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I 

ABSTRACT 
This thesis describes the evaluation of a prototype (Illustrator) for future simulator 

training of Within Visual Range-combat in the Swedish Air Force. The main focus was 

to collect and transform user acceptance data (expert opinions) to useful guidelines for 

continued development. Thirteen active fighter pilots participated in the study. The aim 

was to use expert opinion to study a) the psychological user acceptance, and b) the 

technical user acceptance, of the Illustrator together with c) gathering opinions for future 

improvement. Three psychological aspects were rated before and after the sessions to 

measure psychological user acceptance. For technical user acceptance, seven fidelity 

levels of the Illustrator were evaluated regarding realism, limitation of performance and 

importance of realism after the sessions. The sessions consisted of WVR-scenarios. Four 

different questionnaires were used for data collection. Two fidelity levels showed to 

diverge from the others in many ways, and were identified as major problems by the 

participants. No change of the psychological aspects was found between measurements. 

According to the results of the evaluation, suggestions and guidelines for future 

development are presented. Finally, issues of interest for future research are proposed. 
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ABBREVIATIONS 
ATT Rated attitude towards simulators in general (psychological 

aspect). 

BVR Beyond visual range. During this type of combat, the fighting 

aircrafts have none or very limited visual contact. 

CHALL Rated challenge of the WVR-scenarios (psychological aspect). 

COMM Rated commitment of the WVR-scenarios (psychological 

aspect). 
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COTS Commercial-off-the-shelf. Tools for developing a category of 

systems, for example a synthetic environment for some 

purpose (in this case flight simulation). 

DOF Degrees of freedom. The number of axis along which objects 

can move and rotate (for the matter of this thesis). 

HKV Swedish Armed Forces Headquarters. 

HUHD Transition head-up/head-down (fidelity level). The change 

from looking up on a head-up display or visual references to 

looking down at the instrument panel, or vice versa. 

FC Flight controls (fidelity level). 

FLSC The Swedish Air Force Air Combat Simulation Centre. A 

simulator facility for multi-pilot training of BVR combat. The 

purpose of FLSC is to enable simulation of human-in-the-loop 

air combat using multiple manned aircraft, and to be used in 

studies, evaluation and training (FLSC home page, 2002-09-

30). 

FM Flight model (fidelity level). 

FOI The Swedish Defence Research Establishment. 

FOV Field of view (fidelity level). The field of the graphical 

representation that is visible to the operator in the VR-goggles. 

GRAPH Graphics (fidelity level). 

INSTR Instruments (fidelity level). 

MSI Department of Man-System Interaction at FOI. 

Pitch, Roll and Yaw Pitch means a head movement up and down, roll means 

leaning ones head left and right and yaw turning ones head left 

and right (explanations created for the matter of this thesis). 



 

VI 

VFM Visual feedback according to a manoeuvre (fidelity level). 

How the visual presentation reflects a manoeuvre performed 

with the flight sticks. 

VR Virtual reality. 

VRES Visual resolution (fidelity level). 

WVR Within visual range. The fighting aircrafts has visual contact 

during the combat. 
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INTRODUCTION 
Simulators and training environments have been used in the Swedish Military for a long 

time. In many cases, a synthetic environment offer better possibilities of instructing and 

training than the real environment, especially for initial training. The Swedish Air Force 

has several simulators for training (there might be other areas of use as well) of fighter 

pilots (for example FLSC). The strength of those systems is to simulate Beyond Visual 

Range-combat (BVR-combat). During this type of combat, the fighting aircrafts have 

none or very limited visual contact. The activities related to BVR-combat are therefore 

primarily based on instrument flying. This means that the demand on the visual 

presentation of the surrounding environment is restricted, in comparison to activities 

with closer visual contact, like Within Visual Range-combat (WVR-combat). During a 

WVR-combat (called dogfight in daily terms) situation, the fighting aircrafts have a 

maximum distance of approximately 15 kilometers, depending on weather conditions. 

The combat is based on visual references and the aim for the combatants is to keep track 

of each other visually, and to find a position to fire at the enemy, or at least make sure 

that the enemy does not. In WVR-combat situations the instruments are primarily used 

only for controlling the status of the own aircraft (for example speed, altitude and 

heading). 

 

In the simulators of today, the visual presentation is static in the sense that the operators 

see a limited field of what is in front of the aircraft and the view does not change 

according to the operators’ head movements. For BVR-combat simulators, this is 

believed to be satisfying. But for situations were the aim is to keep visual contact with 

the enemy, like WVR-combat, this is not satisfying. Here, the operator has to be able to 

follow the enemy visually in the simulated environment. The development of Virtual 

Reality (VR) offers this possibility. For a rather limited amount of money, VR-goggles 
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including a head tracker with three degrees of freedom (DOF) can be bought. This 

technology opens up a potential for simulating situations with high demands on the 

visual presentation, for example WVR-combat. 

PROJECT BACKGROUND 

This thesis is based on a study that was conducted during the spring of 2002 by the 

Swedish Defence Research Establishment (FOI), department of Man-System-Interaction 

(MSI) in Linköping, Sweden. 

 

FOI has about 1200 employees, of which more than 800 are academic researchers and 

technicians. The activity is widely spread from microbiology and chemistry to 

electronics and aerodynamics. Further, research is carried out on human factors, politics 

and terrorism. FOI is the leading deliverer of defence research in Sweden and the main 

work above research is method and technology development along with investigations 

for the Swedish defence1. 

 

During the autumn of 2001, the development of a flight simulator for WVR-combat 

started of in cooperation between the Swedish Armed Forces Headquarters (HKV) and 

FOI. HKV2 and FOI were responsible for the order and specification of the system. The 

main purpose of the project was to develop a prototype of a training environment for 

WVR-combat, in a short time and to a low cost. According to HKV and FOI guidelines, 

ISD Data AB3 answered for the software development. In March 2002 the system was 

delivered to FOI-MSI in Linköping for continuation of the project (research issues). 

                                           
1 For closer information about FOI, please visit www.foi.se. 
2 For closer information about HKV, please visit www.hkv.mil.se. 
3For closer information about ISD Data AB, please visit www.isd.se. 
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The version of the system used in this study is called the Illustrator. The choice of name 

is done with regard to the system as not being an approved simulator. It is an illustrator 

of the possibility and potential of this kind of VR-systems. The Illustrator is based on 

COTS-products (Commercial-off-the-shelf) and developed for real-time simulation of 

WVR-combat. The system integrates aircraft controls, a motion tracking system and a 

head mounted image generation solution. 

PROJECT OUTLINE 

The research approach in this project can be concluded in three phases. An initial 

theoretical study regarding simulator research and other relevant theoretical concepts 

was conducted along with planning of an empirical study of the Illustrator. Experimental 

studies were performed for data collection, and the data was analyzed and interpreted. 

The last phase included complementing theoretical studies along with final writing of 

this thesis. 

 

The study was performed as a master’s thesis at the cognitive science study program at 

the University of Linköping. The work corresponds to twenty weeks of full-time studies 

by a single student. The content of this thesis is primarily aimed at the personnel at FOI, 

HKV and ISD Data AB, but of course others that find these issues interesting as well. 

RESEARCH QUESTIONS 

The main purpose of the work was to evaluate the Illustrator together with the end user, 

i.e. the pilots in the Swedish Air Force. The focus of the study (the first ever made in the 

Illustrator) was to collect expert opinions regarding psychological and technical aspects. 

The findings of the evaluation would then be the fundament for creating 

recommendations for future development of the system. There were two specific 

research issues of interest for this thesis: 
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 Psychological evaluation – Monitor expert opinions regarding three 

psychological aspects among the participants; attitude towards simulators in 

general together with experienced commitment and challenge, from before 

to after the WVR-scenarios (psychological user acceptance). 

 

 Technical evaluation – Collect expert opinions regarding the experience of 

the realism, limitation of performance and importance of realism for the 

training potential of a WVR-simulator, of seven fidelity levels of the 

Illustrator together with opinions regarding future improvements (technical 

user acceptance). 
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THEORETICAL FRAMEWORK 

SIMULATORS 

Flight simulators have existed since the 1920’s. In those days, simulator development 

was almost exclusively for the military services. After World War II, developers started 

to get an interest for the commercial airline industry. The earliest flight simulators were 

small versions of the actual aircraft, but without engines. As the early computers came 

along, instrument training in simulators took off. The next step was the visual systems 

presenting a surrounding environment. The development of more complex visual 

systems went on and much effort was also made in developing motion systems. The aim 

was to further enhance the realism of the simulation. With sophisticated computers and 

advances in technology, motion systems soon had as much as six degrees of freedom 

(Koonce & Bramble Jr., 1998). 

 

Nowadays, simulators of varied complexity are widely used, both in the industry and the 

military. There are many purposes of using simulators. It might for example be for 

ergonomic development, as training aids, to test control systems or for reliability 

evaluations. As well as different purposes there are different types of simulators with a 

varying degree of similarity with the operational setting it simulates. A closer 

introduction to the world of simulators follows below. 

CENTRAL CONCEPTS 

A simulation is some kind of representation of a real situation. This representation might 

be partial or full scale, i.e. it may contain only some features of the system or every 

detail. Stanton (1996) outlines three major facets of a simulator; the model, the 

equipment and the application. 
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The model is developed for manipulation according to the purpose of the system, which 

for example might be training and/or research. The equipment might be a paper 

simulation or an interactive full-scale setting with original parts. It may vary from very 

low to very high fidelity. Simulator fidelity is discussed closer below and for now it 

could be concluded as the degree of similarity between a simulator and the environment 

it simulates. The choice of equipment depends upon the purpose of the system, of 

course, but also other aspects like the available resources may come into play. The 

application regards in what kind of area the system is to be used. Simulators are widely 

used nowadays, for example in the industry, aerospace, armed services and medicine. 

 

There are four broad categories for the use of simulators; training, research, evaluation, 

and investigation. Training simulators are used for individual or team training. It might 

be for communicational procedures in a power plant or navigation in a vessel, for 

example. Research simulators are used primarily for investigations of human 

performance. Since task decomposition almost always is necessary for research, low-

fidelity simulators are often preferred for research into the domain of human 

performance (Stanton, 1996). Evaluation simulators are normally used to test future 

operational settings for the real equipment, for example instrument design. The last 

category, Investigation simulators, fills the purpose of task analysis of the operators’ 

work situation. 

 

Clymer (1981) has developed a classification of simulators based upon what kind of 

representation they have and the purpose of them. Any simulator may fall into one or 

more of the following categories:  
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 Replica – An exact duplication of the real operational setting. 

 Generic – A representation of a class of systems, for example airliners. 

Generic systems are general models, not duplicates of any particular 

system. 

 Eclectic – Include features, for example malfunctions, which could but do 

not normally happen under real settings. The aim is to broaden the 

experience of the operators. 

 Part-task – Representations of parts of the operational system or parts of 

tasks performed in it. 

 Basic-principles – A generic and/or part-task simulation that deliberately 

omits certain details of the operational setting to keep the cost low and the 

simplicity high. 

 

There are many reasons for the use of simulators. First, a simulated environment is 

normally a lot safer than the real one. Some tasks might be too dangerous to practice in 

the real environment, at least before the operator has some experience of it. Secondly, 

simulators provide an environment for human-performance measurement that is often 

more controllable and accessible than the real environment. Furthermore, simulators are 

extremely useful when there is a lack of availability or infrequency of use of the real 

environment. Another aspect that further justifies the use of simulators is the possibility 

of reducing task difference to a great extent, for example by altering temporal aspects of 

the environment. Finally, there are the economical issues. Simulators can save a lot of 

money for the user since they are often cheaper to use than the real environment. 

Research evidence has shown that the use of simulators may cost only 10% of the real 

operating cost (Stanton, 1996). 
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To summarize, a simulator is a system that attempts to represent a real environment 

while providing certain control mechanisms. However, some aspects of the real 

environment are often omitted in the simulator. 

PERSONAL COMPUTER-BASED FLIGHT TRAINING DEVICES 

In 1981, IBM released their first personal computer (PC). Aviation enthusiasts provided 

a market for the development of PC-based flight simulators. In those days, flight 

simulation programs were marketed as games and the users input possibilities were 

restricted to keyboard strokes. A few years later, there were flight sticks and control 

yokes for flight simulators available on the market. Rudder pedals, even with brakes in 

some cases, followed (Koonce & Bramble Jr., 1998). 

 

As aviation pilots and aspirants experienced and started to show excitement in PC-based 

flight simulators, manufacturers in the simulation industry, developing for the armed 

forces and commercial air carriers, were pushing for greater technical complexity in the 

systems. The developers wanted to integrate motion platforms to impart motion cues in a 

more realistic manner, visual systems with greater field of view, more complex 

environmental graphics and more realistic cockpit layouts. The systems started to grow 

in cost as the technology got more and more complex. However, despite the primitive 

nature of PC-based systems, the general aviation public started to get a feeling of 

actually learning something of value by flying in those low-cost systems. In 1997 there 

was several PC-based flight simulators used for instrument training of already certified 

pilots. Today there are a great number of PC-based flight simulators on the market. 

These systems offer more and more parameter settings left for the user to elaborate with 

and there are a massive number of controls and visual systems available for them, for 

example flight sticks with motion feedback and VR-goggles (Koonce & Bramble Jr., 

1998). 
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PC-based simulators fall into the category of low-fidelity simulators, in contrast to high-

fidelity simulators. The former is characterized by having some aspects or parts of the 

real operational setting omitted. The latter has a design, often with advanced motion 

systems, that has greater similarities with the operational setting than the low-fidelity 

simulators. The basis for distinction between low- and high-fidelity simulators is not 

always obvious. 

 

It is hard to find a description of how to decide whether a simulator has low or high 

fidelity. However, with regard to the literature, simulators with an exact duplicate of the 

workstation, the possibility of simulating the main tasks and emergency situations 

during varied weather conditions seems to constitute a high-fidelity simulator in general. 

PC-based simulators are without exceptions considered to be low-fidelity simulators in 

the literature. Are those conditions for distinguishing between low and high-fidelity 

simulators enough? The answer is probably “no”, since the main reason for using 

simulators is to teach operators a correct behaviour for specific situations. If the purpose 

of the training is instrument flying a simulator with a duplicate of the real cockpit and its 

instruments but without a visual presentation might be viewed as having a high degree 

of fidelity. But, for training of some task with visual aspects that simulator should 

probably be treated as having a low degree of fidelity. The area of use of the simulator 

seems to be a central aspect in determining its degree of fidelity. There will be no further 

discussion about the issue of determining between low and high fidelity here, since it is 

not central for this thesis. The reason for mentioning it at all is to make clear what is 

normally meant with low- and high-fidelity simulators. 
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SIMULATOR FIDELITY 

Simulator fidelity could be concluded as the degree of similarity between a simulator 

and the environment it simulates. There are several categories, or components that Rolfe 

(1985) calls them, of simulator fidelity namely the degree to which: 

 

 The physical features and characteristics of the simulator match the real 

environment, physical fidelity. 

 The simulator works as the real environment, functional (dynamic) fidelity. 

 The simulator is built in the same way as the real operational equipment, 

engineering fidelity. 

 The simulator, over a period of time, matches the operation of the real task 

situation, operational fidelity. 

 The task domain of the simulator reflects that in the real operational 

situation, task fidelity. 

 Transfer occurs despite the lack of other aspects of fidelity in the simulator, 

psychological fidelity. 

 

According to Stanton (1996), the two main categories are physical and functional 

fidelity. The former could be described as to what degree the system “looks like” and the 

latter to what the degree the system “acts like”, the simulated environment. The main 

opinion in the literature is that a simulator should be as an exact duplicate of the real 

environment as possible (high-fidelity simulator) or that the maintenance of functional 

fidelity whilst physical fidelity is reduced (low-fidelity simulator) will not decrease the 

effect of training, rather vice versa (Stammers, 1981; Boreham, 1985). A report from a 

study by Welham (1986) supports the latter approach when expressing that often 80% of 

the benefit can be reached at 20% of the cost of a full fidelity simulation. In fact, there is 
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evidence suggesting that planned departures from different aspects of fidelity actually 

can enhance learning.  In 1987, Wightman and Sistrunk found better learning for part-

task training than practice of the whole task. 

 

Research has shown that the most crucial aspect for a simulator to be effective as a 

training device is that a user input should have the same effect as in the real 

environment. This does not mean that all features and components of the real system 

have to be provided in the simulator, but those that are implemented have to behave in a 

correct manner, i.e. that the simulator has to have a solid functional fidelity. Through the 

history of simulators, high physical fidelity has often been favoured with the argument 

that if it looks like the real thing it has to be better for training (often called face 

validity). However, in later years many results have shown a positive correlation 

between performance in a low-fidelity simulator and performance in the real 

environment. Hence, the criticism that low-fidelity simulators are inappropriate because 

they, more or less, lack physical fidelity has lost some force in recent years. Therefore, 

the use of low-fidelity systems has gained more and more attention. Further, for research 

into human performance, psychological and functional (dynamic) fidelity are considered 

to be of greater benefit than engineering and physical fidelity (Stanton, 1996). 

 

Stammers (1983; 1986) has proposed nine different dimensions of simulation. Three of 

them are of further interest for this thesis; stimulus/displays, responses/controls and 

display-control relationships. The dimensions could be seen as smaller instances of 

fidelity. 

 

Stimulus/displays concern the realism of the displays in the simulator, and whether they 

are complete compared to the real environment. In a flight simulator, for example, this 

would regard the instruments in the cockpit and the visual presentation of the 
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surrounding environment. Responses/controls are a matter of to what extent the real 

control devices are represented in the simulator. Display-control relationship concerns 

the realism of the interaction between the control and the displays of the simulator. 

SIMULATOR EVALUATION 

Bell & Waag (1998) has proposed the following three categories of simulator 

evaluation; utility evaluation, in-simulator learning and transfer of training. 

 

Utility evaluation is normally based on user opinion data. This type of data does not 

provide quantitative measures of neither performance improvement nor transfer of 

training. But according to Bell & Waag, it is a necessary first step in evaluating a 

simulator since user acceptance may support the decision about future development and 

more rigorous evaluations. In-simulator learning is present when performance improves 

within the simulator, as a function of practice over time. Bell and Waag’s idea is that 

transfer to the real setting is unlikely if in-simulator learning is not present. Transfer of 

training is present when improvement in performance is shown in the real operational 

setting following simulator training (positive transfer). Many training researchers 

believe that such transfer of training, when knowledge is transferred from the simulated 

to the operational environment, is the only evidence sufficient when establishing the 

effectiveness and validity of simulator training. Transfer of training might not only be 

positive but also negative. This is the case when operator performance in the real 

environment is deteriorated following simulator training.  

 

From the categories for estimating the effectiveness of flight simulator training above, 

Bell & Waag make a proposal for an evaluation model. The model consists of five 

stages; utility evaluation, performance improvement (in-simulator learning), transfer to 

alternative simulator environment, transfer to flight environment (transfer of training) 
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and extrapolation to combat environment. For the matter of this thesis, the first stage, 

utility evaluation, is the one of closer interest. 

UTILITY EVALUATION 

The purpose of the utility evaluation proposed in Bell & Waag’s model (1998) is to a) 

evaluate the accuracy, or degree of fidelity, of the simulator environment, and b) gather 

user opinions regarding the potential value of the simulator as a future training 

environment. The primary aim of this approach is to identify the most central aspects of 

the simulator for the specific area of use and which of them that needs to be further 

improved regarding fidelity. Those aspects or parts of the system are further in thesis 

called fidelity levels. Secondly, the user opinion data are of value in deciding whether 

the results are positive enough to continue with further development and more resource 

demanding evaluations. Not only are the results useful in deciding about further 

development, they also give hints or guidelines of what direction it should take 

according to the user. 

 

Jentsch & Bowers (1998) have presented a similar first step of simulator evaluation as 

Bell and Waag. They suggest two lines of evidence: expert opinions and empirical 

evidence. Their main purpose of this approach is to find evidence for the content validity 

of the simulated environment, i.e. the degree to which the content of a simulation is 

representative for a specific situation in the real environment. As a first step for testing 

content validity in a simulator they propose the use of expert opinions. Jentsch & 

Bowers refers to Reber (1985), who states that expert opinions are extremely useful 

because establishing content validity “is a largely subjective operation and relies on the 

judgment of experts concerning the relevance of the materials used” (p. 809). 
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However, as for example Stanton (1996) states, it is necessary and important to be 

careful when drawing conclusions about training effectiveness from data collected as 

described above. User opinion can be biased for many reasons. First, it assumes that the 

user is an appropriate judge of what constitutes an effective simulator. User acceptance 

might be a first evidence of the potential of a system but it does not guarantee training 

effects. Secondly, user opinion of a system is biased of previous experience and hence 

opinions may vary because of that. Further, Stanton is critical to simulator evaluation 

using the concept of realism (fidelity). Different aspects, or fidelity levels, of the system 

requires different degrees of realism. For some task a very low degree of realism might 

be enough for some fidelity levels, but not for others. 

 

Stanton of course has a point in that user acceptance does not guarantee training 

effectiveness. But, the aim of conducting the evaluation proposed by Bell & Waag is not 

to draw conclusions about training effectiveness. Their idea is that user acceptance is a 

necessary but not satisfying condition for a system to have a potential as a future 

training environment. Monitoring user acceptance and expert opinions of the system and 

its parts, is according to them, a central aspect of modern simulator design. This is 

further supported by Salas, Bowers and Rhodenizer (1998). They proposed three 

assumptions that characterized the current view of simulator training in 1998. One of 

them is the statement that if the aviators like it, it is good. In line with Stanton above, 

they mean that user acceptance does not provide an adequate measure of training 

success. But, as well as Bell and Waag, and Jentsch and Bowers, they conclude that 

subjective measures and expert opinions are important initially because they provide 

evidence for the user acceptance of the system. 
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DESIGN OF EVALUATION METHODOLOGY 

The methodology used for the empirical study in the thesis is based on the first step of 

Bell & Waag’s evaluation model (1998), i.e. utility evaluation. The purpose at this stage 

of the model is to gather user opinions regarding the potential value of the simulator as a 

future training environment together with evaluating the accuracy, or level of fidelity, of 

the environment. Bell & Waag’s idea is that user acceptance is a necessary but not 

satisfying condition for a system to have a potential as a future training environment. 

However, they have not provided any evidence supporting their idea. Thus, whether user 

acceptance is a necessary but not satisfying condition for a system to have a potential as 

a future training environment or not, will be left unsaid. There is no purpose of deciding 

if the user acceptance is high enough for the future training potential here. Therefore, for 

the matter of this thesis, user acceptance should be understood as the overarching 

concept of the expert opinions of different aspects. It is the expert opinions of those 

specific aspects that will indicate the features of importance for improvement of the 

Illustrator, i.e. indicate the fidelity levels that should be prioritized in the further 

improvement according to expert opinions. 

 

The evaluation in this thesis consists of two parts; one psychological and one technical.  

In the psychological evaluation, three psychological aspects among the participants, 

attitude towards simulators in general together with commitment and challenge of the 

WVR-scenarios, will be measured. The aim is to observe any changes of the expert 

opinions regarding the three aspects from before to after the sessions. The specific 

purpose is to measure a) the psychological aspects initially, and b) how those aspects are 

affected by participating in the study, i.e. psychological user acceptance. 

 

The technical evaluation regards the measurement of the functional (dynamic) fidelity of 

the Illustrator. The aim is to collect expert opinions regarding the functional fidelity. To 
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evaluate the functional fidelity of the Illustrator, seven fidelity levels of interest were 

identified; transition head-up/head-down, instruments, flight controls, graphics, visual 

feedback according to a manoeuvre, visual resolution and field of view. The seven 

fidelity levels were identified in advance of the study by a fighter pilot from the Swedish 

Air Force together with personnel from FOI-MSI. The fidelity levels could be put in 

relation to Stammers dimensions of simulation (1983, 1986). Transition head-up/head-

down, graphics, visual resolution and field of view are mainly seen as a matter of the 

stimulus/displays of the Illustrator. The flight controls concern responses/controls, and 

visual feedback according to a manoeuvre display-control relationships. The instruments 

are seen as related to both stimulus/displays and display-control relationships. The 

instruments provide information about the status of the aircraft (stimulus/displays), but 

they also provide a control for performed manoeuvres (display-control relationships). 

The fidelity levels were to be rated for three dimensions; realism, limitation of 

performance and importance of realism for the training potential of a WVR-simulator. 

The aim is to monitor expert opinions indicating a) the seven fidelity levels relation to 

each other regarding the three dimensions4, and b) which of the seven fidelity levels that 

are of most interest for future development. The results are intended to be used for 

creating recommendations for future development. 

 

As stated above, Stanton (1996) has criticized the evaluation of simulators regarding 

realism (fidelity), since different parts of the system are in different need of fidelity for 

different purposes of use. But, since the aim is to evaluate the Illustrator regarding 

activities related to WVR-combat specifically, this is not considered as a problem for the 

matter of this study. 

                                           
4 Visual resolution and field of view were not rated regarding realism. This will be further discussed 

below. 
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Finally, it is the results of the technical evaluation that will indicate fidelity levels that 

should be further improved according to expert opinions. The results of the 

psychological evaluation will not leave a result pointing out any specific parts of the 

system, but an indication of how the system was experienced in general.
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THE EMPIRICAL STUDY 

PILOT STUDY 

As a preparation for the main study a pilot study was completed at Blekinge Air Force 

Base (F 17) in Ronneby, Sweden. The purpose of the pilot study was to evaluate the 

design of the experiment to expose possible problems and weaknesses in advance of the 

main study. The six participants in the pilot study were fighter pilots varying in age from 

28 to 36 years with a mean of 31.5 (SD = 2.9). They had between 700 and 1500 total 

flight hours (M = 1233.3, SD = 294.4). The pilot study showed that the design 

functioned appropriately, and resulted in minor modifications of the questionnaires only. 

The data from the pilot study was not analyzed. Studies of this type are hard to organize 

in many ways and the number of available participants is rather limited. Therefore, the 

participants of the pilot study also took part in the main study. 

MAIN STUDY 

METHOD 

PARTICIPANTS 

Thirteen fighter pilots from the Swedish Air Force volunteered freely. They were all 

men and had a mean age of 31.2 varying in range from 26 to 41 years (SD = 4.2). The 

participants’ total flight experience varied between 380 and 2700 hours (M = 1168.1, SD 

= 620.6). 

 

All participants were seen as experienced and skilled in flying, and they all had 

experience of participating in studies. The test was conducted by three persons from 

FOI-MSI. The main study also was conducted at F 17. 
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MATERIAL 

Questionnaires: Four different questionnaires were used in the study; one with 

background data (QBackground), one before the session (QBefore), one during the 

session (QDuring) and one after the session (QAfter)5. The questionnaires were designed 

by personnel at FOI, with regard to recommendations found in literature concerning 

research methods in psychology (for example Breakwell et al., 1995), and earlier studies 

conducted by FOI (for example Svensson, Angelborg-Thanderz, Sjöberg & Olsson, 

1997; Svensson & Wilson, 2001). Similar for the questionnaires was that all ratings 

were made on a scale running from one to seven. Further, there are questions in all of 

the questionnaires that were not analysed for the matter of this thesis6. The reason for 

leaving them out in this thesis is that they are related to theoretical concepts like 

experience, pilot mental workload (PMWL), situational awareness (SA) and pilot 

performance (PP). This delimitation was made since the results that would be obtained 

of analyzing those questions are vaguer related to the aim of evaluating the Illustrator 

than the psychological aspects and the fidelity ratings. 

 

In the questionnaires before a session, QBackground and QBefore, only closed-ended 

questions were used. QBackground (see appendix A) contained questions like flight 

hours and attitude towards simulators in general (ATT). The latter is the only further 

analyzed question from QBackground. QBackground consisted of nine questions in total 

                                           
5 The questionnaires are presented as appendices (A-E) in the end of this thesis. The questions that are 

underlined are the ones analyzed here. 
6 As stated earlier, a study like the one described here is hard to organize in many ways. Therefore, it is 

of great importance to gather all data that might be of interest. The intention at FOI is to analyze and 

present the data during the autumn. However, the questions that were not analyzed are included in the 

appendices for the different questionnaires. 
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and was performed once by the participants. QBefore contained 15 questions (see 

appendix B) concerning for example the participants’ subjective ratings of commitment 

(COMM) and challenge (CHALL) of the WVR-scenarios. Those two questions are the 

only ones further analyzed from QBefore. QBefore was completed before each session. 

 

QDuring had a different design than QBackground and QBefore. QDuring consisted of 

four questions. Three questions concerned the psychological concepts PMWL, SA and 

PP. The fourth question was a multiple-response question concerning which fidelity 

levels, if any, that limited the participants’ performance during the last scenario prior to 

the questionnaire (see appendix C). This question is the only further analyzed from 

QDuring. QDuring was performed after three of the scenarios during a session (the 

number of scenarios during a session varied between six and twelve7). The fidelity levels 

evaluated were transition head-up/head-down (HUHD), instruments (INSTR), flight 

controls (FC), graphics (GRAPH), visual feedback according to a manoeuvre (VFM), 

visual resolution (VRES) and field of view (FOV)8. The fidelity levels together with 

“Don’t know”, “Nothing” and “Other”, were the alternatives in this multiple-response 

question. If the participants answered “Other” they were asked to specify what they 

aimed at, since there could be unidentified fidelity aspects of interest. 

 

QAfter consisted of two parts (see Appendix D for part one & E for part two). In the 

first part, three questions, one from QBackground (ATT) and two from QBefore 

(COMM, CHALL), were asked again. Further, for all fidelity levels except FOV and 

                                           
7 Technical problems and/or personal time aspects were reasons that limited the number of scenarios in 

some sessions. The aim was a minimum of six scenarios for all sessions. 
8 HUHD, VFM and FOV are closer described in the abbreviations summary at the beginning of this 

thesis. 
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VRES, three different types of questions about the fidelity of the Illustrator were asked; 

the degree of realism, the degree of limitation of performance and the degree of 

importance for the training potential of a future WVR-simulator. Realism is a measure 

of fidelity and limitation is a measure of to what degree a fidelity level restricts the 

operator’s performance. Importance of realism is interesting because it, taken together 

with realism and limitation, is an indication of how well the resources were distributed 

during the development of the Illustrator. Further, it is an indication of how prioritized 

the fidelity levels should be in the future development. For FOV and VRES, only the 

two questions regarding realism and limitation were asked. The reason for this was that 

both VRES and FOV are physical facts. The flight controls or the instruments, for 

example, are created artefacts. During the design of the questionnaires this was 

discussed and a decision was made to exclude the question regarding realism for VRES 

and FOV. 

 

As mentioned above, there could be other fidelity levels that for example limited the 

participant’s performance. Therefore, the second part of QAfter consisted of open-ended 

questions to make sure that the participants could really express their opinion about the 

Illustrator. From QAfter, the two or three questions regarding the seven fidelity levels 

together with ATT, COMM and CHALL are the ones further analyzed. Some answers to 

four of the questions in part two of QAfter are presented at the end of this thesis. In total 

there were 25 questions in part one and five in part two. 

 

Simulator scenarios: The same scenario was used for all of the sessions. The scenario 

was designed in cooperation between researchers at FOI-MSI and a fighter pilot from 

the Swedish Air Force. Two aircrafts started separated in the same direction 2 km from 

each other at an altitude of 2000 m. They were exactly parallel at the start of the scenario 

to guarantee initially equal fighting positions for the WVR-combat (dogfight).  
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The goal for the participants was to shoot down each other. In the Illustrator, the enemy 

aircraft is shot down when the attacking aircraft has it up front, within certain angles and 

within a certain range9. The start positions took place during daytime over a flat 

landscape with good weather conditions, as well did all of the combat in the scenarios. 

 

Apparatus: The Illustrator has five screens in total; two for each pilot station showing 

the instruments (see figure 1) of the aircraft and the view the pilot has in the VR-

goggles10 respectively, and one for the instructor showing different environmental views 

of the WVR-situation, for example a “gods-eye view”.  

 

                                           
9 To have a shooting position, the attacking aircraft had to have the enemy aircraft within a cone of 45 

degrees in front of him. Further, the attacker had to be within a cone of 45 degrees behind the enemy 

aircraft. The maximum range for a shooting position was 4 kilometres. 
10 This made it possible for the test leaders to observe what view the two participants had of the 

situation respectively. 
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Figure 1. The instruments in the Illustrator11. 

 

Five personal computers run the system. The surrounding environment is presented to 

the pilot in VR-goggles (Sony Glastron) including a head tracker (see figure 2) with 3 

degrees-of-freedom; pitch, roll, and yaw (see abbreviations for closer description). This 

means that the visual presentation follows the users’ head movements in three 

directions. The visual resolution in the VR-goggles is 800 by 600 pixels. The field of 

view in the goggles is approximately 30 degrees.  

 

                                           
11 The instruments presented above are from a later version of the Illustrator than the one used during 

the study. 



WVR - ILLUSTRATOR EVALUATION  METHOD 

24 

 

Figure 2. Sony Glastron VR-goggles including the head tracker system. 

 

The aircrafts are manoeuvred with Saitek X35T Throttles and X36F Flight Control 

Sticks. Each pilot station has a sound system with two speakers and one subwoofer. 

Figure 3 shows a picture of a pilot station in the Illustrator. 
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Figure 3. Pilot station with VR-goggles including head tracker, Saitek throttles and flight control 

sticks, sound system and a monitor presenting the instruments. 

 

For practical reasons, a generic F-16 Fighting Falcon model was used during the study. 

That model is non-classified in contrast to a JA 37 Viggen model. Since no signal-

protected room was available at the time and location for the study a non-classified 

model was a precondition for performing the study. Therefore the F-16 model was used 

instead of a JA 37 model. The participants were informed of this fact in advance of the 

study. To control the participants’ reaction to the flight model, it was included as an 

alternative regarding limitation of performance in QDuring and future improvements in 

QAfter. 
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DESIGN 

The dependent variables in the design were the participants’ ratings and answers in the 

different questionnaires. The independent variables were: 

 

a) The three psychological aspects; ATT, COMM, CHALL.  

b) The two occasions for the psychological aspects; before and after (3 x 2). 

c) The seven fidelity levels; HUHD, INSTR, FC, GRAPH, VFM, VRES, FOV. 

d) The three rating dimensions; realism, limitation of performance and importance of 

realism for the training potential of a WVR-simulator. 

 

The two fidelity levels VRES and FOV were only rated regarding limitation and 

importance (2 x 2). The remaining five levels were rated for all of the three dimensions 

(5 x 3). The study was performed as a within-participant design. 

SETUP 

All five computers were placed under the table in front of the test leader. In the middle 

of the test leader table, the screen presenting the “Gods-eye-view” of the situation was 

placed. To the left and right of that screen, the two screens presenting the current view 

of the two VR-goggles were located respectively. The screens showing the instruments 

of each pilot station were placed with the backsides towards each other. The participants 

currently flying was sitting in front of each other at about three meters distance, to the 

left and right of the test leader respectively. 

PROCEDURE 

Each session started with the participants answering QBackground. Answers to all of the 

questionnaires, except part two of QAfter, were performed on laptops next to the pilot 

stations. After QBackground, QBefore was completed. The reason for not combining 

QBackground and QBefore was to make it possible for the participants to fill in the 
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former in advance of the session. When finished, the participants were introduced to the 

Illustrator with advanced single flying. During this phase the two aircrafts were 

separated far apart so that the participants could concentrate on manoeuvring their own 

aircraft. The test leader suggested the participants some manoeuvres to practise. After 

they had practised all of the manoeuvres, they were free to fly on their own. After about 

20 minutes of single training, the test leader stopped the simulation. The training phase 

continued with advanced file flying. The test leader suggested some manoeuvres to 

practise, before the participants got time to fly on their own. After about ten minutes the 

participants were asked if they had any questions and if they wished to train more. 

 

When both of the participants said that they felt familiar with the Illustrator they made 

themselves ready for the WVR-scenarios. The first two were training scenarios to give 

the participants a feeling for the simulation. The training scenarios were performed 

exactly as the test scenarios. The training phase and the training scenarios were only 

performed the first time each pilot participated12. After the training scenarios, the test 

scenarios started. The time for a scenario varied from 30 seconds up to 4 minutes. After 

three of the scenarios in each session, that ended when one of the participants was shot 

down by the other13, they removed the VR-goggles and answered to QDuring. After all 

scenarios and the last QDuring had been completed, the participants answered to part 

one of QAfter on the laptop, and part two with pen and paper. Each session took 

approximately one and a half hour. When the session was finished, the participants were 

debriefed and thanked for their participation. 

                                           
12 Some persons participated in several sessions. 
13 Some scenarios ended up with system failure or ground crash for one or both of the aircrafts. A new 

scenario was started at those points. 
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RESULTS OF THE EMPIRICAL STUDY 
In this section the results from the psychological and technical evaluations will be 

presented respectively. QBefore, QDuring and QAfter were performed more than once 

of some participants since some of them participated in several sessions. Therefore, one 

analysis with data from the first occasion for those questionnaires and one with pooled 

data, i.e. a mean for the participants who had several values from different occasions, 

was performed. No differences in the result of the analyses were found and therefore 

answers from the first questionnaire occasion was used for in all analyses (N = 13). 

During the study, 12 sessions and 78 scenarios were performed in total. 

PSYCHOLOGICAL EVALUATION 

A two-way repeated measure analysis of variance (3 x 2) was performed for the three 

psychological aspects; attitude towards simulators in general (ATT), commitment of the 

scenarios (COMM) and challenge of the scenarios (CHALL) for two points in time; 

before and after the sessions. No main effect was found within the variables and there 

was no interaction effect between them (ps > 0.05). The means and standard deviations 

are presented in table 1. A chart showing the means for the different aspects is presented 

in figure 4. 
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Table 1. Means (standard deviations) for the three psychological aspects before and after the 

sessions. 
ASPECT BEFORE AFTER 

Attitude (ATT) 5.5 (1.1) 5.5 (1.4) 

Commitment (COMM) 5.5 (0.8) 4.8 (0.9) 

Challenge (CHALL) 5.2 (0.9) 4.5 (1.6) 

Mean 5.4 4.9 
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Figure 4. Chart showing the rating means for the three psychological aspects before and after the 

sessions. 
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Further, a correlation test for the three aspects and the two occasions was performed. 

After Bonferoni correction for multiple comparisons, no significant correlation was 

found (ps > 0.05).  

 

To summarize the results regarding the three psychological aspects (psychological user 

acceptance), no significant differences and no correlations were found for the three 

variables from before to after the sessions. 

TECHNICAL EVALUATION 

To decide whether any of the five fidelity levels rated regarding realism were as realistic 

as the real environment, a t-test was performed. The test showed that the mean for the 

rated realism of all of the five fidelity levels was significantly lower (ps > 0.05) than the 

“true” value of realism, i.e. 7 on the scale used14. 

 

A two-way repeated measure analysis of variance (ANOVA) with five fidelity levels15 

and three rating dimensions (5 x 3) showed a main effect of fidelity level, F(4, 48) = 

12.0, p < 0.05, MSe = 1.12. A main effect was found within the three rating dimensions 

as well, F(2, 24) = 15.5, p < 0.05, MSe = 3.5. Further, the test showed a significant 

interaction, F(8, 96) = 26.4, p < 0.05, MSe = 1.4. The interaction effect (cell values) is 

the one of closer interest, since it will reveal any differences between the fidelity levels 

regarding the three dimensions. The main effects within the fidelity levels and the rating 

dimensions was not closer analysed and will not be further discussed. The interaction 

effect will be discussed more closely below, after the second ANOVA of the technical 

evaluation has been presented. 

                                           
14 To expect any other result might be a viewed as utopian. 
15 VRES and FOV were left out in this analysis since no rating of realism was made for them. 



WVR - ILLUSTRATOR EVALUATION  RESULTS 

31 

The second ANOVA concerned the two fidelity levels VRES and FOV and the two 

rating dimensions limitation and importance (2 x 2). Similar results as for the ANOVA 

described above was found here as well. The fidelity level FOV showed a similar 

relation between limitation and importance as HUHD. Table 2 show the means and 

standard deviations for the seven fidelity levels concerning the three rating dimensions. 

The values are further illustrated in figure 5. No further results of this second ANOVA 

are presented here since they lack closer interest for this thesis. 

Table 2.  Means (standard deviations) for the seven fidelity levels concerning the three rating 

dimensions realism, limitation of performance and importance of realism for the training potential 

of a WVR-simulator. 

FIDELITY LEVEL REALISM LIMITATION IMPORTANCE

Transition head-up/head-down (HUHD) 2.1 (1.0) 6.5 (0.7) 6.2 (0.6) 

Instruments (INSTR) 5.0 (1.5) 2.4 (1.3) 5.6 (1.2) 

Flight Controls (FC) 3.4 (1.6) 2.7 (1.4) 4.5 (1.8) 

Graphics (GRAPH) 4.8 (1.4) 2.9 (1.6) 4.4 (1.6) 

Feedback (VFM) 4.9 (1.4) 3.7 (1.4) 6.2 (0.7) 

Visual resolution (VRES) - 4.3 (1.8) 6.15 (0.8) 

Field of view (FOV) - 6.5 (0.7) 6.6 (0.7) 

Mean 4.0 4.1 5.7 
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Figure 5. Figure showing the distribution of the means of the seven fidelity levels for the three rating 

dimensions. 
 

To analyze the cell values of the two ANOVA-tests above, a Tukey HSD post-hoc test 

was performed. The test showed several differences within each rating dimension. 

 

Realism: After Bonferoni correction multiple comparisons, three significant differences 

were found. The fidelity level HUHD had a significantly lower rating of realism than 

GRAPH, VFM and INSTR. 

 

Limitation of performance: Both HUHD and FOV showed significantly higher values 

than FC, GRAPH, VRES, VFM and INSTR, even after Bonferoni correction multiple 

comparisons. Further, VRES showed higher values than FC and INSTR. 
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Importance of realism for the training potential of a WVR-simulator: Regarding the last 

rating dimension, eight significant differences were found after Bonferoni correction for 

multiple comparisons. FOV, VRES, VFM and HUHD all showed significantly higher 

values than FC and GRAPH. 
 

As stated earlier, the first ANOVA (5 x 3) showed a significant interaction effect 

between fidelity level and rating dimension, F(8, 96) = 26.4, p < 0.05, MSe = 1.4. To 

analyze this interaction further, the differences between the means for the rating 

dimensions within each of the five fidelity levels were computed (delta values). The 

delta values were generated by: 

 

a) Computing the difference between each participant’s ratings of the three dimensions. 

This generated three values for each participant, for each fidelity level. 

b) The three delta values for each fidelity level were then generated by computing a 

mean for each of the three rating dimensions. 

 

For all of the five fidelity levels this generated three delta values; Delta 1) realism-

limitation, Delta 2) realism-importance, and Delta 3) limitation-importance. The delta 

values are presented in table 3. 
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Table 3.  Delta 1 (realism-limitation), delta 2 (realism-importance) and delta 3 (limitation-

importance) for each of the five fidelity levels. 

FIDELITY LEVEL DELTA  1 DELTA 2 DELTA 3 

Transition head-up/Head-down (HUHD) -4.38 -4.08 0.31 

Instruments (INSTR) 2.62 -0.62 -3.23 

Flight Controls (FC) 0.69 -1.15 -1.85 

Graphics (GRAPH) 1.92 0.38 -1.54 

Feedback (VFM) 1.15 -1.31 -2.46 

 

A two-way repeated measure analysis of variance for the five fidelity levels and the 

three delta values was performed (ANOVA 5 x 3). After Bonferoni correction for 

multiple comparisons, a Scheffe post-hoc test showed several effects of the cell values 

within each delta value dimension (ps < 0.05). 

 

Delta 1: Between realism and limitation, five significant differences were found. The 

difference for HUHD was significantly greater than for all the other fidelity levels. 

Further, the difference for INSTR was significantly greater than the difference for FC. 

This is supported by what could be observed in the in figure 5. For HUHD, there is a 

cross-interaction between realism and importance, i.e. HUHD has a negative delta value 

instead of a positive as the other fidelity levels. For the other fidelity levels, the delta 

value shows some variation but the value of limitation is exclusively lower than the 

value of realism. 

 

Delta 2: Between realism and importance, the difference for HUHD was significantly 

greater than the difference among the other fidelity levels. This is visible in figure 5. The 
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value of realism for all fidelity levels is right below the value of importance except for 

HUHD where it is far below. Further, for the fidelity level GRAPH there is a cross-

interaction. The difference for all other fidelity levels is negative, while for GRAPH it is 

positive. However, no significant differences were found between the value for GRAPH 

and the other values. 

 

Delta 3: Between limitation and importance, the difference for HUHD was significantly 

smaller than for the other fidelity levels. Again, this is visible in figure 5. For all fidelity 

levels except HUHD, the value of limitation is lower than the value of importance. In 

fact, there is a cross-interaction for HUHD here as well. To summarize, it is almost 

exclusively HUHD that shows differences in delta values compared to the other fidelity 

levels.        

 

A correlation test between the rating dimensions realism and limitation of performance 

for the five fidelity levels HUHD, INSTR, FC, GRAPH and VFM was performed. No 

significant correlations were found after Bonferoni correction for multiple comparisons 

(ps > 0.05). However, a tendency for a negative correlation was found for some fidelity 

levels. 

 

The data from QDuring regarding which fidelity levels, if any, that limited the 

participant’s performance during the last scenario prior to the questionnaire is presented 

in figure 6. As could be seen in the chart, the fidelity levels FOV together with HUHD 

had the highest answer frequencies with 30 hits each. The max value that could be 

achieved was 34 hits16. Also INSTR and VRES had rather high values. The other fidelity 

                                           
16 Ten of the participants performed QDuring at three occasions and two of them at two occasions. Data 

is missing from one participant. 
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levels and alternatives had rather low frequencies in comparison with the three 

mentioned above except for the alternative “Other”. One participant complained on a 

low “flight feeling” and one on graphical distortions. Three participants said that the 

knowledge about the aircrafts position in relation to the surrounding world together with 

the control of speed, altitude and height of the own aircraft was limited. In this question, 

flight model was an alternative since it was of interest to see if the participants felt 

limited by the F-16 model. As could be seen in the figure below, flight model only had 

three hits. Since the F-16 model was not of further interest for evaluation, it was not 

included in the ratings for three dimensions realism, limitation and importance in 

QAfter. In total there were 91 hits for the different alternatives. No statistical analyses 

has been carried out with this data (N=12), since it is satisfying to observe the tendencies 

in relation to the other results obtained. 
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Figure 6. Chart showing the answer frequencies regarding limitation of performance in QDuring. 

 

a) All twelve of the participants chose HUHD in at least one occasion. Seven of them 

chose HUHD at every occasion. 

b) All of the participants also chose FOV in at least one occasion. Further, ten of them 

marked FOV at every occasion. 

c) Five of the participants chose INSTR in at least one occasion and two of them at 

every occasion.  
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d) Four participants marked VRES in at least one occasion and three of them at every 

occasion.  

 

In QAfter, the participants were asked what, if anything, that has to be improved in the 

Illustrator for future use as a training environment for WVR-combat. The alternatives 

were the same as for limitation of performance in QDuring that was presented above. 

The data is presented in figure 7. As in QDuring regarding limitation of performance, 

FOV and HUHD again had the highest answer frequencies with 13 and ten hits 

respectively. The maximum value that could be achieved was 1317. Further, VRES had a 

rather high value with seven hits. In total there were 42 hits for the different alternatives. 

Regarding the two hits for the alternative “Other”, one participant meant that the sound 

picture should be improved to enhance the spatial awareness and another just that the 

sound picture should be improved. For the same reason as for limitation in QDuring 

presented above, no statistical analyses has been carried out with this data (N = 13). 

                                           
17 The first occasion of QAfter for each of the thirteen participants was analyzed. 
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Figure 7. Chart showing the answer frequencies regarding future improvements of the Illustrator in 

QAfter. 

 

a) All of the participants chose FOV. 

b) Ten of them also marked HUHD.  

c) Seven of the participants chose VRES.  

 

To summarize the results of the technical evaluation (technical user acceptance), several 

interesting differences were found. Further, clear tendencies were found regarding 

limitations in QDuring and improvements in QAfter. The results from the psychological 

and technical evaluations will be discussed further in the next section. 
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DISCUSSION 

PSYCHOLOGICAL EVALUATION 

No significant effects were found for the three variables ATT, COMM and CHALL 

from before to after the sessions. Attitude show the same value before as after the 

sessions (5.5). However, the values tended to drop from before to after for commitment 

and challenge. Commitment has dropped from 5.5 to 4.8, and challenge from 5.2 to 4.5. 

This is interesting to relate to research performed for real flight. In several studies, it has 

been found that the activation among pilots is higher before flight than after (for 

example Svensson, Thanderz & Uneståhl, 1980; Svensson, Angelborg-Thanderz, 

Sjöberg & Gillberg, 1988). Before flying the pilots showed to be high in activity, but 

afterwards they were relaxed and tired, i.e. low in activity. It is reasonable to believe that 

the participants in this study were not physically tired to any higher extent after the 

sessions, but they might have been mentally tired. Assuming that a lowered activation 

includes motivation and challenge, the cause of the drop for commitment and challenge 

might not have been the experience the participants had of the scenarios in the 

Illustrator. However, to decide whether this was the case or not would have demanded 

comparisons with a control group, for example performing the same ratings before and 

after a real WVR-combat instead. 

 

As will be discussed below, the system showed some major technical weaknesses, most 

of them rather expected. Therefore, the initial values for the three psychological aspects 

should be seen as high. Regarding the negative tendencies, it might be the case that they 

were caused by experienced technical problems. Finally, to expect higher values initially 

would not be realistic at this stage of the development. Thus, there seem to be no 

alarming results regarding the psychological user acceptance of the Illustrator in this 

study. 
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TECHNICAL EVALUATION 

All of the five fidelity levels that were rated for realism had a mean significantly 

different from the “true” value of realism (7). This was rather expected since there are 

major differences between the real operational setting and the Illustrator. This is further 

discussed below. 

  

To clarify the discussion about the fidelity levels, the rating scale from one to seven is 

divided into three interval sections. One to three are low values, three to five middle 

values and five to seven high values (see table 2 above). The optimal values for a 

fidelity level would be a high value of realism, a low value of limitation of performance 

and a high value of importance of realism18. During the discussion about the seven 

fidelity levels it should be remembered that the Illustrator is the first version of a low-

cost system for future training of WVR-combat. This is primarily important when 

discussing the realism values of the fidelity levels. The top value of seven is utopian. 

Therefore a value around five should be treated as very promising and a value around 

six as excellent. 

 

Transition head-up/head-down (HUHD) is low in realism, high in limitation and high in 

importance, i.e. the worst-case scenario. Further, HUHD showed significantly higher 

values regarding limitation of performance than all other fidelity levels except FOV. 

HUHD also has the highest number of hits regarding limitation of performance in 

QDuring (see figure 6 above) and the second highest of future improvements in QAfter 

(see figure 7 above). The alarming values for HUHD were rather expected since the 

instruments in the Illustrator are presented on a screen in front of the user. In a WVR-
                                           
18 A low value of importance would not be a problem other in the sense that the developmental 

resources could have been better distributed.  
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scenario the operator has to turn his head in order to keep visual contact with another 

aircraft. Therefore it can be rather difficult to maintain control over the instruments. This 

problem is also affected by the rather limited field of view in the Illustrator, and the fact 

that the operator has to look under the lower edge of the VR-goggles to see the 

instruments. This will be further discussed below. 

 

Instruments (INSTR) has a high value of realism, a low value of limitation and a high 

value of importance (table 2), i.e. the optimal values as mentioned above. In QDuring 

however, INSTR had eleven hits regarding limitation (figure 6). That is a rather high 

value. According to the values for INSTR in table 2, a lower value would be expected. 

That the value of limitation in QDuring is a bit suspicious is also supported by the fact 

that only three participants chose INSTR regarding improvements in QAfter (figure 7). 

It might be the case that the ratings regarding limitation in QDuring were affected by 

experienced problems with transition head-up/head-down. In total, INSTR is believed to 

show the most promising values of all the evaluated fidelity levels. This is supported by 

two participants who specifically mentioned that the instruments of the Illustrator were 

satisfying in part two of QAfter. Not a single participant mentioned INSTR as a 

weakness in the Illustrator. However, for other activities than WVR-combat this might 

not be the case at all. WVR-combat is an almost exclusively visual activity with only 

short glimpse on the instruments. If the study had concerned some scenario with higher 

demand on instrumental flying, the results might have been different since the 

instruments would have been used more. Perhaps that would have revealed problems 

that were not found in this study. 

 

Flight controls (FC) received a middle value of realism, a low value of limitation and a 

middle value of importance (table 2). FC further showed a very low number of hits 

regarding both limitations in QDuring (figure 6) and improvements in QAfter (figure 7) 



WVR - ILLUSTRATOR EVALUATION DISCUSSION 

43 

with one and two hits respectively. This is interesting since the controls in the Illustrator 

are low-cost products (speaking in economical terms of simulator development) that are 

available on the market to any enthusiast. It might be the case that controls of this type, 

with major differences compared to the real environment, are satisfying for the purpose 

of WVR-combat simulation. However, further evaluations will have to prove if that is 

the case or not. 

 

Graphics (GRAPH) showed a middle value of realism, a low value of limitation and a 

middle value of importance (table 2). Regarding limitation in QDuring (figure 6) and 

improvement in QAFter (figure 7) GRAPH received zero hits in both cases. Further, all 

other fidelity levels showed significantly higher values of importance of realism than 

both GRAPH and FC above. The value of realism for GRAPH, 4.8, is rather high. 

 

Visual feedback according to a manoeuvre (VFM) has a middle value of realism, a 

middle value of limitation and a high value of importance (table 2). However, in 

QDuring and QAfter VFM had zero hits regarding both limitation (figure 6) and 

improvement (figure 7). Further, the value of realism for VFM is rather high with 4.9. 

 

Visual resolution (VRES) has a middle value of limitation and high value of importance 

(table 2). Further, VRES had a high number of hits (10) regarding limitation of 

performance in QDuring (figure 6). For improvements in QAfter (figure 7), VRES had 

the third highest number of hits (7) after FOV and HUHD. However, the value of 

limitation of performance is not as high as for FOV and HUHD (table 2). The main 

reason for those results is probably that it sometimes is hard to see the other aircraft 

against the sky in the Illustrator, since the aircrafts are grey. As mentioned earlier, the 

operator sometimes has to check the instruments during WVR-combat, in real flight as 

well as in simulated. This means a loss of visual contact with the enemy for a second or 
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so. When trying to establish visual contact again the limited field of view seem to be a 

problem. During the study it was observed that the participants often swept by the 

enemy aircraft without noticing it against the blue-grey sky. One participant stated that 

the visual resolution is a weakness in the Illustrator since its hard to judge angles and the 

speed of an enemy aircraft. The visual resolution in the VR-goggles used in the study is 

800 by 640 pixels. It might be the case that this is not enough. 

 

Field of view (FOV) is very high in both limitation and importance (table 2). The value 

of limitation of performance showed to be significantly higher than for all the other 

fidelity levels except HUHD. Further, FOV had most hits together with HUHD 

regarding limitation of performance in QDuring (figure 6). For future improvements in 

QAFter (figure 7), FOV had 13 hits, i.e. all of the participants marked it. The field of 

view in the Illustrator is restricted to approximately 30 degrees. Compared to about 90-

100 degrees for a person with normal sight this is a very restricted view. During WVR-

combat, the flight is almost exclusively based on visual references. Therefore the 

alarming results were rather expected. Further, FOV was mentioned as a weakness in 

part two of QAfter by all of the participants. Many of them stated that the limited field 

of view makes it hard to keep control of the position of the aircraft in relation to the 

surrounding world (further called spatial awareness) and to keep control over the 

instruments. This is closely related to the problems found for HUHD. With a greater 

field of view, the possibility to maintain control over the instruments during flight would 

increase. As the Illustrator is today, a short switch from looking at another aircraft to the 

instruments and back again often results in a loss of visual contact19. Four of the 

participants mentioned this problem with HUHD as a weakness in part two of QAfter. 

Further, several of the participants stated that the peripheral sight is the most important 

                                           
19 Meaning a constant loss and not a temporary loss caused of the transition head-up/head-down. 
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factor for spatial awareness. One participant wrote, “The field of view is too small. This 

results in abnormal difficulties with keeping up the spatial awareness, to control the 

instruments and to find a once lost enemy aircraft. The operator will therefore learn an 

inappropriate behaviour regarding instrument control which could lead to fatal 

consequences”. Finally, it should be mentioned that finding the enemy aircraft after 

head-down in a real WVR-combat is not always an easy procedure either. However, the 

limited field of view in the Illustrator complicates this procedure even more. Thus, the 

need of improvements for field of view and head-up/head-down is obvious. 

 

To conclude the discussion of those results (technical user acceptance) there seem to be 

two fidelity levels of major interest for future development and improvement of the 

Illustrator, HUHD and FOV. VRES also seems to be a crucial fidelity level in the 

Illustrator, but to a lower extent than HUHD and FOV. Remember that HUHD, FOV 

and VRES all showed higher values regarding importance of realism than both FC and 

GRAPH. To finish the discussion of the results, the major problems in the Illustrator are 

within Stammers (1983; 1986) dimension of simulation called stimulus/displays. 

METHODOLOGY DISCUSSION 

Questionnaires: The questions in the different questionnaires used in the study were 

designed by personnel at FOI. Many of the questions have been used earlier but some of 

them were new. The scale running from one to seven was chosen with regard to 

literature about psychological research methods and earlier studies conducted by FOI 

(for example Svensson, Angelborg-Thanderz, Sjöberg & Olsson, 1997; Svensson & 

Wilson, 2001). 

 

As stated earlier, there was no question regarding realism for the two fidelity levels 

VRES and FOV. The reason for this was that both visual resolution and field of view are 
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physical facts that we all face every day. Flight controls or instruments of an aircraft, for 

example, are designed artefacts. During the design of the questionnaires this was 

discussed and a decision was made to exclude the question regarding realism for VRES 

and FOV. However, if VRES and FOV had been rated for realism, at least FOV would 

probably have received a very low value. But, that might be wrong, and afterwards the 

opinion is that the question should have been asked. The graphics of the Illustrator was 

rated for realism and that surely is not an artefact. Further, all comparisons made in the 

data analyses could have been performed for all fidelity levels. 

 

Subjective ratings: The study totally relies on subjective ratings made by the 

participants. The only data of a more objective nature collected was which one of the 

two participants in a session that won a specific scenario. This could be interesting to 

analyze, for example in relation to the participants experience. However, this variable 

was not analyzed for the matter of this thesis. 

 

The use of subjective ratings is sometimes criticised, especially when they alone 

constitute the collected data. Regarding the questions in the technical evaluation they all 

dealt with the Illustrator and its parts, so their reliability is not questioned for that 

reason. In the psychological evaluation however, questions about internal states as 

attitude, commitment and challenge were asked. The ratings of those aspects are of a 

more introspective nature. Those ratings regard internal states of the participants and it is 

often questioned how reliable results of this type are. However, the reliability of the data 

is supported by the fact that all participants were active fighter pilots, and they regularly 

participate in studies were they are to perform subjective ratings. It would have been 

interesting to have combined the subjective ratings with psycho-physiological measures 

before, during and after the sessions. The procedure of collecting that kind of data is 
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both time consuming and expensive, thus it was not possible to conduct for the matter of 

this thesis. 

 

Flight model: For reasons discussed in the method section, an F-16 Fighting Falcon 

flight model was used instead of a JA 37 Viggen model during the study. Since the 

participants were experts on JA 37 and not F-16, the flight model was not evaluated 

along the three dimensions realism, limitation and importance in QAfter. However, 

despite that the participants were not experts on F-16 they all had experience of WVR-

combat. Their ability to make expert opinions regarding the Illustrator and its parts are 

not questioned in any sense because of the F-16 model. 

 

To control the participants’ opinions of the F-16 model, flight model was included as an 

alternative regarding limitation of performance in QDuring and improvements in 

QAfter. In QDuring, flight model was chosen at three occasions. For improvements in 

QAfter, five participants chose flight model. This was rather expected since there are 

differences between an F-16 and a JA 37 Viggen20. In future evaluations it would be 

preferred to use a JA 37 model. 

 

Results of the empirical study: Since transition head-up/head-down and field of view are 

very central aspects for WVR-combat, the weaknesses of these two fidelity levels 

probably were rather obvious to the participants (supported by the results) immediately. 

Therefore, it might be the case that the problems with transition head-up/head-down and 

field of view took much of the participants’ attention regarding the ratings. Of course it 

is positive that the problems with HUHD and FOV were identified. However, it might 

                                           
20 Exactly what differences there are is not discussed in this thesis, since it is not of central interest. 
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be the case that eventual problems with the other fidelity levels were not identified by 

the participants because of the major problems with HUHD and FOV. 

GENERAL DISCUSSION 

The results obtained in this study are only valid for this specific version of the 

Illustrator. However, general conclusions and recommendations could be put in relation 

to other systems. The problems with transition head-up/head-down and field of view 

could surely be generalized to other WVR-combat environments, similar to the 

Illustrator. Further, the systematic method of using expert opinions is possible to apply 

for the purpose of evaluations in other simulators and training environments. 
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CONCLUSIONS & RECOMMENDATIONS 
Regarding the psychological evaluation, the monitoring of the three psychological 

aspects was positive. Although commitment and challenge tended drop some from 

before to after, the values were initially high and they are still rather high after the drop. 

There seem to be a positive attitude towards the Illustrator among the participants. 

During the further development, close contact with the operators should be maintained 

to make sure that their expertise comes to use. As mentioned earlier, one of the most 

important aspects of modern simulator design is believed to be the use of operator 

expertise. 

 

In the technical evaluation, both positive and negative results were found for the seven 

fidelity levels. Keep in mind that the results obtained regard the specific situations 

related to WVR-combat. Their validity for other areas of use of the Illustrator is 

unknown. Transition head-up/head-down and field of view turned out to be alarming 

problems. Regarding transition head-up/head-down, one participant suggested that it 

should be possible to see the instruments on a screen as today, but through the VR-

goggles instead of under. Further, the problems with transition head-up/head-down are 

closely related to the limited field of view. Therefore, improving the field of view would 

probably improve transition head-up/head-down as well. However, the aim should be a 

combination of greater field of view and improvements regarding the location of the 

instruments.   

 

A greater field of view is of greatest priority in the future development of the Illustrator. 

30 degrees seem to be far too limited for the purpose of WVR-simulation. If the solution 

for transition head-up/head-down with semi-transparent VR-goggles is chosen, a greater 

field of view would probably improve transition head-up/head-down. As an initial and 
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cheap solution, some of the participants mentioned that a symbol pointing towards the 

enemy aircraft presented in the VR-goggles would be of great help to compensate for the 

limited field of view. Also an indication of the distance between the aircrafts was 

suggested. In many ways, the limited field if view seems to the fundamental problem in 

the Illustrator. 

 

The problem with the visual resolution could probably be solved by changing the 

colours of the aircrafts or in some other way make them more visible. This was 

addressed by one participant in part two of QAfter. Further, a greater field of view 

would probably affect the operator’s experience of the visual resolution as well. As 

stated in the discussion, several participants in the study swept by the enemy aircraft 

without noticing it when trying to establish visual contact after head-down. To decide 

whether the visual resolution has to be improved, another study with a far greater field 

of view should be performed. It might be the case that the greater field of view and more 

visible aircrafts would be satisfying. 

 

Regarding the visual feedback according to a manoeuvre, it might be the case that 

improved field of view would lead to improvement here as well. With a greater field of 

view and improved transition head-up/head-down, the operator’s spatial awareness 

would probably increase in two ways. First, the operator would see more of the 

surrounding environment like clouds, the sun or the moon, and the ground. As discussed 

earlier, visual references are important for spatial awareness. Secondly, improved 

transition head-up/head-down would mean a more proper instrument control. This is 

also believed to improve the spatial awareness. Further, this would probably improve the 

visual feedback according to a manoeuvre, since the only way to establish that is to 

control the aircrafts behaviour with visual references and/or instruments. If the 

operator’s possibility of doing so is very limited, the visual feedback is not experienced 
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properly. One participant also mentioned, in part two of QAfter, that the “sound image” 

changes according to for example performed manoeuvres, speed, rpm and alpha during 

real flight. To simulate those changes accurately is another idea for increasing the “flight 

feeling”. 

 

Flight controls and graphics are believed to have shown rather positive values in the 

evaluation. At this stage, the current flight controls are believed to be satisfying for the 

purpose of simulating WVR-combat. Future studies will reveal if that is a correct 

conclusion or not. For graphics, a rather high value of realism was shown together with 

no hits regarding future improvements. Thus, the problem with the visual resolution is 

recommended to be prioritized regarding the visual presentation.  

 

The instruments showed the most promising values of all evaluated fidelity levels. 

According to the results, the instruments are believed to be satisfying for the purpose of 

WVR-combat at present. However, this might change if the field of view and transition 

head-up/head-down is improved, since this probably would mean a higher use of the 

instruments. 

 

To conclude this part, some recommendations of the participants (from part two of 

QAfter) regarding other areas of use of the Illustrator than WVR-combat will be 

presented. Several participants mentioned training of file flying and other activities with 

high demand on visual references, for example start and landing procedures. Several 

mentioned that the Illustrator could be used in tactical as well as system development 

projects. One participant suggested that a system like the Illustrator should be integrated 

with FLSC. FLSC is an existing simulator environment, mainly for BVR-combat. This 

would, according to the participant, constitute a very potential training facility with great 

possibilities. 
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As seen above, a lot of ideas and suggestions were collected. Especially interesting is 

that there seem to be a belief that the system has a high potential if further developed. As 

one of the participants wrote, “For the first time I believe that it might be possible to 

instruct a dogfight in a simulator”. The road ahead might be long and winding but there 

seem to be a potential in this kind of PC-based systems. Not to forget, regularly 

performed empirical studies (as will be discussed below) and the further use of operator 

expertise is of greatest importance. 
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FUTURE RESEARCH 
The results seem to indicate that the Illustrator has potential if further developed. The 

first step after the Illustrator has been further improved according to the suggestions 

should be another utility evaluation. In this evaluation, it is proposed that two other 

fidelity levels are included; the sound and the degrees of freedom in the head tracker. 

 

Another area of interest is to measure psychological aspects like commitment and 

challenge during the scenarios as well. This would also increase the reliability of the 

ratings, and it could be further increased by also adding more psychological aspects of 

interest. Further, it would be interesting to analyze the data that was excluded in this 

thesis (PMWL, SA, PP, experience measures). One issue of interest would be whether 

there is a difference in the ratings in this study depending on the degree of flight 

experience the participants had. There are several other issues of interest as well, like 

comparing the ratings of PMWL, SA and PP in this study with ratings made for real 

flight. 

 

The system will never be perfect regarding realism, but the most central aspect is not 

that the realism is total (since that will never happen). The aim should instead be to 

reach a level were the system can fill the purpose of use, i.e. simulator training of WVR-

combat. To reach this level, the development should be based on regularly performed 

evaluations. First when the users are not limited by the system to any greater extent, 

experiments measuring the training effects of using the system should be performed. To 

follow Bell & Waag’s model (1998), the first step then is to conduct experiments 

measuring the in-simulator learning, i.e. performance improvement within the 

environment. Their idea is that transfer to the real environment is unlikely if 

performance improvement within the system is not present. To establish in-simulator 
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learning, test scenarios should be performed before and after training scenarios. The test 

scenarios should be similar but not identical to the training scenarios. Further, measures 

that reflect performance improvement have to be developed.  

 

Finally, an interesting research question for the future is how g-force is related to WVR-

combat. Can WVR-combat ever be trained validly in a simulator if a motion system 

generating g-force is not integrated? 
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  APPENDIX A: QBACKGROUND 

A: I 

Namn: _____________________________________  

Signatur: ___________________________________  

Ålder: _____________________________________  

Antal flygtimmar totalt: _______________________  

a. Antal i JA 37: ____________________  

b. Antal i sul 37: ____________________  

c. Antal i FLSC: ____________________  

Utbildningsnivå: 

  

  

 

 

 

 

Hur är din allmänna inställning till simulatorträning som komplement till verklig 

flygning? 

 Negativ 1 2 3 4 5 6 7 Positiv 

Hur stor erfarenhet har du av WVR-strid i verklig flygning? 

Mycket liten 1 2 3 4 5 6 7 Mycket stor 

GFSU-elev 

FFSU 

BFT 

Annat 



  APPENDIX A: QBACKGROUND 

A: II 

Hur är din förmåga med avseende på WVR-strid? 

Mycket dålig 1 2 3 4 5 6 7 Mycket bra 



  APPENDIX B: QBEFORE 

B: I 

Signatur: ___________________________________  

I vilken dagsform är du?  

Mycket dålig 1 2 3 4 5 6 7  Mycket bra 

Hur engagerande kommer passen att vara? 

Inte alls 1 2 3 4 5 6 7 Mycket 

Hur svåra kommer passen att bli? 

Inte alls 1 2 3 4 5 6 7 Mycket 

Hur motiverad är du att genomföra passen? 

Inte alls 1 2 3 4 5 6 7 Mycket 

Hur stor är risken för markkollision under ett WVR-pass i Illustratorn? 

Mycket liten 1 2 3 4 5 6 7 Mycket stor 

Hur utmanande kommer WVR-passen i Illustratorn att vara? 

Inte alls 1 2 3 4 5 6 7 Mycket 

Kommer din reservkapacitet att vara tillräcklig? 

Inte alls 1 2 3 4 5 6 7 Definitivt 

Hur kommer den mentala arbetsbelastningen att vara? 

Mycket låg 1 2 3 4 5 6 7 Mycket hög 

I vilken utsträckning kommer du att ha koll på läget under passen? 

Mycket dåligt 1 2 3 4 5 6 7 Mycket bra 



  APPENDIX B: QBEFORE 

B: II 

Hur mycket kommer du att lära dig av passen? 

Inte alls 1 2 3 4 5 6 7 Mycket 

Hur bra kommer du att lyckas under passen? 

Mycket dåligt 1 2 3 4 5 6 7 Mycket bra 

I vilken utsträckning kommer du att gå vinnande ur WVR-passen givet din aktuella 

motståndare? 

       

Hur säker är du på ditt svar på fråga 12 ovan? 

Mycket osäker 1 2 3 4 5 6 7 Mycket säker 

0 % 50 % 100 % 



  APPENDIX C: QDURING 

C: I 

Mental arbetsbelastning 
 
Signatur: 

Du börjar längst ner! 

  
 Arbetsbelastning obetydlig. 1 

  
 Arbetsbelastning låg. 2 

  
 

Tillräcklig reservkapacitet för andra 
uppgifter. 3 

    

JA 
 
 

Otillräcklig reservkapacitet för att med 
lätthet genomföra andra 
arbetsuppgifter. 

4 

Var arbetsbelastningen 
på en tillfredställande 
nivå? 

NEJ 
 

Reducerad reservkapacitet: ytterligare 
uppgifter kan inte ges tillräcklig 
uppmärksamhet. 

5 

  
 

Liten reservkapacitet: 
ansträngningsgraden tillåter liten 
uppmärksamhet på andra uppgifter. 

6 

    

JA 

 
 

Mycket liten reservkapacitet, men det 
går att upprätthålla 
ansträngningsgraden för 
huvuduppgiften. 

7 

Var arbetsbelastningen 
på en acceptabel nivå? 

NEJ 
 

Mycket hög arbetsbelastning med 
nästan ingen reservkapacitet. Svårt att 
upprätthålla ansträngningsgraden. 

8 

 
JA 

 
 

Extremt hög arbetsbelastning. Ingen 
reservkapacitet. Tveksamt om 
ansträngningsgraden kan upprätthållas. 

9 

    
Var det möjligt att 
genomföra uppgiften? 

NEJ Arbetsuppgiften går ej att genomföra. 
Ansträngningsgraden alltför stor. 10 

 
 
BÖRJA HÄR! 



  APPENDIX C: QDURING 

C: II 

Situationsmedvetande 

Du börjar längst ner! 

 
 
 

I min koll på läget ingick allt som är 
väsentligt och dessutom åtskilligt som 
har mindre betydelse. 

10 

  
 

I min koll på läget ingick allt som är 
väsentligt och dessutom en del som har 
mindre betydelse. 

9 

 
 
 

I min koll på läget ingick allt som är 
väsentligt (och ingenting mer eller 
mindre). 

8 

    

JA 
 
 

Min koll på läget var otillräcklig. Några 
få men betydelsefulla aspekter var 
utanför min kontroll.  

7 

Var din koll på läget 
tillfredsställande? 

NEJ Min koll på läget var reducerad. Flera 
betydelsefulla aspekter var utanför min 
kontroll. 

6 

  
 

Jag hade dålig koll på läget. Åtskilliga 
betydelsefulla aspekter var utanför min 
kontroll. 

5 

    

JA 
 
 

Jag hade mycket dålig koll på läget. 
Hälften av de betydelsefulla aspekterna 
var utanför min kontroll. 

4 

Var din koll på läget 
acceptabel? 

NEJ 
 

Jag hade mycket, mycket dålig koll på 
läget. Merparten av de betydelsefulla 
aspekterna var utanför min kontroll. 

3 

JA 
 
 

Jag hade extremt dålig koll på läget. 
Nästan alla de betydelsefulla aspekterna 
var utanför min kontroll.  

2 

    
Tillät din koll på läget 
att du genomförde 
uppgiften? 

NEJ 
 Jag hade inte alls koll på läget. 1 

 

BÖRJA HÄR! 



  APPENDIX C: QDURING 

C: III 

Prestation 

Du börjar längst ner! 

  
 

Jag genomförde momentet på ett 
perfekt sätt. 10 

  
 

Jag kunde genomföra momentet i alla 
väsentliga avseenden. 9 

 
 
 

Jag kunde genomföra momentet i 
väsentliga avseenden (och ingenting 
mer eller mindre).  

8 

    

JA 

 
 

Jag kunde genomföra momentet i 
många avseenden. Några få men 
betydelsefulla aspekter misslyckades 
jag med.  

7 

Kunde du genomföra 
momentet i väsentliga 
avseenden? 

NEJ Min förmåga att genomföra momentet 
var reducerad. Flera betydelsefulla 
aspekter misslyckades jag med. 

6 

  
 

Jag hade låg förmåga att genomföra 
momentet. Åtskilliga betydelsefulla 
aspekter misslyckades jag med. 

5 

    

JA 
 
 

Jag hade mycket svårt att genomföra 
momentet. Hälften av de betydelsefulla 
aspekterna misslyckades jag med. 

4 

Var ditt genomförande 
av momentet 
acceptabelt? 

NEJ 
 

Jag hade mycket, mycket svårt att 
genomföra momentet. Merparten av de 
betydelsefulla aspekterna misslyckades 
jag med. 

3 

 
 
JA 

 Jag hade extremt svårt att genomföra 
momentet. Nästan alla de betydelsefulla 
aspekterna misslyckades jag med.  

2 

    
Klarade du av att 
genomföra någon 
aspekt av momentet ? 

NEJ 
 Jag kunde inte genomföra momentet 

över huvudtaget. 1 

 
 
BÖRJA HÄR! 



  APPENDIX C: QDURING 

C: IV 

Vad, om något, begränsade din prestation under passet? 

 

 

Synfältet 

Reglagens manöverprestanda 

Växling head-up/head-down 

Upplösning VR-glasögon 

Flygmodell 

Inget 

Vet ej 

Annat: ______________________________________  

Instrumentering 

Grafiken 

Visuell feedback i förhållande till en manöver 



  APPENDIX D: QAFTER – PART ONE 

D: I 

Signatur: ___________________________________  

Vi ber dig besvara följande frågor endast utifrån de upplevelser du har med dig från 

WVR-stridspassen. Alla frågor avser förmågan att simulera en WVR-strid. Med 

Illustrator åsyftas den aktuella miljön; med WVR-simulator en framtida träningsmiljö 

för WVR-strid. 

 
WVR-PASSEN 

Hur är din allmänna inställning till simulatorträning som ett komplement till verklig 

flygning? 

Negativ 1 2 3 4 5 6 7 Positiv 

Hur engagerande var WVR-passen i Illustratorn? 

Inte alls 1 2 3 4 5 6 7 Mycket 

Hur utmanande var passen? 

Inte alls 1 2 3 4 5 6 7 Mycket 

Hur mycket lärde du dig av passen? 

Inte alls 1 2 3 4 5 6 7 Mycket 

FLYGMODELL/REGLAGE (STYR-/GASSPAK) 

Hur viktigt är det att en WVR-simulator har en helt korrekt JA37-modell gällande 

flygegenskaperna för att det ska finnas en god träningspotential? 

 Inte alls viktigt 1 2 3 4 5 6 7  Mycket viktigt 



  APPENDIX D: QAFTER – PART ONE 

D: II 

Hur realistisk är Illustratorn med avseende på reglagens manöverprestanda? 

Orealistisk 1 2 3 4 5 6 7 Realistisk 

I vilken utsträckning begränsade reglagens manöverprestanda din prestation? 

Inte alls 1 2 3 4 5 6 7  Mycket 

Hur viktigt är det att en WVR-simulator håller en hög grad av realism gällande 

reglagens manöverprestanda för att det ska finnas en god träningspotential? 

 Inte alls viktigt 1 2 3 4 5 6 7  Mycket viktigt 

VR-GLASÖGON 

I vilken utsträckning begränsade synfältet din prestation? 

Inte alls 1 2 3 4 5 6 7  Mycket 

Hur viktigt är det att en WVR-simulator håller en hög grad av realism gällande synfältet 

för att det ska finnas en god träningspotential? 

Inte alls viktigt 1 2 3 4 5 6 7  Mycket viktigt 

I vilken utsträckning begränsade upplösningen i VR-glasögonen din prestation? 

Inte alls 1 2 3 4 5 6 7  Mycket 

Hur viktig är det att en WVR-simulator håller en hög grad av realism gällande 

upplösningen i VR-glasögonen för att det ska finnas en god träningspotential? 

Inte alls viktigt 1 2 3 4 5 6 7  Mycket viktigt 



  APPENDIX D: QAFTER – PART ONE 

D: III 

GRAFIK 

Hur realistisk var grafiska omvärldspresentationen i Illustratorn? 

Orealistisk 1 2 3 4 5 6 7 Realistisk 

I vilken utsträckning begränsade den grafiska omvärldspresentationen din prestation? 

Inte alls 1 2 3 4 5 6 7  Mycket 

Hur viktigt är det att en WVR-simulator håller en hög grad av realism gällande den 

grafiska omvärldspresentationen för att det ska finnas en god träningspotential? 

Inte alls viktigt 1 2 3 4 5 6 7  Mycket viktigt 

Hur realistisk var den visuella presentationen av flygmodellen till följd av en 

reglagemanöver i Illustratorn, det vill säga den visuella feedbacken i förhållande till en 

viss manöver? 

Orealistisk 1 2 3 4 5 6 7  Realistisk 

I vilken utsträckning begränsade den visuella feedbacken i förhållande till en viss 

reglagemanöver din prestation? 

Inte alls 1 2 3 4 5 6 7  Mycket 

Hur viktigt är det att en WVR-simulator håller en hög grad av realism gällande den 

visuella feedbacken i förhållande till en viss reglagemanöver för att det ska finnas en 

god träningspotential? 

Inte alls viktigt 1 2 3 4 5 6 7  Mycket viktigt 



  APPENDIX D: QAFTER – PART ONE 

D: IV 

INSTRUMENTERING 

Hur realistisk var växlingen mellan head-up och head-down i Illustratorn? 

Orealistisk 1 2 3 4 5 6 7  Realistisk 

I vilken utsträckning begränsade växlingen mellan head-up och head-down din 

prestation? 

Inte alls 1 2 3 4 5 6 7  Mycket 

Hur viktigt är det att en WVR-simulator håller en hög grad av realism gällande 

växlingen mellan head-up och head-down för att det ska finnas en god träningspotential? 

Inte alls viktigt 1 2 3 4 5 6 7  Mycket viktigt 

Hur realistisk var instrumenteringen i Illustratorn? 

Orealistisk 1 2 3 4 5 6 7  Realistisk 

I vilken utsträckning begränsade instrumenteringen din prestation? 

Inte alls 1 2 3 4 5 6 7  Mycket 

Hur viktigt är det att en WVR-simulator håller en hög grad av realism gällande 

instrumenteringen för att det ska finnas en god träningspotential? 

Inte alls viktigt 1 2 3 4 5 6 7  Mycket viktigt 



  APPENDIX D: QAFTER – PART ONE 

D: V 

Vad, om något, måste förbättras om Illustratorn i framtiden ska kunna utgöra en god 

träningsmiljö (simulator) för WVR-strid? 

 

Synfältet 

Reglagens manöverprestanda 

Växling head-up/head-down 

Upplösning VR-glasögon 

Flygmodell 

Inget 

Vet ej 

Annat: ______________________________________  

Instrumentering 

Grafiken 

Visuell feedback i förhållande till en manöver 



APPENDIX E: QAFTER – PART TWO 

E: I 

Signatur: ___________________________________  

Vi ber dig besvara följande frågor endast utifrån de upplevelser du har med dig från 

WVR-stridspassen. Alla frågor avser förmågan att simulera en WVR-strid. Med 

Illustrator åsyftas den aktuella miljön; med WVR-simulator en framtida träningsmiljö 

för WVR-strid. 

 

När i utbildningen skulle det vara lämpligt att använda en väl fungerande WVR-

simulator? 

Vad finns det för svagheter hos Illustrator som den ser ut idag? 

Vad finns det för styrkor hos Illustratorn som den ser ut idag? 

Vad skulle det kunna finnas för andra tillämpningar av ett system av denna typ utöver 

övning av WVR-strid? 

Övriga synpunkter och idéer? 
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Sammanfattning 
Abstract 
This thesis describes the evaluation of a prototype (Illustrator) for future simulator training of 
Within Visual Range – combat in the Swedish Air Force. The main focus was to collect and 
transform user acceptance data (expert opinions) to useful guidelines for continued development. 
Thirteen active fighter pilots participated in the study. The aim was to use expert opinion to study 
a) the psychological user acceptance, and b) the technical user acceptance, of the Illustrator 
together with c) gathering opinions for future improvement. Three psychological aspects were 
rated before and after the sessions to measure psychological user acceptance. For technical user 
acceptance, seven fidelity levels of the Illustrator were evaluated regarding realism, limitation of 
performance and importance of realism after the sessions. The sessions consisted of WVR-
scenarios. Four different questionnaires were used for data collection. Two fidelity levels showed 
to diverge from the others in many ways, and were identified as major problems by the 
participants. No change of the psychological aspects was found between measurements. 
According to the results of the evaluation, suggestions and guidelines for future development are 
presented. Finally, issues of interest for future research are proposed.  
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