units is difficult. Instead, the pilots cooperate in sub-teams (with 
for example four pilots) and rely on tactics between the other teams.  

During a mission, the pilots share information via the data links and the 
radio communication available between the aircraft, which aids them to 
cooperate and to create and maintain team situation awareness. However, 
the pilots argued that in stressful situations, there is a risk of losing this 
awareness. Due to stress, a team focus might be switched to an individual 
one, and it is very important that the pilot is able to return to the team’s 
engagements as quickly as possible. To ease this process, the pilots argued 
that it is important that team related information is clearly presented on 
the available displays so that the individual pilots, despite stressful situa-
tions, can maintain a team focus during flight.  

The interviews revealed that the pilots considered enhanced team coop-
eration as a means to perform more tasks in parallel, with better quality 
and with decreased risk for losses. Together, the team can create a better 
picture of the environment by comparing sensor measurements and, as 
such, base their decisions upon better data. To improve their situation 
awareness on both the individual and team level, they argued that a deeper 
analysis of what to present on the displays of the aircraft must be per-
formed to not overwhelm the pilots with information not pertinent to the 
current or developing situation. The pilots further stated that they would 
benefit from having new, additional team related information presented to 
them, such as which areas that the different team members cover with their 
radars, which would aid them search areas more effectively.  

The interviews were concluded by asking questions regarding whether 
the pilots would be aided by an automatic system that provides support for 
evaluating threats in the surroundings. The pilots stated that threatening 
situations are very dynamic and that it would be difficult to develop a sys-
tem that appropriately aids them with the task of evaluating threats since 
the aircraft cannot know where the pilots intends to fly and thus cannot 
evaluate if a threat hinders the route or not. However, as proposed in Pa-
per VI, this kind of system could present several possible actions to per-
form to the pilots as well as their impact on combat survival (as described 
by Schulte’s goal model, see figure 4.1), which is expected to provide the 
pilots with a better foundation for making their decisions. Furthermore, 
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the activities related to a pilot’s threat evaluation were considered to be 
performed on an individual level, and should thus not be considered a team 
issue. However, due to the positive effects of team cooperation on situation 
awareness, it is expected in this thesis that a support system, that takes 
team issues into account, will provide a better foundation for the individu-
al pilot’s threat evaluation process. The majority of the questions posed 
during the interviews can be found in the Appendix of this thesis (i.e. only 
the questions prepared before the interviews were written down, however 
due the semi-structured form of the interviews, additional questions were 
posed), and the results from the interviews are also presented in Paper VI.  

Furthermore, a survey was conducted together with the two fighter pi-
lots regarding their information preferences during flight. The pilots were 
requested to rank 37 pieces of information according to their perceived 
importance during flight. These information pieces can be divided into five 
themes:  

 Status information (i.e. present on the displays where the pilot is 
positioned geographically, which kinds of weapons he/she has, the 
fuel level of the aircraft etc.)  

 Information about intent (i.e. present on the displays what the pi-
lots are planning to do etc.)  

 Requests from team members (i.e. present on the displays requests 
to receive help with measuring targets, be protected etc.)  

 Prediction (i.e. present on the displays when (in time) the pilot will 
be doing something, what is the probable outcome of the pilot’s ac-
tions etc.)  

 Team information (i.e. present on the displays what the team as a 
whole sees, which resources the team jointly has etc.)  

 
Since the survey was only carried out together with two pilots, it is difficult 
to draw general conclusions from the study. However, the aim of the sur-
vey was not to receive a complete view, but to increase the understanding 
of fighter pilots’ information preferences during flight. It was revealed that 
the pilots regarded information related to their individual status and team 
information as important (i.e. what do I see/not see, what does the team 
see/not see), whereas information concerning intent was considered less 
important for them to achieve the goal(s) of the mission. Furthermore, 
information about pilot roles and mission phases were also perceived as 
less central, presumably because such issues are determined before flight 
and that such information can be extracted in other ways than textual-
ly/graphically on the displays. Very different responses were received re-
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garding the importance of presenting information related to aiding a team 
member through jamming or measuring a target (request information) as 
well as information regarding what another team member is doing. This 
might be due to the possibility that the two pilots participating in the study 
had different mission phases in mind when ranking the information pieces. 
It is possible (and probable) that additional patterns from the findings can 
be extracted, but such further analysis is out of the scope of this thesis. The 
results from the survey can be found in table 4.2 below. 

The results from the interviews and the indications provided by the pilot 
survey revealed that modern fighter pilots would be aided by additional 
automatic support for creating and maintaining better individual and team 
situation awareness as well as for more efficient team cooperation to take 
place. The author of this thesis believe that such enhancements will be 
made possible with future developments of better sensors and possibilities 
for sharing large amounts of information between aircraft in a team. As 
discussed in Paper VI, such system could generate a set of recommenda-
tions of possible actions, of which the pilots can choose which to perform. 
As suggested by Schulte (2001) (and also by Banbury (2008) and Billings 
(1997), see chapter 5), the automated systems should be designed to be 
cooperative to ensure that the operator is kept in the action- and decision 
loop and, as such, create a good operator-automation relationship. The 
findings presented above have been used as a base when developing ideas 
for a new automated support system that is expected to provide appropri-
ate support for situation awareness and team cooperation within a team of 
pilots. This is the focus of the following sections.  
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Table 4.2 – The survey results. 
 

What do I see on the displays (threats, 
targets)  

  Who have I fired at  

What do I not see (geo info, threats, tar‐
gets) 

  What does the team not see (geo info, 
threats, targets)  

How much fuel do I have    What do we as a team see 

How many weapons do I have    What do I not see (geo info, threats, tar‐
gets) 

Which kinds of weapons do I have    Where am I (long/lat/alt)  

Who have I fired at     Where am I going (speed, when I plan to 
turn)  

What do we as a team see    How much fuel do I have 

What does the team not see (geo info, 
threats, targets)  

  What do I see on the displays (threats, 
targets)  

When is a team member planning to do 
something 

  Which kinds of weapons do I have 

Who in the team is engaged in which target    How many weapons do I have  

How long can I continue with my mission    How much countermeasures do I have 

How much countermeasures do I have    Does my team member need help in the 
form of jamming 

Which threats do I jam so that I protect 
others  

  Does my team member need help with 
measuring a target 

Did I hit the target    What is the probable outcome of my action 
against object X 

Which route is the least threatening    How long can I continue with my mission 

What is to be done against the target    Did I hit the target 

Where am I going (speed, when I plan to 
turn)  

  What is to be done against the target 

What do I intend to do with object X     In which mission phase am I in 

Which target have I engaged in     Which threats do I jam so that I protect 
others 

What is the probable outcome of my action 
against object X  

  Which target have I engaged in 

How should the group react in situation X     What do I intend to do with object X 

What is my signature (how much do I reveal 
myself to others) 

  How should the group react in situation X 

Where am I (long/lat/alt)     What is my signature (how much do I reveal 
myself to others) 

What is to be done within the team to 
perform the mission  

  How much sensor capacity is free (of 
my/another pilot’s/the team’s sensors) 

In which mission phase am I in     What is the team’s offensive capacity 

Which defensive countermeasures does the 
team have 

  When is a team member planning to do 
something 

How much sensor capacity is free (of 
my/another pilot’s/the team’s sensors)  

  Who in the team shall perform the 
task/mission 

What does pilot X see (threats and targets)     What does pilot X see (threats and targets) 

Who in the team shall perform the 
task/mission 

  Which route is the least threatening 

Does my team member need help with 
measuring a target 

  Who in the team is engaged in which target 

Does my team member need help in the 
form of jamming 

  Which defensive countermeasures does the 
team have 

What is the team’s offensive capacity     What is to be done within the team to 
perform the mission 

Which role(s) do I have     In which mission phase is pilot X in 

What is the workload status of pilot X     Which are our roles in the team 

Which are our roles in the team     What is the workload status of pilot X 

Which role(s) do pilot X have     Which role(s) do I have 

In which mission phase is pilot X in     Which role(s) do pilot X have 
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4.2 The need for additional crew assistants 
The subject of automation has attracted much research over the past three 
decades and a considerable amount of this research has been devoted to 
military issues and particularly automation of aircraft cockpits (Billings, 
1991; Funk et al., 1999; Wiener & Curry, 1980). Within the fighter air-
craft domain, this is probably due to the fast-paced nature of military 
command and control situations, which implies that strategic and tactical 
decisions are made quickly. However, with the technological development 
of sensors, weapons, data links etc. the corresponding development of crew 
assistants must follow. With new technology, new opportunities for sup-
porting fighter pilots in their decision and action activities are possible. As 
Svenmarck and Dekker (2003) argue, a gradual evolution of support sys-
tems within the domain is likely in pace with new technological develop-
ments, such as those within the information fusion domain where ways of 
fusing and analysing data from several sources are being investigated. Such 
support systems could aid the pilots to automatically integrate multiple 
observations of the same objects into a coherent picture of the environment 
(Svenmarck & Dekker, 2003). Additionally, the author of this thesis ex-
pects that research within human factors could further guide the develop-
ment of suitable pilot-vehicle interfaces and interaction principles.  

According to Adams (2001), a major goal of the command and control 
domain is to shorten the targeting cycle or tighten the “sensor to shooter 
loop”, that is to perform decisions and actions more quickly than the 
enemy (which is also highlighted by Boyd’s OODA loop, see figure 2.3,  
chapter 2). To do this, it has been argued that the human operators need to 
be supported by automating some of the tasks related to the observation, 
orientation, deciding and acting activities (T. Adams, 2001; Rovira, et al., 
2007). In the military domain, Adams (2001) points out that the time it 
takes for the operators to process the ever increasing flow of detailed 
information has resulted in less time for the operators to perform the other 
activities of the OODA loop. Adams further argues that this has led the 
operators to ignore much of the incoming information, resulting in flawed 
decision making. Furthermore, additional information, flowing more 
efficiently, might provide the human decision maker with conflicting 
perspectives of the battlespace. Adams concludes by highlighting the fact 
that it is often the human operator who is the slowest element in the 
decision making process and that by “reducing the human role, the entire 
system is enhanced” (T. Adams, 2001) (p.60). Indeed, there is today an 
increasing development of unmanned vehicles that are used on the ground, 
in the water and in the air, with the ultimate aims to avoid risking human 
lives, to minimize human errors etc. In the future, such vehicles might also 
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be able to act and decide autonomously depending on the development of 
better artificial intelligence and hardware/software. However, ultimately, it 
is the human operator who is responsible for the actions and decisions 
made by these unmanned vehicles. Thus, the human operator should still 
be the one controlling these automated vehicles. For example, if too much 
automation is applied to the task of information aggregation, it might 
distance the operator from what is happening in the environment, resulting 
in an inability of the operator to create and maintain a satisfactory level of 
SA. As discussed by Bainbridge (1983), one can draw the paradoxical con-
clusion that an automated system is still a human-machine system.  

 

4.2.1 A situational adapting system 
The crew assistant support systems described in chapter 2 all focused on 
developing decision support for fighter pilots that would aid them during 
their missions. Within these programs, issues such as which information to 
present to the pilots as well as how to keep their workloads at a reasonable 
level have been investigated. However, as previously stated, none of these 
programs focused on providing support for the pilots as a team, which 
might have been due to the technical limitations of the time (such as data 
link limitations etc.). As has been highlighted by Castor (2009), there is a 
positive correlation between pilot teamwork and performance in both de-
fensive and offensive scenarios. This might be due to the fact that together 
the team can generate a more complete situational picture and, as a team, 
the pilots have additional resources to aid them perform their tasks more 
efficiently (as argued in Paper V). In the future, where teams of pilots 
might consist of a greater number of members that cooperate, for example 
during international missions, the importance of successful team coopera-
tion is expected to become even more central. As suggested in Paper V, a 
situational adapting system could support fighter pilots in the creation and 
maintenance of team situation awareness. A situational adapting system is 
defined as a “system that is able to respond to changes in the environment, 
as given by the situation analysis” (Paper V, p. 5). Such system could aid 
fighter pilots to individually and collaboratively perform their assigned 
tasks through: 1) a better understanding of the situation, 2) improved col-
laboration and 3) an enhanced situation analysis (Paper VI).  

In Paper V and Paper VI, it is argued that a situational adapting support 
system could improve the pilots’ situation awareness through updates of 
the information presented on the interfaces of the aircraft systems in ac-
cordance with the current mission phase and the pilots’ goals and task 
assignments – both at an individual level and a team level. The importance 
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of presenting the most relevant information, at the right time and at a suit-
able level of detail when designing for situation awareness in complex sys-
tems has been highlighted by several researchers, see for example (Endsley, 
2001; Hesselink, et al., 2001), and is expected to aid the pilots understand 
the current situation as well as to foresee future events. Such presentation 
adaption is used, for instance, in the ground collision warning system 
which aids the pilot avoid terrain collisions by, for example, de-cluttering 
the displays from task-irrelevant data (Svenmarck, 2003). Which infor-
mation to present on the different displays of the aircraft was also investi-
gated in the PA program by the introduction of a “display agent” that 
prioritised which information to present in relation to the pilots’ work-
loads (Svenmarck & Dekker, 2003) (a brief description of the PA program 
can be found in chapter 2). However, as argued in Paper VI, which infor-
mation to present on the displays should also reflect the team’s needs to 
enhance the cooperative capabilities within the pilot team. Such infor-
mation, presented correctly, could enhance the pilots’ abilities to meet the 
three perspectives of Schulte’s goal model (see figure 4.1) through a better 
awareness of the situation.  

In Paper VI it is further argued that the proposed support system could 
aid the pilots enhance their situation analysis by presenting possible actions 
to perform in relation to the current and evolving situation. These actions 
could be presented on both an individual level and at a team level, thus 
enhancing both the collaboration and the analysis of the situation within 
the team. Situational adapting systems have been studied in the context of 
adaptive aiding (Svenmarck, 2003), where typical functions provided by 
such systems are information management and task allocation, or a com-
bination thereof (Svensson & Svenmarck, 2008). As proposed in Erlands-
son et al. (2010), a situational adapting system should aid the pilots predict 
how different actions could affect the situation in relation to the mission 
accomplishment and combat survival perspectives. Such system could aid 
the pilots choose actions that increase their probability of accomplishing 
their mission while at the same time increase the probability for survival 
during the mission.  

One example of a tactical support system within the fighter aircraft do-
main is the ideas suggested and discussed by Erlandsson (2011). The pur-
pose of the system is to evaluate the danger connected with flying a partic-
ular route in the form of survivability calculations. It is suggested that such 
calculations could aid a pilot determine whether a route is expected to be 
too dangerous due to the known enemy locations along the route, as well 
as provide decision support regarding appropriate pilot actions, such as 
mission (re)planning, the use of countermeasures, sensor management etc. 
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(see (Erlandsson, 2011; Erlandsson, et al., 2011) for more information). 
Such system could also be used as a planning tool before a mission and as a 
training and evaluation tool after a mission.  

The ideas for a new support system discussed by Erlandsson (2011) does 
not take team aspects into account, but it is argued in this thesis that a 
team perspective could be incorporated through, for example, integrating 
support for (re)planning the mission for the whole team (if for example the 
intended route is deemed to be too dangerous) and to provide support for 
requesting team countermeasure aid during a dangerous route. Further-
more, the support system described by Erlandsson (2011) has a future fo-
cus, which many other systems found in literature have not (for example, 
the temporal displays found in Strömberg et al. (2002) do not require fur-
ther advances in sensor or display capabilities etc.). A future focus is also 
prevalent in this thesis, thus the systemdiscussed in Erlandsson (2011) has 
been chosen as a studying object in this thesis and is illustrated in the im-
plemented demonstrator, described in chapter 6.  

 

4.2.2 Summary of findings   
The support system described in the previous section could be regarded as 
a situational adapting system that aids the pilots understand the current 
situation and project future possible actions and decisions, thus providing a 
foundation for creating and maintaining situation awareness. Furthermore, 
as suggested in Erlandsson et al. (2011), such support system could aid the 
pilots with one of their objectives during flight, namely to survive potential 
battles. To implement a support system that equally focuses on aiding the 
pilots with all of the three objectives (combat survival, mission accom-
plishment and flight safety) might be difficult. However, all of the objec-
tives relate and, as such, improvements for achieving one objective will 
probably also result in implications when trying to meet the other two. The 
primary focus of this thesis has been to support the pilots achieve their 
combat survival perspective, however future work could concentrate on 
providing explicit support for all three objectives of Schulte’s goal model 
(see figure 4.1 and 4.2). The results from the interviews indicate that a 
support system could, during an air-to-air scenario, adapt which infor-
mation to present and which recommendations to generate in relation to 
the individual pilot’s and the team’s objectives. As such, the pilots expected 
that their individual and team situational pictures could be enhanced, 
which could further result in a better foundation for achieving the combat 
survival objective.  
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Based on the literature survey findings regarding HCA (see chapter 2), 
the author of this thesis believes that an automatic crew assistant system, 
as depicted in chapter 4.2.1, must be designed with the pilots in mind to be 
able to implement appropriate support for them. Since even highly auto-
mated systems within the domain still require pilot involvement, it must be 
ensured that the communication and coordination of tasks between the 
pilot and the automatic support system are performed seamlessly and ef-
fortlessly to ensure pilot-automation trust and appropriate usage. Further-
more, as highlighted during the interviews performed, cooperation within a 
team of fighter pilots is of great importance, yet none of the support system 
programs, as described in chapter 2, had a team focus, and reports regard-
ing how fighter pilots cooperate in teams are sparse. Thus, it is expected 
that the findings described in this chapter will serve as a base for the future 
implementation of a new support system that takes the issues of team co-
operation, situation awareness and improved situation analysis into ac-
count. Furthermore, the findings regarding appropriate automation that 
support the pilots in a cooperative way (as figure 4.3 c illustrates) should 
also be taken into account when designing the system.  
 

4.3 Summary  
In pace with the introduction of new, improved technologies (such as those 
presented within the information fusion community), additional support is 
expected to be needed in order to aid the pilots cope with the new demands 
and challenges introduced as a result of the new technologies. Thus, this 
chapter has provided the reader with the thesis author’s proposal of such 
new support system, aiding the pilots to better understand the situation, to 
improve their collaboration within a team and to enhance their situation 
analysis. Furthermore, a description of the fighter pilots’ working situation 
has been provided through the means of a literature survey and interviews 
conducted with pilots to depict some of the challenges that the pilots are 
exposed to and some of which the proposed support system can aid the 
pilots deal with. However, how to guide the development of fighter aircraft 
support systems, incorporating the concept of HCA, has not been investi-
gated, which is one of the themes of the next chapter.  
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Chapter 5 – HCA guidelines in the fighter aircraft 
domain  
Before implementing a fighter aircraft support system, it is important to 
analyse how it should function and behave during usage. This chapter pre-
sents the results from a survey performed together with fighter pilots that 
aimed at investigating how the support system, as described in chapter 4, 
should function in terms of its automation design. The chapter also in-
cludes the results from a study performed with fighter aircraft system de-
velopers regarding examples of human-centred automation in today’s 
modern fighter aircraft. Thus, this chapter covers the fourth objective stat-
ed in this thesis, i.e. to investigate how HCA can be applied in the modern 
fighter aircraft domain. 
 

Table 5.1 – The question and objective dealt with in this chapter. 
 

Question (Q) Objective (O) 

Q2: How can 
HCA be applied in 
the modern fighter 
aircraft domain?  

O4: Investigate how/if characteristics of HCA, identified in 
objective 3, are mirrored in the automation design of mod-
ern fighter aircraft.  

 

5.1 HCA guidelines  
As presented in chapter 2, several researchers have proposed explicit guide-
lines for how to design automated functions that appropriately support 
their operators, with regard to suitable operator trust and automation lev-
els (see section 2.3.3). Additional guidelines have been identified from 
complementary literature surveys that were not explicitly stated as HCA 
guidelines. For example, Atoyan et al. (2006) argue that factors such as 
informative feedback, error management, compatibility, help and guidance 
also have an impact on human operator’s trust in decision support systems, 
which must be taken into account when designing the system and training 
its users (which is also suggested by Billings (1997), see table 2.3, chapter 
2). Liebhaber et al. (2002) have also suggested interface guidelines for how 
to present the results from an automated threat evaluation process. These 
include the computation and display of threat ratings of tracks from the 
evidence (data), the support for explanation-based reasoning, the avoid-
ance of user error caused by framing, anchoring and conformation biases 
as well as the generation of a track priority list that matches with the hu-
man-generated lists (see Liebhaber et al. (2002) for more information). 
Parasuraman et al. (2000) and Cummings (2004) also provide guidelines 
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for deciding upon appropriate levels of automation. If automation is very 
reliable, then high levels of automation can be justified. For the automation 
of decision and action functions however, high levels of automation should 
be implemented only for low risk situations. Rovira et al. (2007) state that 
factors such as how well the automation supports the operator’s situation 
awareness, as well as the type and reliability of the automation should 
influence the decision regarding the authority that the automated functions 
should possess. An additional recommendation proposed by Billings (1991, 
1997) is to talk about human-automation cooperation, rather than human- 
automation interaction. A similar recommendation has been documented 
by Banbury et al. (2008) who state that automated systems should aim at 
improving, rather than replacing, the operator’s decision making ability. 
From these findings, the below listed guidelines can be extracted.  

 
Provide relevant feedback  
To maintain the operator in control of the automation, relevant feedback 
must be provided regarding the workings of the automation. This is antici-
pated to improve the operator’s situation awareness and ease his/her men-
tal workload (Atoyan, et al., 2006; Billings, 1997). 
 
Carefully design the automation with appropriate automation levels in 
mind  
It is important to receive an understanding of which functions should be 
entirely automated, partially automated or not automated at all 
(Parasuraman, et al., 2000; Rovira, et al., 2007). To do so, the automation 
designer must discuss appropriate LOAs with the intended operators.  

 
If possible, make the automation cooperative rather than replacing the 
operator  
To avoid “out-of-the-loop” performance problems (i.e. problems associat-
ed with the operator not understanding what the system is doing etc.), 
caused by, for example positioning the operator as a mere observer of the 
automation, the automated systems/functions should be designed to be 
cooperative (Banbury, et al., 2008; Billings, 1997).  
 
The guidelines suggested and summarized above together with those pre-
sented in chapter 2 by Atoyan et al. (2006), Banbury et al. (2008), Par-
asuraman et al. (2000), Rovira et al. (2007) and Billings (1997) can be 
organised into two categories of HCA guidelines, namely those concerning 
the physical automation design and those concerning automation transpar-
ency, see table 5.2. To limit the research, the author of this thesis decided 
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to focus on investigating how to make automated systems as transparent as 
possible for their operators. This limitation was decided upon since it is 
regarded in this thesis that the issue of transparency is crucial within the 
military domain due to its expected positive implications on operator trust 
and performance.  
 

Table 5.2 – A classification of the HCA guidelines into two categories – 
automation design and system transparency. 

 
Automation design System transparency 

1.1 Design with good computer eti-
quette (Atoyan, et al., 2006). 
 

2.1 Provide access to raw data 
(Atoyan, et al., 2006). 

1.2 Group and isolate less reliable or 
vulnerable functionalities of your 
system if it is possible (Atoyan, et al., 
2006). 
 

2.2 Provide means to indicate to the 
user that data is missing, incomplete, 
unreliable, or invalid (Atoyan, et al., 
2006). 

1.3 If algorithms of the system are 
context dependent, make the context 
explicit to the operator (Atoyan, et al., 
2006). 

2.3 Make clear to the user the purpose 
of the automation (Atoyan, et al., 
2006). 

1.4 Provide the user with an adaptable 
automation (Atoyan, et al., 2006). 

2.4 Reveal the rules and algorithms 
used by the automation, and if it is 
possible, keep the algorithms simple 
(Atoyan, et al., 2006). 
 

1.5 Train the operator in order to 
develop an adequate trust (Atoyan, et 
al., 2006). 
 

2.5 Show the source of automation 
failure (Atoyan, et al., 2006). 

1.6 Evaluate trust in the system both 
at the introductory stage and after 
acquiring a certain level of experience 
with the system operation (Atoyan, et 
al., 2006). 
 

2.6 Provide relevant feedback (Atoyan, 
et al., 2006; Billings, 1997). 

2.7 Carefully design the automation 
with appropriate automation levels in 
mind (Parasuraman, et al., 2000; 
Rovira, et al., 2007). 
 
2.8 If possible, make the automation 
cooperative rather than replacing the 
operator (Banbury, et al., 2008; 
Billings, 1997). 

 
To investigate the importance of the transparency guidelines and to be able 
to identify domain specific guidelines, empirical investigations have been 
performed. The results from these investigations are the focus of the next 
section.  
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5.1.1 Empirical investigation with fighter pilots 
A first evaluation of the HCA guidelines concerning automation transpar-
ency was performed together with fighter pilots. The aim of this evaluation 
was to receive the pilots’ opinions regarding the importance of the different 
guidelines in general and when in a threatening beyond visual range scenar-
io. The choice of this type of scenario was due to its implications for dy-
namic pilot decision making (i.e. fast paced, stressful, high workload etc.), 
and where collaboration is of great importance for mission success, see 
section 4.1.1. A web-based survey was distributed to ten fighter pilots, of 
whom five answered. Thirty questions concerning appropriate levels of 
automation, support for teamwork and trust in automation in relation to 
the development of a new automated threat evaluation system (as present-
ed in Paper IV) were posed. The participants were, for example, requested 
to rank on a five point scale how important it is for them to have automat-
ic system support during flight that aids them with the four automation 
tasks as proposed by Parasuraman et al. (2000), i.e. information acquisi-
tion, information analysis, decision and action selection and action imple-
mentation in general and in relation to the support system (described in 
Paper VI and in chapter 4.2.1). Furthermore, the pilots were requested to 
express their views upon appropriate levels of automation in relation to the 
support system described, as well as on specific trust related issues, such as 
if they would like to have access to the raw data used by the system. Specif-
ic tasks that could be automated to support enhanced team cooperation in 
a threatening situation were also discussed. Furthermore, focus was put on 
the different categories of automation tasks identified by Parasuraman et 
al. (2000) to investigate which tasks would be appropriate to automate in a 
threatening scenario. The questions posed in the survey were first evaluated 
together with a fighter pilot in order to test their validity in the particular 
domain. The questions can be divided into three themes:  

 
 The pilots’ opinions regarding existing fighter aircraft automation 

(examples of functions that are implemented, how they aid the pi-
lots acquire information, analyse the information, generate rec-
ommendations and act on these decisions, appropriate levels of 
LOA in general, their understanding of the automated functions 
etc.). 

 How existing and future automation aid/could aid pilots to coop-
erate in a team.  

 How a future support system, aiding the pilots evaluate threats in 
their surroundings, should function with respect to the identified 
transparency guidelines (presented in table 5.2).  
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A closer description of the questions posed in the survey is presented in 
the Appendix of this thesis. The general conclusions drawn from the survey 
are presented below, which are also presented in Paper II.  
 
Appropriate automation tasks and levels of automation  
The pilots participating in the study argued that a support system, aiding 
the pilots to evaluate the threat situation, should provide support for gen-
erating suggestions of appropriate actions to perform that suitably mirror 
the situation. That is, an appropriate level of automation would be LOA 
2–4 (see table 2.1 in chapter 2). These suggestions should then be analysed 
by the pilots, who are the ones who ultimately should decide whether to 
automatically implement the suggestions, or reject them. In relation to a 
threatening situation, important tasks to automate would thus be to gather 
information from the environment, to analyse and make inferences based 
on the information as well as to provide support for generating recommen-
dations. Regarding suitable automation levels, the pilots argued that such 
investigation must be carefully performed in close relation to the automatic 
support to be implemented. For example, the automation of weapon deliv-
eries was considered to be a task that should be manually performed by 
pilots, whereas the release of chaff and flares was considered an appropri-
ate task to keep at a high automation level. Thus, the appropriate LOA 
greatly depends on the specific tasks in mind.  

When asked about which LOA to implement in relation to the support 
system described (depicted in Paper IV), the majority of the participants 
answered that the system should offer the pilot a limited amount of time to 
veto the recommendation posed by the system before the system’s automat-
ic implementation of the recommendation (i.e. LOA 6). However, this 
relatively high level of automation should be looked upon in light of the 
carefully selected tasks that the pilots argued that the automated functions 
should provide support to. The appropriate LOA suggested by the pilots is 
in line with the suggested automation guidelines 2.7 and 2.8 (see table 5.2), 
advocating that automated functions should be cooperative (and not re-
place the operator) as well as that careful investigations must be performed 
so that suitable tasks are automated at an appropriate LOA.  
 
Trust in automation  
To trust a system, the pilots in the study argued that they would need to 
train with it as well as to receive some information of how it functions and 
why it has been implemented (as highlighted by guideline 2.4 and 2.3, see 
table 5.2). Such training must be conducted before a mission, since the 
pilots often have no time during flight to analyse the inner working of the 
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system or the raw data fed to it. However, the raw data could be used as a 
means to evaluate the performance of the support system after a mission. It 
was further stressed to only automate tasks that would appropriately ease 
the pilots’ workloads in order to prevent the implementation of too much 
automation and thus avoid out-of-the-loop performance problems. To 
trust the recommendations posed by a support system, the pilots argued 
that it would be very important to receive an indication of how reliable the 
results from the evaluations are (guideline 2.2). Furthermore, to have con-
trol over the situation and trust the system used, the pilots participating in 
the study argued that the support system should inform the pilots of the 
tasks that it performs (guideline 2.6).  

In safety critical systems, such as those incorporated into an aircraft, the 
systems must be robust and not susceptible to automation faults. A majori-
ty of the pilots in the study argued that they are not able to analyse faults 
performed by the autonomous functions, if not explicitly apparent in the 
information presentation. Nor would they have time to analyse the auto-
mation failure during flight. Thus, automation faults must be clearly pre-
sented to the pilots (guideline 2.5) as well as their negative consequences 
limited. 
 
Cooperative automated functions  
Today, the pilots cooperate mostly through the use of radio communica-
tion and through the data link between the aircraft in a team. However, in 
stressful situations with high workload and uncertain information it might 
be difficult to propose actions to collectively perform as well as to absorb 
and comprehend the data communicated. Therefore, one of the pilots in 
the study argued that it would be helpful if the automated support system 
could generate a set of possible actions and distribute it within the team. 
As such, less time could be spent on manually generating suggestions and 
less manual communication would be needed. Furthermore, such an ar-
rangement should also involve an automatic update of the team’s common 
situational picture, aiding the team to cooperate more efficiently. This re-
quested team functionality is also in line with the requested LOA for this 
type of support system where the majority of the pilots in the study argued 
that a threat evaluation support system should suggest an alternative to the 
pilot, followed by allowing him/her a restricted time to veto the suggestion 
before its automatic execution. 

The results from the survey also indicate that a general improvement of 
the team’s common situational picture is requested. By fusing data from 
the different sensors available in a team, a more coherent and correct pic-
ture of the environment can be created and maintained, leaving the team of 



 TOVE HELLDIN Human-Centred Automation – With Application to the Fighter Aircraft Domain I 67
 

pilots with a good founding to base its decisions on. Furthermore, one of 
the pilots argued that to be able to share each other’s sensors during flight 
would also improve the execution of their cooperative tasks during a mis-
sion. Enhanced cooperation within a team would also aid the pilots to 
more easily perform on-the-fly mission planning. In a cooperative scenario, 
one of the pilots argued that support should be provided that automatically 
aids the pilots to abort their current tasks in order to save fuel, stay on the 
same altitude etc., i.e. to ”save up” resources for future tasks. 
 

5.1.2 Conclusions from the study  
The study performed has provided deeper knowledge of fighter pilots’ 
views upon suitable tasks to automate, at which level of automation as 
well as how they would be able to trust a support system aiding them with 
assessing a threat situation. From these findings, two additional guidelines 
concerning how an automated system can support collaboration within a 
team of pilots were identified. The first guideline concerns the automatic 
generation of suitable recommendations and enhanced information distri-
bution within a team, whereas the second guideline proposes that an au-
tomatic system should provide support for updating the individual pilot’s 
and the team’s situational pictures. These additional guidelines are added 
to the pool of guidelines in table 5.4. A summary of the findings from the 
study are presented in table 5.3 below:  
 

Table 5.3: A summary of the survey findings 
 

 Carefully select which tasks to automate. 
 Aid the pilots through generating a set of possible actions (i.e. LOA 6). 
 Make the automation cooperative. 
 Give the pilots time to train with the system to create and maintain trust. 
 Give an indication of how reliable the results from the automation are. 
 Explicitly present automation failures. 
 Provide support for information and decision distribution within a team. 
 Provide support for updating the pilots’ individual and team situational 

pictures. 
 

 
The results from the study performed indicate that most of the automation 
guidelines described in table 5.2 are directly applicable to the fighter air-
craft domain within a threat evaluation scenario. However, due to the 
often stressful working environment of fighter pilots, raw data used by the 
proposed support system should not be presented to the pilots during 
flight. Instead, such information should be provided during training to 
understand the inner workings of the automated functions, as well as after 
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a mission to evaluate the performance of the automated functions. Fur-
thermore, of utmost importance is to display how reliable the results from 
the threat evaluation performed are as well as what factors that influence 
the evaluation. The additional automation guidelines proposed concerning 
enhanced cooperation within a team should be added to the suggested pool 
of automation guidelines to aid human-centred automation developers 
design appropriate automated team functions, see table 5.4 below.  
 

Table 5.4 – Updated pool of HCA guidelines where the aspects of trans-
parency and support for team cooperation are included.  

 
1 Provide access to raw data (Atoyan, et al., 2006).

 Provide access to raw data during training and at debriefing. 
2 Provide means to indicate to the user that data is missing, incomplete, 

unreliable or invalid (Atoyan, et al., 2006). 

 Present how reliable the results from the threat evaluation are as well 
as what factors have influenced the evaluation. 

3 Make clear to the user the purpose of the automation (Atoyan, et al., 
2006). 

 Do not automate tasks that are best performed by the pilots – this 
might lead to out-of-the-loop performance problems. 

4 Reveal the rules and algorithms used by the automation, and if possible, 
keep the algorithms simple (Atoyan, et al., 2006). 

 Full understanding of the underlying algorithms is not required; how-
ever a limited understanding might suffice to ensure that the pilots un-
derstand why certain recommendations have been posed. 

5 Show the source of automation failure (Atoyan, et al., 2006).

 Reveal sources of automation failure due to uncertain data. 
6 Provide relevant feedback (Atoyan, et al., 2006).

 Inform the pilot of the tasks carried out by the automated functions. 
7 If possible, make the automation cooperative rather than replacing the 

operator (Banbury, et al., 2008). 

 Cooperation between the support system and the pilot is of great im-
portance, however depending on the specific tasks. 

8 Carefully design the automation with appropriate automation levels in 
mind (Rovira, et al., 2007). 

 Appropriate automation levels depend on the specific task in mind, the 
current situation in terms of workload etc. 

9 Provide automatic support to enhance information and decision distribu-
tion within a team (Paper II).  

 Let the team leader decide upon appropriate actions that are then 
automatically distributed within the team. 
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10 Provide automatic support that updates the individual and team situational 
pictures (Paper II).  

 Relevant information should automatically be distributed within the 
team. 

 
These guidelines are of general character and more detailed guidelines must 
be developed and added to this pool to fully appreciate the usage of these 
gudelines.  The guidelines should also be complemented by or adapted 
according to other human factors guidelines, such as usability guidelines 
(Nielsen & Molich, 1990) and cognitive ergonomics guidelines such as 
those presented by Alfredson et al. (2011). These issues are suitable for 
future work.   

 

5.2 HCA guidelines mirrored in fighter aircraft support systems  
To receive a better understanding of how the guidelines concerning auto-
mation transparency and team cooperation can be mirrored in the automa-
tion design, a study was performed where examples of applications of the 
guidelines were documented. As a studying object, examples from a mod-
ern fighter aircraft simulator were used. The study further aimed at provid-
ing examples for system designers within the domain of what the applica-
tion of the guidelines could look like as well as their behaviour within a 
system. The findings from this study are presented in Paper III, and a de-
scription of the main findings is presented below. The guidelines are listed 
in the same order as presented in table 5.4.  
 
Guideline 1 – Provide access to raw data  
Some raw data is displayed to the pilots in the chosen fighter aircraft dur-
ing flight. For example, when the radar of the aircraft is starting to lose 
track of a certain target, both the radar detection symbol (raw data) and 
the tracking symbol (the result of the automation) are displayed to aid the 
pilots estimate where the target is situated, despite the risk of pilot infor-
mation overload. However, generally, the amount of data is kept to a min-
imum to not overwhelm the pilots. Though, to present raw data might be 
fruitful during training and after the completion of a mission to provide the 
pilots with a better foundation for understanding how the support systems 
function and how they can be used.  
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Guideline 2 – Provide means to indicate to the user if data is missing,  
incomplete, unreliable or invalid  
To make sure that the pilots can create and maintain good situation 
awareness, despite the often fast-paced decision and action tempo, it is 
vital that some indication of the quality of the data used and presented on 
the displays is given. This is done, for example, when displaying the target 
tracks. In the selected fighter aircraft, tracks with low data quality are dis-
played through flashing images or ultimately by removed images. Through 
this kind of visualization, the pilots are informed of the information quality 
behind the track plots.  
 
Guideline 3 – Make clear to the user the purpose of the automation 
The pilots are extensively trained to, for example, be able to handle the 
aircraft and to use the different aiding technologies implemented. During 
this training, the pilots are educated to understand how the different sup-
port systems work and how the pilots can be aided by them. Furthermore, 
during flight, the pilots are informed of which automated functions that 
are activated, for example in the autopilot. If the autopilot is aiding the 
pilot with maintaining altitude, regular ascent or making sure that the pilot 
is following the intended route, this is presented on one of the displays (see 
figure 5.1).  
 

 

 
 

Figure 5.1 – The activated functions of the autopilot are displayed. For 
example, if the autopilot is assigned to take care of keeping the altitude of 

the aircraft, this is indicated by a green light in the hard key labelled 
“ALT”. 
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Guideline 4 – Reveal the rules and algorithms used by the automation and, 
if possible, keep the algorithms simple  
The results from the survey performed indicate that the rules and algo-
rithms used by the automated functions should not be displayed to the 
pilots due to the risk of information overload during flight. Instead, such 
information should be provided to the pilots during training in order to 
improve their knowledge of the inner workings of the functions as well as 
to provide the pilots with a foundation for adjusting their level of trust in 
the functions.  
 
Guideline 5 – Show the source of automation failure  
It is crucial to display to the pilots if and why the automation is failing. To 
present such information, the pilots might be able to improve the automa-
tion performed. If, for example, the sensors of one aircraft cannot identify 
a specific object as hostile or friendly, the pilot could then request identifi-
cation data from other aircraft in the team. Based on this collected data, 
the automated functions could evaluate the object and, based on this eval-
uation, apply countermeasures. In the chosen aircraft for this study, an 
alarm is set off if, for example, the autopilot has been disengaged or if an 
urgent automation failure has occurred. Furthermore, in the accompanied 
on-line manual, the effects of the malfunction of the automation are ex-
plained.  
 
Guideline 6 – Provide relevant feedback  
To make sure that the pilots understand which tasks that have been allo-
cated to the automatic functions and the status of these, the results from 
these functions must be displayed. Examples of automation feedback in the 
fighter aircraft are, for example, the indication of released countermeas-
ures, the mode of the autopilot, the mode of the auto throttle function, as 
well as if the radar has automatically locked on a target (the latter is de-
picted in figure 5.2). 
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Figure 5.2 – The figure shows the interface for an automated radar pro-
gram.  

 
Guideline 7 – If possible, make the automation cooperative rather than 
replacing the operator  
In order to ensure that the pilots feel that they are the ones in control of 
the aircraft, it is important to make the automated functions cooperative 
rather than replacing the pilots. An example of this from the selected air-
craft is one of the autopilot modes that aids the pilots with maintaining 
altitude while the pilots decide where to fly. Another example is the radar 
air combat mode, where the pilots decide which area to search with the 
help of the radar, while the automated functions perform the search.  
 
Guideline 8 – Carefully design the automation with appropriate  
automation levels in mind  
Some tasks are suitable for high automation, like the release of counter-
measures in a threatening situation, whereas other tasks, such as the release 
of weapons, are inappropriate to fully automate. As argued by Cummings 
(2004), higher levels of automation often provide the best solution for rigid 
tasks that require no flexibility in decision making and that are associated 
with low probability of system failure. However, in time critical environ-
ments with many external and changing constraints, such as in the military 
domain, higher levels of automation are not advisable because of the risk 
and complexity of the system and the inability of the automated aid to be 
perfectly reliable (Cummings, 2004). In the selected aircraft, there is a mix 
of both automatic and semi-automatic functions. The flight control system, 
for example, includes autopilot modes that are used to follow pre-planned 
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navigation routes as well as pilot relief modes for maintaining current alti-
tude, leaving the pilot to control aircraft heading and speed. The level of 
automation also differs depending on the task at hand. For example, dur-
ing a reconnaissance mission, the pilots are able to specify how the sensors 
should gather information in order to ease the pilots’ workloads.  
 
Guideline 9 – Provide automatic support to enhance information and  
decision distribution within a team  
The distribution of information within a team of pilots is crucial for ena-
bling effective cooperation. During a mission, this is performed through 
radio communication and the data links between the aircraft. In some data 
link protocols, command and control order decisions made by the flight 
leader can automatically be distributed to other members of the team. 
However, during the survey performed together with five fighter pilots (see 
chapter 5.1.1 or Paper II), the possibility of enhancing the automatic deci-
sion distribution was identified. 
 
Guideline 10 – Provide automatic support that updates the individual and 
team situational pictures  
Pilots can manually request and fetch desired data from the different in-
formation sources available. However, data is also automatically distribut-
ed within a team of pilots. Today, the use of data links between the aircraft 
enables the distribution of a common tactical situational picture, tasks and 
intentions within the team (see figure 5.3).  
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Figure 5.3 – A part of the situational picture is provided through the tacti-
cal display. Information from the different aircraft in the team is distribut-

ed with the help of data links. The figure illustrates an example of how 
data link information could be presented. 

 

5.3 Summary  
This chapter has presented work regarding HCA guidelines within the 
domain. The general guidelines identified from literature have been divided 
into guidelines concerning the automation design and guidelines concern-
ing the transparency of automated systems. Furthermore, an investigation 
performed together with fighter pilots has provided us with deeper 
knowledge of their views upon automation transparency and how automa-
tion can support team cooperation in a threatening beyond visual range 
mission. As a result of this investigation, two additional guidelines have 
been identified regarding pilot teamwork, namely that it is crucial that the 
automated technologies implemented provide support for collaboration 
within a team and that such automated support should generate recom-
mendations of actions and decisions so as to update the pilots’ individual 
and common situational pictures. Furthermore, examples of how the iden-
tified HCA guidelines can be mirrored in the automation design of a mod-
ern fighter aircraft have been reported. It is expected that these guidelines 
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will aid fighter aircraft system developers design automated system with 
HCA in mind. However, this is the focus of the next chapter. 
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Chapter 6 – Demonstrating the use of HCA 
To acquire knowledge of how to design and implement a new support 
system, with HCA in mind, this chapter provides results from interviews 
made together with fighter aircraft system developers, where the interview-
ees were asked to express their views upon HCA in the fighter aircraft 
domain, the guidelines identified, as well as their opinions of the guidelines 
in relation to the support system mirrored in the demonstrator. Thus, this 
chapter encompasses the final objectives of this thesis concerning how 
HCA can be applied in the modern fighter aircraft domain, see table 6.1. 
Conclusions drawn from this study as well as how they are expected to 
affect the development of automatic support systems in the specific domain 
are also discussed.  
 

Table 6.1 – The question and objectives dealt with in this chapter. 
 

Question (Q) Objective (O) 
 
Q2: How can 
HCA be 
applied in the 
modern 
fighter air-
craft do-
main? 

O5: Perform an initial design and implementation of a support 
system demonstrator, mirroring some of the characteristics 
identified in objective 3. 
 
O6: Perform an initial evaluation of the automation design of 
the demonstrator. 
 

 

6.1 The demonstrator 
To evaluate characteristics of HCA within the fighter aircraft domain, the 
author of this thesis decided to follow a practical approach. A first imple-
mentation of the interface mirroring some of the functionalities proposed 
in the model by Erlandsson et al. (2011) (see chapter 4.2.1) and according 
to the proposed HCA guidelines (presented in chapter 5, see table 5.4) was 
used as an example of how to incorporate the suggested HCA guidelines in 
a fighter aircraft support system. The demonstrator was created in Mi-
crosoft Visual Studio 2010, and by using maps from Google Earth. When 
starting the demonstrator, the interface depicted in figure 6.1 is presented. 
The interface consists of a map of a geographical area, the route with way-
points that the pilot intends to fly, the positions of known threats as well 
as the survivability calculations performed. The “legs” of the route have 
different colours depending on the estimated danger connected with flying 
the specific parts of the route, ranging from green (safe), yellow (somewhat 
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Threat A: information 
Threat B: information  
 
 
Survivability calculation  

 W1 Uncertainty 
 W2 Uncertainty 
 W3 Uncertainty 
 W4 Uncertainty 

 
Reliability of  
recommendations  
 
 
Status of the automation  
 
 
Turn on/off  

dangerous) to red (dangerous). One part of the interface is dedicated for 
presenting feedback from the automated support system, such as infor-
mation regarding the threats detected, the survivability calculations per-
formed and their associated uncertainties, the reliability of the calcula-
tions/recommendations presented as well as the status of the automated 
decision aid. However, which information to present on this dedicated area 
must be carefully decided upon together with its intended end users as well 
as in relation to the specific scenario in which to use the aid (for example 
before, during or after a mission). The demonstrator should not be regard-
ed as complete, but has been used as a means to make a first evaluation 
and exemplification of the guidelines within the domain. 

 

 
Figure 6.1 – The figure depicts the interface of the demonstrator imple-

mented. In the figure to the right, information regarding the status of the 
automation, the reliability of the results calculated by the automation etc. 
is to be presented. A slightly modified version of the demonstrator present-

ed in this figure was used during the interviews performed together with 
the fighter aircraft system developers (as presented in section 6.2). 
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6.1.1 HCA guidelines mirrored in the demonstrator  
As a starting point, the ten HCA guidelines concerning automation trans-
parency and team cooperation (see chapter 5, table 5.4) were regarded 
during the design process of the demonstrator. However, the importance of 
the different guidelines has been inspired by the empirical investigations 
performed and presented in chapter 5.1.1. Furthermore, the importance of 
the different guidelines depends on the usage of the demonstrator. For 
example, during training and evaluation, the presentation of raw data 
(guideline 1) and the rules and algorithms used by the system (guideline 4) 
might be justified, while such presentation during flight might overwhelm 
the pilots with information not pertinent to the situation, thus possibly 
decreasing the pilots’ level of situation awareness. Furthermore, to make 
clear to the user the purpose of the automation (guideline 3) is expected to 
be best performed during the training sessions with the system. Which 
information that should be considered relevant must be further evaluated 
together with fighter pilots in relation to the system’s context(s) of use 
(guideline 6). Further evaluations must also be performed regarding how 
the proposed system can support the information and decision distribution 
within a team (guideline 9), which might be performed, for example, by 
using radio communication or by presenting images or text messages on 
the interface. It should be noted that the implementation presented in this 
thesis reflects the results from the first iteration (of many that needs to be 
conducted) of the automation design of the proposed support system. In 
light of the above stated findings and limitations, the following section 
describes the guidelines that have been focused upon when performing the 
first iteration of the design of the demonstrator.  

In the information area of the interface, an indication of the uncertain-
ties related to the survivability calculations is presented (guideline 2) as 
well as the status of the automation, such as if automation faults have oc-
curred (guideline 5). It is expected that the presentation of the survivability 
calculations will aid the pilots enhance their individual and team situation-
al pictures through a better analysis of the situation (guideline 10). Fur-
thermore, from the empirical investigations performed (as presented in 
chapter 5.1), it has been concluded that an appropriate level of automation 
for this kind of support system is LOA 6, i.e. that the system should gener-
ate a set of possible actions/decisions of which the pilot decides which to 
implement (guideline 8). These actions or decisions could be presented on 
the map as additional routes/modifications of routes etc. The choice of 
level of automation also has implications for the cooperative nature of the 
automation. By generating a set of possible actions/decisions for the pilot 
to choose from, the pilot might maintain a feeling of being in control of the 
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automation and that the automation is cooperative (guideline 7). Further-
more, to let the survivability calculations be initiated by the pilots or to 
make it possible to turn the results from the calculations on/off are other 
ways of ensuring pilot-automation cooperation. Additional evaluations of 
the automation design of the demonstrator must be performed; however, 
the author of this thesis believes that the implementation so far can serve as 
a good starting point for these evaluations. In the following section, one 
such evaluation, performed together with system developers of modern 
fighter aircraft systems, is presented. 

  

6.2 Evaluation with system developers  
An initial evaluation of the proposed domain specific HCA guidelines has 
been conducted. The evaluation was performed during interview sessions 
with six system developers of modern fighter aircraft systems. The inter-
viewees all had experience of conducting design projects within the fighter 
aircraft domain and their area of expertise was human-machine interface 
development. These interviewees were selected due to the close relationship 
between the implementation of HCA functions and the presentation or 
feedback related to these functions. The interviews were carried out follow-
ing the interview process proposed by Boyce and Neale (2006) (see chapter 
3) and were conducted in a semi-structured form. Six themes were regard-
ed during the interviews and the major conclusions from the study are 
presented below (which are also presented in Paper VII). The questions 
posed during these interviews can be found in the Appendix of this thesis.  

 

1. The role of HCA in the fighter aircraft domain 
2. Important HCA characteristics 
3. Domain specific HCA guidelines 
4. The use of guidelines 
5. HCA during the system development process 
6. HCA guidelines in relation to the proposed support system 

 
The role of HCA and its characteristics  
The developers were not acquainted with the concept of HCA (as defined 
by Billings (1991, 1997), i.e. that automated systems should be designed to 
assist a human operator to accomplish his/her responsibilities – not replace 
him/her), but argued that it is a crucial concept to consider within the 
fighter aircraft domain due to the characteristics of the field, such as the 
fast-paced tempo and high workload. To develop appropriate support 
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functions was considered very important, which must be done in collabora-
tion with the pilots so that the correct functions are implemented and at a 
suitable level of automation. Furthermore, to make the support systems as 
transparent as possible, without overwhelming the pilot with information, 
was also regarded as important and, preferably, the functions implemented 
should follow the automation design of the different flight modes so as to 
avoid “automation surprises”, i.e. to make it easy for the pilots to under-
stand what the system is doing. This could, for example, imply that if an 
automated function is used to aid the pilot keep the current altitude of the 
aircraft, another automated function must not override this altitude-
keeping, which could surprise the pilot and place additional demands on 
his/her cognitive abilities. To further decrease the risk of such surprises, the 
developers argued that the pilots themselves should be the ones who initi-
ate the automation as well as that the automated functions must collabo-
rate with the pilots so that the feeling of being in control of the aircraft is 
enforced.  

 
Domain specific guidelines  
Regarding the proposed HCA guidelines (see table 5.4 in chapter 5), the 
system developers argued that many of these guidelines are implicitly con-
sidered during the development process. However, to reveal the raw data 
used by the system was considered an inappropriate guideline to follow 
within the domain due to the risk of information overload as well as that 
more information does not necessarily lead to better decisions in fast-paced 
situations. Neither was it considered important to present information 
about the inner workings of the automated system or the algorithms gov-
erning it during flight due to the risk of pilot information overload. In-
stead, a more general understanding of how the system works might suffice 
to make the pilots trust the system appropriately. The interviewees further 
stressed the importance of indicating to the pilots if data is missing or in-
complete so that the pilots themselves can make a decision about whether 
to trust the recommendations posed by the automated system or not. Fur-
thermore, it was considered important to make explicit the functions that 
are no longer automated, for example in the case of automation failure, in 
order for the pilots to take manual control. As a general rule, the system 
developers argued that tasks initiated manually by the pilots should be 
given higher priority than automated tasks so as to enforce the pilots’ feel-
ing of being in control. Which tasks to automate must reflect the pilots’ 
needs and preferences as well as the current situation. A description of the 
implications of different levels of automation within the fighter aircraft 
domain was also considered important to be able to provide suitable sup-
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port for the pilots. The two HCA guidelines related to team issues were 
also considered crucial within the field to increase the chances of mission 
success.  
 
The use of guidelines and HCA during the development process  
The developers participating in the study were acquainted with using 
guidelines during the development process and argued that one positive 
effect of using such guidelines is the explicit consideration of the aspects 
highlighted by the guidelines. As stated during the interviews, the guide-
lines used stem from a heritage of previous development processes, pilot 
and customer experiences as well as usability and human-computer interac-
tion research. The participants in the study argued that the proposed guide-
lines (see table 5.4 in chapter 5) would be of use for them during a devel-
opment process, but that more details regarding how to incorporate them 
into the design process must be added. The interviewees argued that the 
guidelines could be used as a checklist of issues that must be considered 
when designing automated functions and, as such, less extensive pilot tests 
would be needed. The incorporation of such guidelines would also aid 
them to design more coherent automated systems. However, the im-
portance of each guideline must be evaluated with the intended support 
function in mind.  

Despite not explicitly stated as guidelines during the development pro-
cess, the participants in the study argued that many of the proposed HCA 
guidelines are implicitly considered during the development process. Since 
evaluations with pilots are continuously conducted, the developers argued 
that they are able to design automated functions that are suitable for the 
pilots. However since more and more automated functions are expected in 
the future, the developers stated that HCA is becoming more and more 
important. Thus, a clear HCA focus should be prevalent to be able to de-
sign suitable functions.  
 
HCA guidelines in relation to the proposed support system  
A first implementation of the proposed support system was presented to 
the participants in the study to make a first evaluation of its automation 
design. To do that, the suggested functions of the support system, as stated 
in Erlandsson et al. (2011) (see chapter 4.2.1), were described to the inter-
viewees to situate their answers in the correct context. In general, the de-
velopers argued that it should be possible to turn the survivability calcula-
tions on/off as well as that the system should be able to present a set of 
possible actions to increase the pilot’s estimated survivability. To make it 
possible for the pilot to manually add a waypoint was considered one way 
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to make the automation design more collaborative (as suggested by guide-
line 7, see table 5.4 in chapter 5). They further argued that the support 
system must be evaluated together with fighter pilots in order to, for ex-
ample, investigate what is meant by relevant feedback in the specific situa-
tion (guideline 6), as well as which raw data, if any, that should be pre-
sented to the pilots (guideline 1). Additionally, to involve the pilots early in 
the development process was considered important to give them a chance 
to influence the allocation of tasks and to establish a foundation for suita-
ble trust in the proposed functions.  
 

6.2.1 Summary of interview results  
The results from the interviews indicate that a majority of the HCA guide-
lines (as listed in table 5.4 in chapter 5.2.1) are indeed implicitly considered 
during the development process. However, it was the general opinion of all 
the participants in the study that it is important to limit the amount of raw 
data presented to the pilots, since this can overwhelm them with infor-
mation that will not positively influence their decision making processes. 
Furthermore, to put more focus on displaying the quality of the data used 
was considered important to make sure that the pilots have a good founda-
tion for making decisions.  

To have HCA characteristics in mind during the design process was con-
sidered important to be able to develop automated functions that are well-
suited for the pilots. It was further argued that the developers should espe-
cially focus on HCA characteristics during the pre-study phases of the de-
sign process to carefully investigate which tasks that should be automated 
as well as which sub-systems that will be affected by these automated 
tasks. By doing so, it is expected that the developers will be able to design 
automated functions that appropriately and reliably will support their op-
erators. To use the list of guidelines as a checklist of what to consider dur-
ing the development process was predicted to be helpful for them to explic-
itly incorporate important HCA issues during the design process. However, 
how to incorporate these guidelines into the development process must be 
further investigated and a deeper investigation of their exact implications 
in different scenarios must be performed.  

It was further stressed that “automation surprises” should be avoided 
through making sure that the pilots are extensively trained to use the au-
tomated functions as well as to associate these functions with the appro-
priate flight modes incorporated into the aircraft. Useful feedback was also 
given concerning how to make the demonstrator more pilot-centred, such 
as to indicate the trustworthiness of the results from the survivability calcu-
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lations on the interface displaying the map as well as to make the automa-
tion more cooperative by letting the pilots interact with the system to gen-
erate alternative routes with a better estimated survivability. A summary of 
the findings are presented in table 6.2 below.  

 
Table 6.2 – Summary of interview findings. 

 
Fighter aircraft support system designers should strive to limit the amount of raw 
data presented to the pilots.  
It is of utmost importance to display the quality of the data to the pilots.  
Much focus on HCA should be put during the pre-study phase of the development 
process.  
Fighter aircraft support system designers could use the guidelines (presented in 
table 5.4, chapter 5.2.1) as a checklist to explicitly consider HCA during the de-
velopment process.  
How to incorporate the HCA guidelines during the development process must be 
further investigated.  
To avoid “automation surprises” support system designers should associate au-
tomated functions with appropriate flight modes. Additionally, the pilots must be 
extensively trained to use the automated functions.  

 

6.3 The incorporation of HCA in the fighter aircraft domain 
As suggested during the interviews described in chapter 6.2, HCA should 
be considered early in the system development process. A commonly used 
development approach within the aviation industry is the Simulator-Based 
Design (SBD) approach (Alm, 2007). SBD can be considered to be a more 
specific application of simulation-based design in which simulation is the 
primary means of design, evaluation and verification (Shephard, Beall, 
O'Bara, & Webster, 2004), whereas the focus within SBD is on the simula-
tor itself (García & López, 2008). One advantage of using this design ap-
proach when developing new functions or systems is the possibility to in-
volve the human operator in the design and evaluation, which has been 
identified as a crucial factor (see for instance (Alfredson, et al., 2011; Alm, 
Alfredson, & Ohlsson, 2009)). One reason for this is that it is difficult to 
simulate human behaviour, especially the cognitive parts of the behaviour 
(Alm, et al., 2009). Furthermore, by using the SBD approach, money can 
be saved, while at the same time avoid jeopardizing human lives and the 
equipment used during the evaluations. It is also possible to test the same 
scenario over and over again and having control over the parameters used 
from test to test.  
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Figure 6.2 – The main steps in the SBD process. The dotted arrows indicate 

iterations (figure adapted from Alm (2007)). 
 

Alm (2007) describes the SBD development process as an iterative process 
where evaluations are performed at different stages, se figure 6.2. In the 
beginning, the questions posed to the intended users may be on a concep-
tual level, while later evaluations could answer questions regarding design 
details. To decrease development time the developers should strive to reuse 
resources such as scenarios, scripts and hardware from previous projects as 
well as within the current project (Alm, et al., 2009). 

Flight simulators have been used since before World War II and the first 
one might be the “Link Trainer”, developed in 1929 (Alm, 2007). This was 
a mechanical simulator where it was possible to learn the basics of flying. 
During the 1960s, simulators where used within the domain to train mis-
sion and emergency procedures, and nowadays, simulators are also used to 
verify new functions. Today, most new functions and subsystems within 
modern fighter aircraft programs are not verified in real flight at all (Alm, 
2007). Thus, the SBD approach has established a solid ground within the 
fighter aircraft domain and is now also a commonly used approach within 
the car domain (Alm, 2007). 

Since the use of guidelines can be static and stereotypical (Alm, et al., 
2009), it is important that the developers iteratively evaluate the design 
choices taken during the development process together with the intended 
end users to create support functions that are usable and will be used effec-
tively and safely. As discussed by Alm (2007), to fully understand the im-
pact of automation, the human operator must be included in the loop, 
preferably in simulator studies. When evaluating the support functions 
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developed, human-in-the-loop simulations can be of great help when eval-
uating positive and negative effects of automation and, as such, aid the 
developers optimize the functions implemented.  

The development of the human-machine interface design in the cockpit 
has encompassed a process of design tradition, user involvement, struc-
tured design processes, human factors knowledge etc. (Alfredson, et al., 
2011). It is discussed in the paper by Alfredson et al. (2011) that the use of 
style guides could be a good means for implementing design principles into 
the design process. Such style guides must be developed with International 
Organization for Standardization (ISO) and military standards in mind, 
general HMI guidelines as well as the developers’ own experiences within 
the domain (Alfredson, et al., 2011). However, the use of a style guide 
should not exclude evaluations and verifications of the design made as well 
as conducting other human-in-the-loop design activities during the devel-
opment process (Alfredson, et al., 2011).  

During the interviews conducted with system developers within the do-
main (see section 6.2), it was found that the system developers implicitly 
incorporate many of the HCA guidelines listed in table 5.4 in chapter 5.1.2 
during the development process, but that it might be good to introduce 
these HCA guidelines explicitly, for example as an additional component 
to or incorporated into a human-machine-interface (HMI) style guide. To 
let such style guide influence the SBD development process is of great im-
portance for developing human-centred automated support systems. Fur-
thermore, to include HCA evaluations at an early stage during the devel-
opment process was considered important by the system developers so as 
to make sure, from the beginning, that suitable and usable support func-
tions are implemented. Thus, it is important to conduct HCA evaluations 
when making the first prototypes of the support functions (for example 
during the “virtual prototyping” step of the SBD process) as well as to 
evaluate these functions during human-in-the-loop simulations (see figure 
6.3). To perform such evaluations, the flow chart proposed by Parasura-
man et al. (2000) (see chapter 2.3.2, figure 2.9) could be incorporated into 
the SBD approach to decide upon what to automate, at which level of au-
tomation and according to the primary and secondary evaluative criteria 
decided upon.  
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6.4 Summary of findings 
The findings from the interviews have further stressed the importance of 
incorporating HCA characteristics within the fighter aircraft domain, pref-
erably in the early stages of the development process so as to “make it 
right” from the beginning. If following the SBD/HCA approach during the 
development process (as described in figure 6.3), this would implicate an 
evaluation of the incorporation of HCA during the prototyping and evalu-
ation phases. Pilot involvement during this process has further been 
acknowledged as central in order to develop support that correctly mirrors 
the needs and preferences of the pilots. Furthermore, through end-user 
involvement it is possible to explore the possible implications of introduc-
ing automated functions.  

The HCA guidelines identified (and presented in table 5.4 in chapter 5) 
have been acknowledged as usable within the fighter aircraft field by sys-
tem developers, yet is was also found that the guidelines must be further 
developed and adapted according to their specific contexts of use (for ex-
ample when developing training systems to be used before a mission, sys-
tems do be used during a mission or systems to be used as evaluative ones 
after a mission). When presented with the identified HCA guidelines, the 
system developers stressed the importance of limiting the amount of raw 
data used by the system to the pilots, however, to present the quality of the 
data used was considered crucial so that the pilots themselves can make a 
decision whether to follow the recommendations posed by the support 
system or not. To incorporate such guidelines into a style guide as a check-
list could aid system developers design support systems with HCA explicit-
ly in mind, which could result in less time needed to perform pilot tests as 
well as more coherent and appropriate automated system. Such style guide 
must also take into account the different flight modes incorporated into the 
aircraft to avoid automation surprises. To avoid automation surprises, the 
system developers further stressed the importance of letting the pilots ex-
tensively train with the automated support systems.  
 

6.5 Summary  
This chapter has presented information regarding the demonstrator imple-
mented, which mirrors some of the functionalities proposed in Erlandsson 
et al. (2011). A first evaluation of its automation design has been conduct-
ed together with experienced system developers within the fighter aircraft 
domain. During this evaluation, it became apparent that it is crucial that 
the support system provides an indication of the reliability of the calcula-
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tion results to the pilots (as guideline 2 proposes) as well as that the auto-
mation design of the support system reflects the design of the different 
flight modes incorporated into the aircraft to avoid “automation surpris-
es”. To develop a style guide, embracing the HCA guidelines and to use 
this style guide as a checklist during the development process to explicitly 
consider HCA was further regarded as a suitable way of incorporating 
HCA within the domain. To apply this style guide in the early phases of 
the development process, to “make it right” from the beginning, was fur-
ther considered important, and based on a literature survey the author of 
this thesis has suggested that such evaluations should be regarded during 
the prototyping and evaluation phases of a simulator-based design devel-
opment approach (see figure 6.3).  

The interviews performed are the first of many studies that need to be 
performed to investigate the state of the art of HCA within the fighter air-
craft domain. The proposed support system must be evaluated together 
with fighter pilots to receive the actual end users opinions of the proposed 
functionality and its automation design. Furthermore, interviews with ad-
ditional developers would further increase the knowledge base concerning 
how to incorporate HCA in the system development process in the fighter 
aircraft domain. Furthermore, similar studies must be performed at several 
companies within the domain to receive a better picture of the state of the 
art of “pilot-centred automation”. Such interviews are expected to further 
increase the knowledge of the status and implications of HCA within the 
modern fighter aircraft domain.  
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Chapter 7 – Summary and future work 
This chapter presents the reader with a summary of the work presented in 
this thesis as well as its contributions in relation to the research questions 
and objectives, as stated in chapter 1 and in relation to its research context. 
Furthermore, the thesis author’s ideas for future work are discussed.  
 

7.1 Summary of findings  
The fighter aircraft domain is constantly changing in order to make good 
use of the new technologies available and for managing the new demands 
posed on the pilots. These changes have and will most likely continue to 
modify the ways in which the pilots perform their tasks, the information 
that must be taken into account as well as the allocation of tasks and deci-
sions within the pilot-automation and pilot-pilot team. Since previous ex-
periences with automation, as found in the literature surveys performed 
and presented in chapter 2.3, have not always resulted in the expected 
positive effects (such as decreased workload, better situation awareness 
etc.), it is important that careful investigations are performed to create a 
good foundation for a successful pilot-automation relationship. This thesis 
has presented the first steps toward investigating the implications of incor-
porating HCA within the domain. General and domain specific guidelines 
have been identified and a demonstrator has been developed to illustrate 
how the guidelines can be mirrored in the automation design of a support 
system. A summary of the findings presented in this thesis, in relation to 
the research questions and objectives stated in section 1.1, are presented 
below.  

The first research question posed in this thesis was to investigate the 
need for HCA in the fighter aircraft domain. In chapter 2, an overview of 
research programs carried out within the fighter aircraft domain, con-
cerned with developing and evaluating crew assistants, was presented. In 
this literature survey, a lack of automatic support for enhancing pilot team 
cooperation was found. To address this shortcoming, a situational adapt-
ing support system has been proposed that is expected to aid pilots per-
form their tasks and make their decisions at both an individual and team 
level through providing support for a better foundation for pilot SA (indi-
vidually and in teams), support for improved collaboration and an en-
hanced situation analysis. Such support system could adapt which infor-
mation to present and which recommendations to generate in relation to 
the individual pilots’ and the team’s objectives. Conclusions drawn from 
the literature surveys performed have also highlighted the importance of 
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ensuring that the communication and coordination of tasks between the 
pilots and the automatic support system are carefully analysed to establish 
a foundation for appropriate pilot-automation trust and appropriate usage 
of the automated systems. Such system should be designed to be coopera-
tive so that a good pilot-automation relationship can be established (as 
described in figure 4.3 c, chapter 4). 

The need for the implementation of additional support for fighter pilots 
during flight was identified through literature surveys and during the inter-
views conducted together with two fighter pilots, where the pilots argued 
that the sharing of (carefully selected) additional individual and team relat-
ed information within a team could enhance their cooperative capabilities. 
The empirical investigation performed together with fighter pilots showed 
that a support system could:  

 
 Generate a set of possible decisions and actions that suitably mirror 

the current and evolving situation.  
 These decisions and actions could reflect recommendations at both 

an individual and team level, thus supporting the pilots on both the-
se levels.  

 
Thus, a new support system, aiding the pilots share information and gener-
ate recommendations, is expected to improve the pilots’ situational pictures 
and their cooperation (see chapter 5 or paper VI for more details).  

The support system being investigated in Erlandsson (2011) is anticipat-
ed to support the pilots with meeting one of their objectives during flight, 
namely the combat survival perspective (see chapter 4), but it is argued in 
this thesis that the implementation of such support system will have (im-
plicit) implications also for the mission accomplishment and flight safety 
objectives.  
The second research question presented in this thesis was concerned with 
how to apply the HCA concept within the modern fighter aircraft domain. 
In chapter 5, findings from the literature surveys regarding general HCA 
guidelines (guidelines concerning automation design and automation 
transparency) are presented as well as the results from the empirical inves-
tigation performed together with fighter pilots where domain specific 
guidelines were identified. The empirical investigations provided deeper 
knowledge of fighter pilots’ views upon automation transparency and how 
automation can support team cooperation. In relation to a proposed sup-
port system, the pilots stressed eight automation characteristics which they 
argued are very important for successful pilot-automation relationship (see 
list below). Amongst these characteristics, two additional design guidelines 



 TOVE HELLDIN Human-Centred Automation – With Application to the Fighter Aircraft Domain I 91
 

concerning support for team cooperation and team situation awareness 
were identified (see characteristics 7 and 8 below). However, research re-
garding enhanced pilot team cooperation will be the focus for future work 
(see chapter 7.5).  
 

1) Careful investigations must be performed regarding which tasks to 
automate. 

2) The support system should generate a set of possible actions of 
which the pilots can choose from. 

3) The automation should be designed to be cooperative. 
4) The pilots must be extensively trained to use the system. 
5) An indication of how reliable the results generated by the automat-

ic support system must be provided. 
6) Automation failures must be explicitly presented to the pilots. 
7) Support for information and decision distribution within a team 

must be provided. 
8) Support for updating the pilots’ individual and team situational 

pictures must be given.  
 

To investigate how the identified guidelines can be mirrored in the au-
tomation design of a fighter aircraft, examples of such cases have been 
identified and presented, where a modern fighter aircraft was used as an 
example. These concrete examples, together with the above listed im-
portant automation characteristics, are expected to aid system developers 
design automatic support systems within the domain that are transparent 
and that support team cooperation (as stressed by the guidelines listed in 
table 5.4).  

In chapter 6, a description of the implemented demonstrator was pro-
vided. How some of the domain specific guidelines (depicted in chapter 5) 
are mirrored in the design is described, such as that the uncertainties relat-
ed to the survivability calculations are presented together with the status of 
the automation. Chapter 6 further presents the reader with the results from 
the first evaluation of the demonstrator, performed together with aircraft 
system developers. The evaluation revealed that the system developers 
acknowledged the identified HCA guidelines as usable within the domain, 
as well as that they could be used as a checklist in a style guide to be used 
during the development process. However, it was further found that the 
guidelines must be further developed and adapted according to their specif-
ic contexts of use (for example when developing automatic support systems 
to be used during training or during a mission). When implementing a 
support system as the one mirrored in the demonstrator, the system devel-
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opers argued that the presentation of raw data used by the system should 
be kept at a minimum to avoid pilot information overload as well as that 
the quality of the recommendations generated should be presented to make 
sure that the pilots are able to draw conclusions regarding what to decide 
and how to act.  

Furthermore, the thesis author’s suggestion of incorporating the HCA 
guidelines into a domain specific style guide that is to be used during the 
SBD approach is presented. By following the SBD/HCA approach would 
implicate evaluations of HCA during the prototyping and evaluation phas-
es of the design process. This approach is expected to aid system develop-
ers within the domain to design automated systems with HCA in mind.  

 

7.2 Contributions 
Several empirical investigations have been performed together with fighter 
pilots and military system developers and literature surveys have been con-
ducted to answer the research questions posed in this thesis. The results 
from these studies have resulted in a sought-after knowledge of the pilots’ 
working situations, different support systems implemented and expected 
future trends and needs within the domain (such as increased cooperation 
in larger teams, to be able to deal with more information fetched and fused 
from additional, improved sensors etc.). In light of these findings, a situa-
tional adapting support system has been proposed to meet some of these 
needs in the form of improving the pilots’ situation awareness and their 
collaboration within the pilot teams and through automatic support for an 
enhanced situation analysis. However, it has further been confirmed that 
the specific support system must be developed with the human operator in 
mind since it is the operator who is to use the automated functions and 
who is ultimately responsible for the automated functions implemented. 
Thus, HCA guidelines in general and those deemed to be of great im-
portance for automation transparency have been analysed, evaluated and 
exemplified, which has resulted in the identification of additionally two 
guidelines concerning pilot SA and cooperation. These results of the thesis 
add valuable new knowledge that could guide future research of how to 
enhance fighter pilots team cooperation through embracing HCA. The 
incorporation of some of the guidelines in the implemented demonstrator 
has further exemplified how the concept of HCA can be expressed and 
utilized within the domain, which will be used as a base for future research 
where the support system is to be improved and further evaluated together 
with system developers and fighter pilots.  
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A clear contribution of this thesis is the introduction of the concept of 
HCA within the fighter aircraft domain through the presentation of do-
main specific guidelines. The interviews performed together with system 
developers within the domain (see chapter 6) confirmed that the HCA 
guidelines could be of great use for the designers of automated support 
systems within the domain for explicitly considering HCA during the de-
velopment process. Additionally, a first approach for incorporating HCA 
during a fighter aircraft support system development process has been sug-
gested and is expected to aid developers of such systems design with HCA 
in mind through explicit and continuous HCA evaluations.  

The introduction of HCA within the information fusion domain is an-
other contribution of this thesis. A lack of human factors related research 
within the otherwise technology-centred IF domain has been acknowl-
edged, and the research presented in this thesis contribute to the fifth level 
of the JDL model by highlighting the human operator’s role in the auto-
mated fusion processes. It is believed that the results presented in this thesis 
could guide and inspire future human factors related research within the 
information fusion domain.  

 

7.3 Reflections on chosen methods and results  
As stated by Parasuraman et al. (2000), automation is not an exact science; 
however neither does it belong to realm of the creative arts. However, if 
research conducted regarding human-centred automation design cannot be 
referred to as an exact science – how can the researcher determine the best 
way(s) of studying the approach? In this thesis, an attempt to meet this 
challenge through literature surveys and empirical investigations with rele-
vant participants, i.e. fighter pilots and system developers within the do-
main, has been performed. Another possible way of studying the approach 
would be, for example, to perform evaluations of more quantitative nature, 
such as to carry out more extensive pilot studies where statistical results 
can be extracted. Another possibility would have been to choose a purely 
theoretical approach. Such approach could have resulted in, for example, 
more detailed guidelines or the initial development of a domain specific 
style guide with base in additional literature surveys. On the other hand, a 
purely practical approach could also have been chosen, where additional 
investigations performed together with system developers and pilots within 
the domain could have resulted in guidelines used when implementing the 
proposed support system. 

The validity of the results obtained can be questioned due to the sparse 
number of participants in the studies. Though, to some degree, the author 
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of this thesis believes that the results obtained can be generalized to be 
valid also for a larger pilot population due to the homogenous nature of 
this particular user group. Yet, more research is required to investigate this 
further.  

 

7.4 Positioning the research 
The author of this thesis considers the research presented in this thesis as 
work performed in close relation to the fifth level of the JDL model (see 
figures 2.1 and 2.2 in chapter 2), i.e. research concerned with improving 
the interaction between the human operator and the support system 
through operator adapted automation. By designing the automation of the 
support system according to the domain specific guidelines specified in 
chapter 5, the author of this thesis believes that the cooperation between 
the operator and the machine can be enhanced. It is further believed that 
this research has implications for the other levels of the JDL model – i.e. 
that adaptations must be performed at the other levels of the model, such 
as adjusting which information to acquire from the different sensors, which 
analyses of the information that should be performed and which predic-
tions of the future that the operator would be aided by. These adaptions 
will most likely also enable the operators to perform their observing, ori-
enting, deciding and acting activities (i.e. the OODA loop activities, see 
figure 2.3 in chapter 2) faster and with better quality. Furthermore, the 
author of this thesis argues that the research presented in this thesis could 
result in positive implications for the individual pilots’ and the team’s situ-
ation awareness (see figures 2.4 and 2.5, chapter 2) through the implemen-
tation of a support system that enhances the pilots’ understanding of the 
current and evolving situation and of the system itself. Additionally, posi-
tive effects on effective team cooperation is also expected, which might 
result in a better foundation for surviving potential battles and accomplish-
ing the mission goals during flight, i.e. two of the objectives of Schulte’s 
goal model (see figure 4.2 in chapter 4). The support system, implemented 
with HCA in mind, could result in a system that the operators can appro-
priately trust and use effectively so that the anticipated positive effects of 
using the system can be experienced and the negative effects avoided.  

By looking upon automation as more than the mere functions that can 
be automated, i.e. by considering how to design automated functions that 
provide suitable support for their intended operators (i.e. the difference 
between the two definitions of automation as presented in chapter 2.3), it 
is expected that the operators will be provided with support that is able to 
aid them with more than just the tasks that have to be performed. The 
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author of this thesis believes that by considering automation as a whole, 
the chances of creating support that the operators will trust, use effectively 
and that will enhance their awareness of the situation will increase.  
 

7.5 Topics for future work  
The work presented in this thesis can serve as a starting point for addition-
al research within several areas. Three of these are 1) the refinement of the 
domain specific HCA guidelines and the demonstrator, 2) the investigation 
of HCA within a wider or narrower context and 3) how to apply HCA 
during a military system development process.  
 
Further refinement of the guidelines and demonstrator 
To further refine the domain specific guidelines through their evaluation 
together with additional fighter pilots and system developers is expected to 
improve their quality as well as their applicability within the domain. Such 
refinement can be performed in two ways – to investigate HCA in a wider 
context, such as including guidelines for automation design and not only 
for automation transparency and cooperation, as well as to perform a 
deeper analysis of the proposed guidelines in relation to the specific sup-
port system described in this thesis. Furthermore, to investigate the im-
portance and application of the guidelines during different scenarios, such 
as before, during and after a mission, could further improve the usage of 
the guidelines in relation to their possible contexts of use. To make further 
enhancements of the demonstrator implemented, both regarding its inter-
face design and automation design, could be of aid when performing fur-
ther evaluations of the implications of the incorporation of HCA within 
the field. Such investigation could also result in support for system devel-
opers within the domain to design automated systems with HCA in mind. 
Improvements of the demonstrator, which are expected to make it possible 
for fighter pilots to experience the “look and feel” of the support system, 
are further anticipated to be helpful when evaluating the demonstrator.  
 
HCA in a wider or narrower context  
The author of this thesis believes that many domains would profit from 
developing support systems, which are to be used by operators, with HCA 
in mind. This thesis has focused on investigating HCA in the fighter air-
craft domain, which is characterised by large amounts of (possibly uncer-
tain and contradictory) data, fast-paced decision and action tempo, stress-
ful situations and the importance of successful teamwork. These character-
istics are also prevalent in, for example, other military domains and assist-
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ed driving in cars, i.e. contexts that could be used to further investigate 
HCA characteristics. The applicability of the proposed guidelines could 
further be investigated in relation to other support systems than the one 
described in this thesis, perhaps systems that are able to explicitly aid the 
pilots balance all the objectives described in Schulte’s goal model (see chap-
ter 4), i.e. flight safety, mission accomplishment and combat survival.  

Characteristics of HCA within the fighter aircraft domain can also be 
investigated in a narrower context. One could, for example, limit the work 
to only include studies of how to appropriately calibrate trust in automated 
support systems in the military domain or concentrate on investigating 
different visualization approaches for revealing the uncertainties associated 
with the recommendations generated by an automated support system. 
Furthermore, how fighter pilots react to different uncertainty representa-
tions and visualizations have not been investigated, which might further 
aid developers of support systems within the domain to improve the pilot-
system cooperation.  
 
HCA during a military system development process  
To aid system developers use the identified HCA guidelines it is believed in 
this thesis that they must be further elaborated upon and described in more 
detail. To investigate these guidelines in a broader context, for example in 
relation to the other system development guidelines used within the field 
and in relation to the specific development process followed, additional 
adaptations of the guidelines could be performed. Such adaptations might 
make it easier for developers within the domain to use the guidelines, thus 
also improving the probability of their usage. To make refinements of the 
guidelines with respect to their appropriate levels of detail might also make 
them more usable for designers. Since the use of guidelines can be static 
and stereotypical, it is important that the guidelines are described at an 
appropriate detail level – too many details might prevent the developers 
from investigating new ideas etc., while too few details might make the 
guidelines difficult to interpret. The development of a domain specific style 
guide might be a fruitful approach for explicitly introducing HCA within 
the field. Furthermore, how to apply such style guide during the develop-
ment approach chosen must be further investigated.  

Having performed refinements of the guidelines, additional such refine-
ments might be identified if used in an actual system development process 
within the modern fighter aircraft domain. By following the SBD approach, 
with the inclusion of HCA (as depicted in figure 6.3, see chapter 6), better 
knowledge of how to follow the development approach as well as further 
improvements of the guidelines/additional guidelines might be identified.  
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Appendix  
The appendix of this thesis contains the questions posed during the differ-
ent interview sessions carried out, as well as the questions posed in the 
second survey. Section A1 contains the questions posed to the fighter pilots 
during the first set of interviews, i.e. questions regarding their opinions of 
future fighter support systems. Section A2 presents the interview questions 
posed to the system developers regarding the proposed HCA guidelines and 
the demonstrator. Section A3 lists the survey questions posed concerning 
pilots’ opinions of the HCA guidelines proposed.  
 

A1 – Interview 1 
The first interviews were performed together with two active Swedish 
fighter pilots with the aim of increasing the thesis author’s knowledge base 
of the pilots’ tasks and challenges before, during and after a mission. A 
discussion of the results obtained from these interviews is presented in 
chapter 4 and also in Paper VI. Below, the questions asked during the in-
terviews are presented (the questions were posed in Swedish but have been 
translated to English).   
 
Before the mission  

 Which kinds of preparations do you perform before a mission?  
 How are roles assigned within the group?  

o In relation to an armed reconnaissance mission, who will 
be doing what within the team?  

 How does the team create a common picture of what has to be 
done and how is this plan maintained?  

 How is the cooperation planned?  
o Cooperation within the team of pilots? 
o Cooperation within the team of pilots + other roles during 

the mission?  
 Which kinds of support are available for planning the cooperation 

(before and during a mission?)  
 
 
During a mission  
When re-planning has to be performed  

 How is this conducted?  
o Who decides what?  
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o Which kinds of support are needed?  
o Typical situations where re-planning has to be performed?  
o What is decided upon?  
o How are the decisions communicated?  
o How are the tasks distributed?  
o Are roles switched, and in that case – why and how?  

 Which kinds of support are needed to do this?  
 Do the pilots have to be reminded of the role-

switching?  
 What is decided and how is it communicated?  

o Is it possible to keep track of what the other pilots in the 
team are doing?  

 Their roles, current phase in the mission, tasks 
they are performing, their plans etc.?  

 How important is information about other team 
members for a single pilot to perform his/her 
tasks?  

 Specific situations where it is cru-
cial/unimportant to keep track of other 
team members?  

 Does a single pilot want to know the roles of the 
other pilots?  

 How important is it to ensure that the team has a 
common situational picture?  

 Specific situations where it is of utmost 
importance/not so important?  

o How does one ensure that the members of the team have a 
good common situational picture?  

o How do the pilots in a team cooperate?  
 Are considerations taken regarding the team’s 

ability to perform tasks or just the individual? 
 Specific situations in which a team fo-

cus/individual focus is of great importance?  
 How does the team of pilots communicate?   

 Communication between different roles 
in the group?  

 How is the evaluation of pilot performance made during the mis-
sion?  
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After a mission  

 How is the debriefing performed?  
 Are investigations performed regarding the pilots’ situational pic-

tures during the mission?  
 How is the collaboration evaluated?  

 
Other scenarios  

 Does the cooperation differ between different scenarios?  
o Other types of threats?  
o Different teams?  

 Is increased/enhanced team work needed?  
o In that case why? Specific roles, phases etc. that calls for 

enhanced cooperation?  
o What would such cooperation enhancement imply?  
o Is team related information needed?  
o Is a clearer division of tasks, roles etc. needed?  
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A2 – Interview 2  
The second set of interviews was conducted together with system develop-
ers of modern fighter aircraft in order to receive their opinions of the con-
cept of HCA and the HCA guidelines proposed. Furthermore, the same 
interviewees were asked to perform a first evaluation of the automation 
design of the demonstrator implemented. The results from these interviews 
are presented in chapter 6, and also in Paper VII.  
 
HCA in general  

 What do you consider is “human-centred automation”?  
 What do you think of the definition of HCA that has been provid-

ed, i.e. automation that is designed to work in collaboration with 
the human operators – not to replace him/her?  

 Which automation characteristics within the fighter aircraft domain 
do you believe are central for HCA in this particular field?  

 Do you consider the concept of HCA when designing automated 
support functions in the domain?  

o If so, how?  
o Do you believe that more/less focus should be put on this 

concept?  
 
HCA guidelines  

 Do you use guidelines when designing automatic systems?  
o If so, which?  

 In relation to the proposed guidelines,  
o Which do you find most relevant for the fighter aircraft 

domain?  
o Would you like to add/remove/modify guidelines in this 

pool?  
o Could these guidelines aid you design automatic support 

systems from a HCA perspective?  
 Are the guidelines usable? How/if not – how 

could they be improved?  
 
HCA guidelines in relation to the specific support system mirrored in the 
demonstrator 

 In relation to this type of system – which automation characteristics 
are of importance?  
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 Could you elaborate upon how this kind of support system could 
aid the pilot from a HCA perspective?  

o Which tasks could be/should be automated/performed 
manually?  

o How could important characteristics of the automation be 
mirrored in the system design?  

o How could such system be designed to enhance a pilot’s 
and a team’s situational pictures?  

o How could such system enhance cooperation within a 
team?  

o In relation to the demonstrator – in which way do you ar-
gue that the concept of HCA is mirrored in the design? 
How could it be improved?  
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A3 – Survey 2 	
A survey was conducted to extract fighter pilots’ opinions of the HCA 
guidelines in general and in relation to the proposed support system (as 
depicted in chapter 4.2.1). The pilots were requested to answer the ques-
tions both in general and in relation to a beyond visual range mission (due 
to its dynamic and team cooperative nature). The questions posed were to 
be answered in one of two forms: either through ranking (where the pilots 
were requested to describe, with the aid of a five-point scale, the im-
portance of certain phenomena etc., where 1 means “no/not at all/no un-
derstanding” etc. whereas 5 means “yes/very important/full understand-
ing” etc.) or in textual form when more elaborative answers were request-
ed. Furthermore, the pilots were also requested to use the Sheridan and 
Verplanck scale of levels of automation when answering two of the ques-
tions. The findings from the survey can be found in chapter 5 and in Paper 
II.  
 

 Give examples of one/some automatic function(s) that have been 
implemented in the fighter aircraft. How do this/these function(s) 
aid you during flight? (Text.)  

 How important is it that automatic functions aid a pilot gather sit-
uational information? (1 – 5.) 

 How important is it that automatic functions aid a pilot analyse the 
information that has been gathered? (1 – 5.)  

 How important is it that automatic functions aid a pilot generate 
recommendations based on the gathered and analysed information? 
(1 – 5.)  

 How important is it that automatic functions aid a pilot act on the 
recommendations generated? (1 – 5.) 

 In general, which level of automation do you find appropriate in a 
fighter aircraft? (LOA 1 – 10.)  

 To which degree do you understand how implemented automatic 
functions behave and function? (1 – 5.)  

 Are you aware of automatic functions during flight? (1 – 5.)?  
 Is feedback provided during flight regarding the tasks performed by 

the automatic functions? (1 – 5.) 
 Is feedback provided during flight regarding the performance of the 

automatic functions? (1 – 5.) 
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 Is any raw data used by the automatic functions provided to the pi-
lots? If not, would it be desirable? (Text.)  

 If a pilot suspects that an automatic function does not work in the 
way it is supposed to, is the pilot able to investigate this? If so, 
how? (Text.)  

 To which degree do you understand how automatic functions func-
tion technically? (1 – 5.)  

 Do you have more or less trust in automatic functions of which you 
know how they function? (1 – 5.)  

 Is appropriate amount of support for pilot cooperation implement-
ed? (1 – 5.)  

 How is team cooperation supported by implemented automatic 
functions? (Text.)  

 How do automatic functions aid a pilot to perceive other team 
members’ situational pictures? (Text.)  

 How could a future support system aid pilots cooperate? (Text.)  
 Would you argue that more or less support for team cooperation is 

needed in future fighter aircraft? (1 – 5.)  
 In the case that you believe that more cooperation support is need-

ed, which kind of support? (Text.)  
 Are other types of support needed? (Text.)  
 Could a system that assesses threats in the surroundings be of help 

to future pilots? If so, how? (Text.)  
o In that case, how important is it that the threat assessment 

system reveals how reliable the results from the threat as-
sessment calculations are? (1 – 5.) 

o How important is it that the threat assessment system 
provides the pilot with the raw data used to perform the 
threat assessment calculations? (1 – 5.)  

o How important is it that the pilots understand how the 
threat assessment system functions? (1 – 5.)  

o How important is it that the source of possible automa-
tion faults in the threat assessment is presented? (1 – 5.)  

o How important is it that the threat assessment system 
provides feedback of its activities? (1 – 5.)  

o Which level of automation would be appropriate for a 
threat assessment system? (LOA 1 – 10.)  
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o How important is it that the time stamp of the data used 
during the threat assessment is presented? (1 – 5.)  

o How important is it that the threat assessment system re-
veals the sources of information used? (1 – 5.)  

o Which kinds of tasks could be performed automatical-
ly/semi-automatically by the threat assessment system? 
Which tasks should be performed by the pilots them-
selves? (Text.)  
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