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Abstract 
The purpose of this thesis was to integrate cognitive science into an existing 
organization of software systems development, and to display the benefits and 
importance of applying the theory and methodology of this interdisciplinary 
field onto this type of research. This was to be accomplished through 
participating in a project at ISD Datasystem AB, with the objective to 
investigate and develop new principles of man – machine interaction for fighter 
control, and build an appropriate workstation prototype. The participation 
spanned across the first iteration of the project’s development cycle, specified in 
accordance to the Rational Unified Process. A field study was conducted and 
several LoFi-prototypes of the graphical and physical man – machine interface 
(MMI) were made, as well as an evaluation of the developed prototype. The 
evaluation was performed with the help of end-users, who valuated the 
prototype in an inquiry and an interview after having performed a scenario 
interacting with it. The results showed that the prototype’s usability was highly 
valuated by the users. Data collected during the evaluation could also be used to 
guide further development of the prototype. The theoretical research and the 
empirical work in the project both showed that cognitive science is a valuable, 
and perhaps, an indispensable asset to software systems development, and that 
the knowledge and tools of cognitive science can be used in order to develop 
computer systems that are to be integrated in distributed man – machine systems 
of high complexity. 

 



Contents 

Acknowledgements............................................................................................... vi 

Abbreviations...................................................................................................... vii 

Glossary............................................................................................................. viii 

Executive summary............................................................................................... x 

1 Introduction .................................................................................................. 1 

1.1 Background of the thesis ......................................................................... 1 

1.2 Background of the MMI-project .............................................................. 1 

1.3 Purpose .................................................................................................... 2 

2 Theoretical background............................................................................... 3 

2.1 Cognitive engineering ............................................................................. 3 

2.2 Distributed cognition............................................................................... 4 

2.3 Fighter control as a cognitive system...................................................... 5 

2.4 Perception................................................................................................ 6 

2.5 Attention and consciousness.................................................................. 10 

2.6 Memory .................................................................................................. 15 

2.7 Situation awareness............................................................................... 21 

2.8 Expertise and Skills ............................................................................... 24 

2.9 Performance .......................................................................................... 29 

2.10 Workload ............................................................................................... 30 

2.11 Control................................................................................................... 32 

2.12 Monitoring ............................................................................................. 33 

2.13 Decision making .................................................................................... 33 

2.14 Problem solving..................................................................................... 34 

2.15 Human Error ......................................................................................... 39 

2.16 Interface design ..................................................................................... 44 

2.17 Usability testing..................................................................................... 47 

 ii



2.18 Cognitive task analysis .......................................................................... 47 

2.19 Rational Unified Process....................................................................... 52 

3 Method......................................................................................................... 55 

3.1 Focus groups ......................................................................................... 55 

3.2 Field study ............................................................................................. 59 

3.3 Designing the interface.......................................................................... 67 

3.4 The prototype......................................................................................... 70 

3.5 Evaluating the prototype ....................................................................... 80 

4 Results.......................................................................................................... 96 

4.1 Background variables............................................................................ 96 

4.2 Valuations.............................................................................................. 96 

4.3 Open questions and interviews.............................................................. 99 

5 Discussion .................................................................................................. 101 

5.1 Discussion and valuation of the results from the evaluation .............. 101 

5.2 Future research ................................................................................... 107 

5.3 Integrating cognitive science into the development process............... 108 

 

Bibliography.................................................................................................... 111 

Appendix A ..................................................................................................... 114 

Appendix B ..................................................................................................... 115 

Appendix C ..................................................................................................... 126 

Appendix D ................................................................. (Company Confidential) 

Appendix E ..................................................................................................... 128 

 

 iii



Figures and tables 
Table 2-1: Diagnostic criteria for automatic and conscious processes. .............. 11 

Table 2-2: Terms used to describe the division of long-term memory............... 19 

Table 2-3: Categories of aviation skills. ............................................................. 26 

Table 2-4: Characteristics of expertise as relating to knowledge or skill. .......... 29 

Table 2-5: The levels of performance, and corresponding error types. .............. 40 

Table 2-6: Distribution of errors according to error type.................................... 42 

Table 2-7: Error frequency corresponding to levels of SA................................. 44 

Table 2-8: Key differences between the goals of traditional task analysis and 
CTA. ............................................................................................................. 48 

Table 4-1: How valuations corresponded to the usability goal “Relevance”. .... 96 

Table 4-2: How valuations corresponded to the usability goal “Effectiveness”.97 

Table 4-3: How valuations corresponded to the usability goal “Attitude”......... 97 

Table 4-4: How valuations corresponded to the usability goal “Learnability”. . 98 

Table 4-5: How valuations corresponded to the usability goal “Intuitiveness”. 98 

Table 4-6: How the meta-aspects of the evaluation were valuated. ................... 98 

 

Figure 2-1: The overall architecture of the Rational Unified Process (after 
Kruchten, 2000)............................................................................................ 53 

Figure 3-1: The STRIC workstation (courtesy of Aerotech Telub).................... 64 

Figure 3-2: The prototyping environment at ISD. .............................................. 71 

Figure 3-3: The three states of labels connected to aircraft. ............................... 73 

Figure 3-4: Window from which labels connected to aircraft are organized. .... 73 

Figure 3-5: Label hiding aircraft. ........................................................................ 74 

Figure 3-6: The “Blow away labels” feature....................................................... 75 

Figure 3-7: Placing a pointer, figure 1. ............................................................... 76 

Figure 3-8: Placing a pointer, figure 2. ............................................................... 77 

Figure 3-9: Placing a pointer, figure 3. ............................................................... 78 

 iv



Figure 3-10: Placing a pointer, figure 4. ............................................................. 79 

Figure 3-11: Placing a pointer, figure 5. ............................................................. 79 

 v



Acknowledgements 
I would like to thank ISD Datasystem AB, for providing the opportunity to write 
this thesis as a participant in one of their projects, and more specifically: Dan 
Söderlund, who supervised the thesis at the company, Johan Lund, the project 
leader, and the team members, who enabled me to work, and enjoy working, in 
the project. I would also like to thank my supervisor Staffan Magnusson at the 
Swedish Defense Research Agency (FOI) and Arne Jönsson, the director of 
studies at the Cognitive Science programme at the Linköping University, for 
valuable assistance and support. Last, but as much as everyone else, I would like 
to thank all the Fighter Controllers who participated in the study. 

 vi



Abbreviations 
ATC Air traffic control 
CFC Chief Fighter Controller 
CTA Cognitive task analysis 
FC Fighter controller 
FOI Swedish Defense Research 

Agency 
MMI Man-machine interface 
ISD ISD Datasystem AB 
SA Situation awareness 
STRIC The current Command and 

Report Center used within the 
Swedish Air Force. 

 

 vii



Glossary 
Air situation picture General description of the current air situation. 
Attention “Mental spotlight”, which guides perception and 

selection of sensory information to form a holistic 
picture of the world. 

Cognition The intellectual processes, by which information is 
obtained, elaborated, stored, retrieved and used. 

Cognitive science An interdisciplinary field with focus on the study 
of cognition and representation of knowledge. 

Cognitive 
engineering 

An approach to systems development that aims to 
improve system performance by supporting 
cognitive processes and abilities. 

Cognitive task 
analysis 

A method by which the performance of a task is 
defined by the cognitive processes and abilities 
required when performing it. 

Distributed 
cognition 

A holistic perspective on work through which the 
distributed cognitive system, comprising human 
agents and technological artifacts, as well as the 
activities they partake, are considered to form the 
smallest unit of analysis. 

Fighter controller Person positioned in a Command and Report 
Center, responsible for guiding fighter aircraft 
during their missions. 

Memory The collection of structures and processes required 
for the human to represent, store, and retrieve 
information. 

Mental model Large-scale semantic and episodic knowledge 
structure that accumulate in memory and guide 
interpretation and comprehension of daily 
experience. 

Perception The process of encoding, interpreting and 
understanding sensory information. 

Priming The activation or spreading of activation between 
concepts. 
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Problem solving Cognitive process which serves to change a given 
state into a goal state, when no apparent method 
for solving the problem is available to the problem 
solver. 

Situation awareness The result of the continuous extraction of 
environmental information and the integration of 
this information with previous knowledge to form 
a coherent mental picture, and the use of that 
picture in directing further perception and 
anticipating future events. 

Skill A goal-directed, well-organized behavior that is 
acquired through practice and performed with 
economy of effort. 

STRIC The command and report center in the Swedish Air 
Force 2000. 

Usability 
engineering 

Process whereby the usability of a product or 
system is specified quantitatively and in advance. 

Usability testing Inviting end-users to test a system as it is 
developed, to ensure that the intended tasks can be 
performed efficiently, effectively and satisfactory. 
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Executive summary 
The introduction (chapter 1) will give a background to how this thesis came 
about. The general objective was to introduce cognitive science into an existing 
organization of software systems development, and try to integrate theories and 
methodology into the work in order to show the benefits of using this approach 
when developing computer systems. This was to be done through participating 
in a project, the “MMI-project”, at ISD Datasystem AB (ISD). The project was 
formed in order to construct a prototype through which basic principles of man-
machine interaction for fighter control could be displayed. 

In order to build an understanding for fighter control and see how different 
theories could be applied to this particular field of interest, a literature review 
was made. This would serve as a basis for the later practical and empirical work. 
The theoretical background (chapter 2) will give a brief introduction to cognitive 
science and research that can be, or has been, applied to fighter control. Most of 
the research is borrowed from the neighboring field of air traffic control (ATC). 
This chapter can in itself be considered as part of the process of presenting 
cognitive science to the software developers working at ISD, and is therefore 
adapted to this purpose. It aims give a comprehensive view of the field as it 
relates to the domain of fighter control. 

A lot of empirical work was performed to implement theories into methodology 
and practice. This work was based upon participation and many times 
collaborative work within the MMI-project. Because of this, it is important to 
display the method and also the conditions under which the thesis was 
developed, and at the same time illustrate specific personal contributions of the 
author (chapter 3 Method). 

The customer had put together a focus group of six Fighter Controllers in order 
to let the business modeler assigned to the MMI-project specify use cases, 
software requirements, etcetera. This was a valuable source of input that will be 
briefly described to provide context to the work (section 3.1 Focus groups). 

Cognitive science was first put into practice through a field study (section 3.2). 
This was performed in order to build an understanding of the general workflow 
and surrounding conditions of the Fighter Controllers’ job, and to supplement 
the focus groups with information about controller behavior, performance errors, 
and benefits or difficulties of using the current computer system. 

After the field study, LoFi-prototypes of the use cases were created, based upon 
information gathered from the field study and borrowed from the focus groups 
(section 3.3 Designing the interface). The LoFi-prototypes were created during 
participatory design sessions. The results from these sessions were then 

 x



prototyped as screenshots, with images displaying states of the graphical 
interface. One image was made for each step in the action sequences pertaining 
to the use cases. The prototyped realization of the use cases could then be 
presented in a slide show. 

After the use cases had been realized in the actual prototype (section 3.4 The 
prototype), an evaluation of the prototype was made, using the user group from 
the focus groups to test, validate and valuate it (section 3.5 Evaluating the 
prototype). Factors were defined as usability goals, to match the most relevant 
and important aspects of usability. A questionnaire was then used in order to 
record the users’ subjective valuations of the prototype, to see how these 
corresponded to the usability goals. Eye movement registrations were also made 
in collaboration with the Swedish Defense Research Agency (FOI), to see if this 
technique could contribute to the results when making evaluations of systems 
such as the prototype. 

The results from the evaluation are presented (chapter 4 Results) to show the 
general valuations, comments, ideas and recommendations of the participants in 
respect to the prototype. After that, a theoretical and methodological discussion 
of the results follows (chapter 5 Discussion), and a reflection of how the 
performed work corresponded to the initial objective: to integrate theories and 
methodology of cognitive science into the organization and the project, and 
display benefits of using that approach in systems development. 
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1 Introduction 

1.1 Background of the thesis 

This thesis was written in collaboration with ISD Datasystem AB (ISD). ISD is 
a company that often works with the Swedish Armed Forces/Swedish Defense 
Material Administration (FMV) as a customer. The projects that ISD is involved 
in regard education and training of personnel in complex environments and 
under high workload. Traditionally, customers and end-users have developed the 
system requirements – a method that should be developed and adjusted towards 
extended knowledge and insight into the field of man-system/man-machine 
interaction – to integrate that knowledge into the organization and future 
projects of software systems development. 

This, together with a particular project assigned to the company by the FMV, 
constituted the reasons for ISD to respond positively to the inquiry about writing 
a master thesis based on participation in one of their projects. The work within 
the project would result in a field study, several LoFi-prototypes and an 
evaluation of the prototype system constructed during the project’s first 
iteration. 

1.2 Background of the MMI-project 

Below follows the introduction taken from the enquiry received by ISD in 
regard to the “MMI-project” assigned to the company by FMV1 (FMV, 2001): 

“The Swedish Defense Material Administration (FMV) has from the Swedish 
Armed Forces been assigned to develop and maintain command and control 
centers on different levels of the Air Force 2000. Command and control systems 
pose particularly high demand on the design of controller workstations and 
controller interfaces (MMI), especially on the level of battle control, which is 
signified by a large proportion of near real-time work. 

The Command and Report Center (STRIC) constitutes the level of battle control 
for the air force within Air Force 2000, with the main purpose of fighter control 
and air surveillance. Performed activities of verification and validation of this 
system have indicated a need for improvement regarding presentation, error 
messages, and input-routines. Basic principles of the MMI have to be re-
examined. 

                                                 
1 Translated by the author from Swedish into English. 

 1



The need for improvement, which regards all controller positions, is especially 
clear for the Fighter Controllers (FC) and the Chief Fighter Controllers (CFC) 
for whom the current MMI limits the work capacity in comparison to older 
systems. 

For pending upgrades of command and report centers, it is important to develop 
an MMI that is based on the controllers’ needs in respect to the current and 
future tasks. 

The assignment (for the MMI-project) is to develop general principles for 
near real-time work in the command and control environment, exemplified 
by the development of prototypes for FCs and CFCs in STRIC.” 

1.3 Purpose 

The purpose of this thesis was to introduce cognitive science to the 
organization of software systems development and the MMI-project during its 
first iteration, and integrate different theories and methodology into the 
work and “traditional” style of development. This was to be performed in order 
to show the benefits of using the “cognitive approach” when developing systems 
like the prototype that was going to be developed within the MMI-project. 
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2 Theoretical background 
Cognition is the intellectual processes through which information is obtained, 
transformed, stored, retrieved, and used (Ashcraft, 1994).  

Cognitive science is an interdisciplinary field that draws from cognitive 
psychology, computer science and linguistics primarily, but also from 
philosophy, neuroscience and anthropology (Thagard, 1996). The central 
hypothesis of cognitive science is that thinking can best be understood in terms 
of representational structures in the mind and computational processes that 
operate on those structures. The main concern was originally the construction of 
models of human thinking, using the computer as research tool. Today, the area 
generally takes a broader perspective on cognition, and uses a wide range of 
methodologies. 

2.1 Cognitive engineering  

What can be seen as a sub field of cognitive science is cognitive engineering, 
which is an interdisciplinary approach to the development of principles, 
methods, tools, and techniques to guide the design of computerized systems 
intended to support human performance (Roth et al., 2001; Schraagen, 2000). In 
supporting human performance, cognitive functions such as problem solving, 
judgment, decision making, attention, perception, and memory, are of interest. 
The basic unit of analysis and design in cognitive engineering is the cognitive 
system, composed of human and machine agents in a work domain that 
comprises roles, work and communication, artifacts, tasks and procedures. The 
goal of cognitive engineering is to develop systems that are easy to learn, easy to 
use, and will result in improved human-computer system performance. 

With advances in computer processing and graphics capabilities, display 
hardware technology, and input devices, new options for graphical 
representations can be explored. Experience from former introduction of new 
technology has shown that increased computerization does not guarantee 
improved human-machine system performance (Reason, 1990). Poor use of 
technology can result in systems that are difficult to learn or use, and that can 
create additional workload for system users, as in the case of the current STRIC 
(see Background of the MMI-project 1.2). This misuse could ultimately yield 
systems that are more likely to lead to catastrophic errors.  

Cognitive engineering attempts to prevent these types of design failures by 
taking in explicit consideration characteristics of human processing within the 
context of the task. Consideration of the users and the tasks they will be 
performing with the aid of a computer system should be central drivers for 
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system design specifications (Roth et al., 2001). Human-computer interface 
design is not to be viewed as peripheral to the primary concerns of software 
engineering. 

Design is viewed as a means of creating a tool, which will support the 
controllers in their work. The results of the cognitive approach are computer-
based tools and aids that are more likely to be successful when they are used, 
since they are solving the appropriate problem. 

2.2 Distributed cognition 

Distributed cognition, which has gained increased attention since it was termed, 
takes a holistic perspective on work. This means that the distributed cognitive 
system, comprising human agents, and technological artifacts, as well as the 
activities they take part in, form the smallest unit of analysis. The constituents’ 
respective contributions combine to form a whole that is greater than the sum of 
its parts (Hutchins, 1995). This can be illustrated in the tendency for controllers 
to orient themselves, not only towards their own work and the materials and 
resources available, but also towards the work and practices of their colleagues. 

Within traditional research, isolating causal factors is common practice. Taking 
the perspective of distributed cognition instead makes it useless to break down 
and analyze only one part of this intricate system of causality. 

There are further implications of taking the perspective of distributed cognition. 
The surrounding environment must also be incorporated in the distributed 
system, which means that analysis and testing must be performed in the field to 
ensure validity. 

The distributed cognitive system might seem like an inconvenient research 
object because of its size and apparent complexity. It can however be studied on 
three different levels (Hutchins 1995): 

1. Abstract computations and transformation of information, involving 
aircraft location, height, intentions, predictions, separation standards, 
etcetera. 

2. Representations of the information involved in computations, in the form 
of radar and similar displays, flight progress strips, verbal communications, 
and so on, and their distribution across physical locations and media. 

3. Implementation of the computations in the tasks and practices of 
participants and the work organization and division of labor that exists, and 
how the organization and division of labor is maintained. 
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The notion of distributed cognition within fighter control is thus based upon a 
perspective from which the controllers, pilots and other people as well as the 
artifacts they work with are not viewed upon as individual units, but as a single 
organism. Taking this in consideration at the different levels of analysis, and 
then designing accordingly, will hopefully yield a system of flexibility and clear 
benefits; allowing for cross checking, error detection, redundancy, and the 
possibility of one controller acting so as to alleviate (or at least not exacerbate) 
the workload peaks of another. 

2.3 Fighter control as a cognitive system 

There are three discernable themes of information processing within air traffic 
control that are central to safety and usability, and that can be adapted to fighter 
control2, (Fields & Wright, 1988): 

• Support for mental models/scripts  in the establishment, maintenance, 
and recovery of the air situation picture, and how other controllers, 
computer systems and physical artifacts play a role in the construction of 
these models. 

• Technologically mediated interactions; for instance with computer 
systems, and communications between controllers, and between 
controllers and pilots. 

• Decision making processes. 

These are the principal areas for a cognitive scientist to focus on within the 
domain of fighter control. Mental models are however particularly interesting. 
The rapid and accurate interpretation of the air situation picture in fighter control 
largely determines the success of the mission (see Situation awareness 2.6). 
Controllers are provided with computer-generated graphical representations of 
detected aircraft as a basis for this interpretation. A successful interpretation is 
therefore very dependent on the effectiveness of these representations. 

The following sections will further elaborate what constitutes human cognition, 
to present the premises by which humans interact with the world and the 
premises for creating a system that supports cognitive functions and human 
performance. 

                                                 
2 Air traffic control and fighter control are very similar, which means that much of the 
research can be shared in between them. 
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2.4 Perception 

In order to make important information useful, it is necessary to represent and 
present the information in a way that will allow it to be perceived correctly. This 
requires something to be known about perception, so that adequate 
representations can built and displayed properly. 

Perception can be defined as the process of encoding, interpreting and 
understanding sensory information (Ashcraft, 1994). This definition should be 
compared to the one of cognition, in order to see how the concepts relate to one 
another. The following sections will briefly explain how the human perceptual 
system functions3. 

2.4.1 Visual perception 

The visual sensory information available to a human being at any one point in 
time is estimated to one billion bits per second at the human sensory level 
(Willems et al., 1999). Here follows a short description on how this massive 
load information is handled. 

The eye sweeps, from one point to another in fast movements called saccades 
(Ashcraft, 1994). The movements are interrupted by pauses or fixations. The 
saccade or eye movement is quite rapid, around 50-100 milliseconds (msec). A 
fixation lasts for about 200 msec, and is the only time during which the eye 
takes in information. This means that there is about three or four visual cycles 
per second. During the saccade, the visual processes are suppressed. This can be 
tested by trying to observe the eyes move in a mirror.  

When light enters the eye, it is bent slightly by the cornea and then more by the 
lens so that the images are focused on the photoreceptors at the back of the eye. 
It then passes through the photoreceptors to reflect back from the sclera into the 
photoreceptors. The retina contains two types of photoreceptive cells: rods and 
cones (Kolb & Whishaw, 1996). Both function to transduce light energy into 
action potentials. Rods, which are sensitive to dim light, are used for night 
vision. They are also good at registering movement. Cones are better able to 
transduce bright light and are used for daytime and color vision. 

Rods and cones differ in their distribution across the retina. Cones are packed 
together densely in the foeval region, which provides us with the most accurate, 
precise vision. Rods, on the other hand, are more sparsely distributed in the 
periphery of the retina. 

                                                 
3 Only the research about how auditory and visual information is processed was considered to 
be relevant for the thesis. 

 6



This produces a number of effects: 

• Movement can be perceived more easily in the peripheral visual field. 

• It is easier to make out something when it is dark not looking directly at it.  

• Color is best perceived in the centre of the visual field. 

These are perfect examples of matters that need to be considered during 
interface design. Using color as a way of drawing attention to a warning text that 
will appear in the operator’s peripheral view is for instance not to recommend. 

2.4.1.1 Interpreting visual information 

Several theories have been proposed to answer the question of how visual 
information is interpreted, but full consensus has yet to be reached. The general 
outline of the process may however be given. 

2.4.1.1.1 Bottom up processing 

When visual stimuli are sensed certain neurons in the eye are triggered on the 
basis of certain properties in the light, like brightness and color (Kolb & 
Whishaw, 1996). This means that a form of selection and interpretation is made 
already at this stage, in the eye. The triggered neurons mediate the information 
to connected cells in the primary visual centre, which in their turn are triggered 
by certain features or structural descriptions of the visual stimuli. The 
information from the eye is then transferred to a temporary visual buffer, which 
is called visual sensory memory (see Sensory memory 2.6.1). From there the 
process continues onwards to more complex representations, such as mental 
models (see Scripts/mental models 2.6.3.4). This is called “bottom up” 
processing. 

2.4.1.1.2 Top down processing 

Neurons in the visual centre can also be at least partially activated by cells “top 
down” which means that they will be more easily triggered by certain perceived 
stimuli (Ashcraft, 1994). A state of expectation is created. This expectation is 
either created unintentionally or consciously by our attention (see Attention and 
consciousness 2.5). Being hungry generally makes it easier to notice the smell of 
food, consciously or unconsciously. 
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2.4.1.2 Visual perceptual cues 

Through the use of bottom up and top down processing, the human being has 
learned a great number of cues in the environment that can be used to draw 
conclusions about different objects, situations, and events. Size consistency, for 
example, means that an object will seem to have the same size even though the 
picture projected on the retina differs quite a lot (Eysenck, 2000). 

The use of cues is in most cases a highly skilled automatic process, and 
therefore also an unconscious process. The cues are (usually) not selected but 
used all at the same time, which is called additivity. If they contradict, the mind 
will create a plausible solution. In certain situations however, specific cues 
might be known to yield better interpretations and will therefore be selected 
while others are ignored. 

Perceptual cues can also serve as the basis of selection (see Priming and focused 
attention 2.5.2). 

2.4.2 Auditory perception 

The perception of auditory stimuli begins with the sound waves being funneled 
into the ear, causing the tympanic membrane, or eardrum, to vibrate (Kolb & 
Whishaw, 1996). This in turn causes the bones of the middle ear to move, which 
sets the fluid in the ear’s inner cavity in motion. The moving fluid then moves 
the tiny hair cells along the basilar membrane, generating the neural message. 
This message is sent along the auditory nerve into the cerebral cortex, and into a 
temporary auditory buffer termed auditory sensory memory (see Sensory 
memory 2.6.1). 

2.4.2.1 Interpreting auditory information 

Auditory perception functions in much the same way as vision when it comes to 
the principles of bottom up and top down processes. Representations can be 
activated by external stimuli or by conscious/unconscious attention. 

2.4.2.1.1 Auditory perceptual cues 

Auditive information can be interpreted spatially, temporally, spectrally and by 
amplitude. The three most important cues are pitch, amplitude and temporal 
structure.  

There are also several cues for determining the location of a sound in space 
(Burgess, 1992): 

• Interaural time difference. 
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• Head shadow. 

• Pinna response. 

• Shoulder echo. 

• Head motion. 

• Early echo response/reverberation. 

• Vision. 

Together these cues combine to form three-dimensional perception of the sound 
environment. Auditory perceptual cues are, just as visual cues, used additively. 
When it comes to interface design the focus is often on visual presentations. 
Auditory presentations can however be very powerful. 

2.4.3 Psychophysics 

Psychophysics concerns how perceptual experience differs from the physical 
stimulation that is being perceived (Ashcraft, 1994). How we perceive 
brightness for instance depends on several factors: 

• Absolute level of brightness. 

• Brightness of the background. 

• Duration of the stimulus. 

Perceived change in brightness depends not only on physical change of the 
stimulus, but also on the initial level of brightness. The just noticeable difference 
(JND) becomes larger as the physical stimulus becomes more intense.  

In much the same way, the psychological difference between larger numbers is 
compressed. If a person is asked to judge which of two given numbers is higher 
than the other, the response time will be shorter if the numbers are 1 and 2 than 
if the numbers are 8 and 9. For judging differences between concrete objects 
people use the visual images for comparison, and these are also compressed 
when it comes to larger real world objects. The same is true for geographical 
distance. 

These are all examples of the distance or discriminability effect, which means 
that the greater the distance or difference between the two stimuli being 
compared, the faster the decision that they differ can be made (Ashcraft, 1994). 
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This decision is easier because the two stimuli do not prime the same 
representations. 

In the same way, prototypical members of a category are judged faster than 
atypical members, when it comes to decisions relating to typical characteristics 
of the category to which the members belong. This is called the typicality effect 
(see Focused attention and priming 2.5.2). Central representations have stronger 
associations and more retrieval cues. 

2.5 Attention and consciousness 

The human being has developed many sophisticated sensory and motor abilities 
during evolution. This also requires some kind of process to select and correlate 
the different inputs to produce a holistic view of the world around. The proposed 
process for accomplishing this task is known as attention* (Kolb & Whishaw, 
1996). It is thought of as a “mental spotlight” that can be focused on certain 
sensory inputs, motor programs, memories, or internal representations (Ashcraft, 
1994). The spotlight is both unconscious, in that we are not aware of the 
process, and conscious, for instance when we scan our memory for someone’s 
name. 

Research on brain damaged patients has shown that attention can be broken 
down into at least three independent processes (Eysenck, 2000): 

• Moving attention from a stimulus. 

• Moving attention from one stimulus to another. 

• Attending to a new stimulus. 

Another important finding is that focusing on one flow of information activates 
radically different brain areas than trying to perceive two at once. This will be 
elaborated later in this section, when discussing focused and divided attention. 

Attention is not the same as consciousness. Attention is active and controllable 
by the central executive (see Working memory 2.6.2), while consciousness is 
more passive and less controllable; as Baars (in Ashcraft, 1994) explained it: 
“We look to be able to see”. Another way to explain the difference is by looking 

                                                 
* Researchers are not in total agreement when it comes to how attention works, and several 
somewhat different theories have been proposed. The difference however lies at deeper levels 
of detail, and are therefore not relevant to address here. The attempt here is to seek out the 
converging theories and put them into practical use. For further reading Ashcraft (1994) is 
recommended. 
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at how they are studied. Attention is usually studied by measuring performance, 
while consciousness is reported verbally. 

Ashcraft (1994) describes attention as a conscious mental capacity, or pool of 
conscious mental resources. Some behaviors can be performed with only very 
little attention, whereas others require full capacity. Thus the attentional 
resources can be used in order to accomplish either one demanding task (focused 
attention) or several less demanding tasks simultaneously (divided attention), as 
long as they do not exceed the total capacity available. Alternately, if the first 
demanding task is complemented with a second task that is largely automatic 
they can occur simultaneously, since the automatic task does not draw from the 
conscious resource pool. 

The attentional resources or capacity may however not be consistent, but can 
possibly depend on motivation, arousal and commitment (Eysenck, 2000), 
which means that capacity may increase with task load. This complicates 
matters when trying to determine how much of the mental resource pool is 
consumed by a particular task. 

2.5.1 Automatic processes 

Automatic processes are here defined as behavior occurring without intention, 
involuntarily, without conscious awareness, and without producing interference 
with ongoing activities (Eysenck, 2000). These qualities are compared to those 
of conscious processes in Table 2-1. 

Table 2-1: Diagnostic criteria for automatic and conscious processes. 

Automatic Conscious 
• The process occurs without 

intention, without a conscious 
decision. 

• The process occurs only with 
intention, with a deliberate 
decision. 

• The process is not open to 
conscious awareness or 
introspection. 

• The process is open to awareness 
and introspection. 

• The process consumes few if any 
conscious resources; that is, it 
consumes little if any conscious 
attention. 

• The process uses conscious 
resources; that is it drains the pool 
of conscious attentional capacity. 

• (Informal) The process operates 
very rapidly, usually within a 
second. 

• (Informal) The process is relatively 
slow, taking more than a second or 
two for completion. 

 
Automatic processing can be an innate property of the way in which sensory 
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information is processed, or it can be achieved by extended training, practice 
and memory, repetition and overlearning. The trained process is then said to 
have reached a high level of skill (see Procedural memory 2.6.4, Expertise and 
skills 2.8). In workplaces with a high cognitive demand, skill acquisition and 
automatic processing is important to achieve because it reduces the total 
workload, and permits attentional resources to be allocated for simultaneous 
tasks. A user interface should enable user skills to develop. To bear in mind is 
that automatic processes are very rigid and difficult to erase. This means that the 
learning of new skills may be hampered if they for instance share the same 
initiating cues as another automatic behavior with conflicting goals. Hence, 
when replacing an old interface with a new one, it is necessary to make sure that 
“old habits” will not interfere with accomplishing tasks. Acquired skills should 
instead be identified early in the development process and taken in consideration 
during design so that they are supported by the new interface. Hopefully skills 
will even be improved. 

It is difficult to find automatic processes that qualify according to the criteria 
stated in Table 2-1. Most are said to be partially autonomous (Kolb & Whishaw, 
1996). They begin automatically but require a more conscious set of operations 
for completion. This includes almost all of the processes that are trained to be 
automatic. 

2.5.2 Priming and focused attention  

To focus attention means to choose one flow of information while ignoring 
another. Selection is a complex matter, which entails both bottom up and top 
down processing (see Perception 2.4) (Eysenck, 2000). 

A very central concept of information processing and cognition is priming; the 
mental activation of a concept by some means, or the spread of that activation 
from one concept to another (Ashcraft, 1994). Activation spreads from one 
concept to those strongly associated to it. Priming, even though in itself an 
automatic process, can be sometimes made consciously (top down). When 
searching a room for a specific object for instance, some representations in 
memory will be more easily triggered by matching stimuli while others at the 
same time will be inhibited. From all the stimuli encoded in sensory memory, 
selection is made based on that the primed neurons and representations at 
subsequent stages of perception are only triggered if the stimulus that is 
“searched for” is present among the information encoded. 

Focused attention is thus a deliberate way to prime the neurons to “attend” to 
only one flow of information, distinguished by certain features that the neurons 
trigger upon.  
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Focusing on one modality (sense) is often a conscious decision, while the 
decision of which particular features to focus on is largely an automatic process, 
since it takes place at a very low level of abstraction that is not open to 
consciousness. 

Despite of top down processing there will always be certain information, that 
cannot be inhibited or that is so strongly associated to other frequently used 
concepts, that it will always be made conscious (bottom up). Our name for 
example, has so many strong associations so that it will almost always be 
perceived, and can be very hard to ignore. 

Hence, stimuli are neither attended nor discarded, instead only “relevant” 
information is perceived.  

Priming means that activation spreads from one concept to others relating it. 
This has many interesting effects. The following list presents three of the most 
important ones (Ashcraft, 1994): 

Typicality effects  Typical members of a category can be judged more 
rapidly than atypical members. 

Semantic distance  Concepts that are more highly interrelated can be judged 
effect   by  similarity more rapidly than those with a lower
  degree of relatedness. 

Repetition priming  A previous encounter with information facilitates later 
performance using the same information, even 
unconsciously. 

The knowledge about priming and priming effects can be used in interface 
design. The information presented should always prime correct decisions, 
expectations and courses of action, and by choosing to present for instance 
typical members of categories, such as focal colors, distinction between 
categories is made easier. 

An interesting aspect of priming is that it is quite obvious that there is a 
substantial amount of thinking going on that we are not aware of, until we 
actively want to search for information, or are tapped on the back by it. We can 
consciously prime ourselves towards perceiving something, but most of the 
priming is created unintentionally. 

2.5.3 Divided attention 

While the selective task of focused attention requires a specific mental set for a 
specific feature, the divided attention task does not. The two forms thus differ 
fundamentally from each other, but at the same time they both largely depend on 
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the same low level perceptual system and top down processes, which means that 
the ability to perform these tasks are often influenced by the same factors. 

These are the factors that have been recognized to be the most important in 
respect to influencing performance on tasks requiring divided attention 
(Ashcraft, 1994): 

• Task similarity 

• Task difficulty 

• Practice 

• Experience 

Only one of two information flows can be attended if they are too similar. 
Hadley et al. (1999) states the ways in which tasks can be similar: 

• Stimuli pertain to the same modality (sense). 

• They share the same internal processes (like verbal repetition). 

• They can initiate the same responses. 

To this can be added that information can also be similar by their features and 
semantic content. 

If the two flows of information instead differ, both can be attended, which 
means that task difficulty is relative to what other tasks the first task is combined 
with. One example of a very difficult task of divided attention is that of reading 
and talking to someone at the same time. 

Information that has to be managed in parallel and therefore require divided 
attention can, in order to reduce operator workload and task difficulty, be 
presented across different modalities. Some information might be presented 
visually while other information is presented auditively. This will at the same 
time make it easier to focus attention on one of the two information flows. 

The abilities related to divided and focused attention are both age dependent. 
Becker and Milke (quoted in EATCHIP, 1997) suggested that “the ability to 
handle simultaneous visual and auditory input or to return to a task after a break 
to complete another task is critical to success and is the sort of cognitive 
function most affected by age”. 
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2.6 Memory 

The most important aspect of human cognition is memory, and the fact that the 
brain can create representations of the external world, which can be stored and 
then later retrieved. A description of how human memory and memory 
processes function is necessary before designing an interface for fighter control. 
The question that needs to be answered is: How is information represented in the 
brain, and how should it be represented in the design in order to support human 
memory? 

Most people think of memory as a kind of box or closet, where things are put to 
be retrieved later. Memory actually includes several components and systems, 
and its processes take an active part in just about everything that the brain does 
(Ashcraft, 1994). All external stimuli have to be represented in the brain 
somehow for the human to be able to acknowledge and think about them. The 
stored representation of a stimulus also allows the human to think about it even 
though it might no longer be present in our physical environment.  

There are three major memory components: sensory memory, working memory, 
and long-term memory, which are all designed to handle different memory 
processes. 

2.6.1 Sensory memory 

Sensory memory is the initial storage for sensory stimuli, where external 
information is encoded into the brain by means of perception and held briefly to 
enable further processing (Ashcraft, 1994).  

Sensory memory probably has several components, each mapping to one of our 
senses, though only the two most important in relation to interface design will be 
mentioned here: auditory sensory memory, which receives auditory stimuli from 
the external environment, and visual sensory memory, that receives and holds 
visual stimuli.  

2.6.1.1 Capacity and duration 

The capacity of visual sensory memory is infinitely large, but the duration is 
only about 250 to 500 msec after the stimulus has disappeared. After that, the 
only items that can be reported are those transferred to working memory. If only 
a brief display is given, the number of individual items that can be recalled 
afterwards are about 4 or 5, which represents the span of apprehension. The 
selection and transfer of information from visual sensory memory to working 
memory is handled by attention (see Attention and consciousness 2.5,  and 
Perception 2.4). 
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The duration of information in auditory sensory memory, or echoic memory, is 
larger than for the visual sensory memory and ranges between about 4-5 
seconds. The duration may vary with the complexity of stored information. 

2.6.1.2 Forgetting in sensory memory 

Information is lost due to either decay, which means that it fades out, or due to 
interference (masking), by previous or subsequent information. 

2.6.2 Working memory 

Information is transferred by means of attention from sensory memory to a 
memory system known as working memory (also see Attention and 
consciousness 2.5). Working memory, sometimes also called short-term 
memory even though this is a narrower conception, is the form of memory we 
use to hold digits, words, names, images, or other items for active processing. 
According to Baddeley (in Ashcraft, 1994) working memory is "a system for the 
temporary holding and manipulation of information during the performance of a 
range of cognitive tasks such as comprehension, learning and reasoning". It can 
be thought of as a sort of sketchpad. Many different informational codes are held 
within working memory. An auditory, visual, semantic and also a code related to 
physical movement have been suggested4. One consequence of this is that if the 
same information is presented across more than one modality the chance is 
greater that it will be attended, since more representations are primed, and 
because focus might be on only one information flow. 

Working memory also consists of different components and processes. A central 
executive system, initiates control and decision processes and handles reasoning 
and language comprehension. The central executive has two major slave 
systems: A visuo-spatial sketchpad, which is used to process or elaborate images 
and spatial information, and a phonological circuit that holds verbal information. 
When words are presented auditively they enter automatically into the 
phonological layer, but when the words are presented visually they are placed in 
the phonological layer indirectly via the articulatory control processes.  

Scientists hold different conceptions of working memory (Kolb & Whishaw, 
1996). Some mean that it is the information that is currently attended. Others 
mean that it is the currently activated information from long-term memory. 
However, only parts of the activated information in long term memory is really 

                                                 
4 Only the research about how auditory and visual information is processed has obtained 
enough empirical ground to be described here. 
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used in working memory, so at the present time the first alternative seems more 
plausible. 

2.6.2.1 Capacity and duration 

Working memory is an intermediate memory system between sensory memory 
and long-term memory. The capacity for holding information is very limited and 
is often referred to as the bottleneck of the memory system. Under normal 
conditions the capacity is about 7 +- 2 units of information. To overcome this 
limitation the process of recoding or “chunking” is actively used, which means 
that bits of information are grouped into larger units. For instance a telephone 
number can be remembered as six single units “1, 2, 3, 4, 5, 6” or three chunks 
“12, 34, 56”. The number of units that can be remembered is somewhat 
dependent on how large the units are (Simon 1974). The word length effect 
means that short words are easier to remember than long words, if presented 
visually. 

The duration of working memory can be quite varied, from about five to twenty 
seconds, depending on how many processes that are currently active, and how 
much attention they require. 

2.6.2.2 Forgetting in working memory 

Short-term forgetting is believed to be caused by interference (EATCHIP, 
1997):  

Proactive interference occurs when older material interferes forwards in time 
with the memory for (recollection of) the current stimulus. 

Retroactive interference takes place when newer material interferes backwards 
in time with the memory for (recollection of) older items. 

Retroactive interference can create stressful situations when for instance an 
operator is overcome by a massive information flow. One elaborate way of 
reducing the risk of retroactive interference is to build adaptive systems that 
filter and prioritize information in correspondence to user workload. 

2.6.3 Long-term memory 

Information can be stored within the memory system for longer periods of time 
through a memory system that is called long-term memory (Ashcraft, 1994).  
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2.6.3.1 Storing information into long term memory 

The basic principal for how new memories are formed, is that new information 
is merged with the existing knowledge base (Eysenck, 2000). This is called 
reconstructive memory. Even though several suggestions have been made, the 
processes required for giving certain representations a more permanent form are 
not known. There are techniques that seem to work for some people when it 
comes to remembering information, no matter of which processes are involved. 
Strategies such as these, or mnemonics, are presented in a later section (see 
Mnemonics, tricks and strategies 2.6.5).  

2.6.3.2 Retrieval 

2.6.3.2.1 Coding specificity 

Memories are retrieved from long-term memory using retrieval cues and 
priming (Ashcraft, 1994) (see Attention and consciousness 2.5). Retrieval cues 
are stimuli in the present situation, and or currently active concepts, that were 
once encoded together with the memory and that serve as triggers for 
remembering it. The cues might pertain to an outer context like environment, or 
an internal context like mood. A memory will thus be easier to remember when 
these specifics, serving as retrieval cues, are provided. A certain taste or scent 
for instance can bring back an old memory of a special situation in which these 
stimuli were present. During interface design, the important retrieval cues must 
be identified and made salient in the presentation in a way that will permit the 
appropriate mental models to be triggered, and enable the user to assess each 
situation. 

2.6.3.2.2 Recall vs. Recognition 

To recall an item is to remember it even though the item is not present. To 
recognize an item is to remember it as being familiar when the item is displayed. 
Recognition is much easier than recall because more retrieval cues are provided. 
Choosing the correct alternative from a displayed menu is for example much 
easier than remembering and typing the correct command in a command prompt.  

2.6.3.3 Implicit and explicit memory 

Research on brain damaged patients has shown that long term memory can be 
divided into at least two memory systems in terms of consciousness, based on 
the subjective experience of coding and retrieving information from them (Kolb 
& Whishaw, 1996). Implicit memory is an unconscious, non-intentional form of 
memory that can be contrasted with explicit memory, which involves conscious 
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recollection of previous experiences. Terms for memory can be confusing 
because many people have proposed two factor memory theories using their 
own labels as can be seen in Table 2-2. The terms in the left half of this table are 
terms for explicit memory, whereas the terms on the right are terms for implicit 
memory. 

Table 2-2: Terms used to describe the division of long-term memory. 

Explicit (conscious)  Implicit (unconscious) 
Fact Skill 
Declarative Procedural 
Memory Habit 
Knowing that Knowing how 
Locale Taxon 
Cognitive mediation Semantic 
Elaboration Integration 
Memory with record Memory without record 
Autobiographical Dispositional 
Episodic Semantic 
Working Reference 

Implicit and explicit memory are different because they are housed in different 
neural structures and have different functions (Kolb & Whishaw, 1996). The 
difference also relates to how information is processed. Implicit information is 
encoded in very much the same way as it is perceived; through bottom up 
processing. Explicit memory, on the other hand, depends upon conceptually 
driven or top down processing, in which the subject reorganizes the data. Recall 
of information is thus greatly influenced by the way information is processed. 
Since a person has a relatively passive role when information is encoded into 
implicit memory, he or she will have difficulty recalling the memory 
spontaneously, but will recall the memory more easily when primed by one of 
the features of the original stimulus (also see Coding Specificity 2.6.3.2.1). 
Since a person plays an active role in processing information explicitly, the 
internal cues used in processing can also be used to initiate spontaneous recall. 

Hence, implicit (semantic) memory is based on general world knowledge, 
including personal knowledge of the vocabulary and rules of language, while 
explicit (episodic) memory is an autobiographical memory, of the personally 
experienced and remembered events of a lifetime. 
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2.6.3.4 Scripts/metal models 

Scripts, or mental models, are large-scale semantic and episodic knowledge 
structures that accumulate in memory and guide the interpretation and 
comprehension of daily experience5 (Ashcraft, 1994). They are representations 
of episodes and events that serve as patterns for what is supposed to happen in a 
particular situation (also see Situation awareness 2.7). 

2.6.3.5 Capacity and duration 

Long-term memory has an unlimited capacity to store information, and the 
duration is for life. 

2.6.3.6 Forgetting in long term memory 

There is no evidence that information can be erased once it is stored in long term 
memory. Forgetting is rather thought to be caused by retrieval failure; that is, the 
information still exists in memory but it can no longer be retrieved. This could 
be because the associations to a memory less frequently used might weaken, 
thus requiring higher activation or activation from more retrieval cues in order to 
be triggered. 

2.6.4 Procedural memory 

Procedural memory is the memory for actions, habits, and skills (Ashcraft, 
1994). 

An interesting theory concerning procedural memory is the theory of reafference 
(Kolb & Whishaw, 1996). According to this theory, when a movement is 
initiated, it leaves a trace or record of what the intended movement should be. 
As the movement is performed, it generates a second record that can be 
compared with the first. If the movement is not performed correctly, the error 
can be detected by comparing the two records. An adjustment can then be made 
on the next attempt. 

This is what suggests that there is a central process of representation, another 
code in working memory, which contains scripts of movements (see Scripts 
2.6.3.4). Sensations produced by movements are used to update and correct the 
central representation. 

                                                 
5 The two terms are used interchangeably throughout the thesis. 
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2.6.5 Mnemonics, tricks and strategies 

Techniques that are used in order to improve retrieval of information are called 
mnemonics (Ashcraft, 1994). One common mnemonic is to visualize the stimuli 
mentally. An elaboration of this is the “pegboard technique”, which means that a 
number of standard images are used, representing for instance numbers, with 
which to associate new material. Another mnemonic, synesthesia, involves 
processing any sensory event in all sensory modalities simultaneously. Words 
that denote concrete objects can for instance be encoded twice; verbally and by 
imaging. 

2.7 Situation awareness 

Mental models, are the cognitive representations whereby humans are able to 
generate descriptions, explanations and predictions about everyday events. In air 
traffic control (ATC), and fighter control, this includes descriptions of system 
purpose and form, explanations of system functioning and observed system 
states, and predictions about future system states (also see Scripts 2.6.3.4) 
(EATCHIP, 1997).  A series of mental “pictures” or conceptions represent the 
actual mental model. 

The mental picture is based on the mental model and environmental information. 
Situation awareness (SA) is given as long as the mental picture and the 
information about the situational conditions from the environment correspond 
adequately. According to Domingues et al. (EATCHIP, 1997), SA can be 
defined as the result of the “continuous extraction of environmental information, 
integration of this information with previous knowledge to form a coherent 
mental picture, and the use of that picture in directing further perception and 
anticipating future events.“ Situation awareness is a concept often used in 
human factors research in aviation. It is particularly common in military aviation 
research (Endsley, 1997). 

2.7.1 Maintaining situation awareness 

To form a mental picture, a person has to refer to his or her knowledge and 
mental model from long-term memory and then integrate this knowledge with 
the actual situation conditions (Endsley, 1999). The actual mental picture can 
serve as a basis from which to predict future system states. If the short-term 
predictions from the mental picture always come true, the controller knows that 
the picture is correct. This process of composing a mental picture and being 
certain of that this mental picture correctly corresponds to the actual traffic 
situation means that situation awareness is maintained. 
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Maintaining situation awareness is regarded as one of the cognitive core tasks of 
ATC officers (EATCHIP, 1996), who share many of the principal tasks with the 
Fighter Controllers. Loss of situation awareness is equivalent to loss of the 
mental picture, which is one of the most critical situations in the process of ATC 
(Källqvist, 1999). 

2.7.1.1 Levels of situation awareness 

Three different levels of SA can be discerned (Endsley, 1999; Källqvist, 1999). 
These correspond to Rasmussen’s levels of performance (in Taatgen, 2001) (see 
Performance 2.9). 

Level 1 SA Awareness of specific key elements of the situation; for 
instance, what height, speed and geographical position 
aircrafts have, etcetera.   

Level 2 SA Holistic (gestalt) comprehension of the current situation 
and integration of that information in respect to 
operational goals; for instance, what is the aircraft’s 
current position in respect to its destination. 

Level 3 SA  Ability to project future states of the system. That is, 
ability to plan what to do and to get an understanding of 
what consequences different decisions will have; for 
instance, how the aircraft should be guided to its 
destination. 

2.7.1.2 Bottom up and top down processing 

The three levels of SA correspond very well to the concept of bottom up and top 
down processing (Endsley, 1999). At level 1, objects in the environment ‘pop 
out’ and call for attention, which is a good example of bottom up processing. 
The controllers also have knowledge about where aircraft are most likely to 
appear at different times, and as a consequence of that top down processing is 
also important for level 1 SA.  

On the higher levels of SA more top down processing is needed. Level 3 SA is 
for example almost only driven by top down processing. At this level, 
experience and knowledge about the situation (the acquired mental model) is 
used in order to predict the future. 

2.7.2 Situation awareness in fighter control 

In the work of fighter control, having ‘the picture’ means to maintain a level 
three SA. A lot of work is however done already at level one, perceiving the 
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important perceptual cues. The following is yet another division of SA that 
corresponds to the different cues and calculations that have to be made in fighter 
control (Endsley, 1997): 

Geographical SA Location of aircrafts (own/other), terrain, waypoints, 
navigation fixes, position relative to designated features. 

Spatial/  Attitude, altitude, heading, velocity, vertical velocity, 
Temporal SA  flight path, aircraft capabilities, projected flight path,
  projected landing time.  

System SA  System status, functioning and settings, settings of radio, 
ATC communications present (mainly for the Chief 
Fighter Controller), deviations from correct settings, 
flight modes and automation entries and settings, impact 
of malfunctions/system degrades and settings on system 
performance and flight safety, fuel, time and distance 
available on fuel. 

Environmental SA Weather formations, area and altitudes affected, 
movement, temperature, icing, clouds, fog, sun, 
visibility, turbulence, winds, areas and altitudes to avoid, 
flight safety and projected weather conditions. 

Tactical SA  Identification, tactical status, type, capabilities, location 
and flight dynamics of other aircraft, own capabilities in 
relation to other aircraft, aircraft detections, launch 
capabilities and targeting, threat prioritization, 
imminence and assignments, current and projected threat 
intentions, tactics, firing and maneuvering, mission 
timing and status. 

It is obvious how impossible it would be to be consciously aware of all this 
information at all times. Priming is the key process in guiding perception, 
attention, memory and awareness. Ideally, the presented cues should be salient 
in the interface, when needed, to serve as retrieval cues for mental models, 
which will help gain situation awareness. 

2.7.3 Team/Shared Situation awareness 

Controllers are traditionally viewed upon as operating on an individual basis, but 
taking the perspective of distributed cognition means that the interaction of 
controllers has to be integrated into the greater concept of the distributed 
cognitive system. This means that the team aspect of situation awareness also 
should be considered. D’Arcy and Della Rocco (2001) showed results, which 
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suggest that the SA of air traffic controllers generally includes knowledge of the 
skills and preferences of colleagues. 

Since SA is quite an abstract and comprehensive term, suggestions have been 
made that much of the effort of designing for shared SA should be directed 
towards supporting users’ shared mental models, about artifacts, goals, tasks, 
events, situations etcetera (Burns, 2000). Through the shared mental models and 
the air situation picture, controllers can gain shared situation awareness. If 
controllers have shared situation awareness, they can focus on their assigned 
tasks, know what others are doing at the same time, and calculate the 
consequences of own, other, and joint actions in relation to the current situation, 
and allow for more than one controller to detect discrepancies between the 
expected and actual situation. This will enable controllers to better understand 
and help each other. 

Shared mental models also work as common ground (Clark, 1996), which makes 
communication and collaborative work more efficient, reducing the number of 
coordination problems.  

One way of supporting shared mental models is through creating shared 
artifacts, which serve as a shared basis for creating the models (Waern et al., 
1999). The significance of artifacts and interface design in creating shared 
situation awareness is thus emphasized. 

2.7.4 Losing situation awareness 

Problems with SA have been found to be the leading causal factor to aviation 
incidents. In a review of military aviation mishaps and in a study of accidents 
among major air carriers, 88% of those incidents involving human error could 
be attributed to problems with situation awareness (Endsley, 1999). This result 
might not seem so surprising, since SA entails just about every aspect of 
cognition. However, there have been efforts to specify the cause of why SA is 
lost. Taxonomy over the failure of maintaining situation awareness is presented 
in section 2.15 on human error.  

2.8 Expertise and Skills 

2.8.1 Expertise 

By trying to find out what it is exactly that makes an expert in respect to ability, 
it just might be possible to create a design that will support those factors. This 
would reduce the learning threshold and at the same time push the limits of 
performance even further. 
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In fighter control there are really not more than two ways in which you can learn 
how to recognize and deal with a situation. Either the situation has to be read 
about or explained by a teacher or colleague, making it a “schoolbook example”, 
or it has to be experienced personally (Klein, 1998). 

People of a younger age tend to solve novel problems using their creativity or 
fluid cognition, while older people rely on experience and knowledge or 
crystallized cognition (Klein, 1998). Hence, expertise is not the general ability to 
perform well at difficult tasks, but requires context specific knowledge and skills 
developed for specific tasks. 

2.8.1.1 Transfer 

Expertise is domain specific, but if two domains show similarities, expertise 
may be partly transferred between them (Ashcraft, 1994). Positive transfer such 
as being sensitive to environmental cues improves performance, while negative 
transfer such as false expectations and procedural confusions will degrade 
performance. 

2.8.2 Skills 

A skill is here defined as a goal-directed, well-organized behavior that is 
acquired through practice and performed with economy of effort (Seamster et 
al., 1997). 

2.8.2.1 Skill acquisition 

Skill acquisition is usually characterized as going through three stages: a 
cognitive stage, an associative stage, and an autonomous or automatic stage 
(Taatgen, 2001). The three stages can be explained in terms of a transition from 
declarative (explicit) knowledge to procedural knowledge.  

At the cognitive stage, the person learns the facts that are associated with the 
specific domain. This is the stage Fighter Controllers are at when they are in the 
beginning and middle of their education. They can explain in words what they 
have learned. At the cognitive stage, knowledge is declarative and needs to be 
interpreted. Interpreting knowledge is slow, and may lead to errors if the 
relevant knowledge cannot be retrieved at the right time. 

When the controllers have finished their education they are probably at the 
associative stage. Their knowledge is now more procedural and their skills are 
more automated. The connections in memory between items of knowledge are 
strengthened. 
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The third stage, the automatic stage, is achieved after even more training. At this 
stage the controllers execute the procedures faster and in an automated way, 
with fewer errors. The knowledge is here even more procedural and, as a 
consequence of this, more difficult to express in words. 

2.8.2.2 Types of aviation skills 

Skills within the domain of aviation can be divided into seven categories as 
shown in Table 2-3 (Seamster et al., 1997). 

Table 2-3: Categories of aviation skills. 

Category Description 
Motor Physical actions to control the work environment. 
Perceptual Sensory acquisition of information from the environment 

to support performance. 
Automated Physical and cognitive activities performed rapidly and 

with a minimum of processing in response to consistent 
stimuli or conditions. 

Procedural Constrained sequences of physical and cognitive activities 
performed in predictable situations. 

Representational Cognitive simulation of a system or its components to 
improve performance on that system. 

Decision making Cognitive activities involved in choosing the better of 
several alternatives. 

Strategies Self-monitoring and integration of other skill types to 
enhance performance. 

These are skills that must be supported by the interface design. 

2.8.3 Differences between experts and novices 

An expert can execute procedures faster than novices. This is because the expert 
can encode more information in a shorter time than the novice can do. The 
reason for this might be that experts can handle larger chunks of information, 
since they have more knowledge available for use when they build these chunks. 
Chunks are important to consider when differences between experts and novices 
are discussed. 

Benefits of expertise can be divided into three categories (Källqvist, 1999): 

Cue sampling Experts can reduce the load on perception and working 
memory through chunking.  
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Hypothesis and  Experts have a greater repertoire of possible hypotheses 
action generation  and actions stored in long term memory. This makes the
  expert show greater confidence in his or her diagnoses
  and actions. 

Risk and probability  Experts can calibrate their diagnoses better than novices 
calibration can, because they have knowledge about possibilities of
  different states and outcomes. 

2.8.3.1 Visual scanning 

Källqvist (1999) suggests that there is a difference between how novice and 
expert ATC controllers scan their visual environment. In his work he found that 
the expert controllers scanned the environment more and focused less on 
individual points on the radar screen than the novices did. The expert controllers 
also had higher fixation frequencies. 

Expert controllers, hence, are more active when scanning for relevant 
information. Instead of reactively focusing on the available data (compare with 
control), the expert controllers search, chunk, and trigger on environmental cues 
to prime mental models or established representations. The representations are 
used as analogies by means of positive transfer to deal with the current situation. 
The mental models include time constraints and interrelations of events, which 
are used to anticipate future system states. This, in regard to fighter control, is 
one of the most important aspects of expertise, since it helps to build level 3 
situation awareness (see Situation awareness 2.6, Monitoring 2.12). 

2.8.3.2 Strategies 

Skills and representations, as they are trained, become broader, deeper, and 
more functional, yielding a more global and functional picture of the situation. 
Routines and strategies for memory and performance are established, which 
helps making more adequate inferences (D’Arcy & Della Rocco, 2001). When 
compared to novice controllers, experienced controllers tend to use a larger 
number of strategies, which include more control actions and aircraft. 
Experienced controllers also use a greater variety of different strategies, which 
indicates that they possess a wider repertoire of strategies. It has for instance 
been found that experts use more workload management strategies than novices 
(see Workload 2.10, Human error 2.15). 

The Panel on Human Factors in Air Traffic Control Automation suggested that 
“decision making may be improved by training and displays that are sensitive to 
strategies that do work in real-world environments” (in D’Arcy & Della Rocco, 
2001). 
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2.8.3.3 Automation of skills 

Due to the partial automation of acquired skills, certain processes and abilities 
require less effort to function effectively. Experts who possess these skills 
therefore generally show faster and more accurate motor performance 
(EATCHIP, 1997). They also seem to have a conscious setting of the speed-
accuracy trade-off to go slow, which shows that they are more aware of the risks 
of fast, as well as imprecise, actions. The automation of skills also means that 
there are more resources available to build representations, and to allocate more 
time for defining the problem. 

2.8.3.4 Communication 

Apart from the individual aspects of expertise, experienced controllers have 
better skills in communication and coordination with colleagues (EATCHIP, 
1997). This implies that they are better able to act according to shared mental 
models in a team of controllers, which also displays the quality of the distributed 
system. Communication also seems to be of great importance when it comes to 
acquiring expertise. 

2.8.4 Characteristics of expertise in relation to knowledge and skill 

In Table 2-4, the characteristics that signify expertise are presented, and how 
these relate to certain forms of knowledge and skill (Seamster, 1997). The types 
of skills and knowledge can thus be viewed as aspects that must be supported by 
the interface design. 
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Table 2-4: Characteristics of expertise as relating to knowledge or skill. 

Characteristics of expertise Related knowledge or skill 
Experts excel in their domains. Declarative knowledge 

Structural knowledge 
Experts perceive large meaningful 
patterns in a problem or task. 

Structural knowledge 

Experts are fast. Automated skills 
Procedural skills 

Experts have superior working and 
long-term memory. 

Automated skills 

Experts see and represent a problem at 
a deeper level. 

Representational skills 
Decision making skills 

Experts spent a great deal of time 
analyzing a problem qualitatively. 

Representational skills 
Decision making skills 

Experts have strong self-monitoring 
skills. 

Strategies 

There are drawbacks of having skill and expertise. Behavior can sometimes be 
less flexible when faced with an atypical problem that requires an 
unconventional solution. 

2.9 Performance 

The concept of skills is tightly coupled to the concept of performance.  The 
levels of performance as defined by Rasmussen (in Taatgen, 2001; Reason, 
1990) correspond to the levels of cognitive processing described when 
discussing situation awareness (see Levels of situation awareness 2.7.1.1).  

2.9.1 Skill-based  

Skill-based cognitive processing and performance refer to actions that are 
automatic and easy due to an acquired skill (see Expertise and skills 2.8). 
Decisions are usually made automatically. Any departure from this kind of 
skills-based processing requires either a rule-based or knowledge-based solution 
to perform the task. 

2.9.2 Rule-based  

Rule-based processing involves matching the context and problem currently 
faced. These rules are typically of the "if X then Y" form, and can be based on 
past experience, explicit instructions, and so forth. For example, when trying to 
leave a building the door is normally pushed (an automatic skill). If the door 
does not open, however, the reason to why it did not open must be considered in 

 29



order to accomplish the initial task (of leaving the building). Maybe the door 
pulls instead of pushes; maybe it is locked, etcetera.  

Rule-based processing comes to play when an automatic skill fails and the actor 
needs to fall back upon a set of explicit instructions or rules at his or her 
disposal. The current situation is examined and interpreted, and the rule chosen 
that can best solve the problem. 

2.9.3 Knowledge-based 

If rule-based processing does not solve the problem, knowledge-based 
processing is relied upon. Rule-based solutions are generally preferred since 
they require less cognitive effort. Knowledge-based processing is used in novel 
or unfamiliar situations, or where low-level rules are not appropriate; for 
instance, during problem solving or when making strategic decisions (see 
Problem solving 2.14). In general, this kind of processing involves the 
processing of symbolic information. 

As with rule-based processing, knowledge-based processing is a conscious 
process. It refers to what we typically think of as analytic thought: the process 
and analysis of personal subjective knowledge. 

2.10 Workload 

In process control, operator workload is an important performance determinant 
(Schraagen, 2000). The operator’s task is process paced, and changes in the 
process can accumulate so that the operator has to carry out a lot of complex 
actions in a short time. New developments in information technology bring 
about new possibilities to provide users with information and task support in 
such situations. However, due to the introduction of technology, task demands 
change and new bottlenecks appear. Automation is changing operator tasks 
substantially, from real time, to monitoring and supervision and (re-)planning of 
complex processes. During supervision, the workload might be so low that the 
operator will experience loss of vigilance. Loss of vigilance means difficulties in 
concentrating and focusing on the task. On the other hand, when a critical 
situation occurs, the necessary planning can involve a high mental workload in 
non-routine tasks such as fault diagnosis during operation. 

2.10.1 Cognitive task load 

Cognitive task load is defined as the cognitive requirements of the tasks 
allocated to the human operators, which is determined by comparing the 
required human information processing, the task demands, with the processing 
capacities that are available at the moment (Schraagen, 2000; Seamster 1997). 
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Three situations can occur:  

1. The required processes exceed the available capacities; which means that 
the task load is too high. 

2. The required cognitive processes agree with the capacities; that is, the task 
load is fine. 

3. The capacities are not or hardly required; which means that the task load 
is too low. 

Task demands can be defined in terms of various variables, such as time, 
information processing resources, attention or attention shifts. 

2.10.2 Stress 

Stress is directly related to workload, and it is important to consider, because it 
can have a tremendous affect on performance. Fighter controllers are practically 
always subject to different levels of stress. 

2.10.2.1 Positive vs. negative stress 

A certain amount of stress will better performance, but if the level of stress is 
too high, performance will decline.  

Increased stress will: 

• Increase the speed of information processing. 

• Reduce decision time. 

• Increase the tendency to stick to the course of action and increase 
selection threshold. 

• Increase the tendency of tunnel vision. 

• Increase externalization of behavior, which means that behavior will be 
less dominated by internal plans. 

• Enhance the tendency to switch from proactive goal-oriented behavior 
(monitoring - control) to reactive behavior (checking - diagnosis). 

• Increase the probability of purely rule and skill-based behavior. 

There is also a tendency to switch to using older, more comfortable rules in 
stressful situations, even if more correct ones have been learned recently. 
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2.10.3 Strategies for reducing workload in air traffic control 

When studying the behavior of air traffic controllers it was found that three 
workload management strategies were closely associated with a reduced number 
of errors (D’Arcy & Della Rocco, 2001): 

1. Determining what to do when flight safety is compromised. 

2. Identifying aircraft that are not compromising flight safety. 

3. Determining how to expedite aircraft through air space. 

In fighter control, during peacetime, a lot of work is focused on maintaining 
flight safety, for example when expediting traffic through exercise areas while 
carrying out missions. The interface design should be developed to distribute 
tasks and responsibility between the system and the controller in a way that will 
reduce the controllers’ workload. An adaptive system can be built to assess the 
operator’s workload and adapt the information flow and/or presentation to create 
an appropriate level of stress. 

2.10.4 Measuring workload 

There are several physiological indices of mental workload. Among these can be 
mentioned heart rate, heart-rate variability, level of stress hormone and pupil 
size, which all vary in relation to the level of mental workload (Källqvist, 1999). 
Using physiological indices is preferable since it is more reliable than for 
instance subjective measures or observer protocols. 

2.11 Control 

When conducting research on workload, the concept of control is often very 
central. Control can also be viewed as relating to situation awareness (see 
Situation awareness 2.6), in that losing control often means to lose situation 
awareness and vice versa. There are four levels of control that are described 
below with the highest level described first (Corker, 1999): 

Strategic Control  The controller has a sufficiently accurate model of the 
controlled process and the environment in which that 
control is undertaken, which permits planning and 
prediction in support of high-level goals. 

Tactical Control  The controller’s performance is based on some kind of 
planning. 

Opportunistic  Action is taken based on the current context. The current 
Control   context in these terms is perceptually salient features or
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  patterns as opposed to more fundamental constructs such
  as intentions or goals. 

Scrambled Control  The next choice of action is unpredictable or random. 
The controller seemingly does not have any internal 
model of the world in which he or she is taking action. 
This is an extreme case. The process may occur in a 
panic situation or where there is no feedback as a result 
of action or no selection of goal is available. 

To lose control means to move from strategic control, which is optimal for 
performance, to a lower level, and in the worst case scrambled control, when 
action is performed at random. Different working contexts require different 
levels of control on behalf of the users. In fighter control strategic control is a 
necessity in order to be able to take in consideration all tasks, conditions and 
objectives, while ensuring flight safety. 

2.12 Monitoring 

Fighter control is largely a task of monitoring events that occur as a situation 
evolves. Monitoring is based on two processes. There is one top-down process 
governed by predictions of future system states, and then there is a process of 
continuous or discrete comparison between the expected state of the system and 
the actual state. The latter entails the controllers’ knowledge about normal and 
abnormal system states (EATCHIP, 1997). 

There are shortcomings of human diagnosis specifically related to monitoring 
that must be forestalled. These are described further on in the section on biases 
in decision making and problem solving (2.14.3). 

2.13 Decision making 

Several previous sections have discussed perception, memory, and how 
information should be presented in order to prime appropriate mental models or 
scripts. These scripts help to guide assessments, expectations, and also 
decisions. Thus, a lot has already been stated on how decision making is 
performed. 

This section however, will give a higher level perspective on decision making, 
and present research made addressing the issue directly. 
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2.13.1 Decision models 

Research on decision making has generated many theories and models which all 
serve one or several of the three following purposes (D’Arcy & Della Rocco, 
2001): 

Normative models  Normative models aim to characterize the optimal or 
most efficient decision making processes. 

Prescriptive models  Prescriptive models attempt to describe how decision 
makers should be trained or how decision aids should be 
built. 

Descriptive models  Descriptive models try to identify the psychological 
processes used by decision makers. 

Models of decision making also differ along many other dimensions. Some 
theories, for example, aim to explain individual versus group decision making. 

2.13.2 Naturalistic decision making 

Many studies have examined the effects of expertise on decision making and the 
use of strategies (also see Expertise and skills 2.8). According to Brehmer (in 
D’Arcy & Della Rocco, 2001), experienced subjects have learned that to 
perform well in a complex dynamic system, they have to adopt “grandmother-
rules”. More specifically, compared to less experienced subjects, they will make 
fewer decisions, collect more information before making a decision, and check 
the results of their decisions before making new decisions. 

Similarly, Klein (1998) has proposed that in real-world situations, experienced 
decision makers learn a large set of patterns and associated responses (mental 
models) and that in general, they do not compare a set of alternatives based on 
their predicted outcomes, as according to most traditional models decision 
making, but instead recognize a situation and directly retrieve an appropriate 
response (compare to priming in 2.5.2). This is called naturalistic decision 
making, and the most representative model is the Recognition-Primed Decision 
Model (RPDM). 

One drawback of this model is that it explains how experts make decisions but 
describe very little about how novices accomplish this task. 

2.14 Problem solving 

Problem solving is often part of the decision making process. This is why 
problem solving must also be accounted for when trying to support decision 
making. 

 34



2.14.1 Defining human problem solving 

An algorithm is a specific rule or solution procedure, often quite detailed and 
complex, which is guaranteed to furnish the correct answer if it is followed 
correctly. If an algorithm is not available when trying to form a solution, a 
person would have to engage in an activity called problem solving. Decision 
making that requires problem solving is different from naturalistic decision 
making since problem solving requires analytical thought. 

Mayer (in Eysenck, 2000) defines problem solving as “a cognitive process 
which serves to change a given state into a goal state, when no apparent method 
for solving the problem is available to the problem solver”. Problem solving is 
about cognitive (not automatic) processes, and goal-directed activity. The 
definition of a problem is thus made individually.  

These are the general characteristics of problem solving (Ashcraft, 1994): 

• Goal directedness 

• Sequence of operations 

• Cognitive operations 

• Sub-goal decomposition 

A goal is the desired end-point or solution to the problem solving activity. A 
sub-goal is an intermediate goal along the route to eventual solution of the 
problem. 

There are two forms of reasoning, which can be used in order to solve a 
problem: deductive reasoning, and inductive reasoning (Ashcraft, 1994; 
Eysenck, 2000). 

2.14.1.1 Deductive reasoning 

A problem is called well defined, when the premises, goal and allowed actions 
are clearly specified. In this case, if no algorithm is available, deductive 
reasoning can be used to draw inferences. Conclusions are drawn that 
necessarily follow from certain premises that are presumed to be true. This is a 
rare instance of problems that people, such as Fighter Controllers, working in a 
dynamic environment, normally does not meet. 
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2.14.1.2 Inductive reasoning 

Inductive reasoning means to make a general conclusion on the basis of specific 
information based on experience or research. The empirical evidence is not 
necessarily true. Future research may prove the conclusion to be false. 

2.14.2 Heuristics 

A heuristic is an informal “rule of thumb” method for solving problems, not 
necessarily guaranteed to solve the problem correctly, but usually considerably 
faster or more easily controlled than the correct algorithm. Heuristics and 
inductive reasoning is what a person normally uses when it comes to solving a 
problem. The two following sections provide examples of common types of 
heuristics that people generally employ (Ashcraft, 1994). 

2.14.2.1 Analogies 

The most important heuristic to human reasoning and problem solving is the use 
of analogies, which permit inferences made in the past to be re-used in 
corresponding situations. Analogies are used both intentionally and 
unconsciously. Priming will trigger mental models that correspond on some 
level of abstraction to the problem at hand, and that can be used in order to 
formulate the problem, provide a method, make sub-goal composition, and reach 
a conclusion. 

2.14.2.2 The representativeness heuristic 

The representativeness heuristic serves as a good example of a heuristic. It is a 
judgment rule or probability, which if used means that your estimate of the 
probability of an event is determined by one of two features: 

1. How similar the event is to the population of events it came from. 

2. Whether the event seems similar to the process that produced it. 

Whether event A belongs to B is judged on the extent to which A is 
representative of B, the degree to which it resembles B, or the degree to which it 
resembles the kind of process that B is known to be. In a coin toss, for instance, 
three heads and then three tails in a row ‘HHHTTT’ will seem more unlikely 
than ‘HHTHTT’, because the latter sequence resembles more a random process. 
The strategy of forming mental models makes people perceive patterns in 
genuinely random sequences. 
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2.14.3 Improving problem solving 

Heuristics can also be created intentionally, and used deliberately, as techniques 
in solving problems. Students are often taught such techniques. The following is 
a list of problem solving heuristics (Ashcraft, 1994): 

• Follow a systematic plan. 

• Draw inferences. 

• Draw a diagram. 

• Develop sub-goals. 

• Use satisficing: Find a solution to a goal or sub goal that is satisfactory 
although not as good as some other solution that might be achieved. 

• Work backwards. 

• Search for contradictions. 

• Search for relations among problems. 

• Reformulate the problem representation. 

• Represent the problem physically. 

• Increase domain knowledge. 

• Automate some component of the problem solving solution. 

When trying to solve a problem it is important to use a modality that 
corresponds to the solution of the problem, if it is known, because irrelevant 
processes might otherwise interfere, and steal attentional capacity (Kolb & 
Whishaw, 1996). 

In solving abstract problems it can be useful to use concrete analogies (or 
concrete objects), since concrete concepts are usually more easily elaborated in 
working memory, or are better associated to other concepts and relations that 
might present the solution. Most problem solving strategies are based upon 
experience, and used as analogies to solve new problems that are similar to 
previously solved problems. 
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2.14.3.1 Biases of using heuristics 

The human being relies on inductive reasoning and heuristics to provide 
solutions to problems encountered, which is one reason for why humans are so 
good at mastering novel situations. This is not a problem in an environment that 
will permit somewhat inaccurate rules of thumb. However, many work 
situations have been created in which one single mistake or incorrect action may 
have catastrophic consequences, and because of heuristics, there are many 
situations in which problem solving and decision making will be faulty precisely 
because an imprecise rule or wrong rule was used. The biases correspond to the 
mistakes of rule-based and knowledge-based error. 

The following list presents the biggest shortcomings in human diagnosis and 
decision making in relation to monitoring (EATCHIP, 1997): 

• Bias to overestimate the probability of rare events, for instance in faulty 
readback. 

• Biases in handling variability: Deviations in vertical separation at a high 
altitude are for instance judged less than the same separation at a lower 
altitude. Variability is biased by extreme values. 

• Linear extrapolation of non-linear processes, for example possible 
conflicts between pairs of aircraft with growing number of aircraft. 

• Confirmation bias for a given assumption/hypothesis. 

• Ignoring negative evidence: The absence of information is not treated like 
positive evidence even if negative evidence is of high diagnostic value. 

• Salience bias: The importance of salient information is systematically 
overestimated, for instance information shown at the top of the display. 
Similar effects can be obtained by brightness, flashing, large displays, 
centrally located displays or rapid changes of a display. Another effect of 
this is that information that requires a great deal of attention or 
computational resources will tend to be underestimated or even ignored. 

• Bias towards treating different sources of information as if they were 
equally informative, even if they are undiagnostic or unreliable. 

• Bias towards ignoring base rates: Conditional probabilities tend to be 
replaced by absolute probabilities. 
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• Bias against absent information: The diagnostic information of missing 
cues is systematically underestimated. 

• Reversed causal reasoning: The tendency to assume bi-directional causes 
in the case of uni-directional relationships. This error has repeatedly been 
observed in troubleshooting situations. 

• Over-confidence: People are wrongly over-confident in their forecasts of 
future states of a system and in their retrieval from their own memory. 

Biases in human information processing contribute to incorrect diagnoses and, 
as a consequence, to incorrect decisions. These biases can increase in stressful 
conditions. One example is tunnel vision, which is functionally equivalent to an 
extreme confirmation bias. 

Heuristics and biases can also be used in interface design. Using knowledge 
about the salience bias for example, can help to make warning messages that are 
easy to attend. 

2.15 Human Error 

Human error has been implicated in 70 % - 85 % of the accidents in civil and 
military aviation (Wiegmann & Shappell, 2001; Endsley 1999). Preventing and 
mitigating errors is therefore of utmost importance, and one way to succeed in 
this is through providing adequate design solutions to the user interface. 

Before this can be done, the types or errors that Fighter Controllers make have 
to be properly understood (Pape et al., 2001). Most accident and incident 
reporting systems are however not designed around any theoretical framework 
of human error, which makes the identification of error causes and the 
development of intervention strategies extremely difficult. Only in the last years 
attempts have been made to remedy the situation; for instance by using the 
Human Factors Analysis and Classification System (HFACS) by Shappell and 
Wiegmann (2000). This is based on Reason’s framework of human error (1990), 
which has been frequently applied in different controller environments. This 
section on human error will give a short presentation of that framework and the 
research that has been based upon it. 

There are two general error types, active and latent errors, which can be further 
divided into subcategories. Active errors are performed immediately by the 
controllers, while latent errors originate from organizational or technical factors. 
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2.15.1 Active errors 

The basic concept of action is, that first an intention or plan is formed, and then 
actions that aim to accomplish the intention are executed. There are three levels 
of performance (see Performance 2.9) to which Reason (1990) defines three 
error types, which can be seen in table Table 2-5: 

Table 2-5: The levels of performance, and corresponding error types. 

Performance level Error type 
Skill-based level Slips and lapses 
Rule-based level Rule-based mistakes 
Knowledge-based level Knowledge-based mistakes 

2.15.1.1 Slips and lapses/Skill-based errors 

A slip is an action that is not executed according to intentions. It is a good plan 
but with poor execution. Since these skill-based errors are part of automatic, 
unconscious actions, slips are unintended acts due to a break in the routine. A 
lapse is a special instance of a slip, when an action is not performed at all and/or 
is forgotten. 

2.15.1.2 Mistakes/rule-based & knowledge-based errors 

A mistake is a planning failure, where actions go as planned, but the plan was 
not adequate. These are errors of judgment, inference and similar, that result in 
an incorrect intention, incorrect choice of criterion, or incorrect judgment of 
value. 

Mistakes are the real challenges in the analysis of human error. Slips can often 
be prevented through checks built into equipment and tools. Mistakes, on the 
other hand, come from failure in the cognitive processes, which are often 
influenced by a number of external factors, hence making them harder to predict 
and prevent.  

2.15.1.2.1 Rule-based errors  

Rule-based errors occur when the wrong rule is chosen due to misperception of 
the situation, or due to the misapplication of a rule. Misperceptions that lead to 
rule-based errors can come from a number of sources, including external factors 
such as an unclear display. Frequently used rules may be applied in error 
because the actor is familiar with them and they seem to fit the situation, like for 
instance when giving a “default answer”. 
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A lot of studies have been made on how stress affects performance, and 
especially on how people process their rules under different amounts of 
workload (see Workload 2.10). For example, there is the common stress-induced 
phenomenon called tunnel vision, which refers to the way people concentrate on 
a single source of information in stressful situations.  

2.15.1.2.2 Knowledge-based errors  

Knowledge-based errors are the most complex of the error types. They occur 
from the lack of, or misapplication of knowledge. As a result, the intention is 
often erroneous. This is how many of the biases of decision making are made 
(see Biases of using heuristics 2.14.3.1), such as the availability bias, which 
means to choose a course of action because it is the one that comes most readily 
to mind. 

2.15.1.3 Violations 

Another interesting error that exists on the knowledge-based level is the 
violation, which is a deliberate deviation from socially defined practice.  

Violations can be divided into routine violations, for instance made to make a 
frequently performed task easier, and exceptional violations, which can result in 
suppression of warnings etcetera. 

2.15.2 Latent errors 

Latent errors are such errors that are made by designers, stake holders, 
construction and maintenance etcetera (Reason, 1990). More specifically there 
are two groups of latent errors: 

Technical errors Problems with physical items, such as equipment, 
software, or paper-based material; for instance a design 
flaw. 

Organizational Result from organizational elements, such as culture, 
errors   procedures, leadership, and business decisions, for
  example an unclear procedure. 

These errors are very difficult to approach because they can be quite complex 
and do not necessarily occur except for under particular circumstances. They are 
accidents waiting to happen. 

Few attempts have been made to systematically examine accidents related to air 
traffic control and incidents in respect to latent errors in order to determine the 
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conditions under which these events occur. One way to study latent errors is 
through violations, which are often induced by organizational factors. 

2.15.3 Human Ability to Detect Errors 

Slips producing faulty actions are relatively easy to detect. The person just has 
to compare the planned action with the executed action. 

A lapse resulting in an omitted action is harder to detect. This requires memory 
of intention, and a deliberate comparison between intention and situation, 
especially when it comes to habitual behavior.  

Mistakes are hard to detect. Overall intentions can be far removed from the 
actions involved or effects eventually produced. Intentions must be inferred 
from system state. 

Table 2-6 shows results from a study determined to investigate how many of the 
errors, corresponding to the three error types, that are generally detected 
(Reason, 1990): 

Table 2-6: Distribution of errors according to error type. 

Error type Distribution 
Skill-based errors ~60% 
Rule-based errors ~30% 
Knowledge-based errors ~10% 

These results indicate how few of the total amount of errors that are detected, 
and how important it is to provide users with a usable interface, incorporating 
feed-back on performance, which will allow for error recovery. 

2.15.4  Error research problems 

Error behavior is quite hard to study because error events are difficult to capture, 
especially when it comes to violations. There are many different ways to make 
an error, and interference from the researcher’s presence will often change the 
behavior of the participants. It is often also necessary to interview the subjects in 
order to analyze the cause of an error, which can be very unreliable. This is 
especially the case when automatic processes are involved. Another problem is 
that many errors have a very low frequency, which means that expensive 
longitudinal studies with repeated measurements might be required. 
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2.15.5 Human error in air traffic control 

Most of the errors that occur in air traffic control can be attributed to losing 
situation awareness. In a study of accidents among major air carriers, 88% of 
those involving human error could be attributed to problems with situation 
awareness (Endsley, 1997). Maintaining situation awareness (SA) is therefore 
regarded as one of the most important tasks of air traffic control and military 
aviation (see Situation awareness 2.6).  

SA can be divided into three levels that closely, but not quite, correspond to the 
levels of performance. Failure in maintaining situation awareness can take place 
on all three levels. This is taxonomy of the different failures that may occur 
(Endsley, 1999): 

Level 1 SA. Failure to correctly perceive information: 

o Data are not available. 

o Data are hard to discriminate or detect. 

o Failure to monitor or observe data. 

o Misperception of data. 

o Memory loss. 

Level 2 SA. Failure to correctly integrate or comprehend information: 

o Lack of or poor mental model. 

o Use of incorrect mental model. 

o Over-reliance on default values. 

o Other. 

Level 3 SA: Failure to project future actions or state of the system: 

o Lack of poor mental model. 

o Over-projection of current trends. 

o Other. 
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Deficient SA due to a lack of vigilance in monitoring has also caused many 
errors. Most operational errors in air traffic control occur during traffic of 
moderate complexity (D’Arcy & Della Rocco, 2001). This means that display 
enhancements may be more effective than relying on purely automated 
techniques and decision aiding, for reducing error rates related to situation 
awareness, since automated systems can reduce SA through vigilance effects 
(Endsley et al., 2000). 

2.15.5.1 Error frequency 

Table 2-7 contains a list taken from a study of human error in an ATC 
environment that shows how active errors corresponded to each level of SA 
(Endsley, 1999): 

Table 2-7: Error frequency corresponding to levels of SA. 

Level 1 SA: 71%  
Level 2 SA: 21%  
Level 3 SA: 29%  

Of the first level errors 31%, were caused by distraction, 31% by 
misinterpretations and, 21% were caused by problems of memory. In most 
cases, controllers were not aware of that an error was about to occur. 

These results display the importance of creating clear and unambiguous 
interfaces, and permitting users to rely on recognition memory instead of recall. 

2.16 Interface design 

2.16.1 Building an interface 

There is a range of questions that need to be answered before building a man-
machine interface (also see Cognitive engineering 2.1). These are some of the 
more general questions regarding interface design, which also take the previous 
theoretical background in consideration (Hackos & Redish, 1998): 

• What are the goals and constraints in the application domain? 

• What range of tasks do domain practitioners perform? 

• What strategies do they use to perform these tasks today?  

• What factors contribute to task complexity? 
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• What tools can be provided to facilitate the work of domain practitioners 
and achievement of their goals more effectively? 

• What is the content of information? 

• What modalities are to be used? 

• How much information should be provided? 

• When should this information be provided? 

One issue that is touched by the fourth question is that altering an interface may 
also change the conditions for automated functions. How will for instance 
experience affect attitude and performance? A new design might cause many 
errors even though the design in itself is not bad. Another thing that is implied is 
that a new design will probably yield a behavior which is difficult to foresee. 
This also raises an even bigger question: What will happen to the distributed 
system if one aspect of it is changed? 

These questions display the importance of user testing (see Usability testing 
2.17), and the benefit of performing user testing within the actual work context. 

2.16.2 Learning a new interface 

Individual characteristics of the end users will affect not only attitude towards a 
new interface but also the ability to perform with a new interface, and the ease 
by which a new interface can be learned. Cabon et al. (1999) for instance 
showed that individual differences of air traffic controllers in workload and 
fatigue are related to age, gender and previous experience, during and after 
simulations with a new interface. 

2.16.3 Guidelines 

Since every job, every work environment and every user is different, there 
cannot be a general model of what a good design should look like, and there 
cannot be an algorithm for creating a good design. In order to cope with this 
situation an immense amount of guidelines have been created. Some of them 
build on scientific research, others on experience, and some have no grounds at 
all. Good guidelines should follow from the previously presented topics relating 
to cognition. Tullis (1997) for instance provides a good account of guidelines for 
screen design. 
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2.16.4 Usability engineering 

Usability engineering is a process whereby the usability of a product or system 
is specified quantitatively and in advance (Faulkner, 2000). Then, after the 
system or early prototypes of it have been built, tests are performed to see if the 
planned levels of usability have been reached. 

2.16.4.1 Usability goals 

One way to specify the desired level of a system’s usability is by setting 
usability goals, to which the system has to measure up. Usability is hard to 
define in absolute terms, because different working conditions and tasks call for 
different requirements. This means that general goals might be applicable across 
a number of domains, but that the operationalisation of goals, that is, the 
quantification of specific factors and measures of usability, has to be made for 
each domain separately. An example can be made by taking a general usability 
goal like for instance “memorability”; an ability for users to come back to the 
system and remember how to use it once they have been away from it for some 
time. Memorability is applicable for most systems, but what and how much of 
the system that should be remembered from one occasion to another will 
however vary quite a lot, if it regards for instance a control system in a nuclear 
power plant or a browser for websites. 

Usability goals for systems should generally be defined to cover the following 
aspects of usability: 

Performance What the user should be able to do. 

Conditions Under what conditions the user should be able to do it. 

Criteria  How meticulous the user must be. 

The operationalisation can result in qualitative or quantitative goals. This means 
that qualitative goals, for instance that users should enjoy working with the 
system, are also defined so they can be measured. This can be done by using 
subjective measures (see Data collection techniques 2.18.3). 

Quantitative goals can be absolute, for instance that logon must not take more 
than five seconds by the third try, or relative, for instance that logon must be 
faster on the new system than on the old. These types of measures are called 
objective measures since the collection of data is less influenced by subjective 
biases. 
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2.17 Usability testing 

Inviting end-users to test a system as it is developed is one way to ensure that 
the intended tasks can be performed efficiently, effectively and satisfactory 
(Faulkner, 2000; Hackos & Redish, 1998), and to identify potential problem 
areas before major investments are made in development and implementation 
(Hadley et al., 1999). Changes made early are much less costly and less 
disruptive to the development schedule. The users may also be given an 
opportunity to give feedback to the design, which will make them feel part of 
the process. Further more, if adequately integrated into the engineering process 
the usability and validity of a system can be tested and specified. This will also 
allow requirements of usability to be put on the system. 

2.18 Cognitive task analysis 

Cognitive task analysis (CTA) identifies and describes the cognitive structures 
(for instance, attention, problem solving, and decision making) underlying job 
expertise, and the knowledge and skills required for similar job components 
(Seamster et al., 1997). CTA delineates the mental processes and skills needed 
to perform a task at the expert level and the changes in knowledge structure and 
processing that occur during learning and skill development (see Skill 
acquisition 2.8.2.1). CTA can be used in order to identify cognitive structures 
and processes like: 

Structural  The mental organization depicting interrelationships 
knowledge  among key job concepts, principles, or rules. 

Automated skills  Cognitive or physical activities that experts can perform 
fast, effortlessly, and with little conscious attention, thus 
freeing up mental resources to perform other tasks (also 
see Automation of skills 2.8.3.3). 

Representational  The dynamic mental representation (“mental picture”) of 
skills  a job task, process, or system, which improves task
  performance by allowing the worker to predict outcomes
  before taking an action. Representational skills play a
  key role in maintaining situation awareness (see
  Situation awareness 2.6). 

Decision making/ Heuristics, algorithms, and rules of thumb for deciding 
problem solving  among alternatives (see Decision making 2.13, and 
tactics   Problem solving 2.14). 

High level strategies Mental control strategies for planning, monitoring, and 
improving performance (see Strategies 2.8.3.2). 
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This information leads to recommendations for the design and development of 
training programs, user interfaces, and personnel selection or evaluation 
systems. 

2.18.1 Differences between traditional task analysis and CTA 

CTA differs from behavioral analysis methods in its purpose, the techniques that 
are used, the results that are obtained, as well as in the recommendations derived 
from the results. CTA is a broader definition of task analysis that includes 
cognitive processes, and not just target performance. 

CTA divides tasks according to the underlying cognitive (and behavioral) skills 
and knowledge that are required to perform them, looking at the 
interrelationships among them. CTA also identifies the mental representations 
(see Scripts 2.6.3.4) supporting job performance, and accounts for differences 
among individuals (such as different types of problem solving tactics) in task 
performance. In Table 2-8, the main differences between traditional task 
analysis and CTA are displayed. 

Table 2-8: Key differences between the goals of traditional task analysis 
and CTA. 

Traditional task analysis Cognitive task analysis 
• Emphasizes behavior. • Emphasizes cognition. 
• Analyses target performance. • Analyses expertise and learning. 
• Evaluates knowledge for each task 

separately. 
• Evaluates the interrelationship 

among the knowledge elements. 
• Segments tasks according to 

behaviors required. 
• Segments tasks according to 

cognitive skills required. 
• Representational skills are not 

addressed. 
• Representational skills are 

addressed. 
• Describes only one way to perform. • Accounts for individual 

differences. 

 

Traditional (behavioral) task analysis and CTA are not mutually exclusive, but 
are complementary. Once the basic tasks and objectives have been specified, 
CTA will provide the detailed analysis of the knowledge and skills underlying 
those tasks. 

2.18.2 Cognitive task analysis in aviation 

Below is a list that specifies in which situations CTA should be used, and what it 
is that characterizes these situations (after Seamster et al., 1997): 
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When tasks or systems place a heavy cognitive demand on workers. 

Task characteristics: 

• High performance tasks (technical tasks requiring massive amounts of 
practice to perform efficiently). 

• Require the assimilation of large amounts of knowledge or 
information. 

• Require significant decision making or problem solving. 

• Impose heavy workloads or time pressures. 

• Require multitasking (performing many tasks at the same time). 

• Involve substantial teamwork. 

When job tasks or systems cause problems for workers. 

Task characteristics: 

• Work involves many interruptions.  

• There are frequent performance errors. 

• There are bottlenecks in performance. 

• There are major training problems. 

When performance on job tasks is unobservable or difficult to verbalize. 

Task characteristics: 

• Tasks are performed automatically, that is, rapidly and efficiently, by 
experts. 

• Experts have difficulty explaining their thought processes as they 
perform these tasks. 

• Performance outcomes are difficult to measure directly and to 
quantify. 

Modern aviation jobs often require significant problem solving, decision 
making, large amounts of knowledge, team coordination, multi-tasking under 
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severe time constraints, and that certain skills are performed automatically. 
Thus, CTA is ideally suited for analyzing many jobs in the complex aviation 
environment, because these jobs increasingly place greater cognitive demands 
on workers and grow more complex. 

The most common and relevant data collection techniques for cognitive task 
analysis are discussed in the next section. 

2.18.3 Data collection techniques 

2.18.3.1 Scenario 

A scenario is in itself not a technique for data collection; at least not as the term 
is used here. It is rather a description of possible interactions with a system 
(Faulkner, 2000) based on a plausible work situation based on use cases (see 
Rational Unified Process 2.19). In an evaluation of a system a scenario is used in 
order to create a situation through which the users can try out the system while 
complexity is controlled, and from which certain effects of performing the 
scenario can be measured. 

2.18.3.2 Focus groups 

A focus group is a meeting with around six to twelve users on a certain topic 
that concerns the work or tasks. Focus groups is one of the few techniques by 
which it is possible to get a groups opinion in a structured way. Focus groups 
can be recorded and transcribed. The benefit of using focus groups is that it is 
possible to gather a wide range of opinions from people with different 
perspective in a short period of time. The participants can also remind each other 
of different events and details (Hackos & Redish, 1998). 

2.18.3.3 Inquiry 

An inquiry can provide the users’ perspective of a system in a way that cannot 
be measured by performance measures, such as response time. A well-designed 
questionnaire will give a structured picture of the participants’ subjective 
experiences. By also using some open questions and providing an opportunity to 
comment on the answers of the closed questions, the questionnaire can gather 
detailed data about the system’s qualities and can thus be used in order to 
confirm if the specified qualitative goals have been achieved. A pilot study 
should be conducted to try out the questions. Other benefits of using 
questionnaires are that they are fast, cost effective, and demand little resource. 
Answers are indirect in comparison to the ones given in an interview (Kirwan & 
Ainsworth, 1992).  
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2.18.3.4 Interviews 

Compared to the questionnaire, the advantages of using interviews for data 
collection are that they are direct, more flexible and more dynamic. Flexibility 
grows during the interview in that the interviewer can ask follow-up questions 
based on previous answers. An interview captures subjective experiences in the 
users’ own words, which gives very rich data. Interviews generally take a long 
time to perform and analyze, and it can be difficult to compare results across 
interviews, since no two interviews are the same. Interviews should be taped and 
then transcribed. There are many different techniques for how to conduct an 
interview, based on the desired approach and result (Kirwan & Ainsworth, 1992; 
Seamster et al., 1997). 

This is a list of common techniques for interviewing people when trying to find 
out more about use and usability (Hackos & Redish, 1998): 

• Concurrent, contextual interviews (question asking protocol): Probing for 
information while the user is performing the task. 

• Think aloud protocol: When the user is reporting what he or she is doing 
performing a task. 

• Cued recall interview: Recording what the user does and talk about it 
sometime later. 

• Process interview: Interviewing one or several people to understand an 
entire process or workflow. 

• Ethnographic interviews: Interviewing one user first (as a key informant) 
and then later others, making observations and discussing them. 

• Cued recall interview or discourse-based interview, artifact walkthrough: 
Collecting and constructing interviews around artifacts, also capturing 
users’ different use of artifacts.  

• Critical incident interview: Interviewing users about specific situations 
when you cannot observe them. 

• Group interview, focus group: Interviewing users in groups about 
attitudes, desires, preferences, experience, etcetera. 
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2.18.3.5 Observations 

Making observations is a direct method, good for aspects the user cannot readily 
talk about. Indirect observations, for instance by using video recordings, can 
capture activity that might otherwise never have been registered or analyzed. 
Unfortunately there is a degree of interference through the presence of the 
observer. A high demand is therefore put on the observer. Analyzing data 
requires a lot of time and the results may therefore have to be divided among 
several individuals, which can mean difficulties of management etcetera. 
Validity depends on the process of categorization. The “observer effect” means 
that different observers might notice different things, which makes it hard to 
draw conclusions. It can also be hard to understand certain behavior because it is 
impossible to ask the user about the reasons for every action, and for the user to 
explain every action. (Hackos & Redish, 1998; Seamster et al., 1997). 

2.19 Rational Unified Process 

The Rational Unified Process (RUP) is a software engineering process, aimed at 
guiding software development organizations (Kruchten, 2000). RUP is a process 
framework that can be specified or extended to match specific needs. This is the 
framework that the MMI-project at ISD used. 

Like a software product, the Rational Unified Process is designed and 
documented using the Unified Modeling Language (UML). An underlying 
object model, the Unified Software Process Model (USPM), constitutes the 
backbone of the process.  

Figure 2-1 displays the workflows, iterations and phases of the process. The 
process has two structures, or two dimensions: Phases and Workflows. 

 52



Figure 2-1: The overall architecture of the Rational Unified Process (after 
Kruchten, 2000). 

 

 
Business modeling focuses on constructing use cases (Fowler & Kendall, 2000). 
A use case consists of scenarios. A scenario is a sequence of steps describing an 
interaction between a user and a system (also see Scenario 2.18.3.1). A use case, 
then, is a set of scenarios tied together by a common user goal; for instance, to 
buy a product. 

Requirements specification means to analyze and collect the requirements that 
the system has to fulfill before it can be delivered. Traditionally only system 
requirements have been considered, but now more often the desired usability is 
also defined and specified in the list of requirements (see Usability goals 
2.16.4.1). 
Analysis and design have been described earlier in the thesis (see Cognitive 
Task Analysis 2.18, and Interface design 2.16), as well as testing (see Usability 
testing 2.17). Traditionally however, only functional tests, and no usability tests, 
are performed6. 

As is displayed in figure 2-1, the work activities are iterated over each of the 
four phases of the development process. This has a number of benefits: 

• It is possible to take changing requirements into account. 

• Integration will not become one "big bang" at the end. 

                                                 
6 The administrative workflows like project management are not an issue of this thesis, and 
are only displayed in order to provide the reader with a more complete image of the process. 
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• Risks are usually discovered or addressed during integration. 

• Iterative development provides management with a means of making 
tactical changes to the product. 

• Iteration facilitates reuse and identification of common parts within the 
product. 

• More robust architecture, as a consequence of the above stated. 

• Abilities and specialties are more fully employed since they are used 
several times during development. 

• The development process itself can be improved and refined along the 
way. 

The Rational Unified Process, when applied, constitutes the backbone of the 
systems development and guides the work performed within each project. In 
such a project, the process constitutes the framework to which a person would 
have to adapt, in order to succeed with integrating theories and methodology of 
cognitive science into systems development. 
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3 Method 

3.1 Focus groups 

During the first iteration of the project, three focus groups were held, in order to 
perform a business modeling (see Rational Unified Process 2.19); constructing 
use cases, workflow diagrams etcetera. Each focus group meeting lasted for two 
full days, and there was about a month in between the three meetings7. 

The benefit of using a focus group is that it is possible to gather a wide range of 
opinions from people with different perspectives, in a short period of time (see 
Focus groups 2.18.3.2). The modeler asks general questions about the tasks and 
workflow, which generates new questions and new perspectives. It is one of the 
few methods by which it is possible to get an entire groups’ opinion. 

As with every other technique, there are risks and drawbacks. Group pressure, 
groupthink and other effects of the group’s dynamics may hamper the work or 
even render the result useless or irrelevant. Another thing that one has to be 
aware of is that behavior is difficult or even impossible to study through using a 
focus group, because automatic and partially automatic behavior is overlooked. 

3.1.1 Setting 

All meetings were held at ISD in a conference room. 

3.1.2 Participants 

Six Fighter Controllers had been put together by the customer to form a focus 
group that would show as much variety as possible regarding age, and 
geographic origin. One woman was part of the group. The selection of end-users 
to the group had been done through a written or verbal request, and all who 
accepted were volunteers. 

Not part of the end user group, but never the less participating in the focus group 
was also a customer representative, also with a background as a Fighter 
Controller. The number of people taking part in the focus group meetings from 

                                                 
7 Only one focus group meeting was partaken by the author, since the technique was used by 
the person responsible for the business modeling. Nonetheless, the results of the focus groups 
served as valuable input and specification for further analysis and design, hence constituting 
an important prerequisite for the rest of the work, which is why they are described in the 
thesis. 

 55



the MMI-project varied from two to four: the modeler, a secretary and 
occasionally an observer or two. All ISD employees, except for the modeler, 
were quiet observers. 

3.1.3 Instruments 

Not many artifacts were used at the focus group meetings. The modeler used a 
whiteboard and some pens, and the secretary used a notepad and another pen. 
During the third meeting a projector was used in order to display the LoFi-
prototypes (see Designing the interface 3.3). 

3.1.4 Procedure 

The focus groups were held more or less like workshops. A discussion was held 
between the users and between the users and the modeler on topics prepared in 
advance by the modeler. The idea was to perform a business modeling; 
primarily to identify use cases, that is, to identify what functions the system of 
fighter control has to manage, and how this is or should be done. General 
outlines for the workflows and information flows were defined, and then broken 
down one by one to be specified in greater detail. 

 The style of interaction between modeler and user group was informal. All were 
free to give opinions at all times and to make comments and remarks. A lot of 
information was gathered, and the most important results are presented in the 
subsequent section.  

3.1.5 Results 

The focus groups resulted in primarily three important documents, in accordance 
to the RUP-methodology, which had been adapted to the modeling situation: 

• Use case specifications. 

• Use case specifications and other software requirements. 

• Glossary and business rules and supplementary requirements. Business 
rules are rules affecting work, which are beyond the users’ control.  

These documents constituted the prerequisites for the design and 
implementation of the prototype. 
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3.1.5.1 The Fighter Controller (FC) 

The Fighter Controller8 is assigned to monitor or control one or several aircraft 
flying one or several missions. The primary task is to inform the pilots of the air 
situation picture and lead them into the most favorable position as possible for 
carrying out the mission. According to the peacetime flight safety regulations a 
Fighter Controller can at most monitor four missions, or actively control two 
missions. The maximum number of aircraft partaking in one mission is set to 
four. 

This is the list of use cases developed during iteration one, not displayed in any 
particular order9: 

• Analyze experiences and results (not a current function). 

• Create conditions; for enabling other use cases. 

• Define area: To define the geographical area and information presented in 
the graphical user interface (air situation picture). 

• Prepare target. 

• Change course. 

• Prepare global marks: Pointers etcetera, for sending information to the 
pilots. 

• Inform intention. 

• Adjust personal settings; such as volume of the headset. 

• Activate exercise area: Informing the pilots of where to perform the 
exercise. 

• Create a short message, in order to send it to the aircraft. 

• Send data link; that is, to send non-verbal information to the aircraft. 

                                                 
8 In some texts the term “interceptor controller” is used instead of “Fighter Controller”, but 
here only the latter term is used, to be more consistent. 
9 The use cases can for security reasons not be specified in great detail in this thesis. Further 
illustration of the use cases is also not considered to convey much relevant information to the 
reader. Another reason for not describing them in detail is that the business modeler 
performed this work. 
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• Establish communications. 

One of the constraints of this project was that no new functions were to be 
developed (see Introduction 1). The users however felt that the use case 
displayed first on the list was too important to leave out. 

3.1.5.2 The Chief Fighter Controller (CFC) 

This position was not a real issue of the project’s first iteration, but it will be 
described briefly to give a better picture of the working situation. 

The Chief Fighter Controller’s primary task is to activate exercise areas, monitor 
the air situation picture, assist the supervised Fighter Controllers and maintain 
communication to coordinate traffic and aircraft under supervision of other 
CFCs. The CFC is next in the chain of command from the FC, handing out 
orders and missions. Each CFC can supervise a maximum of four FCs.  

3.1.5.3 Brief discussion 

Observations were made in regard to issues concerning group dynamics. The 
group consisted of people employed by the military, and it was noticed that 
officers of higher rank had a somewhat higher priority to speak, but this could 
also be attributed to longer experience or higher age. Only one woman was part 
of the group, perhaps making her and the group less inclined to address how 
men and women might differ from each other, for instance in opinions held 
about the working situation. 

There is also some question about the effect and influence of the customer 
representative who took an active part in the discussion, even though not being a 
practicing FC. A clear bias towards bringing up functional requirements was 
noted, perhaps due this fact, which made it difficult for the modeler to maintain 
the conceptual level of the discussion. 

How these matters would have affected the result of the focus groups was 
difficult to assess at the time of the meetings but such effects would hopefully be 
revealed during the evaluation of the prototype or after data from the evaluation 
had been interpreted.  

It should be kept in mind that the iterative process lets the modeling and analysis 
be done in parallel to the design and implementation. As this thesis was written 
the work was still developing at every stage of the process, which is one of the 
reasons to why use cases are not specified in greater detail here. 
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3.2 Field study 

There is typical information that focus groups cannot provide, that is 
nevertheless important to gather and have an understanding for, in order to 
model a system of man-machine interaction (see Focus groups 2.18.3.2, and 
Fighter control as a distributed system 2.3). 

Perhaps the most important aspect of this information is behavior, or how 
working tasks are actually performed, which can differ quite a lot from what 
users are willing and able to explain. In a cognitively demanding environment, 
such as fighter control, tasks are performed in a largely automated manner and 
are therefore not open to conscious awareness or for discussion (see Attention 
and consciousness 2.5). Users might also be describing symptoms of less 
obvious problems, and important contextual factors are often left out of reports, 
since they are not always recognized. 

To supplement the business modeling and use case specifications with 
information concerning the issues described above, a field study during three 
consecutive days was conducted in a real time work setting. 

A field study has the benefit of allowing the user to be observed and interviewed 
in his or her real working context, and special areas of interest can be focused 
upon. It can be used in order to capture the aspects of work that users cannot 
readily talk about. A certain degree of interference to the behavior of users is 
introduced along with the observer and the observers’ instruments (the “observer 
effect”), which puts a high demand on how the techniques for data collection are 
carried out. The observations are subjective, which can make it hard to draw 
conclusions from data. Certain behavior can also be difficult to understand fully 
if the observer has not yet acquired a large enough knowledge base of the work 
being observed. 

3.2.1 Setting 

The setting was a command and report center, using version STRIC.  

3.2.2 Observations and interviews 

The detailed construction of the working environment cannot be revealed for 
security reasons, but all aspects of work found relevant to man-machine 
interaction will be treated.  

3.2.2.1 Instruments 

A lot of research was made in preparation of the field study, to ensure that 
observations and interviews could be performed objectively and thoroughly 
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(Hackos & Redish, 1998; Faulkner, Kirwan & Ainsworth, 1992; Seamster et al., 
1997), and more importantly, to enable relaxed conversation with users, while at 
the same time being focused on what to write down. The guidelines also served 
as a general pattern for the documentation. 

To limit the amount of which the observer would interfere with the controllers’ 
daily routine only a pen and a notebook was used to record observations and 
statements. 

3.2.2.2 Participants 

In total there were about ten Fighter Controllers of varying age and experience 
who contributed to the results of the interviews. Close to half of them also 
carried the position as Chief Fighter Controller. Opportunity was given to see 
five of the controllers working real time, during six sorties. 

Since the field study took place at a military installation, one of the controllers 
was made responsible for the visit, and was assigned specifically to answer 
questions and to function as a guide. This controller was also taking part of the 
focus groups at the company. 

3.2.2.3 Procedure 

The first day of the field study was on a Monday. As it turned out this was 
beneficial because on Monday mornings a briefing is held together with all the 
controllers working in the facility. On other days of the week the morning 
briefings are held with each command and report center separately. This gave 
the controller assigned to handle the visit an opportunity to give a brief 
introduction to the study. Most of the controllers were already aware of the 
project, because of their representative in the user group. 

When the briefing was over a tour around the facilities followed, during which 
many of the observations were made. Most of these observations were reported 
again during the following days of the visit, which gave them some certainty. 

After the tour a walkthrough of the STRIC was performed together with the 
controller/guide. There was also time to witness several sorties. The controllers 
were asked to talk as much as possible about what they were doing and why. 
Questions were asked about certain behavior and features that were not 
understood, or in order to compare the answers against what other controllers 
had previously reported. 

The approach of the interviews with the controllers was very informal, which 
came naturally by the friendly and relaxed attitude of the controllers, who 
sometimes spontaneously would engage in conversations on topics regarding the 
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workstation, work environment, critical situations they had experienced, and 
how they would like to improve their working situation etcetera.  

It is quite difficult to label the interviewing technique that was used during the 
site visit; perhaps it would best be called “opportunistic interviewing”. The idea 
was to get as much information as possible at all times, so the interviewing 
technique was adapted to the situation and the person or persons being 
interviewed.  

Below, the list of interviewing techniques that were used during the site visit is 
presented:  

• Concurrent, contextual interviews. 

• Think aloud protocol. 

• Cued recall interview. 

• Process interview. 

• Ethnographic interviews. 

• Cued recall interview or discourse-based interview, artifact walkthrough. 

• Critical incident interview. 

• Group interview. 

Concurrent, contextual interviews (question asking protocol); probing for 
information whiles the user is performing the task. 

If not spontaneously by the controllers, a conversation would be opened by 
making a general question concerning some trivial but relevant matter that could 
be picked up on. Sometimes, for instance during coffee breaks, several 
controllers were present; at other occasions only one. The notepad was always 
kept available, and everything that was interesting was written down. A lot of 
abbreviations were used, some standard forms and some developed during the 
visit. Comments regarding certain topics were denoted with certain letters put in 
front of them to make later categorization and interpretation of data easier. The 
letter ‘E’ for instance denoted a comment about the work environment. A lot of 
care was taken to make sure that the controllers would not feel like they were 
being quoted all the time. 
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All of the use cases specified during the first and second focus group (see The 
Fighter Controller 3.1.5.1) were witnessed to some degree, although some more 
frequently than others. 

During the following days, the observations and interviews continued in much 
the same way.  During the second day the position of the Chief Fighter 
Controller was studied in closer detail, and during the third day there was also 
time to look at the position of the communications officer. The communications 
officer was not a position that was going to be modeled within the MMI-study 
but it was still regarded as a valuable source of information since the position is 
managed using the same workstation. In total, six sorties were observed. 

Data were interpreted during data collection, when there was opportunity to 
check if the interpretation was correct. The objective was to be as open to 
impressions as possible, and therefore little regard was taken to the early results 
of the focus groups during the field study. Everything was summarized after 
having returned to the company. A categorization of errors – human and of the 
system – was made to see how a better design of the physical and graphical 
interface could be made to prevent these errors. Data concerning what was 
working well in the current system was also recorded and used in the same way. 

3.2.3 Results 

Something to bear in mind is that all of the sorties were witnessed during peace 
time conditions. During peacetime there are specific flight safety regulations to 
be followed and traffic has to be coordinated following specific procedures. A 
lot of the time spent, and the tasks performed, focus on maintaining flight safety, 
and it is difficult to say what the work situation would be like during a wartime 
situation. Subsequent sections present the results from the observations and 
interviews. 

3.2.3.1 Physical work environment 

These were the observations made regarding the controllers’ current work 
environment: 

Lighting   Dim; to improve screen visibility.  

Ventilation  Good. 

Temperature  Stable, slightly below normal room temperature. 

Noise level  Low. 

Work related Maps, tarifolders™, pens and pencils, and different types 
artifacts  of documents such as lists of phone-numbers were
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  frequently handled at the workstation. There was one
  separate phone that was used for flight safety. A
  whiteboard contained more general information. 

Personal artifacts Different personal artifacts were placed on the individual 
workstations: spectacle cases, notes, hand cream, fruit. 

Physical access Input devices were spread out and some of them had to 
be stretched for in order to use. Maps and local 
regulations were beyond immediate reach. The 
workstations were open in a way that enabled someone to 
sit fairly close to a controller at work, for instance during 
a tutorial session. The floors permitted sliding chairs in 
between workstations and it was possible for controllers 
sitting next to one another to talk to each other. 

Manual handling It was awkward to send commands and to handle input 
devices, maps and folders. Often, several different input 
devices of the same and of different types had to be used 
to send one command.  

Visual access Because of the dim lighting, reading, and especially 
scanning the maps, was difficult. The screen had poor 
legibility because of the poor choice of background color 
(grey). 

Posture  From an ergonomic point of view, having to reach for 
input devices, and having to bend forward to be able to 
read on the screen is terrible. This results in little or no 
support for the wrists or the back. In the long run the bad 
posture could cause damage to the wrists, shoulders, 
back and neck. 

Housekeeping There was no real place to put pencils or personal 
artifacts, which meant that it was difficult to keep the 
work area tidy. Even though apparent effort had been 
made to do this all sorts of things were lying on the 
workstation, potentially obstructing physical access. 
Besides pens and pencils, artifacts such as spectacle 
cases, notes, papers and even an apple were found around 
the workstations. Pens had a tendency to be momentarily 
misplaced. 

Personal equipment No personal equipment had to be used in order to 
perform the working tasks. Equipment did not have to be 
borrowed to perform tasks. 
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System dependency Controllers were completely dependent on the system to 
perform their tasks. 

Note: During the time of the field study the number of people working at one 
time was fairly low. If fully manned, the ventilation, noise and temperature level 
might be perceived differently. 

The following figure, Figure 3-1, displays the current workstation used in 
STRIC: 

Figure 3-1: The STRIC workstation (courtesy of Aerotech Telub). 

 
The workstation consists of a custom made table with four touch screen 
displays, two regular screens, a telephone, headset, keyboard, trackballs, a 
mouse and a small lamp. 

3.2.3.2 Social work environment 

The Fighter Controllers are all trained professionals. They have to be experts 
before they are allowed to control fighters on their own. 

A wide range of tasks has to be performed. Some of the tasks have to be 
performed quickly and accurately, without making faulty decisions or mistakes. 
This could otherwise lead to critical incidents. The controllers therefore have a 
large responsibility. 

The only real source of help comes from other controllers, since there is no time 
to look in any manual, if a critical situation arises. Controllers usually sit beside 
each other in a row of workstations. As long as help can be given verbally, 
directly or by phone without that someone else has to see the air situation 
picture, help is available at all times. The Chief Fighter Controller also monitors 
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the air situation picture on a larger scale, and informs the Fighter Controllers of 
situations predicted to be troublesome, and assist if necessary. 

Controllers sitting close to each other often share information between them, for 
coordinating work during their sorties. Briefings are held in a separate room 
together with everyone working in the same command and report center. The 
room is used in order to give administrative information, to hand out missions 
and weather condition reports. 

Even though there is a strong social hierarchy imposed on the controllers by the 
military rankings there is a relaxed atmosphere between the controllers. This is 
necessary because controllers have to be able to work together and have good 
communication skills. Positions are also switched among the controllers. An 
officer can be in the position of Chief Fighter Controller and be responsible for 
higher-ranking officers working as Fighter Controllers. This situation is however 
not very usual and was not observed. 

The controllers usually perform the sortie on their own, but many times when 
more inexperienced controllers control missions an instructor will sit on the side, 
ready to help and assist. The profession is acquired more or less through 
apprenticeship. This also means that there are many individual styles of 
interacting with the system, and of interacting with the pilots. 

3.2.3.3 Problems in using the current system 

The data collection technique was not specific enough to decide the frequency of 
certain errors with any certainty, and the limited knowledge about tactics 
etcetera might have made certain errors go unnoticed, but it is still interesting to 
see what types of errors that occur and make some conclusion as to what could 
be done to prevent them. 

During the six sorties close to forty errors were observed. Many of them were 
system errors, which are difficult to take in consideration during design. If a 
source of information is known to frequently provide a system with faulty 
information the computer-system should not be made responsible for 
interpreting that information. If the design however has to cope with that a 
source, which is expected to work, is down or is showing instability for reasons 
like maintenance or repair, then predictions of system states and design work 
increase in difficulty. This aspect was not the responsibility of the MMI-project 
to consider, but still important to illustrate since it was a source of error that 
often resulted in confusion for the controllers. 

There were other sources of disorientation or confusion. One of these sources 
was the lack of feedback. Controllers for instance indicated on several occasions 
that something was wrong, but they were unable to figure out what it was. There 
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was even a situation in which a controller could not tell if part of the equipment 
was working or not. 

The tasks that can be performed at one workstation depend on the position that 
is chosen at login; for instance, fighter or Chief Fighter Controller. When 
manning is low controllers are sometimes logged in at two workstations 
simultaneously to be able to manage work. 

Even though the controllers are all expert users it was clear that the system gave 
little support for mental models and modes of use. Controllers complained about 
that no routine or reflex behavior could be established. It was difficult to acquire 
skills due to the required long sequences of input that were spread across input 
devices, and complicated relations between graphical displays and input devices. 
Interaction was perceived as awkward. The physical and visual access, as well 
as manual handling needed to interact with the system, was poor (see Physical 
work environment 3.2.3.1). 

Changing the personal settings and redefining the air situation picture sometimes 
had unwanted consequences. It was gathered that there were at least three 
functions that would not be used because controllers were afraid of messing 
something up in the computer-system.  

Many of the abbreviations used on the different displays were unclear or failed 
to indicate any semantic meaning, even to the most experienced controllers. 

The Fighter Controllers used about four of the twenty-nine available tactical 
displays (there were individual preferences). The function of many of the 
displays was reported as unknown. 

Many controllers travel a lot between different command and report centers 
around the country. This sometimes means that the wrong call sign is used due 
to automation of behavior.  

Only one violation made by controllers was recorded, however on several 
occasions10.  

As can be seen from the problem areas, only few errors can be attributed to the 
performance of the controllers. 

3.2.4 Brief discussion 

The objective of the field study was to get a better idea of what it feels like to be 
in the situation of a fighter- and Chief Fighter Controller, to gain a more graphic 
impression of the workflow and tasks, and to record behavior and to understand 

                                                 
10 The specific error cannot be revealed here for security reasons. 
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more of the mental models required to perform the work. This was done 
successfully, and served as an introduction to the domain and practice of fighter 
control. 

Three days seemed like an adequate period of time to gather information from 
one field study. A few days were needed to summarize and fully acquire the 
collected data. 

Many of the controllers’ mental models are not supported by the design, which 
is indicated by the problem areas. It is difficult to improve performance to a 
level of expertise that allows for routine and reflex behavior. The results from 
earlier activities of verification and validation performed by the FMV (see 
Introduction 1) are confirmed, in respect to the graphical and physical interfaces. 

The attitude towards the visit among the controllers was very positive. It is fair 
to say that all of them had experienced difficulties in using the current system, 
and were looking forward to a new version of the system. 

It was perceived to be rewarding to design a system that would improve the 
working conditions of the Fighter Controllers. This does not make easy to 
design a usable system. 

If time had permitted, more visits like this could have been made to deepen the 
understanding for the conditions and constraints that the controllers experience, 
and in order to compare observations across visits. However, enough data had 
been collected in order for the work to move on to the next phase. 

3.3 Designing the interface 

3.3.1 Developing technique 

Once the second focus group had been held there was enough input to start 
prototyping the interface and the functions through which the user’s working 
goals could be obtained. This was done in two steps: 

First, a participatory design was used in order to bring out the basic principles of 
the design and interaction. A participatory design was used because the factors 
influencing how the use cases would be carried out in certain situations were too 
many to yet be fully understood, and tactical competence was required. It was 
also a way for ISD to make sure that the “new” perspective of cognitive 
engineering would not yield something irrelevant. 

After the basic principles had been formulated, the functionality was illustrated 
by constructing screenshots displaying the sequences of action, which would 
serve as low fidelity (LoFi) prototypes. 
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The LoFi-prototypes would later be displayed to the users during the next focus 
group meeting, to present to them how their demands had been interpreted. The 
images would also be of help to the technical staff when implementation of the 
interface and realization of the use cases would begin. 

3.3.2 Considerations 

Many aspects had to be considered when creating the design. Most of the 
questions that had to be answered are displayed in section 2.16.1 (Building an 
interface). Taking the perspective of cognitive engineering meant that cognitive 
processes and abilities should be supported in the design in order to improve the 
performance of the man – machine system. The users should be able to 
accurately perceive important visual cues in the air situation picture in order to 
gain a high level of situation awareness and strategic control. They should also 
be able to maintain this level of awareness and control while interacting with the 
system, which would require working under acceptable levels of workload, and 
find ways of excelling in their performance through practice and experience (see 
Visual perceptual cues 2.4.1.2, Situation awareness 2.6, Workload 2.10, Control 
2.11 and Expertise and Skills 2.8). One way to achieve all this is by providing an 
interface with useful information that is organized and presented in a good way, 
input devices that are accurate and easy to use, and by determining an adequate 
mode of interaction between the users and the system (also see The prototype 
3.4). 

3.3.3 Setting 

A conference room at the company was used for the participatory design. 

3.3.4 Participants 

The participatory design was conducted together with the MMI-project manager, 
who is a former fighter and Chief Fighter Controller with extensive experience. 

3.3.5 Instruments 

For the participatory design, the use case specifications, a whiteboard, pens and 
paper were used to capture ideas. The illustrations were made in a basic 
computer paint tool. The LoFi-prototypes where mediated to the users via a slide 
show. 

A compilation of guidelines was made based on recommendations on screen 
design from Tullis (1997), and guidelines from Hackos and Redish (1998). 
Some of the guidelines were also derived from the texts presented earlier in the 
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thesis. The guidelines were not used as a compilation of rules, since they would 
have to be applied to a context, but more as a source of inspiration on how to 
solve certain design issues. 

3.3.6 Procedure 

3.3.6.1 Participatory design 

Most of the design could be developed over just a few meetings. The use cases 
were discussed one after another starting with those most central and important 
for the overall work. At the same time, design solutions regarding functionality, 
interaction, the graphical and physical interface etcetera, were developed. 

Ideas to design solutions and interaction were illustrated on the whiteboard and 
then discussed. The project leader would, besides discussing and giving 
suggestions to the design, also function as a tactical advisor explaining features 
about the work, the surrounding organization, and technical systems that the 
future command and report center would have to work with. 

When a design solution for functions enabling the performance of a use case had 
been reached, it was written down on paper, before continuing onwards to the 
next use case. 

3.3.6.2 LoFi-prototyping 

When the principal design for the graphical and physical interface and man-
machine interaction had been constructed, it was time to prototype it so that the 
users and technical staff could give their opinion about it. 

Images were drawn in a paint tool, to illustrate the sequence of action for 
accomplishing each function that had been specified so far. Each image served 
to illustrate one step in an action sequence. A slide show was made from the 
sequences of images, which was to be shown to the user group during the next 
focus group meeting. A manual was made, with the images and texts explaining 
the images, interaction and effects of certain actions at each step in the action 
sequences. 

3.3.7 Results 

The results from the design sessions are too specific to incorporate in this thesis, 
but some of the basic principles will be presented: 
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It was decided during the participatory design to use a lot of metaphors from 
personal computing, in order to make the mode of interaction as familiar and 
easy to learn as possible. 

A mouse, for controlling a cursor, was going to be used as the main device for 
input. The functionality would require quick and distinct movement of the 
cursor over the screen, which would be easier to obtain using a mouse instead of 
for instance a trackball. A keyboard also had to be used as an input device for 
certain functions and it was anticipated to be a necessity later on when more 
administrative functions would be implemented. Most of the input should 
however be performed using the mouse, thus enabling the controllers to 
maintain focus on the air situation picture. 

All functionality thus far could fit on one screen. The graphical interface should 
not require a room with dimmed lights for intelligibility. The controllers need to 
experience good lighting conditions for reading documents etcetera. At the same 
time the lighting conditions should not impose limitations on the use of other 
design principles, which meant that lighting had to be properly adjusted. 

The next section illustrates how the design was later implemented in the 
prototype. 

3.4 The prototype 

This section will briefly describe the environment in which the prototype was 
built, and important aspects of the prototype’s physical configuration and 
graphical design as it was going to be evaluated in the end of iteration one of the 
MMI-project. 

3.4.1 Environment 

Compared to the work environment observed during the field study the MMI-
laboratory at ISD is quite different. It is a normal office environment with good 
lighting conditions, for reading paper documents etcetera. This was thought of 
as a premise for the development of the graphical interface. The light had to be 
bright enough to enable reading orders or exercise instructions without straining 
the eyes. At the same time, there should be good visual access, and legibility on 
the screen, without interfering reflexes. Figure 3-2 illustrates the prototyping 
environment at ISD. As can be seen in the figure, several different hardware 
configurations were elaborated. 
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Figure 3-2: The prototyping environment at ISD. 

 

3.4.2 Physical interface 

This section will define the instrumental setup of the prototype that was going to 
be used during the evaluation. 

3.4.2.1 Input devices 

A regular set-up of one keyboard and one mouse was to be used. 

3.4.2.2 Screen 

One 21” TFT monitor was to be used in order to display the graphical interface. 

3.4.2.3 Tables 

Two tabletops was custom designed and constructed. They were each mounted 
on table legs that could be adjusted in height. The tables can be seen in Figure 
3-2.  

The tabletops represent two different concepts of use. Both have quite a lot of 
space to put artifacts, in contrast to the current system. It is easier to sit side by 
side at table one, which would be beneficial for instance during a teaching 
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session. Table two has areas that extends out on each side of the controller 
sitting at it, in order to enable for example documents to be stored much closer 
to the controller. The two tables were presented to get the users’ opinion on 
which concept they would prefer. 

3.4.3 Graphical interface 

This section will describe features of the interface design and how these were 
implemented into the graphical interface of the prototype. 

The graphical interface has four major components: 

• Map-information. 

• Symbols or objects. 

• Mission information. 

• Interaction with the simulator toolkit. 

The map-information includes the geographic map, airports and other static 
information, which constitutes optional layers in the air situation picture. 
Objects are displayed to symbolize own and enemy aircraft, and civil traffic. 
Information related to the current mission is also presented. A simulator toolkit 
worked together with the graphical interface. Aircrafts could be given a course, 
altitude, and velocity through a pop up box. This was a feature that was 
necessary for manipulating aircraft, but was really not part of the prototype. 

It is beyond the scope of this thesis to explain every feature of the graphical 
interface, however, three examples will be given to illustrate the type of 
principles and considerations that were made during design (also see Designing 
the interface 3.3). The questions, which are asked during design, are essentially 
the same as those posed during validation (see Evaluating the prototype 3.5). For 
instance: What cues or feedback should be provided to make the user understand 
the situation and what to do next? How can users’ needs and requirements be 
met with solutions that help them in performing cognitive and working tasks? 

The first example is of how information related to specific aircraft is organized 
and handled. Each aircraft has a label connected to it. The label serves as a quick 
reference for the most important information related to and pertaining to the 
aircraft. A separate window displays all the information. Labels can be in one of 
three states: a default state, one state for when the cursor hovers over the 
aircraft, and another state when the aircraft is clicked on (activated) with the left 
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mouse button. Figure 3-311 illustrates aircraft with connecting labels in the three 
states, default, hover and active, from left to right12. 

Figure 3-3: The three states of labels connected to aircraft. 

 
The user can specify the amount of information, which is shown at each state. 
This is one example of how the user can adapt the interface to the current task 
and personal preferences. It also illustrates how to reduce the amount of 
concurrent information on the screen. Relevant information should be available 
when the user needs it, and only then. Superfluous information will hamper 
performance, since there will be more information to scan through, and because 
many large labels will hide map information. The following figure, Figure 3-4, 
illustrates the window from which the labels are organized. 

Figure 3-4: Window from which labels connected to aircraft are organized. 

 
                                                 
11 The figures display screenshots from the prototype. The figures are in grayscale for 
practical reasons, even though the prototype’s graphical interface is in color. Notation is in 
Swedish. 
12 The design of the aircraft symbols was borrowed from the current STRIC, since the design 
of symbols was not a priority at this stage of development, and because it was considered 
better to provide the controllers with familiar symbols rather than with arbitrary symbols. 
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The aircraft label window has three tabs that correspond to the different states a 
label can have. Each tab looks the same. The column on the right displays the 
full range of attributes connected to the aircraft that can be shown in the label. 
The columns on the left, map directly to the labels. Attributes in the right 
column are dragged and dropped on the label-columns, which updates the 
aircraft-labels dynamically, in order to give direct feedback. Attributes can be 
moved from one slot to another in the label-columns, and are removed by simply 
dragging and dropping the attribute outside of the columns. Practical features 
have been implemented so that if one attribute is dropped on another the label 
will shift to fit both, etcetera.  

Below the label-columns is a checkbox, which decides if the background color 
of the label is white or transparent. In Figure 3-3 for instance, the default state 
label has a transparent background, while the hover and activated states have 
white background. The background color is also displayed in the label-columns, 
as Figure 3-4 illustrates, in order to give consistency to the interface. 

The second example also concerns the labels. Labels are expected to be quite 
central in the process of monitoring, understanding and controlling the air 
situation, which is why many aspects of their use were considered during design. 
There is an innate problem with using labels to aircraft: Either the labels will 
hide other information, or other information will hide part of the labels. The first 
alternative, which is shown in Figure 3-5, was chosen for the prototype, since 
this solution was considered more intuitive.  

Figure 3-5: Label hiding aircraft. 

 
To come about with the problem of labels hiding information, a “Blow away 
labels” feature was invented, designed and implemented. It works in the way 
that when the user holds down a specific button on the keyboard, all labels 
within a certain distance from the cursor will be “blown away” from the 
pertaining aircraft. A line is drawn from the labels to the aircraft so it is easier to 
see to which aircraft the labels belong. Figure 3-6 displays the “Blow away 
labels” feature. 
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Figure 3-6: The “Blow away labels” feature. 

 
There are also two other solutions that have been implemented to handle labels:  

Perhaps the most intuitive way for the user to interact with the labels is through 
using the drag and drop feature on the labels. By using this feature the user is 
free to organize the labels in ever which way he or she wants. A connecting line 
is displayed between labels and aircraft. The labels will follow the aircraft on the 
distance specified by the users’ drag and drop. The labels are reset by activating 
the respective aircraft symbols and pressing the escape button on the keyboard. 

An indirect way of handling labels is through using the zoom function. When 
the air situation picture is zoomed in, aircraft and labels will come further apart, 
and will then not overlap. Zooming is made through scrolling on the wheel of 
the mouse while holding down a button on the keyboard. A “quick-zoom” 
feature was also implemented, which zooms in the area around the cursor while 
a button on the keyboard is pressed. The picture zooms out again when the 
button is released. 

The redundancy in features was created with three purposes in mind. First, users 
can choose the feature that will work best in respect to the current situation. 
Second, users can individually choose the feature that they feel most 
comfortable with. If the features work equally well, this can only be seen as 
beneficial. Third, it might be possible to observe if controllers prefer a certain 
feature or style of interaction during evaluation of the prototype. This could give 
implications for how to solve similar problems, and for how to build a suitable 
and consistent design of the MMI. 

The third example illustrates how to place a pointer. Controllers want to be able 
to place pointers for two reasons. The primary use is for sending it via data link 
to the pilots, in order to draw their attention to certain events or objects in the air 
situation. It is also used as a distributed memory of certain events or objects for 
the controllers themselves. 
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The basic principle of how to interact with the prototype is through using the 
“Mission-menu”, which is accessed by clicking the right mouse button13 while 
the cursor is over the background, or by pressing a specific button on the 
keyboard. Right clicking while the cursor is over an object, such as an aircraft, 
will open a contextual menu referring to the object. The information and 
possibilities relating to an object is presented in connection to it, in order to 
make it easier to find. The Mission-menu contains the most important and 
frequently used functions, and placing a pointer is one of those functions. 

The first step in placing a pointer is opening the Mission-menu and selecting 
“Pek”14, which is illustrated in Figure 3-7. 

Figure 3-7: Placing a pointer, figure 1. 

 
 

When Pek is selected, the cursor changes in appearance to resemble a “Pek”15, 
as illustrated in Figure 3-8. This provides the user with feedback on the choice 
that was made from the Mission-menu. The “Pek-cursor” also serves as a cue for 
the next step. If however, choosing to place a pointer from the menu was a slip 
or mistake, pressing the escape button on the keyboard can be used to terminate 
the sequence. An opportunity for error recovery should always exist (if 
possible), and it should preferably be fast, easy and intuitive. 

                                                 
13 The displayed examples presuppose a right-handed user. For a left-handed user the mouse 
buttons would be reversed. 
14 Swedish for pointer. 
15 The pointer was designed to look as it does in the current and previous systems. This was 
done by request of the controllers, and since the particular design was not considered to have 
a great affect on performance, the controllers’ performance would probably be better with a 
familiar symbol, than with an arbitrary symbol.  
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Figure 3-8: Placing a pointer, figure 2. 

 
Clicking the left mouse button places the pointer, and since the cursors position 
is always displayed in the status bar in the air situation window, the pointer can 
be placed in exact position if required. When the pointer is placed the cursor 
returns to default appearance. 

During the focus groups the controllers expressed a wish for a way to show the 
heading in connection to the pointer. The conceived solution seeks to prime the 
user towards taking the correct action, and enable the user to rely on recognition 
memory, instead of recall: 

When the pointer is placed, a line is displayed, symbolizing the heading (of the 
referred object). The line extends from the centre of the pointer towards the 
cursor. As the cursor is moved across the screen, the line will move to keep 
pointing in its direction. The angle of the line is displayed in degrees below the 
pointer. This is meant to assist in setting the desired angle. Figure 3-9 illustrates 
the “Pek”, heading and angle, as the heading is hooked to the cursor. Clicking 
the left mouse button sets the heading. The heading can also be set by using the 
number pad on the keyboard. When the heading is set, the angle of the line to be 
displayed in degrees below the pointer is removed, because it is no longer 
necessary information.  

Should the user prefer not to display the heading, the escape button on the 
keyboard will remove the line. Double-clicking the pointer will re-display 
and/or re-hook the line to the cursor, if the heading should have to be adjusted. 
The position of the pointer can be adjusted by drag and drop. 

There is no limit on the particular number of pointers that can be set in this way. 
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Figure 3-9: Placing a pointer, figure 3. 

 
The pointer is sent through opening the contextual menu connected to it and 
choosing the appropriate command. The command explains to what the “Pek” 
refers or points. The menu is accessed by clicking the right mouse button, while 
the cursor is positioned over the pointer. Selection from the menu is made by 
moving the cursor to the desired command, and then clicking with the left 
mouse button. This is illustrated in Figure 3-10. The commands are standard 
within the Swedish Air Force. 

The pointer can also be distributed to other controllers within the same 
Command and Report Center. This is only handled verbally in the current 
STRIC. Distributing the “Pek” displays a principle for sharing information in 
between the controllers. A pointer could for instance be distributed in order to 
call another controller’s attention to an approaching civilian aircraft. Thus, 
distributing pointers is a way of supporting shared situation awareness among 
the controllers. 
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Figure 3-10: Placing a pointer, figure 4. 

 
The sending pointer is designed to appear a bit thicker than the prepared, and the 
sent command is displayed below it. The sending “Pek” is illustrated in Figure 
3-11.  

Performing a drag and drop on a pointer while it is sending, will create a copy of 
it. This is a quick way of preparing new pointers or the next pointer to be sent. 

Figure 3-11: Placing a pointer, figure 5. 
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These were only a few examples of the features that have been implemented in 
the graphical interface, but the considerations made in respect to design 
solutions presented in these examples are quite important. If these 
considerations are not made, the design will fail in its purpose: To ensure that 
the users have the best means possible for accomplishing their work in the best 
way possible. 

3.5 Evaluating the prototype 

The goal and purpose of the evaluation was to gather enough input to be able to 
judge whether or not the prototype created during the first iteration matched 
what the users expected, wanted and needed. The evaluation meant to tell if 
requirements had been achieved, if work was going in the right direction, and 
further, which ideas that could be adopted, which had to be further developed, 
and which had to be improved or remade. Presented below are the questions that 
needed to be answered in respect to the theoretical background (specific 
chapters are displayed within parenthesis after each question). 

Does the prototype: 

• Match the users’ mental model? (Scripts 2.6.3.4) 

• Convey a consistent conceptual model? (Scripts 2.6.3.4, Focused attention 
and priming 2.5.2) 

• Match the users’ way of working? (Scripts 2.6.3.4, Expertise and skills 
2.8) 

• Use the users’ words? (Focused attention and priming 2.5.2, Expertise and 
skills 2.8 – domain knowledge) 

• Help users make the transition from what they have been doing before? 
(Expertise and skills 2.8) 

• Divide the work and responsibility well between the computer and the 
user? (Workload 2.10) 

• Provide messages where and when the user needs them? (Perception 2.4, 
Attention and consciousness 2.5) 

• Maintain consistency in the look and feel across functions? (Perception 
2.4, Expertise and skills 2.8) 
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• Maintain consistency in where buttons, icons, and other navigation tools 
are across functions? (Perception 2.4, Expertise and skills 2.8) 

• Maintain consistency in the vocabulary across functions? (Expertise and 
skills 2.8) 

There were also two more practical, and yet important questions that needed to 
be answered: 

• Are all the tasks that users expect to be able to do with the product 
covered? 

• Does the prototype work for all the scenarios (situations) that the users 
say occur, errors included? 

3.5.1 Usability goals 

In order to measure usability it is necessary to define it first, which is not easy, 
since there is not a good and practical standard for usability. In fact there cannot 
be a specific standard, because the definition will have to be adapted to the 
current situation and product (see Usability goals 2.16.4.1) 

For the evaluation, usability was divided into seven factors, which would help 
display the relevant aspects of usability pertaining to the prototype, answer the 
questions posed in the previous section, and allow usability to be measured: 

Relevance   How relevant is the system for solving the work tasks? 
Does it answer to what the controllers need? 

Attitude  Is the system accepted positively by the users? 

Effectiveness  Does the system enable the users to: 

1. Perceive and understand the situation, form a picture of it, 
and gain control? 

2. Formulate and make decisions to control the situation? 

3. Carry out decisions and manipulate the situation? 

Learnability   Can the interaction be learned, and remembered, and the 
performance improved? 

Intuitiveness   Does using the system require much training? Is it consistent 
to mental models? 
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Effectiveness was divided further to illustrate different cognitive aspects. 
Intuitiveness was added because it was also an aspect that needed to be 
illustrated. 

Apart from these usability goals for the interface it was also important that the 
controllers could work in an environment that was optimized to support the 
usability goals, mainly effectiveness and attitude. 

3.5.2 Design of the evaluation 

One important factor that had to be considered when deciding on how to build a 
method for the evaluation of the prototype and what techniques this method 
should include was the number of controllers participating in the study, which 
were quite few. A group-design would therefore not permit conclusions to be 
drawn with any statistical validity. Hence, the method had to be constructed in a 
way so that as much input as possible could be gained from each individual. The 
collected data could then be used to illustrate how well each participant felt that 
their own statements, suggestions and demands had come through during 
modeling; that is, to what extent their wishes and needs had been correctly 
interpreted and implemented in the prototype. A good way to operationalize 
usability goals in order to collect this type of information is by using one or 
several subjective measures (see Usability goals 2.16.4.1). 

Certain facts were taken into extra consideration before choosing the techniques 
for data collection of the subjective measures. It was very important to prevent 
loss of data (also see Participants 3.5.4). The user group was selected to display 
as much individual characteristics as possible, which is advantageous when 
using a limited number of participants, but also means that any loss of data is 
potentially a loss of valuable input, since typical information cannot be expected 
to be provided by another user. 

An objective measure such as a performance measure could be used in order to 
illustrate other interesting aspects of the interaction (see Usability goals 
2.16.4.1), and should also be used to control attitude against performance, to see 
whether there might be a difference between the actual performance and how 
participants felt that they performed. 

Another important factor that needed to be considered when selecting method 
and data collection techniques, was that the user group would only be available 
for one day, which meant that data had to be interpreted fast and accurately. 

3.5.3 Setting 

The evaluation was held at the company in the MMI-laboratory. 
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3.5.4 Participants 

The same six end-users that participated in the focus groups also participated in 
the evaluation. (see Focus groups 3.1). 

For focus groups the small size of the user group was not a problem. A larger 
number would only increase the difficulty of coordinating the group. 
Considering the evaluation and validation of the prototype however, the small 
size of the user group made it difficult or even impossible to argue in favor of 
that the group constituted a representative sample of the population. It was 
equally hard to say that the individuals were representative of any other group 
based on individual characteristics; for instance classified according to age or 
sex. Could the one woman participating in the focus group be said to speak up 
and raise issues that are typical for all women working as Fighter Controllers? It 
would be difficult to use statistical measures to validate the prototype and say 
how it would work and be accepted in the end by the population of fighter and 
Chief Fighter Controllers. 

Since a larger user group or a group of different individuals was not possible to 
gather for practical reasons, it meant that techniques for data collection and 
evaluation had to be selected and performed with great consideration in order to 
gather as much feedback as possible from the users, and try to register individual 
attitudes, preferences and behavior. 

3.5.5 Data collection techniques 

3.5.5.1 Scenario 

It had been decided that subjective measures were going be used, which meant 
that it was the users who were going to evaluate the prototype using instruments 
provided by the observers. Hence, the users also had to be given a chance to get 
to know the prototype and interact with it in order to form an opinion about it. A 
good way do this was thought to be by using a scenario (see Scenario 2.18.3.1). 
For the evaluation, this meant creating a situation through which the users could 
try out the prototype, and from which certain effects of performing the scenario 
could be measured. 

3.5.5.1.1 The task 

The scenario was constructed to simulate a common peacetime exercise, which 
would also require the participants to perform all the use cases realized in the 
prototype. The controllers’ objective was to lead two missions toward target and 
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cap16 alternately, while briefing the units about surrounding aircraft, using non-
verbal communication. The difficulty of the scenario was set to induce a fairly 
high workload. All entities could be manipulated by using the dialog window for 
interaction with the simulator toolkit, and it was allowed (as it often is during 
real exercises) to reroute targets in order to create more favorable situations. 
Missions were to be guided towards the most convenient target. 

3.5.5.1.2 Initial state 

The initial state of the simulation was: the basic presentation without optional 
map information, two prepared missions with zero ground-speed, four targets 
following predefined routes, and sixteen civilian aircraft also following 
predefined routes. The air situation picture was zoomed out as much as possible. 

3.5.5.1.3 Initiating the scenario 

The exercise would commence when the controller entered a ground speed for 
the missions. 

3.5.5.1.4 Warm-up 

To be able to manage the scenario and have some ability in interacting with the 
prototype during the scenario a warm-up was needed. An assistant would 
explain the functions to each participant, respond to questions and give 
instructions. 

3.5.5.2 Background form 

A form was constructed to be able to say if the participants’ subjective opinions 
could be attributed to certain individual background variables (see Appendix A). 
These were the variables that were thought to possibly influence how the 
prototype would be perceived: 

• Age. 

• Sex. 

• Handedness. 

• Experience as an Interceptor/Chief Fighter Controller. 

                                                 
16 A cap is a holding point for the aircraft. 
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• Experience as a controller in the STRIC command and report center. 

• Access to a computer at home. 

• Computer experience. 

There was really no particular reason to believe that there would be a sex-
difference per se, which would influence performance or subjective valuations. 

One already established MMI-principle was that both right- and left-handed 
controllers had to be given equal prerequisites for using the system. Should one 
or several of the controllers differ in handedness, it would be important to 
illustrate if they could interact with the prototype equally well. 

Overall experience in fighter control would most likely influence behavior. It 
was not certain however in what way. Even though a controller with great 
expertise might be expected to perform better than a less experienced controller, 
the design of the prototype might work against transfer and automated skills if 
mental models were not supported, thus giving a negative result. 

The participants also had varying experience of different versions of command 
and report centers. This could also affect behavior, attitude, transfer, and 
performance etcetera. Therefore, it was thought to be interesting to see how 
participants with different experience in STRIC would perform with the 
prototype. 

Having a computer at home and the degree of computer experience was 
considered to be of great importance to how well the prototype could be 
interacted with, since the design drew upon metaphors based on personal 
computer software. 

3.5.5.3 Questionnaire 

To capture as many aspects as possible of the participants’ subjective opinions 
regarding the prototype, a good and reliable instrument was needed. Collected 
data also had to be fairly easy and fast to interpret, because of the time 
constraint.  

A well-designed questionnaire, handed out after the scenario, would give a 
structured picture of the participants’ subjective experiences (also see Inquiry 
2.18.3.3). By also providing an opportunity to comment on closed questions and 
by using open questions, the questionnaire could gather detailed data about the 
qualities of the system and could thus be used in order to confirm if the specified 
qualitative goals had been achieved. Not much time would be needed for data to 
be collected and interpreted. 
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A questionnaire was constructed based on Löwgren (1993) (see Appendix B), 
but differed quite a lot from the original. All questions were reformulated to be 
non-directed and the answer-scale was increased from three to seven. Some 
questions were changed in their significance or removed, and about twenty 
questions were added. In total there were fifty-three questions, out of which two 
were open questions, and three were questions ranging from “too much” to “too 
low”. The “best” answer to these questions would be a four. To each closed 
question there were also two other alternatives besides the scale. The first was 
“no opinion”, which was to be used for instance if the question could not be 
understood or if the participant had not been given enough time to form an 
opinion. The second was “irrelevant question”, which was to be used for 
instance if the question seemed irrelevant or offensive.  

Questions were designed to map against the different usability goals (see 
Usability goals 2.16.4.1), hence constituting the operationalization of them. The 
answers pertaining to each usability goal could then be averaged and interpreted 
as being the measure for that factor of usability, and from that a conclusion of 
the general usability of the prototype could be drawn. The questions were not 
evenly distributed among the usability goals. Some of the more complex goals 
had more aspects that needed to be illustrated. 

The participants’ valuations would reveal which of the aspects of the prototype’s 
usability that had reached a satisfactory level and which of them that had to be 
improved in some way. The open questions and the freedom to comment on 
answers would show more precisely what the users approved of, or wanted to 
improve.  

Two of the questions (number nine and ten) pertained to both attitude and 
relevance, and one question (number thirty) dealt with both attitude and 
effectiveness. This is not optimal statistically because potentially diverging data 
will have greater impact on the total result. However considering what the 
questions referred to and that there were only three of them, in addition to that 
data would never be interpreted in a way that would require such accuracy, they 
were thought to yield a better evaluation. 

3.5.5.4 Semi-structured interview 

It could not be afforded to lose any data. Therefore the questionnaire had to be 
gone over by an observer to see that all questions had been filled out. Some 
people also find it difficult to express themselves in words, and might be 
reluctant to add comments to closed and open questions. Others are just too lazy 
write down comments. A short semi-structured interview going over the 
questionnaire together with the participants would make the method more 
complete, flexible and dynamic. The interview would serve to check that all 
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questions had been answered, and also leave an opportunity for the participants 
give comments. 

Interviews would not be recorded magnetically or digitally, nor would they be 
transcribed. This would be too time consuming and was also not considered 
necessary since the interview was only going to be interpreted in relation to the 
questionnaire and the open questions, and not be interpreted on its own. 

3.5.5.4.1 Issues of particular interest 

Many of the questions in the questionnaire had been difficult to formulate as to 
reflect the intended significance. It was important to make sure that the 
participants had understood all questions correctly. 

These are questions that would be given during the interview to illustrate certain 
issues further: 

1. What is your general opinion about the prototype? 

2. Was there anything that you took particular notice of, regarding the 
prototype?  

3. Do you prefer to use a trackball or a mouse?17 

4. How do you feel that the use cases and your opinions during the focus 
groups have been realized in the prototype? 

5. Is the work going in the right direction? Do you think the prototype 
represents something that can be built on? 

Questions in the form that participants did not have an opinion about or had 
perceived as irrelevant, were also going to be brought up. If the question had not 
been understood, the observer would be able to explain it and perhaps get an 
answer. The answer would in that case have to be interpreted separately. 

3.5.5.5 Eye movement registration and video-recording 

Eye movement registration and video-recordings had been discussed with 
representatives of the Swedish Defense Research Agency (FOI) on several 
occasions. The registration of eye movements have been used before (see Visual 
scanning 2.8.3.1) in similar situations but not quite with the same purpose or 
with the same type of equipment as would be used during this evaluation. The 

                                                 
17 A trackball is used in STRIC, which means that the controllers were all familiar with using 
one. If they would answer that they would like to try using a trackball in the prototype, this 
could be made possible during the following iterations. 
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Jazz™ equipment was not yet validated and there was nothing written on how to 
interpret the collected data. It was therefore not clear whether this technique 
would contribute to the results. It was decided to proceed with using it anyway, 
leaving responsibility for data collection and interpretation to FOI18. The 
technique could prove to be valuable, and using it would be, regardless of the 
result, a step towards validating the equipment. 

In fighter control one of the main objectives is to maintain “the picture”, which 
means to constantly maintain high situation awareness (see Situation awareness 
2.6). One prerequisite of enabling this is that the fighter controller can maintain 
focus on the main indicator. Using a technique whereby it is possible to register 
and analyze eye movements, an assessment can be made if tasks can be 
performed without compromising situation awareness. 

Certain aspects of performance, such as mental workload and stress, can also be 
illustrated by using the registration of eye movements. High levels of mental 
workload can indicate that the design of interaction might need improvement. 

This is what the Jazz™ equipment is able to measure: 

1. Eye movement: horizontally and vertically. 

2. Head movement: horizontally and vertically. 

3. Level of hemoglobin in the blood, and oxygen saturation. 

4. Luminance. 

5. Sound; that is, amplitude. 

The eye movement registrations would be made during the scenario, and serve 
as an objective measure of performance. 

3.5.5.5.1 Video-recording 

As each scenario was performed, the users would also be videotaped. This 
would be done primarily to have something to match and interpret the eye-
movements against, in order to relate the performance of certain use cases and 
functions to certain eye-movements. 

                                                 
18 This means that validation of the technique and interpreting the results from registrations 
were not issues to be considered in this thesis, but they are still mentioned, to further illustrate 
the tools of cognitive science or cognitive engineering for usability testing. 
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Combining two techniques could provide a method for judging if there are 
difficulties in performance and be used to illustrate what is causing the 
difficulties. The method could thus be used for evaluations of systems in use, or 
prototypes, to give implications to what is working and what might need further 
development or remaking. 

3.5.6 Background task 

The evaluation was to be conducted so that two users would always be engaged 
in performing some part of it at the same time, either performing the scenario, or 
filling out the questionnaire or being interviewed. During this time the other 
participants were to be gathered in the conference room in connection to the 
laboratory, discussing matters that would keep the participants off the subject of 
the evaluation, thus not affecting the performance, attitude or valuation of 
participants that would perform the scenario later. 

3.5.7 Instructions, checklist and evaluation criteria 

3.5.7.1 Notes to the briefing 

A briefing was planned to be the first event on the day of the evaluation. The 
contents are described in greater detail in Appendix C. The participants were to 
be informed about: 

• The time schedule. 

• The procedure. 

• The data collection techniques. 

• Measures taken to preserve anonymity. 

The participants were given the admonition not to spread information about the 
prototype to other users that had not yet performed the scenario. 

3.5.7.2 Checklist before the scenario 

A checklist was constructed for the observers to use during the warm-up (see 
Appendix D19), to ensure that; the participant had been shown all functions and 
did not have any questions, that all equipment was running, that start time was 

                                                 
19 This appendix is confidential since it reveals specific functions of the prototype. 
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denoted, and that the criteria for help (see below) were available for using as a 
reference. 

3.5.7.3 Instructions to the scenario 

Instructions also had to be given to each individual before or during the 
scenario. Three possible alternatives were discussed: 

The first alternative was based on that participants would follow written 
instructions with ordered tasks corresponding to certain use cases. The 
instructions would be constructed so that all use cases realized in the prototype 
would be performed after the scenario had ended. The list of tasks would then 
serve as a pattern that would make it easier to interpret the eye-movement 
registrations as to correspond to the performance of a specific use case or task, 
and to say what, in each moment, a participant was trying to achieve. 

The second alternative was similar to the first with the only difference being that 
the instructions were to be given verbally by an assisting experiment leader. 
This would yield a more fluid performance during the scenario and more 
dynamic conditions that would mean a more natural situation for the controllers. 
The downside of using this alternative would be that reliability – due to the 
dynamic conditions – would decrease and that data from the eye-movement 
registrations would be more difficult to interpret. 

The third alternative was to provide only the main objective of the exercise, 
which would mean that no instructions at all would be given. This would be 
advantageous in that aspects like intuitiveness and learnability could be 
illustrated further, and that performance would not be affected by interference of 
the experiment leader. The design would also let the participants try their own 
style and strategy in controlling aircraft while interacting with the prototype. 
There might even be a possibility to see preferences for certain functions.  The 
disadvantage of pursuing this alternative would be that different participants 
most probably would perform use cases and tasks in different order. Participants 
would decide their own tasks and it would be harder to interpret performance in 
correspondence to eye-movements. It would also be more difficult to compare 
participants to each other, regarding not only performance and eye-movement 
registrations but also valuations; when it comes to interaction, learnability 
etcetera. 

It was not obvious which alternative to choose, so the decision was postponed 
until after the pilot study, during which the different alternatives could be tested. 

 90



3.5.7.4 Criteria for helping participants during the scenario 

The criteria were constructed so that the observer would remember to let the 
participants try to solve problems on their own first, and to treat participants by 
equal criteria. This was done in order to reduce the risk of separate treatment 
being a confounding variable that could influence the valuations, and affect the 
result. 

3.5.8 Instrumental set-up 

3.5.8.1 Instruments 

The instruments and apparatus used for the evaluation were: 

• Notes for the pre-scenario briefing.  

• 2 Pre-scenario checklists (one copy for each experimenter). 

• 2 Lists of criteria for giving help to users during the scenario. 

• The prototype. 

• The Jazz™ equipment. 

• 1 Digital video camera. 

• 3 digital tapes for the video camera. 

• 7 Post-scenario forms. 

• 7 Post-scenario questionnaires. 

• A number of pens. 

3.5.8.2 Instrument set-up during the scenario 

The workstation was adjusted by the users themselves. The video camera was 
placed behind and slightly to the right of user sitting in front of the prototype, in 
order to capture the interaction on the screen. The Jazz™-equipment was 
mounted on the users head. One observer sat on a chair behind and to the left of 
the user, prepared to help out in case of contingencies or if the user needed 
assistance. Another observer was responsible for the video camera and yet 
another observer handled the Jazz-equipment. 
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3.5.8.3 Instrument set-up during the inquiry 

The post-scenario form and the post-scenario questionnaires were filled out in a 
separate room, where the users sat for themselves. The semi-structured 
interviews were also held in this room. 

3.5.9 Pilot study 

A pilot study was conducted three days in advance to practice the procedure and 
to see if the prototype, design, instruments, techniques and set-up would work. 
There had been some discussion on how and when to give instructions to the 
participants in relation to the scenario. This discussion had led up to three 
alternatives (see Instructions, checklist, and evaluation criteria 3.5.7), which had 
to be tested. 

3.5.9.1 Participants 

Two employees at ISD, one man and one woman, with extensive experience as 
Fighter Controllers, agreed to take part in the pilot study. 

3.5.9.2 Differences between pilot study and the evaluation 

There were some methodological differences between the pilot study and the 
real evaluation for practical reasons. The video- and eye-registration equipment 
were not available so the procedure for using those techniques could not be 
practiced. The prototype also still had a number of bugs, which had to be fixed. 

Both participants performed the scenario and interviews at the same time. This 
was done to save time, and was not expected to reduce feedback. 

Unfortunately the different alternatives to giving instructions could not be 
properly tested because the scenario was too often interrupted by the 
malfunctioning prototype. 

3.5.9.3 Results from the pilot study 

Using a scenario was confirmed to be the right technique on which to base the 
evaluation. Unfortunately the prototype was not yet working as intended which 
interrupted interaction at several occasions, hence making it difficult to try out 
the different alternatives for giving out instructions, and for the participants to 
gain enough experience to be able to answer all the questions in the 
questionnaire. 

A few questions had to be reformulated in order to be more easily understood, 
and some adjustments had to be made to the structure of the questionnaire. 
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The third alternative, not to give out instructions, was chosen since it was 
regarded as permitting flexibility and giving freedom for participants to gain 
experience of the prototype on their own and perform the scenario according to 
how they would have in a real situation. This would also give an opportunity to 
see if certain functions were preferred over others when accomplishing different 
use cases. 

3.5.10 Procedure 

The evaluation was held during one full day. Initially a request was made to split 
the user group and conduct the evaluation on two separate occasions, partially in 
order to have a more relaxed time-schedule during the evaluation and also 
because the scenario could only be performed by one participant at a time, 
which would mean a lot of slack time for the rest of the group. This request 
could not be met for practical reasons. 

One of the participants mistakenly arrived two hours early. This was considered 
as beneficial because it meant that the participant was given extra time to form 
an opinion about the prototype. There was no demand on that the participants 
had to warm up an equal amount of time, because data were only to be evaluated 
separately for each individual and more warm up time was then only to be 
regarded as favorable when it came to making the later valuations. 

3.5.10.1 Introductory briefing 

The first part of the evaluation was a briefing with the participants, telling them 
all at once what the day would look like, what they were expected to do, what 
the time-schedule would be etcetera. This was done to ensure that everyone 
received the same and all information. The contents of the briefing can be found 
in Appendix C. 

Apart from the more practical issues surrounding the evaluation, the users had to 
be informed about the ethical aspects of the collection and handling of data, 
especially since the small group would easily allow someone to be pinpointed 
for making a certain remark or valuation. 

The order in which the participants would perform the scenario was made more 
or less at random. The participant who had come early was told to start, thus 
saving a bit of time since no warm up was needed. The oldest participants 
performed the evaluation last so that they, if time permitted, could have a bit 
more warm-up time. This was made in regard to that older people generally need 
more time to acquire new, and because they might be less proficient in using 
computers. Note that “old” in this case in not very old by regular standards. 
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3.5.10.2 Performing the scenario 

After the briefing it was time to start the scenarios, which were performed by 
one participant at a time. The other controllers occupied themselves with the 
background tasks. Three observers with different functions were present. One 
handled the participants, giving instructions and help etcetera, the second 
handled the video camera, and the third, a representative from FOI, handled the 
eye-movement equipment. 

The participant who was to perform the scenario was told to sit down at 
workstation one for the warm-up. A checklist was used in order to make sure 
that all functions were demonstrated to the participant and that all equipment 
was ready to collect data. The warm-up lasted for approximately fifteen minutes.  

When the warm-up had been completed, the participant moved to workstation 
two, which was the actual prototype (see The prototype 3.4). The participant 
was told to accommodate the workstation to fit personal preference; that is to 
adjust the table, chair, mouse and keyboard so that he or she could sit and work 
comfortably.  The reason for performing the warm-up at workstation one, was so 
that the participants could then try working at a different table and looking at a 
screen of a different size, to make it easier for them to think of alternatives later 
during the inquiry. After the workstation had been adjusted, the eye-registration 
equipment was mounted on the head. The assigned observer gave a short 
introduction to the equipment, before the video camera was set up. Preparing the 
video camera proved a bit tricky, since shooting the screen required manual 
settings, which had to be adjusted before each scenario. An unexplainable 
malfunction also caused the video camera to stop during one performance, but 
not much data were lost since the recording could be restarted within an instant 
and the interaction was not of a high intensity at the time. 

During the scenario the observer handling the participants was sitting next to 
and slightly behind the controller, to be able to assist if the controller required 
help, or in case of contingencies. Help was provided following certain criteria 
(see Appendix E). 

After approximately twenty minutes, the observer next to the participant started 
to look for a good situation in which to end the scenario. The scenario was 
ended in a moment when not much interaction was going on. The participant 
was then given an opportunity to take a short break before the inquiry would 
begin. 

Immediately after one participant had finished another was called in to perform 
the scenario. Overlapping the individual evaluations in this way meant that the 
time-schedule could be optimized so that almost no time was lost at the 
prototype. 
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3.5.10.3 Filling out the form and questionnaire 

The observer who handled the video camera was also responsible for giving out 
the form and questionnaire, and performing the interview. 

The participant was given the form and the questionnaire and was then placed in 
a separate room in close connection to the laboratory. He or she was given brief 
instructions on what to do and to contact the observer responsible for the inquiry 
after having finished, and was then left alone for as much time as needed, 
usually about twenty minutes. 

3.5.10.4 Being interviewed 

When the participant had finished filling out the form and the questionnaire, he 
or she had been instructed to contact the observer. A short interview was then 
held in which the observer would ask about questions that had been difficult to 
formulate in the questionnaire. There was also opportunity for the participant to 
give verbal feedback on the prototype, and further explain written comments. 
The interview usually took about a quarter of an hour. 

After the first participant had performed the inquiry two additions were made to 
the form. The three leveled scale which was used to assert computer experience 
was turned into a scale with five levels to give more freedom in the answer, and 
the option “no experience” was added to the alternatives answering the 
questions regarding experience as Chief Fighter Controller and experience in 
STRIC as a fighter- or Chief Fighter Controller. Both alterations were made at 
the request of the first participant, and were then used consequently throughout 
the rest of the evaluation.  

After the inquiry was finished the participant went back to the workshop. He or 
she was again told not to share any experiences or impressions of the prototype 
with the other controllers since this could bias the answers of other participants 
who had not yet performed the evaluation. 

3.5.10.5 Closing up meeting 

After all participants had finished the evaluation, everyone was gathered in the 
conference room. This meeting was not planned in advance. The participants 
were asked, in order to get the group’s opinion, about how they, in retrospect, 
felt about the evaluation, and what they thought about the prototype, the method, 
and how they felt about future development. 
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4 Results 
These are the results from the evaluation of the prototype20: 

4.1 Background variables 

Without revealing too much about the individuals, some things about the 
characteristics of the group are worth taking in consideration for the discussion: 

• All were right handed. 

• All had a computer at home. 

• All had at least a moderate experience with computers. 

• Total experience as FC ranged from moderate to great. 

• Total experience as CFC ranged from none to great 

• Experience in STRIC as FC ranged from none to great. 

• Experience in STRIC as CFC ranged from none to great. 

4.2 Valuations 

Table 4-1 through Table 4-6 display how the mean valuations and standard 
deviations (Stdev) corresponded to each usability goal (max = 7): 

Table 4-1: How valuations corresponded to the usability goal “Relevance”. 

Relevance  
Total mean 5.6
Stdev: 0,6

 

                                                 
20 The Swedish Defense Research Agency, had by the time this thesis was written not yet 
interpreted the results from the eye movement registrations. This work will be taken in 
consideration during iteration two of the development cycle, but is not a subject of this thesis. 
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Table 4-2: How valuations corresponded to the usability goal 
“Effectiveness”. 

Effectiveness  
Perceive and 
understand: 

5.4 

Formulate and make 
decisions: 

5.1 

Carry out action: 5.5 
Total mean:
  

5.4 

Stdev: 1,3 
Information on the 
screen: 

4.0* 

* Scale ranged between too little and too much. 

Table 4-3: How valuations corresponded to the usability goal “Attitude”. 

Attitude  
Work environment: 6.0 
    
Prototype   
General valuation: 5.4 
  
Physical interface  
General valuation: 4.7 
Tables: No opinion 
Input devices in 
general: 

5.7 

Mouse: 6.2 
Keyboard 4.7 
Screen:  No opinion 
  
Graphical interface  
General valuation:  5.3 
  
Prototype total mean:
  

5.4 

Stdev: 1,1 
  
Total mean: 
  

5.5 

Stdev: 1,1 
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Table 4-4: How valuations corresponded to the usability goal 
“Learnability”. 

Learnability  
Total mean: 6.0
Stdev: 0,1

 

Table 4-5: How valuations corresponded to the usability goal 
“Intuitiveness”. 

Intuitiveness  
Total mean:
  

5.3

Stdev: 1,2

 

Table 4-6: How the meta-aspects of the evaluation were valuated. 

Valuation of the evaluation  
Level of reality: 4.0 
Validity of scenario and set-up: 4.2 
Prototype/system response: 5.7 
Total mean:  5.0 
Stdev: 1,0 
Scenario length*: 4.1 
Stdev: 1,2 
Scenario difficulty**: 5.0 
Stdev: 1,1 
Set-up interference***: 6.2 
Stdev: 1,1 

*Scale ranged between to short and to long (scale: 1-7). 

**Scale ranged between to difficult and to easy (scale: 1-7). 

***Scale ranged from high to low (scale: 1-7). 

The standard deviations show that users answer similarly to the questions in the 
questionnaire. The biggest disagreement was regarding legibility (Stdev: 2.3). 
The individuals are also not deviating much across the individual answers (Total 
Stdev: 1.3). 
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4.3 Open questions and interviews 

Not every comment can be displayed here without violating the anonymity of 
the participants. Data pertaining to specific features of the prototype are not 
reported either, in order to maintain the conceptual level of this thesis and focus 
on the methodological issues of the evaluation. 

4.3.1 Conclusions 

• The use cases have been realized in a good way, expectations have been 
met and in certain aspects exceeded, and the work is going in the right 
direction. 

• At this stage in the development of the prototype, there is not enough 
features and functionality displayed in the prototype for the tables and 
screens to be evaluated.  

• The functionality realized in the prototype is relevant. 

• The surrounding conditions are good. 

• Graphics are good except for legibility. 

• Participants would rather use a mouse than a trackball. 

• Handling is easy and intuitive, but there might be a need for more 
feedback to input. 

• The functionality can be mastered with only little training. 

• There is an age difference, and a difference relating to working 
experience, computer experience and mental models, when it comes to 
learning the prototype. 

• The scenario was perhaps not as real as it should have been, or it should 
have been better staged. 

• One participant did not get instructions regarding one function before the 
scenario started, but this was corrected during the scenario. 

• The prototype is perceived to display enough functionality to enable 
evaluation. 
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• Only one participant felt constrained by the set-up, however only 
regarding movement and not necessarily performance. 

4.3.2 Improvements 

Below are suggestions for improving the prototype from what could be 
interpreted from specific valuations, comments to valuations, open questions 
and interviews taken together: 

• Ergonomics must be improved. 

• Legibility must be improved. 

• Part of the presentation must be made easier to attend. 

• More and better feedback to input should be provided. 

• The presentation of information should perhaps be rearranged to some 
extent. 

• The displayed events should perhaps be made to seem more real. 

4.3.3 Ideas 

The participants also had some ideas that might be interesting to investigate: 

• Lower screens, which would allow for easier distribution of the system, 
through better availability to communicate with other Fighter Controllers. 

• Larger screen and/or screens. 

• Quick-buttons for the non-dominant hand. 

• One of the participants developed, what seemed to be, a strategy for 
interacting with the prototype using the non-dominant left hand. Strategies 
like this should be further investigated. 
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5 Discussion 

5.1 Discussion and valuation of the results from the evaluation 

The prototype is still at an early stage of development after only one iteration, 
but the results this far show that end-users perceive the prototype’s usability to 
be high. Here will follow a discussion about the results, the method, and the 
techniques that were used. 

5.1.1 The participants 

It was known that the sample was too small for conclusions to be drawn from it 
by means of statistical interpretation of data. The small user group however 
permitted greater care to be taken to collect and interpret individual data using 
several techniques, which would complement each other. 

Even though the results of the evaluation point towards that the prototype meets 
with the usability goals, it should be discussed whether the participants’ 
valuations were biased in any unsuitable way. 

These are the questions that have to be elaborated: 

1. Were the users biased towards approving the prototype, or did they 
neglect to mention something that was not working well, because they 
were partly responsible for the configuration, content and presentation of 
it? 

2. Could there have been dynamics within the group that streamlined the 
users’ opinions? 

3. Was there any feedback that might have been lost using such a small 
sample? 

It would have been convenient to use yet another sample as a control group, but 
this was not possible for practical reasons. It might be suspected that one or two 
persons could have been biased towards approving something, which stemmed 
from their own ideas, but not all six individuals, provided that their opinions had 
not been streamlined by for instance a group member who had exerted great 
influence on the group.  

A streamlining of opinions within a user group can arise if the selection of group 
members renders a group with people of the same mind. This was the reason for 
why the participants were not randomized to the group. A randomization of 
participants to such a small group might very well have rendered it with people 
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showing very similar individual characteristics. Instead the group was put 
together to capture different opinions and perspectives regarding the work of 
fighter control, which might have arisen from different working experience, age, 
and geographic origin etcetera. All the members of the group had volunteered to 
the study, and it is natural to believe that some of them were more eager than 
others to participate. None of them were however believed to have brought 
specific interests to the group in order to impose them on other members. Within 
a group there are always people that talk more or less than others, but great care 
was taken to gather individual opinions, and instructions had been given to 
prevent impressions spreading across participants during the evaluation. The 
evaluation could be seen as having given an opportunity for the participants to 
ventilate issues that they had kept to themselves during the focus groups. The 
results thus validate the focus group as a technique. 

There was, as mentioned before, no possibility to invite other or additional users 
to the evaluation. This means that it is difficult to argue for the statistical value 
of the results. The question is if this is necessary, considering the early stage of 
development. It is also hard to say if additional feedback could have been 
extracted using more participants. What can be said however is that a sufficient 
amount of data had been collected, in order to proceed to the second iteration. 

5.1.2 The scenario 

The scenario was constructed to induce a relatively high workload, considering 
the type of missions that could be performed in the current STRIC system. Most 
of the participants reported the scenario to be a bit too easy. This result is 
interpreted to be caused by one of two factors: 

1. The performance of traditional tasks using the prototype far exceeds the 
performance of the same tasks in the current system. 

2. The scenario was not performed quite as it would have been in a real 
situation. 

No similar measurement of usability, like of the prototype, have yet been made 
in the current STRIC to contrast the results against, but the field study confirmed 
the results of earlier verifications and validations of the system. If only the 
verbal reports from the field study and the evaluation are compared, the 
prototype does not seem to have as many problem areas as the STRIC system, at 
least this far. There are many similarities between the systems in what functions 
they support, but some features that users avoid in the STRIC are commended in 
the prototype. The conclusion is that performance is better supported by the 
prototype, but that it is also not possible to decide to what extent, until a 
comparison can be made from data collected in the current STRIC. 
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Several users reported that the scenario felt unreal and simulated. It can 
therefore be concluded that the way in which use cases were performed differed 
from what it might have looked like in a real situation. Anything else would 
really have been a surprise since for instance verbal communication, which 
normally takes up a lot of the controllers’ time, is not yet realized in the 
prototype. This problem was anticipated and the participants were asked in the 
questionnaire (see Appendix B, q.51) if they felt that the prototype and setting 
enabled them to make a proper evaluation, to which they all gave a positive 
answer. 

Hence, the staging of the scenario could have been better, because the 
participants were probably focusing on performing functions more than on 
performing use cases. This had to be kept in mind as data was interpreted, but it 
was not a real problem since there were no pretensions to external validity 
during the first iteration, and relevance was still valuated as very high (6.0). The 
scenario was good enough for the participants to gain enough experience of the 
prototype, in order to make a proper evaluation of it. As for the tables and the 
screen, both work well for the current version of the prototype. However, too 
many features and too much functionality is still expected to be needed and 
implemented before all principles of man and machine interaction have been 
elaborated, that the controllers felt that an evaluation of these aspects during the 
project’s first iteration was impossible. 

5.1.3 Questionnaire and interviews 

The results from the valuations, the open questions, the comments and 
interviews all point towards, even if it cannot be statistically confirmed, that if 
evaluated by a larger sample, or by the population of Fighter Controllers, the 
usability would still probably be rated as high. 

It is possible to discuss how answers on the seven leveled scale should be 
interpreted, considering semantic distance and that people might be more 
reluctant to fill out a lower grade, but the results from each user none the less 
speak for that the work had been successful in regard to the usability goals. 

The data from each person was interpreted as to pertain to that specific 
individual, in order to see what caused specific valuations. The mean values (see 
Results 3.2.3) were only displayed to show how the group valuated the 
prototype, because the individual results could not be displayed, in order to 
ensure anonymity.  

Many of the users shared opinions, and it was concluded that all of the members 
of the group thought that the prototype: 

• Was relevant for accomplishing the use cases. 
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• Enabled the participants to gain situation awareness and control of the air 
situation picture. 

• Enabled the participants to make adequate and accurate decisions. 

• Enabled the participants to carry out actions and commands. 

• Was intuitive and easy to learn. 

• Was placed in a good environment. 

• Appealed to the participants regarding input devices and graphical 
interface. 

There were indications towards that certain end-users might have required more 
time for learning how to use the prototype. It was unclear to which of the 
background variables this phenomenon could be attributed. This discussion 
could be continued, but it would endanger anonymity to elaborate the issue 
further here. 

The prototype positively support all the questions posed in section 3.5 
(Evaluating the prototype). A lot of feedback and input was also received which 
will help to continue the development during the subsequent iteration. 

5.1.4 The method 

In retrospect, the method of evaluation worked very well. The operationalization 
of usability into questions relating to usability goals and aspects of cognition 
which were described in the theoretical background, was first of all a convenient 
and easily administered technique to collect subjective data relating to usability 
from the participants, and secondly the results have already proved to be of 
value for further development of the prototype. 

The method allowed for techniques and participants to overlap in time, which 
enabled the entire user group of six individuals to perform the scenario and 
evaluation in only six hours, with a lunch break of one hour included. 

It proved to be a good decision not to provide the users with too many 
instructions, even though this could have helped to stage the scenario in a better 
way. While leaving the users to interact with the prototype it was observed that 
one of the participants developed a strategy of interacting with the prototype, 
which seemed to work very well. The participant reported this strategy in the 
questionnaire without interference from the observers. 
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One of the users expressed, in the questionnaire, that more time with the 
prototype and the scenario would have given more ground for making the 
valuations. Had the request been given during the scenario, more time could 
have been allocated. This might have affected the valuation, but the comment 
was taken in consideration during the interview to ensure that interpreting the 
data would still be relevant. The fact that more time was needed was interpreted 
to correspond to one or several of the background variables. 

There was a lapse during one of the warm-ups, due to which one of the 
observers failed to provide information about a certain function. This was 
corrected after the scenario had started, and did reportedly not have an affect on 
the later valuations. It is uncertain whether it affected the eye movement 
registration. The complaints to the ergonomics of the workstation can probably 
also to some extent be traced back to participants being given insufficient 
information regarding the observer’s request for participants to adjust the 
workstation.  

Generally, the collection of data went well. There was one incident in which the 
video camera turned itself off, due to a rather mysterious malfunction termed 
“E03”. The video camera could however be restarted quickly, without losing too 
much of important data. Error messages, if implemented in the prototype, should 
have at least some semantic significance, which could prime towards an 
appropriate action. 

Unfortunately, FOI had by the time this thesis was written not interpreted the 
eye-movement data collected during the evaluation, which means that there is no 
objective measure to compare the subjective evaluations of the performance 
against. This was not seen as necessary for the valuations to be interpreted, but 
would perhaps have given a better idea of how much attitude had affected the 
valuations of performance in the questionnaire. 

Supplementing the questionnaire with a short post-action review proved a 
valuable instrument for clarifying comments and also helped the participants to 
remember and provide additional information. The interview was not 
administered in a way that required the participants to answer for every 
valuation that they had filled out in the form or questionnaire, but more so that 
they were given a chance to comment in spoken words on the things which had 
caught their attention. Most of them took the opportunity to clarify what they 
had written, if they had written anything, on the open questions. The answers 
were generally very informative and specific, which resulted in that all questions 
that were given a low score can be related to specific features of the prototype. 
This makes it easy to see where improvements are required.  

Last, but never the less extremely important to consider when interpreting the 
results of the evaluation, is the “experimenter bias”: Are the results and the 
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discussion presented in this thesis biased towards commending the prototype, 
because of the experimenter’s participation in the interface design? 

Steps were taken to maintain objectivity. Written instructions and checklists 
were followed in order to give participants the same information. The 
introductory briefing was held with the participants in unison. The valuations 
were made separately, not affected by the “experimenter” in any considerable 
way, and neither were the answers to the open questions. A good reason to 
believe that potentially “damaging” information was not overlooked or withheld, 
is that part the project’s objective is to seek out problems early during 
development so that later versions of the prototype will not inherit the same 
flaws. The goal, primarily, is to study principles of man-machine interaction in 
fighter control, and a poor design could ultimately lead to a catastrophe, which 
would of course be devastating in many respects for everyone involved. 

5.1.5 Organizational errors 

Latent errors are such errors that are made by designers, stake holders, 
construction and maintenance etcetera (see Human error 2.15). These are 
indirect errors that may only occur under extraordinary circumstances, but might 
have catastrophic effects. Latent errors could be divided into technical and 
organizational errors. The technical errors have already been discussed when 
reflecting upon the methods and techniques used under the making of this thesis, 
which was done to ensure that knowledge had been collected, verified and 
applied in a proper way.  Here follows a discussion of what might have 
constituted organizational errors, and what had been, or could/could not have be 
done to prevent them: 

One example of what might possibly have constituted a latent error within the 
MMI-project is the constraint that was put on the project by the customer 
(FMV), which meant that no additional functions were to be added. This was 
most certainly done for economical reasons; to concretize the work and to make 
sure that the solutions would not be too “fancy”. This can be regarded as source 
of error if for instance investigations of workload would reveal a need for a 
decision aid for the controller. All suggestions, especially from the user group, 
which imply the need for additional functions are documented. This means that 
they can at least be shown to the customer, which might enable the matter be 
reconsidered. One example of such an additional function is that the users 
expressed a need for recording the sorties, so that the sorties can be re-examined 
and used for improving tactics, skills and performance through feedback, 
individually or in a group. This seems like a very good idea. 

It was concluded in the theoretical background that fighter control can be 
viewed upon as a distributed system, in which the constituting parts, through 
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reciprocal relations of cause and effect, yield a system which cannot be studied 
by examining just the individual parts (see Distributed cognition 2.2). This 
implies that the fighter pilots should be included in the concept of fighter 
control, and therefore also should be included in the research. This can be turned 
the other way around, in saying that indirectly, the concerns of the fighter pilots 
were discussed. Since the work of the Fighter Controllers is focused on serving 
the fighter pilots with information, the user group were well aware of what 
information the pilots are provided with and what conditions they have to deal 
with. Several suggestions by the user group towards design solutions regarding 
the prototype were made to enhance consistency of information between pilots 
and controllers. The cockpit user interface could not be changed nor adjusted, 
which was probably another reason to why the constraint of functions was put 
by the customer. 

The prototype was made with the intention to make the controllers’ task of 
providing fighter pilots with information about the air situation picture as easy 
as possible. This could mean that the behavior of the controllers using the new 
system will change towards giving more information to the pilots. How this will 
affect the performance of the system as a whole is impossible to say. The 
conclusion is that information will probably be better and more accurate and 
provided at the right time, and also that this could bare consequences that could 
not be foreseen at the time of the evaluation. 

A rigorous validation and verification of the entire distributed system is required 
once the product is finished. This is at the time not decided to be the 
responsibility of the current members of the project, which could be considered 
as another latent error, in that information about underlying reasons and 
considerations in respect to features and functions might be lost during 
development. The goal of this project is only to make a prototype through which 
principles for man-machine interaction of the Fighter Controller system can be 
displayed. 

5.2 Future research 

There will be several upgraded versions of the prototype and at least two more 
iterations before the project is finished. Hopefully the interpretation of the 
registrations of eye movements will also provide more and objective feedback to 
what works well and what has to be improved in the prototype.  

From the perspective of traditional software systems development the project 
will continue, after documentation and reports have been written, with further 
business modeling and with use cases concerning primarily the verbal 
communication. Communication is perhaps the most complex part of the entire 
system, and very interesting in respect to cognition. This might allow for more 
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linguistic theory and pragmatics to be used. These issues have received no 
attention at all in this thesis, but are an important part of cognitive science. 

One interesting finding during the evaluation was the use of specific strategies. 
This would be very interesting to follow up, and better incorporate and support 
in the interface design. 

Another idea that stems from the results of the evaluation – more specifically 
from the “simulated” quality of the scenario – is to present information that is 
not of any functional use for accomplishing tasks but which gives an enhanced 
feeling of working against a reality, and not a program. This could perhaps help 
controllers to get a better “feel” or involvement in tasks. 

One of the premises of this project was that no new functions were to be 
developed (see Introduction 1). The users however felt that especially one use 
case, which concerned the ability to record sorties and watch them later, was too 
important to leave out. This would give them a greater ability to improve their 
performance and skills, and help them gain awareness of their own cognition 
and how they act or react in certain situations. 

As more features and functionality are implemented and more use cased are 
realized in the prototype the features, which might have been useful and usable 
earlier, may have to be re-examined and remade. 

Something that is important to investigate and interesting to look at, once verbal 
communication is supported by the prototype, is how two controllers working at 
two workstations can communicate with each other. Then for instance further 
issues of distributed cognition and workload can be discussed. 

5.3 Integrating cognitive science into the development process 

This section will be devoted to evaluate how theories and methodology drawn 
from cognitive science have been integrated into the process of software system 
development, and to what benefit. 

5.3.1 Status of the MMI-project when initiating integration 

The MMI-project had already started and responsibilities had already been 
distributed among the team members when the work on this thesis commenced. 
A business modeling was to take place using focus groups, and a prototype was 
going to be developed. It was not stated how the integration of theories or 
methods of cognitive science would or could be made. 
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5.3.2 Recapitulating the work  

Cognitive science is an interdisciplinary field that draws from cognitive 
psychology, computer technology and linguistics primarily, but also from 
neuroscience and anthropology. Therefore methods and techniques are also 
borrowed from these sciences resulting in a very large toolbox, which can be 
applied within many fields of research. 

First it was thought that a cognitive task analysis would best be suited for 
determining the conditions under which the controllers worked and the tasks that 
they had to perform. This idea was however conflicting with the business 
modeling, and had to be let go. The focus groups would instead be used as the 
foundation for acquiring the knowledge necessary for understanding the work of 
the Fighter Controllers. The responsibilities within the project were at this point 
limited to developing the physical workstation configuration.  

A field study was negotiated and conducted to supplement the focus groups with 
aspects of cognition and behavior. 

After the field study there was an opportunity to sketch on the graphical 
interface, and to make an outline of the functions and interface for realizing use 
cases. A participatory design was used. The sketches resulted in LoFi-prototypes 
consisting of sequences of images, which displayed the use cases being 
performed. 

By this time the work had far exceeded that of developing the physical interface, 
but in respect to the physical interface, blueprints for two principally different 
tables were made. Having experience in neither furniture making nor 
ergonomics, the tables were designed based on results from the field study, the 
artifacts that had to be placed on them, and how the tables would be used. 

By the time the tables were constructed it was time to evaluate the prototype, 
and in order to accomplish that, a method consisting of several different 
techniques was used. There was also an opportunity to collaborate with FOI, and 
be able to display another dimension of validating systems through the use of a 
technique measuring cognitive aspects of performance.  

5.3.3 Integration 

Initially integration seemed impossible, since the MMI-project already had what 
seemed to be fixed responsibilities among the team members. The working tasks 
had to be developed and eased into the project. Using the construction of the 
physical interface as a “cover”, other work could also be performed. This is 
really not a recommended way to acquire tasks, since it means interfering with 
someone’s designated work, but for the integration of cognitive engineering into 
software systems engineering, and for displaying as much methodology as 

 109



possible, it was felt necessary. When it was time to close up the first iteration, 
the evaluation was more or less constructed using knowledge, based on 
cognitive science. From this perspective the attempt at integrating the field into 
the organization was successful.  

5.3.4 Cognitive science revisited 

Many aspects of cognitive science have been displayed in the theoretical 
background of this thesis, but there is also a question of to what extent the 
theories have been displayed in the work, and how much of an interdisciplinary 
science drawing from five other sciences that can be displayed in this thesis. 
Obviously only a small part can be considered, but still enough to make an 
introduction of cognitive science and display the benefit of using a certain 
perspective on cognition when developing systems such as the prototype within 
the MMI-study. 

Cognition was defined as the intellectual processes through which information is 
obtained, transformed, stored, retrieved, and used. This means that in every 
work environment in which a lot of information has to be perceived, interpreted, 
remembered, elaborated and manipulated, it is important to take in consideration 
aspects of cognition, to study cognition, and to design for supporting cognition. 
It was the purpose of this thesis to explain what cognitive science is, how it can 
be applied, and what it can mean if and when applied. It is believed that this has 
been accomplished, at least for the domain that was illustrated. Hopefully this 
work will better the understanding of cognitive science and contribute to inform 
people and companies about the existence and versatility of this valuable 
knowledgebase and tool for software systems development. 
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