
   

 
 
 
 
 
 

Vision Enhancement System - 
Does Display Position matter? 

 
Evaluation of a Safety System for Night-time driving 
 
 
 
 
 

Anna Druid 
 

December 16th, 2002 

 
LIU-KOGVET-D--02/17--SE 

 
 

Supervisor 
Prof. Erik Hollnagel 

 
Master's Thesis at the Cognitive Science study program  

Department of Computer and Information Science 
Linköping University 

 
In co-operation with Autoliv Research in Vårgårda, Sweden 



   



   

Abstract 
At night, the visibility is reduced and the demands on the driver increase. A 
safety system that enables the driver to discover warmer objects in the 
surroundings when the visibility are reduced, such as the Vision Enhancement 
System (VES) contributes to safer night-time driving. Since the benefits of this 
system are established, it is of interest to investigate different design aspects. The 
VES display has in earlier studies been positioned in front of the driver but 
different display positions such as peripheral placement should be evaluated. 
 
The present simulator study is an investigation of the effects of different display 
positions inside the car. Two different display positions were investigated, in 
front of the driver and to the right of the driver. When driving with a display 
positioned to the right, the driver will have to divide his attention between the 
road scene and the display by turning his head or he might be able to use 
peripheral vision. It was hypothesised that there would be significant differences 
in driving performance between the two display positions in favour of the display 
position above the steering wheel.  
 
The results were measured in driving performance as well as opinions from the 
participants. Results show that there were some significant differences and 
several tendencies of better driving performance when driving with the display in 
front of the driver. The participants also rated this display as being better 
positioned and effecting the driving in a more positive way than the display to the 
right. It was therefore concluded that that the most preferred display position is in 
front of the driver.  
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1. Introduction 

Background 
Driving is a very complex task and requires much effort of the driver's cognitive 
abilities. Without attention, vision and the ability to interpret and understand the 
information perceived in the traffic environment the driving would not be 
possible. New in-vehicle information systems are being developed and 
introduced, highlighting the issue of information acquisition by the driver. 
Knowledge of how to design these systems for quick and reliable detection and 
interpretation of the presented information is required in order to investigate 
whether peripheral vision might be a resource that could be used to a greater 
extent.  
 
At night, the visibility is reduced and the demands on the driver increase. A 
safety system that enables the driver to discover warm objects in the surroundings 
when the visual conditions are reduced, such as the Visual Enhancement System 
(VES) can contribute to safer night-time driving. Earlier investigations of the 
VES have shown that this system has many advantages. By being able to see 
obstacles on or near the road much earlier than without such a system, the driver 
has more time to evaluate the current situation and perform the best action. The 
driver can therefore control the situation and be able to plan the driving. 
 
Some of the earlier studies of the VES (Karlsson, 2002; Taube, 2001) has used a 
virtual display (combiner) onto which a virtual image is projected, giving the 
driver an image of the road ahead. The purpose of the present study, initiated by 
Autoliv Research, was to investigate if it is possible to use a direct display (such 
as a LCD-panel) that is not projected on the windshield. Can a direct display, 
such as already existing navigation displays in cars, be used for the VES picture? 
This kind of display is often situated in the centre of the car, near the mid-
console. Therefore this display position needed to be evaluated. 
 
When in-vehicle information systems are positioned outside the driver's normal 
field of view when driving, it may not be as easily spotted as information within 
the normal field of view. As the driver looks straight-ahead, attention is paid to 
the road scene in front of the windshield. It is therefore important to investigate 
how different display positions of a VES display may effect the drivers' ability to 
evaluate the situation at an earlier point of time. Do different display positions 
have different effects on driving performance? Or is it possible to use different 
positions for the display in the car without effecting the driver? This will be 
investigated in this report.  
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Scope and limitations 
The purpose of this study is to investigate effects of different display positions in 
a VES for automobiles. Two different display positions will be investigated, in 
front of the driver and to the right of the driver. Since this study is conducted in 
Sweden, where cars travel on the right side of the road and the driver's seat is 
situated on the left side of the car the peripheral position will be on the right side 
of the driver. The result should though be applicable also for cars where the 
driver's seat is situated on the right side and the display is positioned to the left. 
 
This report will focus on the analysis of driver behaviour close to the targets 
presented to the drivers in the simulation, but also investigate average speed and 
average avoidance profile. Opinions from the participants will also be analysed.  
 
This report turns to a reader with academic background. The method part is 
described in full detail though, in order for readers in the car business to 
understand how the experiment was done. 
 
Notes 
In this report formulations like "he or she", "him/her", etc. are avoided. Whenever 
a personal pronoun is needed, the male version is used. It should be kept in mind 
that this is only done to enhance legibility and that the pronoun represents both 
genders. No discrimination of women is intended. 
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2. Theoretical framework 

Vision 
Most information used when driving is visual. The amount of information that 
can be presented on displays while driving is increasing (Samuelsson & Nilsson, 
1996). If in-vehicle information is situated outside the driver's field of view, he 
must be able to use his peripheral vision or change his line of sight. 
 
A condition for normal vision is that the eye can focus on an object and keep the 
image of the object steady projected on fovea (Martin, 2000). Fovea is the most 
central and sensitive part of retina and provides the most accurate precise vision 
(Ashcraft, 1994). Only a very small part of the retina is used in order to see small 
details at a 0º position (Martin, 2000). A larger area, 2º - 4º from the centre, is 
used when reading. Vision used for orientation uses all of retina without the 
ability to discern small details outside the centre.  

In light and darkness 
Light that is reflected from a surface hits the photoreceptors on the retina, which 
then translates the light to nerve impulses (Martin, 2000). There are two types or 
receptors, cones and rods. These are differently distributed over retina. The 
receptors measure light and have different functions. The cones are specialised on 
distinguishing different colours and discern small details in good light. The rods 
are specialised on registration of very low levels of light. If the light is too weak, 
colours can not be perceived because the cones need a light level of at least 10 
cd/m2, which is the lowest level of photopic1 vision2. An example of photopic 
light is indoor illumination. Most of the rods work below the photopic level, 
which gives scotopic3 vision. A table showing different luminance levels is found 
in Appendix A.  
 

Acuity 
The best acuity is achieved in the most central part of fovea, called foveola 
(Martin, 2000). The size of fovea is 1.5 mm (5.2º) in diameter while foveola 
occupies 0.3 mm (1º). There are 50 000 cones but no rods at all in fovea, why it is 
not possible to see anything with fovea in very weak light conditions. Because of 

                                         
1 Light (Greek) 
2 Luminance is measured in candela (cd). 
3 Darkness (Greek) 
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this, guards that work during the dark hours are instructed to fixate on something 
by the side of the suspicious object.  
 
Field Of View (FOV) is defined as the part of the room that the steady fixating 
eye can perceive (Martin, 2002). The size of the normal FOV (for each eye) is 
70º - 80º downwards, 60º upwards, 60º nasally and 90º - 105º temporally (Figure 
1). When looking at smaller objects and/or objects with low luminance, the FOV 
gets smaller.  

1,5

1,0

0,5

60 40 20 10   5  0  5 10 20 40 60 80

Acuity

Acuity/detail vision

Read area

Field of view/orientation vision

Excentricity in degrees
 

Figure 1. Normal field of view and visual acuity (Reproduction of a figure in 
Martin, 2000). 

 

Peripheral view 
In-car information is often situated outside the driver's immediate field of view, 
for example rear-view mirrors (Samuelsson & Nilsson, 1996). In order to obtain 
this information the driver must use the peripheral vision or shift gaze direction. 
To be able to explain peripheral vision, a distinction between central and 
peripheral vision has to be made. When visually concentrating on something, the 
eyes are often fixated on a certain point (see Figure 2). The central vision is 
covers a relatively limited area around a fixating point that with enough 
sharpness can be used to distinguish and identify the data presented. An example 
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is a leaf on the floor. When looking straight at the leaf it will probably not be 
mistaken for something else, but if the leaf is situated in the peripheral FOV it 
might be mistaken for a spider. 
 
The peripheral FOV corresponds to the area in the field of view that begins 
outside the central FOV and has its outer border at approximately 90º (from nose 
to ear) (Samuelsson & Nilsson, 1996). The sharpness, by which we can identify 
data, gradually decreases as the information (e.g. a leaf) moves out in periphery. 
The functional FOV corresponds to the area in the field of view where stimuli 
presented outside the fixating point can be both distinguish and identified with 
great certainty. This functional FOV corresponds to an area that most commonly 
is not larger than about 5º from a fixating point. The size of the functional FOV 
can vary depending on concurrent demands loading the central field of view 
(ibid).  
 
The central vision is specialised in different kinds of identification, while the 
ability to orientate in space is mostly due to the peripheral vision (Samuelsson & 
Nilsson, 1996). The central vision is thus totally dominating when dealing with 
colour perception and to detect and recognize details in objects and patterns. It is 
also able to distinguish small differences among different visual forms. An 
important function of the peripheral vision is to register changes in light and 
movement in the peripheral field of view. This function is important for the 
ability to orientate. The central vision is superior to the peripheral vision 
concerning most or our visual functions. The peripheral vision works as an alarm 
that signals changes in our peripheral surrounding all the time and register how 
we move (ibid). 
 
Peripheral vision decreases with increased eccentricity during daylight, i. e. 
photopic conditions (Martin, 2000). The ability to see objects is best in fovea and 
decreases gradually from the centre. In darkness, with scotopic vision, colours 
can not be distinguished. In daylight, man is able to distinguish 10 billions 
different colours. 

Information presented in the peripheral field of view 
Samuelsson & Nilsson (1996) conducted a theoretical compilation over studies 
investigating information presented in the peripheral field of view. They found 
that it is probably not possible to recognise that which is seen in the peripheral 
vision without a new eye fixation. When driving, between 70 - 90 % of all eye 
fixations are made within an area that corresponds to the functional FOV in 
figure 1 (ibid). At a distance of 1 meter from the eyes of the driver, an angle of 5º 
corresponds to an area of 17 centimetres both vertically and horizontally (see 
Figure 2).  
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1 meter

X

17 cm

Periphery
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Figure 2. The functional field of view with a fixation point (X). 

 
 
Samuelsson & Nilsson points out that it must be regarded as relatively dangerous 
to present important information in the peripheral field of view. It is difficult to 
change behaviour and not reflexively make refixation from the road to the 
information presented in the car. Even if it was possible to overcome this 
refixation and focus could remain on the road, it is not likely that the information 
from a display situated peripherally in the car would be detected as easily.  
 
When using visually demanding in-car equipment one of the main safety 
considerations is the driver's ability to detect objects approaching in front of their 
vehicle (Lamble, Laakso & Summala, 1999). The longer the driver looks away 
from the road scene and the further away from the road scene that glances are 
directed, the more likely it is that the driver will miss some safety critical 
information from the road ahead. When designing new in-car equipment it is, 
according to Lamble et al., of critical importance to ensure that the driver will not 
have to direct their gaze away from the road scene for long periods. 
 
A study by Lamble, Laakso and Summala (1999) examined drivers� ability to 
detect a decelerating car ahead when their visual attention was focused on a 
display located at different positions inside the car. A small display mounted in a 
box was placed in nine different positions, moved horizontally or vertically 
(counted in degrees) away from the straight-ahead line of sight of the driver (0°). 
The display was showing randomised digits (1 � 9). While driving the car, the 
participants were required to focus on the display and to say when the digit 4 
appeared. They were also told to brake as soon as the car ahead was decelerating. 
This was measured in time-to-collision (TCC). Lamble et al. (1999) found that 
shorter distance to the car ahead resulted in a lower detection threshold and that 
detection thresholds were higher in the vertical locations than in the horizontal 
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locations. This study also showed that the most effective display position was 17° 
to the right of the driver on top of the dashboard. The display in the speedometer 
area (21°) resulted in an average on 0.4 sec shorter TCC compared to the display 
17° to the right. Lamble et al. therefore suggests that future vehicle design should 
consider using the area above the dashboard, to the right of the steering wheel, at 
15° - 20° away from the normal line of sight for mounting visually demanding 
displays or simple displays which are frequently used by the driver. 
 
Isomura, Kamiya and Hamatani (1993) investigated drivers� ability to visually 
process both centrally and peripherally presented information at the same time 
while driving. They found that the central and peripheral ability is in conflict with 
each other. Information such as coloured circles and squares were randomly 
presented in the peripheral field of view (20° - 40° away from the central FOV) 
and in the central FOV. The participants were required to press a certain button 
on the steering wheel, depending on which area the information was showed in. 
They were also told to keep control of the target speed and adjust the speed of the 
car when needed. Isomura et al. concluded that peripheral ability could be deeply 
affected by the central task and that the whole visual burden should be kept 
constant instead of coming from different directions. 

Attention 
To be able to drive a car, the driver must pay attention to the traffic environment 
as well as information presented inside the car. The visual attention is obviously 
necessary during driving and sometimes the attention has to be divided between 
different tasks. Most traffic accidents are caused by visual mistakes such as not 
discovering traffic signs or pedestrians on the road or nearby (Samuelsson & 
Nilsson, 1996). Visual mistakes are defined as situations when we for some 
reason focus our visual attention on other information than what is required at a 
certain point, to be able to avoid a critical situation. One possible explanation to 
these mistakes might be related to the need of looking at the information 
presented inside the car now and then. For a moment attention is not paid to the 
traffic environment and therefore increases the risk of accidents (Samuelsson & 
Nilsson, 1996). 

Visual attention 
When driving, the driver has to pay attention to a large amount of visual 
information. This information must be interpreted and understood. As attention is 
paid to visual stimuli, the content in the iconic memory seem to be examined 
(Ashcraft, 1994). Iconic memory is defined as the short-duration memory system 
specialised for holding visual information. While doing that, a new visual scene 
is being registered in the sensory memory. The sequence of encoding visual 
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stimulation is very rapid and highly active. The encoding consists of selecting 
parts of the visual stimuli for further processing and planning subsequent eye 
movement. Due to the constant updating of visual sensory memory and to our 
focus on attended information, we experience a visual continuity without breaks 
or pauses. Our mental processes provide a smooth transition from one attended 
display to the next by picking up the thread of visual information in the newly 
registered scene. (Ashcraft, 1994). Visual attention represents a number of 
processes that gets started at the same time as the eye focus on the object of 
interest, as when detecting a leaf on the floor in the corner of the eye (Martin, 
2000). Increased visual attention gives a faster reaction time on stimuli, more 
correct reaction and at a lower threshold. 
 
The theory of focused visual attention often argues that the focused visual 
attention can be compared to a spotlight, in the sense that everything within a 
small area can be seen clearly (Eysenck & Keane, 1995; Proctor & van Zandt, 
1994). Anything falling outside the beam of the spotlight is instead much more 
difficult to see.  

Divided attention 
Attention is a resource of limited capacity (Midtland, 1993). During the 
processing of information, attentional resources will be consumed. The amount of 
this consumption, the mental workload, will vary with the complexity of the 
processing task and the time-margins available for completing the task. If the 
demands of a task exceed the available resources, mental overload will occur and 
task performance will deteriorate. The ability to divide attention among multiple 
tasks is called divided attention (Proctor & van Zandt, 1994). This ability is 
necessary during driving, for example when driving a car while carrying on a 
conversation.  
 
Several crash records have reported that the driver was focused on controls, 
displays or mirrors inside the car at the time of the crash (Wierwille & Tijerina, 
1996, in Lamble, Laakso and Summala, 1999). The allocation of the drivers� 
visual resources into the vehicle is, according to Wierwille & Tijerina, the cause 
of numerous crashes. They also believe that the introduction of new in-car items 
can be expected to increase the rate of these types of crashes, due to the focused 
visual attention that these items demand.  

The importance of control 
The driver has three tasks while driving (Rumar, 1991). First, he must gather 
information about the current situation, what is happening and what to expect to 
happen. Second, with this information and other known facts the right decisions 
must be made. The third task is to execute these decisions. A road-user always 
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has expectations about what will happen next in the traffic environment, based on 
experience and education. The use of the sense organs is controlled by 
expectations. Therefore the mind through these organs actively searches for 
information to match the expectations and the driver sees things he expects to 
see. Failed detection of other road-users is therefore probably more often due to 
wrong expectation than bad eyesight. The difference between a good or bad 
driver is the ability to anticipate events. If the driver can anticipate an obstacle 
that is a risk around the next corner, he can hit the brakes in time since he is 
prepared. 
 
To be able to execute a task, people have to know what the goal or objective is 
and being able to assess what remains to be done before the goal is reached 
(Hollnagel, 2000). This knowledge can be used to determine which further 
actions should be taken. In aspect of human action, control and time are 
indispensable, both as individual features as well as how they are coupled  
(Hollnagel, 2001). Control often breaks down when time is too short, which 
everyday experience shows.  
 
One way of describing a model of users is a contextual control model (Hollnagel, 
2001). This model makes clear that actions are determined by the context rather 
than by a pre-defined order relationship between constituent functions. The 
choice of next action at any given point of time is determined by the current 
context and therefore do not prescribe or assume certain sequences as being more 
proper or likely than the others. If and when such sequences are found they are 
seen dependent of the regularity of the environment rather than to any properties 
of human cognition. 
 
A human can be seen as a cognitive system model (Hollnagel, 2001). A cognitive 
system is defined by its ability to modify its behaviour on the basis of earlier 
experience to keep control. The cognitive system is able to maintain order and to 
control its actions. Control can be both feedback-driven (or compensatory) and 
feedforward (or anticipatory), where the anticipatory control is more important 
for a cognitive system. Human performance relies on a mixture of feedforward 
and feedback control. Feedforward control is necessary to prevent performance 
from becoming purely reactive without an opportunity to consider the situation as 
a whole or to plan ahead. Feedforward is equivalent to anticipatory control in 
human behaviour, meaning that the user is able to anticipate what might happen, 
prepare some action and act according to the expected situation.  

Time to evaluate 
A main influence on control is the available time (Hollnagel, 2001). When there 
is too short time available, it is often difficult to make predictions (since time to 
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predict is required) and perhaps even difficult to respond to what have happened. 
A shortage of time will obstruct feedforward control and may even decrease 
feedback control. If there is enough time available it will be possible for the user 
to consider actual events in more detail, how they may develop and to plan the 
next action. 
 
Another factor that may lead to loss of control is how well the situation is 
understood (ibid). Even if an event is expected, it may be difficult to understand 
what is going on. The user must not only understand what is going on (the current 
status of the process) but also have knowledge about what previously have 
happened and what might happen in the future. It is essential to have knowledge 
of the past in order to diagnose events and disturbances, and assumptions of 
future developments to be able to plan and make decisions about future actions. It 
is not only the limitation of time available to evaluate events that can cause 
problems, but also that information needs to be updated and verified. Therefore it 
is not realistic to describe decision-making as a step-by-step process unless the 
decision steps can be executed as fast as the process. 
 
The user and the controlling system must be able to interpret the event and be 
able to find and choose effective action alternatives in order to establish effective 
control (ibid). Human action can be represented as a cyclical model (Figure 3). 
 

TE = time needed 
for event evaluation

TS = time needed 
for action selection

TE

Events  /  
feedback

Action
Construct

TS

External 
event / 

disturbance

TA = available time 
(context dependent)

TA

TP

TP<TA?

TP =  estimated 
performance time

 
 

Figure 3. Human action as a cyclical model (In Hollnagel, 2001). 
 
 
When an external event occurs (e.g. a driver discovers a moose near the road) he 
needs time to evaluate the situation (TE). The driver realises that something has to 
be done and chooses between possible actions (e.g. hit the brakes and stop the car 
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or slow down and change lateral position). The driver needs time to select action 
(TS). The time available (TA) and the estimated time to perform the action (TP) 
have to be considered. If there is enough time available, the driver can avoid 
hitting the moose. If not (TP < TA), the accident might not be avoided. 
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3. Driving at night 
Driving at night is two to three times more dangerous than driving in daylight 
(Rumar, 1991). About one third of all traffic accidents in Sweden occur during 
night, even though there is less traffic at night. 80 % of the pedestrians that are hit 
by a car on a rural road are hit during the dark hours. Sometimes while driving in 
the dark, drivers get tired and fall asleep. That is not surprising, since they 
normally sleep that time. A contributing factor to fatigue might be fact that 
drivers do not have much to look at during night-time driving. If there is little 
visual information, people get tired. But the largest problem with night-time 
driving is the reduced vision (Rumar, 1991).  
 
A great amount, at least 90 %, of the information required to manoeuvre a car in 
traffic is achieved through vision (Rumar, 1991). While driving a car, the driver 
must focus on the road and the traffic environment that lays a head of the car. The 
driver normally focuses and pays attention somewhere between 100 - 400 meters 
in front of the car while driving in daylight (Rumar, 1991). The distance depends 
on the quality of the road and the speed of the car. During the dark hours, the 
driver's vision is severely reduced. Reduced visibility causes a lack of preview 
while driving, which is important since it will decrease the driver's ability to 
anticipate future events (Schenkman & Brunnström, 2000). 
 

Vision Enhancement System 
Driving at night is more dangerous than driving in daylight, in most part due to 
decreased vision. In order to avoid accidents that occur during the dark hours or 
in adverse weather conditions, a safety system could be used. There are different 
types of safety systems, some active and other passive (Taube, 2001). A safety 
belt is an example of a passive system, reducing the effect of an accident when it 
occurs. An example of an active system, that may prevent accidents from 
happening, is Vision Enhancement System. The primary role of a VES is to be a 
secondary source of information to a car driver (Schenkman & Brunnström, 
2000). 

VES - How the system works 
The VES is a system using infrared light, which is invisible to the human eye. 
The VES image on the display could be achieved by using an �active� or 
�passive� infrared (IR) camera. The active camera sends IR light on the 
surroundings which is reflected back to the VES display. It works in the �near IR� 
range of the electromagnetic spectrum. Some disadvantages with the active 
system are that the system may be �blinded� by ordinary headlights from 
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oncoming cars and that the range is somewhat limited. The passive system does 
not send out any IR light, but instead uses an image sensor that operates in the 
�far IR� range, which is the same as heat. The heat warm objects radiate makes it 
possible to show the objects as images on the VES display (Karlsson, 2002). The 
experiment in this report is using a passive system.   
 
Through a display in the car, the driver is able to see the surroundings up to 700 
meters in front of the car with low beams, compared to approximately 70 meters 
without a VES. Figure 4 shows how this information is presented on a display 
inside the vehicle. With a VES all living objects are easy to discover. The warmer 
the object is, the brighter it appears on the VES display. Not only living beings 
are warm, therefore also cars, heated houses and traffic signs are visible. These 
objects are usually not as warm as living objects, though, and therefore do not 
appear as brightly on the display.  
 

 
Figure 4. An example of a real world VES with a virtual display (Photo by Autoliv). 

 
Terminology 
A Head Up Display (HUD) is an image superimposed on some surface, like a 
windshield or a visor on a helmet. A HUD can also be called an Indirect View 
Panel (IVP) since the position of the head is not the main factor, but how the 
information is presented (Schenkman & Brunnström, 2000). A flat panel display 
such as a LCD display, often called a Head Down Display (HDD) or Head Down 
Instrument Panel, can also be named a Direct View Panel (DVP) (ibid). In this 
report, the terminology will hereafter be a virtual display (regarding the display 
projected on the windshield) and direct display (regarding a LCD display). 

VES - Earlier research  
Much research has been done in the area of VES showing many advantages with 
such a system. Compilations covering some of these studies can be found in 
Taube (2001) and Karlsson (2002). A recent study was conducted by Gish 
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(2001). In this study a Cadillac DeVille 2000 with Night Vision was used on 
public and closed roads to evaluate driver behaviour and performance. Gish 
found that an enhancement of between 60 and 150 meters was obtained for 
detected pedestrians and recognised in the presence of headlight glare, but only 
for younger drivers (20-50 years old). The VES did not seem to help the older 
drivers (66-83 years old) to the same extent. The younger drivers glanced down 
at the display much more often then the older drivers. Some of the older drivers 
found themselves ignoring the display, why Gish suggest that older drivers are 
not able to make use of the display since it takes too much effort for them just 
keeping the car on the road. There were however individual differences among 
the older drivers. This can also be explained by differences in their willingness to 
use the display. 
 
Another recent study by Karlsson (2002) investigated display size and brightness 
contrast in a car simulator. The participants had an average age of 34. The results 
from this study indicated that drivers using a large display with high contrast paid 
too much attention to the display and therefore less attention to the environment. 
 
When driving a car with a VES in shape of a virtual display, a number of 
perceptual issues are involved (Schenkman & Brunnström, 2000). One of these 
problems is attention. Nilsson, Harms and Peters (1999, in Schenkman & 
Brunnström, 2000) analysed results from studies on VES in cars and found that 
such a system might lead to divided attention. Since divided attention is a 
potential risk due to the fact that information is received both from the view out 
the windshield and from the VES display, Nilsson et al. argue that it is very 
important to find the best ergonomic way of how to present the information. In a 
review of the human factor issue that had arisen around the VES, Keifer (1995, in 
Schenkman & Brunnström, 2000) noted a risk of decreased attention to events 
outside the field of view of the VES. 
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4. Problem definition 

Hypotheses 
When driving a car, the driver must focus on the traffic environment and the road 
that lay ahead of the car. During the dark hours, the driver has difficulties to see 
and detect critical situations at an early stage. If something appears in front of the 
car, it will not be spotted until very close to the car. Time available is always 
important, and much shorter at night or in reduced visibility. By using a VES, the 
driver will gain time to evaluate the situation in case of obstacles on or near the 
road since the obstacles are spotted much earlier.  
 
The two different positions of the VES display might therefore contribute to 
different driving performances. If results show that one display position generates 
speed reduction at an earlier point, display position has an effect on driving 
performance. Information that is not visually focused is much more difficult to 
see. This might indicate that peripherally presented information is more difficult 
to discover. One of the general hypotheses will therefore be that a display 
situated in front of the driver should result in smoother driving with earlier points 
of braking.  
 
The other general hypothesis concerns the detection of objects that constitute a 
potential danger. For a driver to be able to recognise something that indicates 
danger on a display positioned to the right, he might have to focus on the display 
for a longer period of time. To do so, he will have to take his eyes from the road 
and the traffic. Even if attention is switched only for a little while, the driver 
might miss valuable information about the traffic and the traffic environment. 
Something might turn up just in front of the car at the same time as the driver 
looks at the display to the right. If the driver discovers something on the display, 
he might want to focus on the display to find out what it is. This can lead to a 
problematic situation since the driver will not look at the traffic, but instead look 
at the display situated in the centre of the car. It is likely that the driver may miss 
some objects appearing on the display since it is not possible for him to focus on 
the display all the time. This might lead to changes in driving behaviour such as 
braking profile, due to a later detection of a potential danger. It is also likely that 
the participants are less satisfied with a display to the right, since he has to move 
the point of gaze away from the traffic scene. From these general hypotheses the 
following specific hypotheses were derived. 
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Hypothesis 1: 
A display positioned central to the normal line of sight yields significantly better 
driver performance (e.g. reduced speed in proximity of objects on or near the 
road) than a display peripherally positioned to the right of the driver. 
 
Hypothesis 2: 
A display positioned central to the normal line of sight will lead more detected 
objects on or near the road, than a display positioned to the right of the driver. 
This can be measured by using a number of experimental stimuli that appear for 
short periods of time in the normal field of central vision (i.e., through the 
windshield).  
 
Hypothesis 3: 
The participants will regard a display positioned central to the normal line of 
sight as better and more comfortable than a display positioned to the right of the 
driver.  
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5. Method 

Selected methods 
In the following section the selected methods will be explained. 

Independent and dependent variables 
The independent variable is the variable that is manipulated and controlled by the 
experimenter (Cook & Campbell, 1979). In this study the independent variable 
was the position of the VES display, in front of the driver or situated to the right 
above the dashboard. These positions will sometimes be referred to as W or 
Wheel (positioned at the steering wheel) and R or Right (positioned to the right). 
 
The dependent variable is the outcome that has been predicted to depend on the 
independent variable by the experimenter and is a behavioural measurement 
(ibid). The dependent variable in this study was driving performance. Driving 
performance can be measured by looking at a diversity of variables, for example 
speed, braking patterns, steering wheel position and lateral position. A large 
amount of data was collected for the analysing process. In this project 
information was gathered from the speed and braking patterns as well as lateral 
position.  
 
Detection of objects was expected to effect the driving behaviour, e.g. by reduced 
speed. The earlier detection of an obstacle, the longer time the participants had 
available to make the right decision and to perform the correct action. This might 
not just effect the decision of an action but also the smoothness of the performed 
action. 
 
The 16 participants were divided into four groups as seen in Table 1. These four 
groups differed in which road section (S) it started with and where the VES 
display was situated. During the second section the participants drove with the 
display in the other position. 
 
  Starting display position 

 
W R 

S 1 4 4 8 
S 2 4 4 8 

8 8 16 
 

Table 1. The four different groups in the study. 
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Different methods 

In order to investigate if the position of the VES display may influence driving 
performance, it is necessary to use an experiment. An experiment is defined as a 
test of causal-effect relationships by collecting evidence to demonstrate the effect 
of one variable on another (Cook & Campbell, 1979). If there is a causal-effect 
relationship, then internal validity might be established (ibid). Other possible 
research methods are field studies, interviews and questionnaires. If only the 
latter methods were used, nothing could be said about causal relationships. They 
can however give important opinions from the participants. Without a 
questionnaire, it would not be possible to know what the participants thought 
about the position of the VES, driving in the simulator and so on. A questionnaire 
was therefore used, but only as a complement to the experiment.  
 
In order to control for external variables and provide the same conditions for all 
participants, it is appropriate to carry out the experiment in a driving simulator 
(Schenkman & Brunnström, 2000). In a real traffic environment it is difficult to 
control all external variables. But a car simulator also has disadvantages, such as 
simulator-sickness which as can cause nausea, headaches and dizziness (Taube, 
2001). Even if the simulated world resembles of the real world, it can never be 
quite the same. In general, this can cause a problem with the external validity, 
which is defined as that the results could be generalised to different conditions, 
different populations and at a different time (Cook & Campbell, 1979). Since it is 
easier to control all variables in a car simulator, that were considered the best 
choice for this study. The experiment was conducted in a car simulator at IKP, 
Linköping University.  
 
Two types of experiment design could be used in this experiment, either a 
between-group design or a within-group design. In a between-group design the 
participants are allocated into different experimental conditions. The problem 
with this method is that there are different participants in different conditions, 
which itself can influence the results. In order to overcome this problem, methods 
such as randomisation and matching can be made (Cook & Campbell, 1979).  
 
In a within-group design all participants are exposed to all experimental 
conditions. The problem with this design is that it can cause order effects, which 
can include learning effects or influencing the levels of concentration. To 
overcome these problems counterbalancing can be used, meaning that the 
participants experience the different experiment conditions in various order 
(ibid).  
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Study design 
For this particular experiment a within-group design was primarily chosen. The 
order of the independent variables was randomised and in order to eliminate 
learning-effects the two road sections was fully counterbalanced. Therefore some 
of the participants drove section 1 with one type of display and other participants 
drove section 1 with the other type of display. However, the two road sections 
were not quite comparable. As an effect of this, this study becomes two between-
groups-studies. 
 
The questionnaire was handed out to the participants after the driving sessions 
and contained questions about display positions and how the information in the 
display was experienced, etc. The driving sessions were in real-time and the 
questionnaire was answered after driving both sections. The questionnaire will 
therefore not be effected by the different road sections and is analysed as a 
within-group design. 
 

Apparatus 
The experiment was performed in a car simulator located at Linköping University 
(Figure 5). The simulator is the same that was used in earlier VES studies at the 
University (Taube, 2001; Karlsson, 2002). The simulator had a fixed base with 
approximately 125º field of view. Three video projectors showed the road 
environment on a white screen. Some improvements had been made though; e.g. 
the location of the control panels (where the research team were situated during 
the experiment) was moved from the simulator room to an adjacent room and a 
new improved steering wheel was installed. Figure 6 show the simulator in night-
time environment.  
 
 

 
 

Figure 5. Inside the car simulator. 
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The software was developed by Virtual Technology in co-operation with the 
research team. It provided a virtual environment and adequate driving sound, 
which was run on six computers in a network. Data was recorded twenty times 
per second and contained parameters such as braking distance, speed, position in 
the world, steering wheel position, heading, lateral position and data if the horn 
on the steering wheel was hit (cf. Stimulus Detection Task).  
 
The participants were seated in an authentic car seat of Saab 95. The seat was 
adjustable and was placed in a position to ensure that all participants could reach 
the pedals, sit comfortably and were able to see over the steering wheel, assuming 
their size reaches from the 5th percentile woman to 95th percentile man (Pheasant, 
1996). The seat was placed on a fixed-base. A problem with this is that it can 
cause simulator-sickness (described in a previous section). This can however also 
be a problem with a moving-based simulator.  
 
The participants used a steering wheel that was attached to a force feedback 
motor. The steering wheel was mounted in a box, resembling of a hood, in front 
of the driver to reinforce the feeling of a real car. To design a proper driving 
situation, measurements had been made in different cars to create a space to fit 
most drivers. These measurements had together with anthropometric standards 
been used to design the driver space (Pheasant, 1996). 
 
 

 
 

Figure 6. Driving in the simulator.  

Display 
Since the position of the VES display was to be investigated, an eight-inch wide 
screen LCD colour display (Pioneer AVD-W8000) was used. In one condition the 
LCD display showing the VES picture was placed in front of the driver situated 
approximately 2° under the drivers' forward line-of-sight (Figure 7). According to 
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European regulations (Council of the European Communities, 1991), in-vehicle 
equipment must be placed 1° under the eye. In order to avoid ambiguities, and 
according to instructions given by Autoliv, it was placed 2° under. Black 
cardboard was used to mask a part of the display in order to show only a 12ºx4º 
image (18x6 cm at 90 cm viewing distance). Since the display size was 12ºx4º 
and the camera angle 24º, the size ratio was 1:2. 
 
 

 
 

Figure 7. The display positioned in front of the driver. 
 
 
The issue for this experiment was to find out if it is possible to use already 
existing navigation displays for the VES picture. Since these navigation displays 
often are situated in the centre of the car, in the mid-console, it was reasonable to 
move the LCD display to the right. After measurements in several cars, 40 
centimetres was assumed to be a proper distance between the display in front of 
the driver and the display situated in the centre of the car.  
 
The display in the other condition was therefore situated 40 centimetres to the 
right of the driver (Figure 8). At a distance of 90 centimetres (between the driver 
and the display) 40 centimetres are equivalent to (a change of) an angle of 24º. 
Figure 9 show the two different display positions in the simulator and Figure 10 
shows the position of the display to the right when looking straight-ahead. 
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Figure 8. The display positioned to the right of the driver. 
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Figure 9. A schematic drawing of the simulator with different display positions,  
seen from above and the side.  

 
 
In both conditions the display was situated approximately 90 centimetres from 
the eyes of the driver. The visual range of the VES was up to 700 meters beyond 
the car and was presented on the LCD display with a camera angle of 12° 
horizontal x 4° vertical field of view. 
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Figure 10. The display to the right was positioned in the peripheral FOV when looking 
straight-ahead (cf. Figure 7). 

 
 
In order to compare the direct view display with the virtual display used in 
another study the brightness and contrast had to be matched. To enable future 
studies this match was made against the virtual display used in the VES study 
investigating the issue of transparency at Linköping University at the same time 
(Nilsson, 2002). Two limitations had to be accounted for when matching the 
display. First, a dimmer function on the direct view display disabled part of the 
adjustment range. Second, the brightness contrast of the same display was highly 
dependent on the angle from which it was viewed. According to this, the 
minimum luminance value (LMIN) was adjusted to match the LMIN value of the 
virtual world and the contrast setting was adjusted to max (see table 2). 
 
 

Virtual display Direct view display 
LMAX 7.2 LMAX 6.5 
LMIN 4.5 LMIN 4.5 

 
Table 2. Brightness and contrast matched between different displays. 

 
 

The Road Sections 
The road consisted in two sections as shown in Figure 11. Both sections had 
comparable parts of the road with both curves and straight passages. Each section 
was 45 km long and took approximately 35 minutes to drive. During each section 
the drivers met other vehicles on the road at the same places. These vehicles 
appeared at three times, at the beginning of the section, in the middle and near the 
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end of the section. At the end of section 1 the road passed a school and a gas 
station was passed at the end of section 2. The environment was rural landscape 
and changed between forests and fields in order to make the driving experience as 
real as possible. There were traffic signs but no road crossings. During each 
session four scenarios appeared (cf. Scenarios).  
 

 
Figure 11. The two sections of the road. 

 
 
Other aspects of the road design such as width and surface was much like the 
previous experiments done in the simulator (Taube, 2001; Karlsson, 2002). The 
road was 9.4 meters wide and the road surface was dry and smooth. It had one 
lane in each direction and both lanes were 3.6 meters wide with a 1.0 meter 
shoulder. In the middle of the road and on each side were 10 cm wide intermittent 
lines accordingly to the Swedish road standard. Because of flicker problems there 
were no reflex poles along the edge of the road.  
 

Scenarios 
Each experiment condition took 35 minutes to drive. They contained four 
scenarios per section. A scenario or event is defined as an object placed near the 
road that a driver can encounter in real life such as a moose or a person walking a 
dog. Figure 12 shows where in the road section the scenarios appeared.  Some of 
the scenarios were positioned just by the side of the road (Near) and others 17 
meters from the road (Far) as shown in Table 3. This was done in order to 
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investigate if there were any differences in detection of the scenarios and thereby 
differences in driving behaviour. 
 

 
Figure 12. The road section with scenarios. 

 
 
 
Section 1 Section 2 
# Scenario Scenario 
1 Moose Moose 1_1 Far Moose Moose 2_1 Near 
2 Deer Deer 1_2 Near Deer Deer 2_2 Far 

3 Deer Deer 1_3 Far Moose Moose 2_3 Far 

4 Man and Child Man and Child 1_4 Near Man and Dog Man and Dog 2_4 Near 

 
Table 3. Scenarios, notation and distance to the road in each section. 
 

Stimulus Detection Task 
In order to find out if the participants looked at the display all the time and not 
into the virtual world, there was also a number of stimuli presented in the virtual 
world, but not shown in the VES display (see figure 13). These stimuli looked 
like a bright 'spot' that were visible while the car passed through 25 meter long 
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passes. They had the shape of an egg, the size of a man's head and were presented 
at the height of a man's head. During each section, 15 stimuli were shown 
randomly to the right or to the left in the drivers' field of view. The participants 
reported these stimuli on sight by pressing the horn on the steering wheel. In 
order to give the participants feedback, a sound was heard when pressing the 
horn. 

 
Figure 13. The road section with appearance of stimuli. 

 

Participants 
A total of 16 persons, 2 women and 14 men participated in the study. The 
participants were recruited by flyers on car windshields at mayor industries in the 
Linköping area. The aim was to recruit persons who drove on a daily basis and 
therefore were experienced drivers. One definition of an experienced driver is 
that they have had a driving license for at least five years and that they drive at 
least 10,000 km per year (cf. Nilsson & Alm, 1996). 
 
The recruitment was made in co-operation with the two other experimenters in 
the research team4 that were working on adjacent VES projects. Since all three 
                                         
4 The research team refers to Helena Grönqvist, Jenny Nilsson and me, Anna Druid. Helena 
Grönqvist and Jenny Nilsson conducted studies involving other aspects of Vision Enhancement 
System. 
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experimenters needed 16 participants each, 48 participants were recruited. They 
were thereafter randomly assigned to one of the experiments. The participants in 
this study were randomly assigned to one of four groups. Theses four groups 
differed in which section it started to drive and where the VES display was 
situated. The groups were tested for differences in age and driving experience. 
No significant differences were found (Appendix B). Table 4 shows mean and 
standard deviations for age and driving experience.  
 
 
 
 
 AGE YR LICENCE KM DRIVEN 
Group  MEAN STDEV MEAN STDEV MEAN STDEV 
1 (1W) 33,8 7,8  15,8 7,8  12500 2887 
2 (2W) 38,8 10,7  19,0 11,7  38750 41105 
3 (1R) 40,5 6,5  22,5 6,5  24250 13574 
4 (2R) 34,5 7,9  15,0 9,4  14000 10677 
All Groups 36,9 8,0  18,1 8,7  22375 22724 
 
Table 4. Means and standard deviations for the four different groups. 
 

Questionnaire 
In order to obtain valuable subjective opinions from the participants a 
questionnaire was used to collect this data (see Appendix C). The experiment was 
conducted in Sweden and the questionnaire is therefore only available in 
Swedish.  Since counterbalancing was used (the participants receive the different 
experiment conditions in various orders) questions were made about the first and 
second session instead of direct questions about the positions. The questionnaire 
was designed with consideration to the questionnaire used in earlier research 
involving in-car information displays (Taube, 2001; Nilsson, Falkmer & 
Samuelsson, 1998). Following data was collected: 
 
• Age and driving experience (see Table 4). 

• Rating of the opinion of the VES image position during the first and second 
session (7-point scale, Very good - Very bad). 

• Rating of the ability to see the information presented in the display during the 
first and second session (7-point scale, Very easy - Very difficult). 

• Rating of the ability to understand the information presented in the display 
during the first and second session (7-point scale, Very easy - Very difficult). 
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• Rating of how the driving was effected by the VES image during the first and 
second session (7-point scale, Positively - Negatively, and Open reply).  

• Rating of how the information in the display was experienced during the first 
and second session (7-point scale, Not distracting - Very distracting, and Open 
reply). 

• Rating of the appropriateness of the level of detail in the VES image (7-point 
scale, Too low - Too high). 

• Description of point of gaze when driving during the first and second session, 
at the beginning and at the end of the session (two 5-point scales, Only at the 
surroundings - Only at the VES image). 

• Rating of tiredness during the first and second session (7-point scale, Not tired 
- Very tired, and Open reply). 

• Rating of how the task to press the horn on sight of a white spot effected the 
driving (7-point scale, Not disturbing - Very disturbing).  

• Rating of the task to discover white spots during the first and second session 
(7-poing scale, Very easy - Very difficult). 

• Rating of motion sickness (7-point scale, No - Very, and Open reply). 

The pilot study 
A pilot study was conducted in order to try out the methods, including 
instructions and questionnaire. At first the research team worked in the simulator 
to make sure that the driving seat was placed in the right position. The 
experimenters also performed test runs to ensure that the scenarios, the road 
signs, curves and everything else was satisfactory. The research team tested the 
spots used as stimuli in order to get a proper size and time of appearance. Two 
participants took part in evaluating the number of appearances.  
 
Two other participants tested the road section, instructions and questionnaire. 
They were given instructions, drove all sessions and filled out the questionnaire 
in order to test the procedure. After the procedure they gave their opinions about 
the whole experiment. Since they had several opinions about the questionnaire 
some changes were made (i.e. some questions were rewritten). The research team 
also found that the instructions had to be slightly adjusted. 
 

Procedure 
A written instruction for the experimenters were used to control that all 
participants were treated exactly the same. This was considered important since 
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there were three experimenters working at different hours. After arrival to the 
Linköping University, participants were asked to fill in a background 
questionnaire, answering questions about age, sex, driving experience, number of 
years with driving licence and if they have any problem with their eyesight 
(Appendix D). This took place in an adjacent room. They than received a written 
instruction (Appendix E) about the experiment and the opportunity to ask 
questions. Since all three experimenters in the research team worked in all 
experiments, answers from the experimenters were standardised. 
 
The instructions described the experimental task and how to handle the car. The 
participants were asked to drive as they normally do on a real highway with 
corresponding conditions. The function of the VES was also explained. 
Information was given about the appearance of small spots (Stimuli) during the 
driving sessions. The use of these spots was not explained, in case that might 
effect the results. The participants were made aware of the fact that they 
participated on a voluntary basis and that they at any time could discontinue. 
They were also informed that they could get in touch with the research team 
during the driving sessions through a microphone installed in the simulator. They 
were told that questions would be answered during the practice session, but not 
during the experiment sessions. After reading the instructions, the participants 
were asked to take a seat in the simulator. When they had made themselves 
comfortable in the car seat, the height between their eyes and the floor was 
measured. Their eyes had to be situated above 106 centimetres from the floor so 
that all participants had the same possibility to make use of the VES. If needed, 
the seat was adjusted to meet this demand. Finally, instructions were given orally. 
 
The participants drove in three sessions. The first session was a practice session 
where the participants drove in a night-time environment without a VES. This 
made the participants used to the simulator and gave them a possibility to adjust 
to the environment. During this practice session the participants were made aware 
of the appearance of three stimuli. They were asked to press the horn on the 
appearance and were given a new chance if they missed the spots the first time. 
This was made in order to ensure that all participants knew what to look for 
during the experiment sessions. There was also a moose by the side of the road 
and an oncoming car. This session took approximately 15 minutes. 
 
The following two sessions were the actual experiment conditions. The drivers 
drove two different but comparable routes considering length and curves. Both 
sessions were driven in night-time condition with a VES present. The 
independent variable, the position of the VES display, was different on the 
different routes for each driver. The routes and variables were counterbalanced 
by randomly assigning the conditions in divergent orders. Between the two 
experimental sessions there was a short break with something to eat and drink. 
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The participants were not allowed to discuss the experiment with the 
experimenters during the break. After the experiment sessions, the participants 
were asked to fill in a questionnaire regarding the experiment. After completion 
of the entire procedure the participants received a small gift. 
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6. Results 

Recorded data 
Data were recorded twenty times per second and stored in ASCII-text files. The 
data consisted in sample number, time stamp, steering wheel position, throttle 
and brake position, vehicle heading, pitch, and roll, vehicle speed, lateral position 
and data if the horn on the steering wheel was hit. In order to provide a way of 
calculating distances and trajectories at a later time, coordinates of the vehicle (x- 
y- & z-coordinates) were recorded.  

Data selection 
Several new data sets were obtained from the raw data. By using custom made 
Perl-scripts easy and reliable data handling, data selection and calculations could 
be done. Data was stored in new files with numbers of participants, names of 
scenarios and conditions coded into file names. Data selection was made in 
Matlab 6.1 (student edition) and result analysis was made in SPSS 10.0 (student 
edition). In order to investigate mean speed and avoidance profiles, data was 
collected two times per second during both section 1 and section 2. This data was 
used to compute average speed and an average avoidance profile. 

Average speed and standard deviation in speed 
The results of the average speed showed that there is a small difference in speed 
depending on the position of the display. Figure 14 shows a slightly higher speed 
when driving with the display to the right. This difference is not statistically 
significant (Appendix F). 
 

 
Figure 14. Average speed during both sections. 
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However, an analysis in variance (ANOVA)5 of the standard deviation (SD) in 
speed showed statistical significance at the 0.05-level (p = 0.047) and revealed 
that standard deviation was higher with the display to the right of the driver 
(Appendix F). The display positioned to the right had a SD of 8.1 and the display 
in front of the driver had a SD of 10.3.  

Average lateral position 
The results of the average lateral position show that when driving with the 
display positioned to the right, the drivers drove closer to the middle of the road. 
The difference between the two display positions were 10 centimetres (Figure 15 
and 16). An analysis in variance (ANOVA) showed that this is statistically 
significant at the 0.05-level (p = 0.001), (Appendix G).  
 
 
 

 
 Figure 15. Drivers with display R drove closer to the middle of the  

road (above) than drivers with display W. 
 

 

                                         
5 ANOVA is a statistical method by which the effect of different conditions can be measured. For detailed 
information about ANOVA, see Cook & Campbell (1979). 
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Figure 16. Mean avoidance profiles for different display positions  

(middle of road at 0 meter). 
 

Scenario analysis 
The results from the scenarios are analysed on two parameters: speed reduction 
profile and avoidance profile (lateral position). The data on brake pedals and 
accelerator as well as steering wheel position are not analysed in this study. Data 
was extracted between 800 meters before the scenarios and 200 meters after. Data 
from all participants at each scenario was combined and plotted in figures 
showing average speed or average lateral position.  

Speed 
The recorded speed at each scenario show a tendency of speed reduction at an 
earlier point with the display in front of driver. This can be seen in the scenarios 
Deer 1_2, Man and Child 1_4, Moose 2_1 and Moose 2_3 (Figure 17a, 17b). 
However, this does not seem to be the case in all scenarios. At two scenarios 
there is a reduction in speed at an earlier point with the display positioned to the 
right (Moose 1_1, Man and Dog 2_4, in Figure 17a, 17b). Scenarios Deer 1_3 
and Deer 2_2 show no difference in speed reduction depending on display 
position. There does not seem to be any patterns concerning whether the scenario 
was near the road of far away from it.  
 
There is also a tendency to keep a lower speed with the display positioned in 
front of the driver in the area of the scenarios. Most of the scenarios show this 
tendency: Deer 1_2, Man and Child 1_4, Moose 2_1, Deer 2_2, Moose 2_3, Man 
and Dog 2_4 (Figure 17a, 17b). No patterns concerning whether the scenario was 
near the road of far away (17 meters) from it can be found. An analysis in 
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variance (ANOVA) showed that only scenario Moose 2_3 show a statistical 
significance at the 0.05-level (p = 0.014), (Appendix H). 
 
A figure showing speed for all scenarios in one figure can be found in Appendix 
I. There is a small difference in speed between position W and R in section 1 (in 
Appendix I). In that section the participants drive slightly faster with the display 
to the right. In section 2 there is a larger difference in speed, also this time faster 
with the display to the right. 
 

Lateral position 
It does not seem to be any tendencies in avoidance profiles depending on where 
the display was situated when driving near scenarios. Driving with the display 
positioned at the steering wheel results in a similar avoidance profile as driving 
with the display positioned to the right. Figure 18a and 18b show mean avoidance 
profiles at scenarios. 
 
A figure showing lateral position for all scenarios in one figure can be found in 
Appendix J. Also in Appendix J is a figure showing the difference in lateral 
position between the two sections. This figure shows that drivers with the display 
to the right keep a larger distance to the scenario in section 1, but in section 2 it is 
the drivers with the display above the steering wheel who keep a larger distance 
to the scenario. This will be discussed later. 
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Figure 17a. Mean speed profiles at scenarios in road section 1 (F = Far, N = Near). 
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Figure 17b. Mean speed profiles at scenarios in road section 2 (F = Far, N = Near). 
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Figure 18a. Mean avoidance profiles at scenarios in road section 1 (F = Far, N = Near). 
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Figure 18b. Mean avoidance profiles at scenarios in road section 2 (F = Far, N = Near). 
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Stimuli analysis 
The results of the stimuli spots show no tendencies to difference between types of 
display. When driving with the display to the right similar number of stimuli was 
detected during section 1 and section 2. The display position to the right resulted 
in larger number of detection in section 1, but less detection in section 2. Figure 
19 show averages number of detected stimuli with different display positions in 
section 1 and 2.  

 

Figure 19. Mean detection of stimuli. 
 
Figures 20a and 20b shows a compilation of all detected stimuli spots during 
section 1 and section 2. This compilation also shows the difference in detection 
between display types for every spot. Some stimuli spots appeared in the world at 
the same time as a scenario was visible in the VES display (number 3, 7, 11 and 
12 in section 1, number 7, 13 and 15 in section 2). This fact did not seem to effect 
the detection of stimuli with different display positions. A full record of the 
results is available in Appendix K. 
 

 

Figures 20a and 20b. Differences in detection in section 1 and 2. 
 

 
 

Difference in detection Section 1

-4

-2

0

2

4

6

8

10

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Number R
Number W
Difference W-R

Difference in detection Section 2

-4

-2

0

2

4

6

8

10

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Number R
Number W
Difference W-R

6,5 6,1
5,3

6,1

0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

1Detection of stimuli in Section 1 and Section 2

Section 1 Display in
front of driver
Section 1 Display to the
right
Section 2 Display in
front of driver
Section 2 Display to the
right



Results   

 42

Summary of quantitative data 

• Average speed did not differ significantly for the different positions of the 
VES image. Standard deviation however showed a significant difference 
between the two display positions. The display to the right resulted in a higher 
SD. 

• The results of average lateral position showed a statistical significant 
difference between the two display positions. When driving with the display 
to the right the participants drove 10 centimetres closer to the middle of the 
road. 

• The scenario analysis showed tendencies of slowing down more and at an 
earlier point with the display positioned in front of the driver. This was only 
significant at the appearance of one scenario. 

• The lateral position near scenarios showed no tendencies of difference 
between the two display positions. 

• The analysis of the experimental stimuli showed no tendencies of difference 
between the two display positions. 
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Qualitative data 
There are many interesting answers in the participants' questionnaire but all 
answers can not be considered in this report. This report will only deal with 
answers that concern the position of the display.  
 
The results from the questionnaire showed that the participants accepted both 
display positions. There was however a majority in favour of having the display 
positioned in front of the driver (Figure 21).  
 
 

Figure 21. Rating of the VES image position. 
 
 
 
Ratings about the ability to see the information presented in the display show that 
the participants thought it was easier to see the information when the display was 
positioned in front of the driver (Figure 22).  
 

Opinion of the VES image position
1 = Very good, 7 = Very bad

4,38

2,25

1

2

3

4

5

6

7

In front of driver To the right



Results   

 44

Figure 22. Rating of the ability to see the information in the display. 
 
 
When answering the question if the display position effected the driving, the 
participants rated the display above the steering wheel as effecting the driving 
more positive than the display to the right (Figure 23). 
 

Figure 23. Rating of how the position of the display effected the driving. 
 
The differences above are statistically significant. Other tendencies that could be 
spotted in the questionnaire were that the participants were in favour of the 
display in front of the driver in 8 of 10 question-pairs (session 1 and session 2). 
Figure 24 shows that it is only in the questions dealing with how the information 
was experienced, (1 = Not distracting - 7 = Very distracting), and where the point 
of gaze was during the beginning of the session, (1 = Only at the surroundings - 5 
= Only at the VES image), that the display to the right is in favour. A statistical 
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analysis was made in Wilcoxon6 non-parametric, two-related samples test. 
Results from the analysis for all question-pairs in the questionnaire can be found 
in Appendix L.  
 

Paired Samples Statistics
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Figure 24. Mean for all question-pairs.  

 

Typical replies 
According to the participants both display positions had advantages and 
disadvantages. Quotes of some typical replies (translated into English by the 
author) are listed below. The quotes in Swedish are found in Appendix M. 
 
If driving was effected by the display positioned above the steering wheel: 
Positive replies 

- "Don't have to take my eyes of the road as often and not for so long." 
- "As when driving with the display to the right (easier to discover animals, difficult to judge 

the distance to them, the position made the distance too far to move the point of gaze) now 
it was much better considering the change of gaze." 

                                         
6 For more detailed information about Wilcoxon, see Cook & Campbell (1979). 
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- "It was easier to see the information without looking straight at the VES image since it was 
placed just below the field of view." 

Negative replies 

- "Sometimes you stared at it a little too much. Short persons probably have difficulties 
looking over it." 

 
If driving was effected by the display positioned to the right: 
Negative replies (there were no positive replies) 

- "If you want to use the VES (and you do want to!) it feels wrong to look away from the 
road. It is easier to discover information on the display if it is central [in front of the 
driver]." 

- "It's a disadvantage that you are forced to take your eyes away from the road to be able to 
see the display." 

- "The position effected the ability to see oncoming cars." 

- "The position made the distance a bit too far [for me] to move the point of gaze." 
- "Since the display was positioned on my right [side], it felt as if one had to move one's eyes 

downwards-right to be able to see the information." 

 
If the information in the display was distracting when display positioned above the 
steering wheel: 
- "Too many things in the field of view: road, VES and speedometer. Difficult to decide what 

to look at." 
- "It blocked a bit of the road at the front [of the car]". 

- "A feeling that the VES image interferes with a part of the view straight ahead of the car. It 
really doesn't [interfere] when driving in rural landscape, but I can not deny that feeling 
that the VES image was in the way." 

- "The point of gaze wanted [to] move from the road down to the display." 
 
If the information in the display was distracting when display positioned to the right: 
- "You have to turn your head to check." 

- "You automatically turn your head when something turns up."           

- "A bit more difficult to see the details." 
 

Summary of qualitative data 
• The participants were more positive to having the display positioned in front 

of the driver in 8 of 10 question-pairs. 
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• When rating the opinion of display position, ability to see the information in 
the display and how the information was experienced, a statistical significance 
was a fact. The participants were in these questions in favour of the display 
position above the steering wheel. 

 

• Typical replies showed both advantages and disadvantages with both display 
positions. However, the rated effect of the display positioned in front of the 
driver resulted in several positive replies and only one negative reply. The 
rated effect of the display positioned to the right resulted in only negative 
replies, and the number of these replies was also larger. 

 
 
• Participants thought that the information in the display was distracting during 

both positions. In fact, the negative comments about when the display was 
positioned to the right were outnumbered by the negative comments when the 
display was positioned above the wheel. 
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7. Discussion 
The purpose of this study was to investigate if different display positions result in 
different driver performance and to find out what opinions the participants have 
of these positions. The results showed that there were some differences in both 
driving performance and opinions, when driving with different display positions. 

Interpretation of results 
In the following section the results will be interpreted in the light of the 
theoretical background. 

Average Speed and Standard deviation 
The results of the average speed showed only a difference of 1.8 km/h in speed 
(higher speed with the display to the right). One explanation might be that the 
participants thought that the speed instructions (drive legally - according to the 
traffic signs) was so important so that they made more glances at the speedometer 
than to the display, which resulted in very small differences in speed. This is in 
line with the theory of attention in that way that it is hard to divide the attention 
between several things and that objects outside the focused attention is easily 
forgotten.  
 
Standard deviation of speed however showed a significant difference between the 
displays. The display in front of the driver resulted in a smoother driving which 
might be explained by the fact that this display is in the drivers line of gaze all the 
time and therefore does not effect the driving to the same extent as a display to 
the right. When driving with a display to the right, the driver has to change focus 
from the road to the centre of the car. This may make the driver insecure and 
therefore he releases the throttle when looking to the right. When looking back at 
the road he presses the throttle again. 

Average Lateral Position 
There was a significant difference in lateral position between different display 
positions. Drivers with the display to the right drove closer to the middle of the 
road, which might be explained as that the drivers feel insecure when they do not 
have the VES information in the line of gaze. If they feel insecure they might try 
to gain time by driving closer to the middle of the road. If something appears on 
the display the driver might be afraid that he would discover it too late since the 
display is positioned to the right.  Another explanation is that with the display 
above the steering wheel the driver has full control of the information and the 
objects in the display are perceived as being in front of the car. When driving 
with the display on the right side, the information in the display may therefore be 
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perceived as coming from the right side of the road and the driver therefore drive 
closer to the middle of the road. 
 
The differences in lateral position can also have another explanation. When 
driving with the display to the right, the driver might be afraid of not discovering 
something that appears on the display when he is not looking in that direction. In 
order to get a larger safety margin the driver therefore drives closer to the middle 
of the road.  

Speed near scenarios 
The results of the speed in proximity of the scenarios showed tendencies of a 
higher speed when driving with the display in the centre of the car. This was 
however only significant near one of the scenarios (Moose 2_3). The differences 
between the two display positions were not as large as expected. This might 
indicate that the peripheral vision works as a detector of movements. The 
peripheral vision might detect a movement in the display even if the display is 
positioned to the right. This is in line with the theory of peripheral vision that 
claims that the peripheral vision works as an alarm clock that can signal changes 
in the peripheral surrounding. The display position to the right of the driver might 
therefore in this case be regarded as an alternative to the position above the 
steering wheel. Since the scenarios were stationary the drivers' probably noticed 
that it was safe to pass them without hesitation. If the scenarios instead had been 
moving/animated there might have been larger differences in speed between the 
display positions. 

Lateral position near scenarios 
There were no differences in lateral position between the two display positions 
when driving near the scenarios. When comparing lateral position for the two 
different sections it was discovered that drivers with the display to the right keep 
a lager distance to the scenarios in section 1, but in section 2 the drivers with the 
other display position kept a larger distance. This indicates individual differences 
in the different groups of drivers. One group of drivers' keeps larger distances to 
objects no matter which display position they use. 

Stimulus Detection Task 
The results of the stimuli detection task showed no tendencies of difference 
between display positions. One explanation for this might be that the drivers with 
a display to the right did not glance at the display so often and therefore detected 
most of the spots. Another explanation is that the number of stimuli spots was too 
few, only 15 per section and most of them were detected independent of display 
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position. Perhaps some other method could have been used to examine if the 
driver took his eyes from the road, e.g. an eye-moving recorder. 

Questionnaire 
The ratings of the two display positions showed that the participants are in favour 
of the position above the steering wheel. They thought it was easier to see the 
information when the display was positioned in front of the driver and also felt 
that this position did not effect the driving as much as the position to the right. 
The comments from the participants however, showed both positive and negative 
opinions about both display positions. Comments like "Don't have to take my 
eyes of the road as often and not for so long" (display W) and  "it feels wrong to 
look away from the road" (display R) was expected, but not comments like "Too 
many things in the field of view: road, VES and speedometer. Difficult to decide 
what to look at" and "It blocked a bit of the road at the front [of the car]" 
(display W). Even though some of the participants experienced the display above 
the wheel as distracting it can be argued that this is a matter of habit. Short 
persons might feel less comfortable with this position, but the overall results 
show that the steering wheel position is the most preferable. On the issue of 
whether the display was distracting or not in a certain position, the display above 
the steering wheel got more negative comments from the participants. The 
display position to the right can therefore be considered as an option in this issue. 

Hypotheses revisited 
Three hypotheses were stated in the beginning of the experiment. These will be 
revisited and it will be determined if they should be rejected of if they are true. 
 
Hypothesis 1: 
A display positioned central to the normal line of sight significantly better driver 
performance (e.g. reduced speed in proximity of objects on or near the road) than 
a display peripherally positioned to the right of the driver. 
 
This hypothesis is supported to some extent. There were not significant results 
overall, but there were tendencies pointing in this direction. Drivers with a 
display above the steering wheel had a smoother driving performance in speed 
and did not drive as close to the middle of the road as the drivers with the display 
to the right.  
 
Hypothesis 2: 
A display positioned central to the normal line of sight will lead more detected 
objects on or near the road, than a display positioned to the right of the driver. 
This can be measured by using a number of experimental stimuli that appear for 
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short periods of time in the normal field of central vision (i.e., through the 
windshield). 
 
This hypothesis was not supported. Data from the stimuli task showed no 
differences in display positions. 
 
Hypothesis 3: 
The participants will regard a display positioned central to the normal line of 
sight as better and more comfortable than a display positioned to the right of the 
driver.  
 
This hypothesis was supported. There were significant results in favour of the 
display positioned in front of the driver, even though some comments also 
showed negative opinions. 

Method criticism 
Some things in this study could have been done differently or better. 
 
♦ With moving/animated scenarios the driving might have made the drivers 

more insecure and the driving would have been more authentic.  

♦ Equal driving sections could have been used in order to establish a within-
group design. This can however cause learning effects. 

♦ A number of display positions, both horizontally and vertically away from the 
bottom of the windshield, could have enabled a chance to establish the optimal 
display position. However, there was not time enough to extend the design for 
this experiment. 

♦ There were too few stimuli spots to be able to see any differences between 
display positions. On the other hand, many more stimuli spots probably would 
have interfered with the driving and influenced the driving data. The task of 
detecting stimuli spots is not realistic and with many more spots the driving 
would be very artificial. Conclusion about the external validity would then be 
difficult to draw. 

♦ The average age in this study was 36.9 year and it is therefore difficult to say 
anything about how older driver would drive with and think about these 
display positions. 

Methodological improvements and further research 
♦ Animated scenarios should be used in order to make the driving more 

realistic.  
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♦ Whether the driver looks at the display for long periods when it is peripherally 
situated, instead of at the road, is not analysed. What happens if something 
appears just in front of the car when the driver looks at the display? This 
should be further investigated. 

♦ Since there were not so big differences between the display positions, it could 
be of interest to further investigate how the peripheral vision detects potential 
danger in a VES display.  

♦ Several display positions could be investigated, both horizontally and 
vertically moved away from the bottom of the windshield. Other display 
positions might show different results in driving performance. 

♦ The effect of age should be investigated further.  

Conclusions 
The results of this study show that the most preferable display position is above 
the steering wheel. Both driving performances as well as the opinions of the 
participants support this. Even if the results are not overall significant, and 
although there were some negative comments indicating that the display in front 
of the driver was distracting, the conclusion is that the display position above the 
steering wheel is the most suitable.  
 



 

 



  References 

 55

8. References 
 
Ashcraft, M. H. (1994). Human Memory and Cognition. New York: 

HarperCollins College Publishers. ISBN: 0-673-46789-9 
 
Cook, T. & Campbell, D. (1979). Quasi-Experimentation - Design & Analysis 

Issues for Field Studies. USA: Houghton Mifflin Company. ISBN: 0-395-
30790-2 

 
Council of the European Communities (1991). Motor Vehicle Drivers Forward 

Visibility. Council Directive of 27 September 1997 on approximation of the 
laws of the Member States relating to the field of vision of motor vehicle 
drivers (77/649/EEC). 

 
Eysenck, M. W. & Keane, M. T. (1995). Cognitive Psychology. A student 

handbook. East Sussex, UK: Psychology Press. ISBN: 0-86377-375-3 
 
Gish, K. (2001). Driving Behaviour and Performance using an infrared Night 

Vision Enhancement System. Final report. Transportation Safety Division, 
PA: USA. 

 
Hollnagel, E. (2001). Time and time again. Theoretical Issues in Ergonomics 

Science, Vol. 3(2) p. 143-158.  
 
Hollnagel, E. (2000). Modeling the Orderliness of Human Action. In Sarter, N. & 

Amalberti, R. (Eds.), Cognitive engineering in the aviation domain. 
Hillsdale, NJ: Erlbaum. 

 
Isomura, A., Kamiya, K. & Hamatani, K. (1993). Driver's Cognition in Peripheral 

Field Of View. SAE special publication No 989, s 21-6. Society of 
Automotive Engineers. (Also VTI report No P2010:989. Linköping, 
Sweden: Statens väg- och transportforskningsinstitut). 

 
Karlsson, J. (2002). Vision Enhancement Systems - Support for Night-time 

Driving? Master Thesis, Linköping University. 
 
Keifer, R. J. (1998). Human factors issues surrounding an automotive vision 

enhancement system. In: Proceedings of the Human Factors and Ergonomics 
Society, 38th Annual meeting. 

 



References   

 56

Lamble, D., Laakso, M. & Summala, H. (1999). Detection thresholds in car 
following situations and peripheral vision: implications for positioning of 
visually demanding in-car displays. Ergonomics, Vol. 42, 807-815. 

 
Martin, L. (2000). Att mäta syn. Stockholm, Sweden: Författares Bokmaskin. 

ISBN: 0-86377-375-3 
 
Midtland, K. (1993). A cognitive theoretical framework for investigating the 

presentation of information to drivers. R&D Programme: Telematics 
Systems in the Area of Transport (DRIVE II). DRIVE II Project V2008 
Bryssel: Commission of the European Communities.  

 
Nilsson, J. (2002). (Title unknown). Master Thesis, Linköping University, 

Linköping (in writing). 
 
Nilsson, L. & Alm, H. (1996). Effects of a Vision Enhancement System on 

Drivers' Ability to Drive Safely in Fog. VTI särtryck, No 264. Linköping, 
Sweden: Statens väg- och transportforskningsinstitut. 

 
Nilsson, L., Harms, L. & Peters, B. (1999). The effect of road transport 

telematics. Manuscript to be published as a chapter in Traffic Psychology 
Today. Linköping, Sweden: Statens väg- och transportforskningsinstitut. 

 
Pheasant, S. 1996. Bodyspace, Anthropometry, Ergonomics and the Design of 

Work, Tylor & Francis, London. 
 
Proctor, R.W. & van Zandt, T (1994), Human Factors in simple and complex 

systems. Needham Heights, MA: Allyn and Bacon. ISBN: 0-205-13999-X 
 
Rumar, K. (1991). Ögat och mörkertrafiken. Skandia. Stockholm, Sweden: Team 

Tryck AB. 
 
Schenkman, B. & Brunnström, K. (2000). Aspects of Vision Enhancement 

Systems in cars based on infrared imaging. Acreo-report, No acr003758. 
 
Samuelsson, S. & Nilsson, L. (1996). Om möjligheterna att upptäcka och 

identifiera perifert presenterad information i bilen. VTI report, No 412. 
Linköping, Sweden: Statens väg- och transportforskningsinstitut. 

 
Taube, U. (2001). An Active Safety System for Cars - The Visual Enhancement 

System. Which is the optimal display size and brightness contrast in both 
driving performance and in the opinion of the subjects? Master Thesis, 
Linköping University, Linköping. 



  References 
   

 57

Wierwille, W. W. & Tijerina, L. (1996). An analysis of driving accident 
narratives as a means of determining problems caused by in-vehicle visual 
allocation and visual workload. In Gale, A. G. et al. (Eds.) Vision in vehicles 
- II. Amsterdam: North-Holland, 79 - 86. 

 
 
Figure 3 (A model of human action) is published in agreement with Erik 

Hollnagel. 
 
Figure 4 (The photo of a real world VES) was found at the Autoliv web site 

URL: http://www.autoliv.com (Acc. 2001-11-29) and is published in 
agreement with Jan-Erik Källhammer at Autoliv Research. 

 
 
 
 
 
 



 

 



 

  

APPENDIX



 

 

Appendix A 
 
 
 

Luminance cd/m2 Adaption Example 
 

106 
  

 
105  Sunlight 

(outdoors) 
104 Photopic  
103 

102  Indoor 
illumination, 
Computer 
screen 

101   
100   
10-1 Mesopic  
10-2  Moonlight 
10-3  Starlight 
10-4 Scotopic  
10-5   
10-6   

 Not visible 
light 

 

 
 
 

Luminance levels (Using data from Martin, 2000). 
 
 



 

  

Appendix B 
 
ANOVA table for comparison of groups regarding age, years with drivers' 
licence and km driven/year.  
 

ANOVA

128,250 3 42,750 ,611 ,621
839,500 12 69,958
967,750 15
141,188 3 47,063 ,574 ,643
983,750 12 81,979

1124,938 15
1,15E+09 3 382916666,7 ,697 ,572
6,60E+09 12 549750000,0
7,75E+09 15

Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total

Age

Year licence

Km/year

Sum of
Squares df Mean Square F Sig.

 
 
 
 





Deltagare nr:  Appendix C 
Försök A 
Ordning: 
Försöksledare: 
 

   

Frågor efter simulatorkörning 
 
 
1. Vad tycker du om VES-bildens placering under den första körningen? 
 
Mycket bra     Mycket dålig 
 
    [ 1 ]            [ 2 ]            [ 3 ]            [ 4 ]            [ 5 ]            [ 6 ]            [ 7 ] 
 
 
 
 
 
2. Hur var det att se informationen som presenterades i displayen under första körningen? 
 
Mycket lätt     Mycket svårt 
 
    [ 1 ]            [ 2 ]            [ 3 ]            [ 4 ]            [ 5 ]            [ 6 ]            [ 7 ] 
 
 
 
 
 
3. Hur var det att förstå informationen som presenterades i displayen under första körningen? 
 
Mycket lätt     Mycket svårt 
 
     [ 1 ]            [ 2 ]            [ 3 ]            [ 4 ]            [ 5 ]            [ 6 ]            [ 7 ] 
 
 
 
 
 
4. Hur påverkades din körprestation av VES-bilden under första körningen? 
 
Mycket positivt                inte alls  Mycket negativt 
 
     [ 1 ]            [ 2 ]            [ 3 ]            [ 4 ]            [ 5 ]            [ 6 ]            [ 7 ] 
 
 
 
Om du tycker att din körprestation påverkades av VES-bilden, på vilket sätt tycker du att det 
påverkades?__________________________________________________________________ 
____________________________________________________________________________ 
____________________________________________________________________________ 
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5. Hur upplevde du informationen i VES-bilden under första körningen? 
 
Ej distraherande    Mycket distraherande 
 
  [ 1 ]            [ 2 ]            [ 3 ]            [ 4 ]            [ 5 ]            [ 6 ]            [ 7 ]  
 
 
Om du tycker att informationen i VES-bilden var distraherande (2-7), på vilket sätt tycker du 
att den var distraherande? _______________________________________________________
____________________________________________________________________________
____________________________________________________________________________ 
 
 
 
 
 
 
6. Hur upplevde du detaljnivån i VES-bilden under första körningen? 
 
För låg              Bra   För hög 
 
[ 1 ]            [ 2 ]            [ 3 ]            [ 4 ]            [ 5 ]            [ 6 ]            [ 7 ]  
 
 
 
 
7. Var vilade du din blick under första körningen med VES-bilden? 
 
 
I början av körning 1:   I slutet av körning 1: 
 
[  ]          Endast på omgivningen  [  ]        Endast på omgivningen 
 
[  ]          Mest på omgivningen,  [  ]        Mest på omgivningen, 
               men ibland på VES-bilden               men ibland på VES-bilden 
 
[  ]          Lika mycket på VES-bilden  [  ]        Lika mycket på VES-bilden 
              och omgivningen               och omgivningen 
 
[  ]          Mest på VES-bilden, men  [  ]        Mest på VES-bilden, men 
               ibland på omgivningen               ibland på omgivningen 
 
[  ]          Endast på VES-bilden  [  ]        Endast på VES-bilden 
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8. Hur kände du dig under första körningen? 
 
Inte alls trött     Mycket trött 
 
    [ 1 ]            [ 2 ]            [ 3 ]            [ 4 ]            [ 5 ]            [ 6 ]            [ 7 ] 
 
 
Om du var trött (2-7), när var du trött?____________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
 
 
 
 
 
9. Vad tycker du om VES-bildens placering under den andra körningen? 
 
Mycket bra     Mycket dålig 
 
    [ 1 ]            [ 2 ]            [ 3 ]            [ 4 ]            [ 5 ]            [ 6 ]            [ 7 ] 
 
 
 
 
 
 
 
10. Hur var det att se informationen som presenterades i displayen under andra körningen? 
 
Mycket lätt     Mycket svårt 
 
    [ 1 ]            [ 2 ]            [ 3 ]            [ 4 ]            [ 5 ]            [ 6 ]            [ 7 ] 
 
 
 
 
 
 
 
11. Hur var det att förstå informationen som presenterades i displayen under andra körningen? 
 
Mycket lätt     Mycket svårt 
 
     [ 1 ]            [ 2 ]            [ 3 ]            [ 4 ]            [ 5 ]            [ 6 ]            [ 7 ] 
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12. Hur påverkades din körprestation av VES-bilden under andra körningen? 
 
Mycket positivt                inte alls  Mycket negativt 
 
     [ 1 ]            [ 2 ]            [ 3 ]            [ 4 ]            [ 5 ]            [ 6 ]            [ 7 ] 
 
 
 
Om du tycker att din körprestation påverkades av VES-bilden, på vilket sätt tycker du att det 
påverkades?__________________________________________________________________ 
____________________________________________________________________________ 
____________________________________________________________________________ 
 
 
 
 
 
 
13. Hur upplevde du informationen i VES-bilden under andra körningen? 
 
Ej distraherande    Mycket distraherande 
 
  [ 1 ]            [ 2 ]            [ 3 ]            [ 4 ]            [ 5 ]            [ 6 ]            [ 7 ]  
 
 
Om du tycker att informationen i VES-bilden var distraherande (2-7), på vilket sätt tycker du 
att den var distraherande? _______________________________________________________
____________________________________________________________________________
____________________________________________________________________________ 
 
 
 
 
 
 
14. Hur upplevde du detaljnivån i VES-bilden under andra körningen? 
 
För låg              Bra   För hög 
 
[ 1 ]            [ 2 ]            [ 3 ]            [ 4 ]            [ 5 ]            [ 6 ]            [ 7 ]  
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15. Var vilade du din blick under andra körningen med VES-bilden? 
 
 
I början av körning 1:   I slutet av körning 1: 
 
[  ]          Endast på omgivningen  [  ]        Endast på omgivningen 
 
[  ]          Mest på omgivningen,  [  ]        Mest på omgivningen, 
               men ibland på VES-bilden               men ibland på VES-bilden 
 
[  ]          Lika mycket på VES-bilden  [  ]        Lika mycket på VES-bilden 
              och omgivningen               och omgivningen 
 
[  ]          Mest på VES-bilden, men  [  ]        Mest på VES-bilden, men 
               ibland på omgivningen               ibland på omgivningen 
 
[  ]          Endast på VES-bilden  [  ]        Endast på VES-bilden 
 
 
 
 
 
 
16. Hur kände du dig under andra körningen? 
 
Inte alls trött     Mycket trött 
 
    [ 1 ]            [ 2 ]            [ 3 ]            [ 4 ]            [ 5 ]            [ 6 ]            [ 7 ] 
 
 
Om du var trött (2-7), när var du trött?____________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
 
 
 
 
 
17. Tycker du att uppgiften att trycka på en knapp när de vita punkterna visades påverkade 

köruppgiften? 
 
Inte alls störande    I hög grad störande 
 
     [ 1 ]            [ 2 ]            [ 3 ]            [ 4 ]            [ 5 ]            [ 6 ]            [ 7 ] 
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18. Hur var det att upptäcka de vita punkterna under första körningen? 
 
Mycket lätt     Mycket svårt 
 
     [ 1 ]            [ 2 ]            [ 3 ]            [ 4 ]            [ 5 ]            [ 6 ]            [ 7 ] 
 
 
 
 
19. Hur var det att upptäcka de vita punkterna under andra körningen? 
 
Mycket lätt     Mycket svårt 
 
     [ 1 ]            [ 2 ]            [ 3 ]            [ 4 ]            [ 5 ]            [ 6 ]            [ 7 ] 
 
 
 
 
20. Fick simulatorn dig att må illa? 
 
Inte alls     Mycket illa 
 
   [ 1 ]            [ 2 ]            [ 3 ]            [ 4 ]            [ 5 ]            [ 6 ]            [ 7 ] 
 
 
Om du mådde illa (2-7), när mådde du illa?_________________________________________ 
____________________________________________________________________________
____________________________________________________________________________ 
 
 



Deltagare nr:  Appendix D 
Försök H, A, J: 
Försöksledare: 
 

   

 
Hej och välkommen till försöken i bilsimulatorn! 
 
Här följer några bakgrundsfrågor vi gärna skulle vilja ha svar på innan försöken sätter igång. 
 
 
 
Kön: Kvinna [  ]  Man [  ] 
 
 
 
Ålder:  _______ 
 
 
 
Antal år med B-körkort: ________________________________________________________ 
 
 
 
Hur många mil har du kört per år  
de senaste 5 åren (uppskattningsvis): ______________________________________________ 
 
 
 
Sysselsättning:________________________________________________________________ 
 
 
 
Har du kört bilspel på dator?    Nej [  ] 
                                                  Ja      [  ]       Hur mycket?______________________________ 
 
 
 
Har du något känt synfel?        Nej   [  ] 
                                                 Ja       [  ]        Vad? ___________________________________ 
 
     Korrigeras med      glasögon  [  ]       linser  [  ] 
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Instruktioner 
 
Tack för att du har valt att delta i vår forskningsstudie. Det kommer att gå till på 
följande sätt:   
 
 
Du har redan fyllt i vårt bakgrundsformulär och nu börjar själva experimentet. 
Försöket äger rum i en bilsimulator. Bilen är automatväxlad så du behöver inte 
växla, bara gasa och bromsa. Bilen är inte utrustad med blinkers eller helljus.  
 
För att vänja dig vid simulatorkörning och förhållandena under körningen får du 
först köra en träningssträcka som är ca 2 mil lång. 
 
Du kommer sedan att få köra två försöksomgångar som är ca 4,5 mil långa. 
Mellan dessa kommer du få en liten paus då vi bjuder på fika. Under dessa 
körningar kommer du ha tillgång till ett Vision Enhancement System (VES) som 
genom värmeskillnader i världen kan ge en bild som visar objekt upp till 700 
meter framför bilen. Vägen du kör på är i landsvägsmiljö, du ska under båda 
körningarna följa landsvägen. Det är viktigt att du undviker beteenden som inte 
tillhör riktig bilkörning. 
 
Under körningen kommer det att dyka upp vita punkter i världen. När du ser en 
vit punkt ska du trycka på tutan på ratten. Exempel på dessa vita punkter får du se 
under träningssträckan. 
 
Efter att båda försökskörningarna är avslutade kommer du att få fylla i ytterligare 
ett frågeformulär om hur du upplevde systemet. 
 
Viktigt att komma ihåg: 
 
• Detta är en vetenskaplig undersökning. Lek inte! 
• Det är frivilligt att delta i undersökningen. 
• Du kan avbryta försöket när som helst. 
• Om du behöver få kontakt med försöksledarna under försöket så hör vi dig när 

du pratar. 
• Alla körningar kommer att registreras i datorn. 
• Försöksledaren svarar på eventuella frågor. 
• Var vänlig och stäng av din mobiltelefon under undersökningen. 
 
Frågor?    Vänd! 
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Instruktioner, lathund 
 
• Följ landsvägen du kör på. 

• Kör som du skulle ha gjort om vägen var verklig. 

• Bilen är automatväxlad 

• Bilen är inte utrustad med blinkers eller helljus. 

• Körtiden är cirka 35 minuter per körning. 



   
 

  

Appendix F 
 
Anova tables for Mean Speed 

Tests of Between-Subjects Effects

Dependent Variable: MEAN_SPD

65,098a 1 65,098 ,986 ,322
1339680,179 1 1339680,179 20296,653 ,000

65,098 1 65,098 ,986 ,322
10428,787 158 66,005

1350174,064 160
10493,885 159

Source
Corrected Model
Intercept
DISPLAY
Error
Total
Corrected Total

Type III Sum
of Squares df Mean Square F Sig.

R Squared = ,006 (Adjusted R Squared = ,000)a. 
 

Mean Speed

Dependent Variable: MEAN_SPD

92,142 ,908 90,348 93,936
90,866 ,908 89,072 92,660

DISPLAY
Right
Wheel

Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval

 
 
 
Anova tables for Standard deviation in Speed 

Tests of Between-Subjects Effects

Dependent Variable: SD_SPD

195,971a 1 195,971 4,021 ,047
13637,203 1 13637,203 279,815 ,000

195,971 1 195,971 4,021 ,047
7700,372 158 48,737

21533,545 160
7896,343 159

Source
Corrected Model
Intercept
DISPLAY
Error
Total
Corrected Total

Type III Sum
of Squares df Mean Square F Sig.

R Squared = ,025 (Adjusted R Squared = ,019)a. 
 

Standard deviation Speed

Dependent Variable: SD_SPD

8,125 ,781 6,584 9,667
10,339 ,781 8,797 11,880

DISPLAY
Right
Wheel

Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
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Anova tables for Mean Lateral Position 

Tests of Between-Subjects Effects

Dependent Variable: MEAN_LP

,405a 1 ,405 10,798 ,001
595,742 1 595,742 15898,366 ,000

,405 1 ,405 10,798 ,001
5,921 158 3,747E-02

602,068 160
6,325 159

Source
Corrected Model
Intercept
DISPLAY
Error
Total
Corrected Total

Type III Sum
of Squares df Mean Square F Sig.

R Squared = ,064 (Adjusted R Squared = ,058)a. 
 

Mean Lateral Position

Dependent Variable: MEAN_LP

1,879 ,022 1,837 1,922
1,980 ,022 1,937 2,023

DISPLAY
Right
Wheel

Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval

 
Pairwise Comparisons

Dependent Variable: MEAN_LP

-,101* ,031 ,001 -,161 -4,013E-02
,101* ,031 ,001 4,013E-02 ,161

(J) DISPLAY
Wheel
Right

(I) DISPLAY
Right
Wheel

Mean
Difference

(I-J) Std. Error Sig.a Lower Bound Upper Bound

95% Confidence Interval for
Differencea

Based on estimated marginal means
The mean difference is significant at the ,05 level.*. 

Adjustment for multiple comparisons: Least Significant Difference (equivalent to no
adjustments).

a. 

 
Anova tables for Standard deviation in Lateral Position 

Tests of Between-Subjects Effects

Dependent Variable: SDLP

1,274E-02a 1 1,274E-02 ,506 ,478
22,921 1 22,921 911,139 ,000

1,274E-02 1 1,274E-02 ,506 ,478
3,975 158 2,516E-02

26,909 160
3,988 159

Source
Corrected Model
Intercept
DISPLAY
Error
Total
Corrected Total

Type III Sum
of Squares df Mean Square F Sig.

R Squared = ,003 (Adjusted R Squared = -,003)a. 

Standard deviation Lateral Position

Dependent Variable: SDLP

,387 ,018 ,352 ,422
,370 ,018 ,335 ,405

DISPLAY
Right
Wheel

Mean Std. Error Lower Bound Upper Bound
95% Confidence Interval
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Anova table for speed at scenarios: 

 
Moose 2_3 Univariate Analysis of Variance 
 
 

Between-Subjects Factors

88
88
16
16
16
16
16
16
16
16
16
16
16

R
W

DISPLAY

-800
-700
-600
-500
-400
-300
-200
-100
0
100
200

DISTANCE

N

 
 
 
 
 
 

Tests of Between-Subjects Effects

Dependent Variable: SPEED

49495,964a 21 2356,951 10,645 ,000
1093026,327 1 1093026,327 4936,550 ,000

1743,624 1 1743,624 7,875 ,006
42598,698 10 4259,870 19,239 ,000

5153,642 10 515,364 2,328 ,014
34097,910 154 221,415

1176620,202 176
83593,875 175

Source
Corrected Model
Intercept
DISPLAY
DISTANCE
DISPLAY * DISTANCE
Error
Total
Corrected Total

Type III Sum
of Squares df Mean Square F Sig.

R Squared = ,592 (Adjusted R Squared = ,536)a. 
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Stimuli Section 1
Participants 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Display Number
3 x x x x x x x x x x x x R 12
4 x x x x x x x x x x x R 11
7 x x x x x x x x x x x x R 12
8 x x x x x x x x x x x x x R 13
11 x x x x x x x x x R 9
12 x x x x x x x x x x x x R 12
15 x x x x x x x x x x x x R 12
16 x x x x x x x x x x x R 11
Number R 8 3 6 2 8 7 7 8 7 8 6 7 8 0 7 Sum R 92

1 x x x x x x x x x x x x W 12
2 x x x x x x x x x x x x x W 13
5 x x x x x x x x x x x x x x W 14
6 x x x x x x x x x x x x W 12
9 x x x x x x x x x x x x x x W 14
10 x x x x x x x x x W 9
13 x x x x x x x x x x x W 11
14 x x x x x x x x x x x x x W 13
Number W 7 5 7 4 7 7 8 7 7 8 8 7 8 2 6 Sum W 98

Total 15 8 13 6 15 14 15 15 14 16 14 14 16 2 13 Sum 190

Stimuli Section 2
Participants 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Display Number
1 x x x x x x x x x x x x R 12
2 x x x x x x x x x x x x x x x R 15
5 x x x x x x x x x x x R 11
6 x x x x x x x x x x R 10
9 x x x x x x x x x x x x R 12
10 x x x x x x x x x x R 10
13 x x x x x x x x x x x x x x R 14
14 x x x x x x x x x x R 10
Number R 4 1 6 7 8 7 4 8 8 6 7 8 6 6 8 Sum R 94

Display Number
3 x x x x x x x x x x x W 11
4 x x x x x x x x W 8
7 x x x x x x x x x W 9
8 x x x x x x x x x x x x x W 13
11 x x x x x x x x W 8
12 x x x x x x x x x x x x W 12
15 x x x x x x x x x x W 10
16 x x x x x x x x x x W 10
Number W 0 2 5 7 8 8 2 8 7 3 7 6 6 6 6 Sum W 81

Total 4 3 10 13 15 14 6 15 14 8 13 13 11 11 13 175



   
 

  

Appendix L 
 
The following pages present tables of statistical analysis of the questionnaire. 
The tables show results from Wilcoxon non-parametric, two-related samples 
test. 
 
Wilcoxon Signed Ranks 

 

Ranks

12 8,17 98,00
2 3,50 7,00
2

16
13 8,31 108,00
2 6,00 12,00
1

16
6 5,67 34,00
4 5,25 21,00
6

16
7 4,71 33,00
1 3,00 3,00
8

16

5 3,60 18,00
4 6,75 27,00
7

16
1 2,00 2,00
1 1,00 1,00

14
16
4 5,00 20,00
5 5,00 25,00
7

16
2 2,00 4,00
1 2,00 2,00

13
16
5 5,50 27,50
3 2,83 8,50
8

16
9 5,78 52,00
3 8,67 26,00
4

16

Negative Ranks
Positive Ranks
Ties
Total
Negative Ranks
Positive Ranks
Ties
Total
Negative Ranks
Positive Ranks
Ties
Total
Negative Ranks
Positive Ranks
Ties
Total

Negative Ranks
Positive Ranks
Ties
Total
Negative Ranks
Positive Ranks
Ties
Total
Negative Ranks
Positive Ranks
Ties
Total
Negative Ranks
Positive Ranks
Ties
Total
Negative Ranks
Positive Ranks
Ties
Total
Negative Ranks
Positive Ranks
Ties
Total

Position_W - Position_R

See info_W - See info_R

Understand info_W -
Understand info_R

Driving effected_W -
Driving effected_R

Experienced info_W -
Experienced info_R

Level of details_W - Level
of details_R

Point of gaze
beginning_W - Point of
gaze beginning_R

Point of gaze end_W -
Point of gaze end_R

Felt tired_W - Felt tired_R

Opinion of dots_W -
Opinion of dots_R

N Mean Rank Sum of Ranks
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Test Statisticsc

-2,889a -2,770a -,676a -2,157a -,543b

,004 ,006 ,499 ,031 ,587
Z
Asymp. Sig. (2-tailed)

Position_W -
Position_R

See info_W
- See info_R

Understand
info_W -

Understand
info_R

Driving
effected_W -

Driving
effected_R

Experienced
info_W -

Experienced
info_R

Based on positive ranks.a. 

Based on negative ranks.b. 

Wilcoxon Signed Ranks Testc. 
 

 
 
 
 

Test Statisticsc

-,447a -,333b -,577a -1,345a -1,055a

,655 ,739 ,564 ,179 ,291
Z
Asymp. Sig. (2-tailed)

Level of
details_W -

Level of
details_R

Point of gaze
beginning_W

- Point of gaze
beginning_R

Point of
gaze end_W

- Point of
gaze end_R

Felt tired_W -
Felt tired_R

Opinion of
dots_W -

Opinion of
dots_R

Based on positive ranks.a. 

Based on negative ranks.b. 

Wilcoxon Signed Ranks Testc. 
 

 
 



   
 

  

Appendix M 
 
Quotes from the questionnaire, in Swedish. 
 
Om din körprestation påverkades av displayen placerad vid ratten, hur påverkades den? 
 
• "Behöver inte ta blicken från vägbanan lika ofta och inte lika länge." 

• "Som med displayen till höger, (lättare att upptäcka djur, svårt att bedöma avståndet till 
dem, placeringen gjorde att det var lite för långt att flytta blicken), men nu mycket bättre 
med avseende på flytt av blicken." 

• "Det var lättare att se informationen utan att direkt titta på VES-bilden, eftersom den låg 
precis under synfältet." 

• "Att man ibland stirrande lite för mycket på just den. Kortare personer har nog lite svårt 
att se över den." 

 
Om din körprestation påverkades av displayen placerad till höger, hur påverkades den? 
 
• "Om man vill använda sig av VES (och det ville jag ju!) så kändes det fel att snegla bort 

från körfältet. Är den centrerad finns den med i blickfånget och då blir det lättare att 
upptäcka info på VES."  

• "Nackdel att man tvingas ta blicken från vägen för att se displayen. 

• "Placeringen påverkade förmågan att se mötande fordon. " 

• "Placeringen gjorde att det var lite för långt att flytta blicken." 

• "Eftersom skärmen var placerad till höger om mig, kändes det som att man var tvungen att 
flytta blicken nedåt-höger för att se informationen." 

 
Om informationen i displayen W var distraherande, hur? 
• "För många saker i synfältet; väg, VES och hastighetsmätare. Svårt att välja vad man 

skulle titta på." 

• "Skymde lite av vägbanan på fronten." 

• "En känsla av att VES-bilden stör en del av sikten rakt framför bilen.    Egentligen gör den 
inte det vid landsvägskörning. Men upplevelsen av att VES-bilden var i vägen kan jag inte 
förneka." 

• "Blicken ville bort från vägen och ner på VES-skärmen." 
 
Om informationen i displayen R var distraherande, hur? 
• "Man är tvungen att vrida på huvet för att kolla." 

• "Man vred automatiskt huvudet när något dök upp." 

• "Lite svårare att se detaljerna." 
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