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Abstract 

The Road Administration wants to improve safety at a hazardous, rural road intersection near Åkersberga, 
Stockholm by changing the design of the intersection. The intersection today is a three-way connection 
with a small road connecting to a four-lane main road, much similar to a motorway with high speeds 
although with a speed limit of 90km/h. Drivers’ attention and velocity in different designs of the 
intersection are analysed in this thesis with data from two experiments, ordered by the Road Administration 
and conducted by the Swedish National Road and Research Institute (VTI). Four alternative designs of the 
intersection were tested using the VTI-simulator; a narrowing from two to one lane through the 
intersection, rumble strips, a wooden fence and trees at the road side, and a portal framing the intersection. 
In addition, the original intersection design, both with and without speed limit signs of 70km/h, were tested 
for comparisons. In the first of the two experiments, the four alternative intersection designs all had speed 
limit signs of 70km/h, and in the second experiment the alternative intersection designs were tested without 
the influence of the speed limit signs of 70km/h. Data used in the analyses are velocity data, lateral 
position, eye movements, brake data and subjective estimations.  
 
Subjects were found to look at the critical areas of the intersection in time, independent of intersection 
design. Only small differences between the intersection designs were found, probably due to width of the 
main road being a larger design-influence than the measures tested. The results are in favour of the 
narrowing from two to one lane through the intersection, but traffic density and rhythm make a narrowing 
difficult to realise at the real intersection. Instead, rumble strips in addition to a speed limit of 70km/h can 
be recommended, although rumble strips are most likely to increase inattentive drivers’ readiness.  
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1 Introduction 
The Road Administration wants to improve safety at an intersection, by reducing speed on the main road. 
They believe that only putting up speed limit signs at the intersection will not produce a large enough 
decrease in velocity, and therefore other design-changes were tested in the simulator at the Swedish 
National Road and Research Institute (VTI). There is a plan to turn the main road into a motorway in the 
long run, but since budget will not allow that yet, something has to be done in the mean time. The designs 
tested were decided by the Road Administration and the experiments executed by VTI. The aim of this 
paper is to look closer at drivers’ perception and attention, and to analyse the designs’ effects on drivers’ 
velocity and attention, from data sampled in the experiments. 
 

 
 

Figure 1. The location of the intersection. Figure 2. Survey map of the intersection.  
                (Based on a map from © Lantmäteriverket Gävle  
                  2005. Medgivande 2005/946) 

1.1 The intersection today 
The intersection in question is located near Åkersberga, a suburb of Stockholm. The first 50 kilometres, 
driving from the city to the suburb consists of a motorway (E20) and the final 20 kilometres is a four-lane 
road, with a speed limit of 90 km/h (road 276, Roslagsvägen). A smaller road (Sjöbergsvägen) makes a 
three-way connection with this main road about half way between turning off the motorway and reaching 
the suburb, just outside the village of Stava. Measurements made by the Road Administration show a mean 
velocity at the intersection of 108 km/h, speeds similar to those on a Swedish motorway. 
 
Driving from the city to the suburb, the intersection is located just after a steep downhill slope, and is 
visible from the top of the hill about 800 metres prior. From the top of the hill, visibility is about two 
kilometres. A large golf course makes the view on the right-hand side and on the left there is a stable and 
farming landscape. Beyond the three-way connection, about 50 metres away, there is a bus stop where 
pedestrians cross the main road. 
 
According to statistics, reported by the local police, there have been at least four accidents with personal 
injuries at the intersection in only four years.  
 

• In May 2000, a truck and a car collided just before the right turnoff in the suburb-city direction, 
resulting in severe injuries for the driver of the car and light injuries for the truck driver.  

• In January 2001, two pedestrians were killed by a small truck while crossing the road.  
• In August 2001, a driver lost control of the car getting the right-hand side wheels outside the 

roadway. The driver drove off the road just before the intersection in the city-suburb direction and 
was lightly injured.  

• In September 2003, two cars collided due to one of the cars changing lanes into the left turnoff, 
resulting in light injuries for both drivers.  
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No in depth investigations have been made of the accidents, and it is hard to find a common factor due to 
the fact that the accidents are quite different. Four accidents in four years are rather severe statistics, 
especially since it just concerns a distance of a few hundred metres. The Road Administration believes high 
velocities through the intersection to be the main cause. 
 
In an assessment of the intersection made by the Road Administration, the area is described as an open 
distance with a downhill slope leading to high velocities. When arriving from Stockholm, the area opens up 
and it is possible to survey the whole distance at once. Both roadway and surroundings are open and grand. 
It gives the impression of a motorway in a farming landscape, even though it is a 90 km/h main road with 
an ordinary intersection. The road is monotonous and vehicles travel at higher speeds than 90 km/h. When 
turning at the three-way connection, accessibility is bad. Security for pedestrians crossing the road is also 
bad as there is no separate cycleway/footpath, zebra crossing or subway. 

Spot check 
To get a better understanding for the intersection area, a spot check was made on site, observing traffic 
from the road side, crossing the road as pedestrians and driving through the intersection several times. 
Experience from the spot check agrees well with the road assessment made by the Road Administration.  
 

�Figure 3. The view driving down the hill towards the 
                intersection 

Figure 4. The view to the right when driving down the  
                  hill. 

 

�Figure 5. The view to the left when driving down the hill. Figure 6. The smaller road. 
 
Even though the spot check was made before lunch, i.e. out of rush-hour, traffic density was rather high 
and vehicles turning out from the small road had little time to cross the road lanes. Most drivers turned into 
the main road in two steps, stopping in the central part of the road, even though the central part is too small 
for a normal sized car, leaving the rear hanging into the high-speed-lane behind. In the second step, most 
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drivers turned into the left lane, making drivers on the main road overtake them on the right side! Drivers 
seemed to turn with very small margins and this might be due to the high traffic flow, since there rarely 
were any long gaps between vehicles. Crossing the road as a pedestrian was very uncomfortable. It was 
hard to estimate speeds at the main road and drivers did not seem to slow down at all for unprotected road 
users. All other vehicles overtook the Road Administration’s car when driving at the main road in 90 km/h. 
Remarkably, during the spot check two drivers did a U-turn at the intersection on the main road, and one 
truck driver tried to reverse into the main road! 
 

�Figure 7. The left view from the smaller road at the three- 
               way connection. 

Figure 8. The right view from the smaller road at the three- 
               way connection. 

 
After the spot check three commuters said in informal interviews that they regard the intersection as rather 
dangerous, but they usually do not reduce speed through the intersection. They estimated their own speed 
when passing the intersection to be between 100-130 km/h. One of them told about one occasion when 
trying to turn left into the smaller road, but could not, due to traffic density and speeds. The solution was 
instead to keep driving straight ahead, turn back at a roundabout a few kilometres ahead and make a right 
turn. 
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1.2 The aim of this thesis 
The aim of this thesis is to look closer at drivers’ perception and attention, and to analyse the effects of the 
design-changes on drivers’ velocity and attention from data sampled in the experiments. 
 
The Road Administration decided to investigate four changes in road design using the VTI-simulator. The 
four alternative designs tested were: 
 

• A narrowing in the downhill slope before the intersection, from two to one lane. 
• Rumble strips before the intersection area, making drivers experience as if they are increasing 

speed if they do not slow down. 
• A portal, making the intersection more distinct. 
• Putting up a wooden fence and trees to screen off the surroundings. 

 
In addition, the original design both with and without added speed limit signs of 70km/h at the intersection, 
were tested for comparison. Two similar experiments were made, in experiment I the four new alternative 
designs also had a speed limit of 70 km/h at the intersection, and in experiment II the designs were tested 
without the added speed limit signs at the intersection. The experiments are described further in the next 
chapter. 
 
Data available from the experiments were velocity, brake data, lateral position and eye movements along 
with subjects’ opinions of attention, road safety, and survey of the situation etcetera. With the data 
available, questions to be answered are: 
 

1. In which design do drivers decrease velocity the most? 
2. In which design are drivers the most attentive? With a special interest in investigating perception 

and attention, and what eye movement measures can tell about drivers’ attention. 
 
The purpose of changing the design of the intersection was for drivers to get more attentive and lower 
speed when passing through the intersection. A possible decrease in velocity is easy to measure while 
driver’s attentive state will be harder to interpret. 
 
If roughly breaking it down in steps; the driver will perceive information about approaching an intersection, 
attend to it at some level and hopefully react by reducing speed. 
 
 

The traffic sceneThe traffic scene AttentionAttentionPerceptionPerception Speed adjustmentSpeed adjustment
ExpectationsExpectations

RiskRisk
The traffic sceneThe traffic scene AttentionAttentionPerceptionPerception Speed adjustmentSpeed adjustment

ExpectationsExpectations

RiskRisk
 

Figure 9. A rough overview of steps involved when a driver lowers speed at the intersection. 
 
 
Perception is guided by the stimulus in the visual scene and by attention. Knowledge about what things are 
important to be attentive of in the visual scene is derived from previous experiences of similar situations 
and from the traffic environments. Risk is also important in guiding driver behaviour; drivers often try to 
control their perceived risk with speed adjustments. Drivers’ perception, attention and possible reactions 
are also guided by expectations of how the traffic situation will develop. Perception, attention, risk and 
expectations are elaborated further in this chapter. 
 
The review of relevant literature is focused on these steps and on how it is possible to grasp drivers’ 
attention with the data available. First these steps will be put into perspective with the driving task. 
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A model of the driving task 
Descriptions of driving typically contain planning the drive, monitoring both one’s own car and other 
traffic, and controlling speed and direction. Traditionally, models of an operator in a system, like the driver 
in a car, treat the operator and the system as separate units. A functional model is another approach where 
operator and system is seen as one unit. The operator and the system together form the joint cognitive 
system. Hollnagel’s extended control model for describing complex activities is a functional model with 
several interacting levels of control working simultaneous, such as when driving a car. In the extended 
control model each level interacts with adjacent levels. The levels are described below, although which 
levels perform which tasks are not strictly determined. The model is often used to describe how new 
technology will affect the driving situation. (Hollnagel 2003) Here it is mostly used as a way of putting into 
place how information from the design of the intersection will affect driving. 
 

 
Figure 10. Hollnagel’s extended control model. Anticipatory control is the ability to foresee what is going to happen by 
                 example observing change in road-design. Compensatory control consists of feedback.  
                 (Figure from Hollnagel 2003 p 89) 
 
Targeting Driver’s own expectations of what will happen in the future derive the plans on this level. 

Goals like making correct turns and reaching destinations are performed here. Short and 
long term goals are set up and prioritised which affects other levels. Experience from 
previous situations and attitudes on traffic safety are example of factors effecting goal 
setting and priorities. Design changes at the intersection will not have a direct influence on 
this level. 

Monitoring At the monitoring level the system keeps track of traffic flow, hazards and road signs in the 
environment and the vehicle’s state, for example fuel level. The system monitors the traffic 
environment and the vehicle and makes plans both from feedback and the driver’s own 
expectations. This requires the driver to attend to what s/he is doing. The plans generated 
are used by the regulating and tracking loops. It is at this level the driver attends to 
environmental information and interprets it with help from experience of previous 
situations. Plans of scanning the environment in different ways and plans to decrease 
perceived risk are derived here and then executed at lower levels. 

Regulating On the regulating level, tasks like target speed, specific position and movement relative to 
other traffic elements are controlled, often involving a number of tracking sub-loops. These 
tasks require the driver to attend to what s/he is doing and use both feedback and the 
driver’s expectations. At the regulating level decreasing velocity as a way of reducing risk 
would be executed. 

Tracking The basic level of control during normal driving is performed at the tracking level, like 
keeping the car on the road and shifting gears, maintaining speed, distance to the car in 
front/behind, and relative or absolute lateral position. By an experienced driver these actions 
are performed almost automatically. They are all feedback tasks, controlled by higher 
levels’ goals and criteria. 
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1.3 Perception 
Most of the information drivers use is visual (Spijkers 1992) and it is estimated that in almost half of all 
driving related accidents, drivers have made some type of visual perceptive mistake (Englund et al 1998). 
Therefore, and because VTI has requested a focus on the eye movements data sampled in the experiments, 
only visual perception is dealt with in this thesis. 
 
Visual perception can be divided in central and peripheral vision. Central vision gives very detailed 
perceptions in the centre of our visual field. Outside this area, with a radius of about 1° of visual angle, we 
have less resolution in our perceptions. With peripheral vision the driver can detect changes in contrast and 
movement, but with decreased visual acuity. (Pomplun, 1998) Peripheral vision provides the driver with a 
wide range of visual information from which the central vision samples features. The two systems operate 
simultaneously and are dependent on each other. For example, when driving, the driver uses his central 
vision to detect directional cues, while the peripheral is used to maintain lateral control of the vehicle 
(Rockwell 1972, in Falkmer 2001). The process of peripheral and central (foveal) sampling is illustrated by 
Lansdown (1996). 
 

Peripheral samplingPeripheral sampling
(feature location)(feature location)

PrioritisationPrioritisation of cuesof cues
(information processing)(information processing)

FovealFoveal samplingsampling
(features identification)(features identification)

Vehicle controlVehicle control

WorkloadWorkload

Road situationRoad situation

Visual sceneVisual scene

Eye positionEye position

ExperienceExperience

Peripheral samplingPeripheral sampling
(feature location)(feature location)

PrioritisationPrioritisation of cuesof cues
(information processing)(information processing)

FovealFoveal samplingsampling
(features identification)(features identification)

Vehicle controlVehicle control

WorkloadWorkloadWorkloadWorkload

Road situationRoad situationRoad situationRoad situation

Visual sceneVisual scene

Eye positionEye positionEye positionEye position

ExperienceExperienceExperienceExperience

 
                                Figure 11. Based on Lansdown’s (1996, p 23) proposed structure of visual sampling.  
 
Simplified, our eyes exhibit two kinds of behaviour, saccades and fixations. The saccades are discrete, 
jerky movements that jump from one stationary point in the visual field to the next. The stationary point is 
the fixation. During the saccade, visual input is suppressed and therefore information can be properly 
processed only during fixations. Another movement the eyes make are pursuit movements. They occur 
when the eyes follow a target moving across the visual field. Information can be properly processed even 
during the pursuit movements. (Wickens and Hollands, 2000) Since the driving scene is dynamic, when a 
driver is fixating an object outside the moving car s/he often does this with pursuit movements. 
 
A fixation can be characterized by: 

• Minimum fixation duration, the least time the saccadic movement stops at one point. 
• A fixation point, around the saccadic movement stop. 

 
The sampling rate is crucial for a fixation’s criterion. Almost no fixations are shorter than 100 milliseconds 
(Cohen 1977 in Falkmer 2001). For example, with a sampling rate of 30 hertz, minimum fixation duration 
of 100 milliseconds means that at least three following values must contain the fixation point. The fixation 
point is generally defined in degrees. Falkmer (2001) uses 1° because it is the area of central vision. This 
fixation criterion with a saccadic stop within 1°, for a minimum fixation duration, implies that eye move-
ments with an average speed higher than a certain value, i.e. saccades, can be excluded from the fixation 
analysis. 
 
In daily life, the fixation point is assumed to reflect the focus of attention. But the fixation point does not 
necessarily represent visual attention. Shepherd et al (1986 in Falkmer 2001) concludes that a change in 
focus of visual attention is possible without a change in fixation point. However, it is not possible to change 
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the fixation point without changing the focus of visual attention. Since every fixation point change means a 
change in focus of attention, gaze direction changes tell a lot about at what attention is directed. 
 
Theeuwes (1995) writes that there are two forms of visual perception, preattentive and attentive. The 
preattentive is parallel information processing with unlimited capacity. The attentive form requires 
attentional resources, has limited capacity and processes information serially. It is generally assumed that in 
visual search these two processes operate sequentially; preattentive processes perform some basic analyses 
segmenting the visual field into functional perceptual units, followed by the attentive stage, which deals 
with one or a few items at a time. 
 
Velichkovsky et al (2000) state that when looking at a dynamic scene, preattentive and attentive phases in 
visual information processing can be measured by fixations and saccades using high speed eye tracking 
equipment with a sample rate of 250Hz. In the first phase fixation duration (ca 100-250 ms) is mainly a 
function of basic analyses of the visual field, segmenting it into functional perceptual units. In the second 
phase, fixation duration (longer than 280 ms) is no longer controlled by salient physical features, but is 
instead consciously attended. Fixations are defined in the experiment by Velichkovsky et al, as dynamic 
fixations, i.e. even pursuit movements are included. Preattentive fixations produce large saccades of more 
than 4° beyond central vision and attentive fixations initiate saccades mainly within central vision. The 
frequency distribution of fixation duration at dynamic scenes is shown in the left graph below. To the right, 
saccadic length in relation to fixation duration are shown. Velichkovsky et al (2002) argues that their 
experiment shows that upon detection of an immediate hazard, there is an increase in fixation duration and 
a corresponding increase in occurrence of attentive fixations on the cost of preattentive ones. 
 

  
Figure 12. To the left a typical frequency distribution of fixations, over 50 000 counts, in a simulated driving task.  
                 To the right distribution of preceding and following saccade amplitudes across the range of fixation duration.  
                 (Figures by Velichkovsky 2000) 
 

Scanning 
The visual task during regular driving is to monitor and control the continuous flow of information, but at 
every moment the eyes can only examine a very small part of the information flow in detail with central 
vision. Experiments of eye movements during driving show that the search of the road is largely influenced 
by traffic environment and the driving task. (Englund et al 1998) 
 
Search is usually divided into parallel and serial search. Parallel search can occur when the target can be 
defined using a simple rule, it appears to “pop out” of the search field. In serial search each item is 
inspected in turn and the number of elements to be searched has the dominant effect on search time. Search 
efficiency is greater for parallel search with fewer scans than for serial search. Other than by traffic 
environment, search is driven in part by expectancies of where targets are likely to be found. These areas 
tend to be fixated on first and most frequently. People tend to fixate the most on areas containing the most 
information. A scan path over the same picture will change, depending on what information the viewer 
expects to extract. Since visual search behaviour is influenced by the scene and often internally driven by 
expectations, there is no consistent pattern of scanning and no optimal scan pattern in search, except that 
search should be guided by the expectations of target location. (Wickens and Hollands, 2000) Because the 
visual scan pattern is rather unstructured the scanning drivers do can be hard to model. 
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Drivers’ search was studied as sequences of eye fixations by Underwood et al (2003). The scene available 
to the driver was divided into nine different areas.  
 

Far leftFar left Far aheadFar ahead

Mid aheadMid ahead

Far rightFar right

Mid rightMid rightMid leftMid left

Near aheadNear ahead Near rightNear rightNear leftNear left

Far leftFar left Far aheadFar ahead

Mid aheadMid ahead

Far rightFar right

Mid rightMid rightMid leftMid left

Near aheadNear ahead Near rightNear rightNear leftNear left

 
Figure 13. The nine different areas of the visual scene available to the driver. 

 
Underwood et al found that the areas road far a head and mid ahead attracted more fixations than any other 
part of the scene. Drivers made almost twice as many fixations on the road far ahead as they did on 
anything else in the view, which implies that drivers mostly look far ahead during driving. 
 
Eye movements on different road types for experienced and novice drivers were studied by Underwood et 
al (2002) letting drivers watch video-recordings taken from a car. The different road types tested were: 

• rural  
• suburban 
• undemanding four-lane road 
• two types of demanding four-lane roads 

 
The measures used in the experiment were mean fixation duration, horizontal variance and vertical 
variance. Mean fixation duration revealed a main effect dependent on road type. Drivers made the longest 
fixation durations on the rural road and they made longer fixations durations on the undemanding than on 
the demanding two-lane dual road and the suburban road. This implies that when traffic environment is 
undemanding drivers make longer fixations. No effect on mean fixation duration was found to depend on 
driving experience. Undemanding traffic environments also lead to reduced search compared to more 
demanding roads. Results showed reduced horizontal variance on both the rural and on the undemanding 
two-lane dual road compared to the other road types. Reduction of vertical search was showed for the rural 
road compared to the other road types. These results imply that during undemanding traffic environments 
drivers make longer fixation durations and search the road less compared to demanding traffic 
environments. 
 
 
 
Summing it up: 

• The direction of attention can be found in fixation point changes. 
• Fixations can be extracted from eye movement data by defining them as lasting about 100 ms 

within an area of 1°. Since the driving scene is dynamic it is a good idea to include smooth pursuits 
as fixations. 

• Drivers can be expected to mostly look far ahead in the traffic environment 
• Undemanding and demanding situations can be distinguished by fixation duration and variance in 

horizontal and vertical search. 
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1.4 Attention 
If our mind wanders during driving we can often miss important road signs, even when these are highly 
visible. In such cases the key factor is attention (Rensink et al 1997). When people are scanning a visual 
scene, only a fairly limited number of positions are directly fixated by the eyes, repetitively. The observer 
just continues looking at the same positions over and over again. Still we have an illusion of seeing 
everything there is to see in the visual scene. Seeing might not be based on an internal representation of the 
visual scene since we obviously do not look at the entire scene. Rather seeing might be based on fixating 
the things we believe to be important in the visual scene. How the eyes know how to scan a visual scene is 
assumed to be derived from previous experience of what objects and kinds of stimuli that are important to 
attend to in a particular visual scene. (O’Regan and Noë 2000) Inattentional blindness explains when 
observers, directing their complete attention to particular objects or events in a scene, become “blind” to 
other “irrelevant” objects (Mack & Rock 1998). Similar studies of change blindness show that observers 
fail to detect change in the visual scene if focus of attention is not directed at the change (Simons 2000). 
 
Attention can be described in different ways. Sternberg (1999) sees attention as the means by which we 
actively process a limited amount of information from the enormous amount of information available 
through our senses, our stored memories, and our other cognitive processes. Attention as presented in 
Wickens and Hollands (2000) is described in the metaphor of a searchlight and its breadth and direction. 
The beam’s breadth can describe focused and divided attention. In divided attention we use our available 
attentional resources to coordinate our performance on several tasks at one time. The opposite is true for 
focused attention where we use our attentional resources to one specific task. Preattentive and attentive 
visual processing has the characteristics of divided and focused attention, respectively. The direction of the 
searchlight, knowing when, on what and where in the environment to focus, describes the properties of 
selective attention. In selective attention we choose to attend to some stimuli and to ignore others.  
 
There are currently no over-arching theories of cognition in cognitive research (Reason 1990) and similar 
there is no over-arching theory of attention. Bottleneck theories state that preattentive processes may occur 
simultaneously, but processes requiring attention must be handled sequentially, as if passing one-by-one 
through an attentional bottleneck or a filter. In resource theories, people are believed to have a limited 
amount of attention resources in every moment. (Wickens and Hollands 2000)  

Workload 
“Workload” is often brought up when describing attention and refers to the amount of attention required of 
the limited resources when performing a task. As the demand of the task increases, so does performance, up 
to an optimal point after which performance begins to deteriorate. Drivers will generally try to keep 
workload within some range that is comfortable for them. If a situation becomes too demanding the driver 
will pay greater attention and possibly reduce speed, but if it is too boring the driver may become 
inattentive or engage in activities irrelevant to the driving task, such as conversation or looking at scenery. 
The extent of a driver’s workload is determined by factors such as time available to respond to a situation, 
sight distance, operating speed, distance between road features such as curves and intersections and road 
features recently encountered. Examples of features rated as inducing workload are narrow bridges, 
curvatures and reduction in the number of lanes. Low workload features include straight flat sections and 
wide verges. At specific locations large changes in workload over a short distance have been found to be 
associated with more accidents. (Dewar and Olson 2002) According to resource theories, as complex tasks 
become increasingly automated they make fewer demands on the limited attentional resources, i.e. 
workload decreases. People are much better at dividing their attention when competing tasks are in 
different modalities, so at least some attentional resources may be specific to the modality in which a task is 
presented. (Sternberg 1999) 

Conscious control 
Many cognitive processes may be differentiated in terms of whether they do or do not require conscious 
control. For the most part, automatic processes are performed without conscious awareness and demand 
little or no effort, or even intention, as they are relatively fast parallel processes. Conscious control is 
required for controlled processes that are performed singly and take a relatively long time to execute. A 
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continuum of processing appears to exist, from fully automatic to fully controlled processes. (Sternberg 
1999) 
 
Habituation and dishabituation are automatic processes that support our attentional system and affect our 
responses to familiar versus novel stimuli. In habituation as we become accustomed to monotonous 
stimulus, we gradually notice it, and pay attention to it, less and less. Dishabituation is the opposite and 
makes us start noticing stimuli again by detecting, sometimes even a very slight, change in a familiar 
stimulus. Both processes occur automatically without any conscious effort. The internal variation of a 
stimulus and subjective arousal are factors influencing habituation and its counterpart. (Sternberg 1999) 
 
Vigilance refers to a person’s ability to attend to a field of stimulation over a prolonged period of time, 
seeking to detect a particular target, i.e. obstruct habituation (Sternberg 1999). A subject’s vigilance will 
decrease over time, not because of decreased sensitivity but because of increased doubtfulness about his/her 
own observations (Broadbent & Gregory 1965 in Sternberg 1999). Driving fits in quite well with vigilance 
tasks; the task is prolonged and continuous, targets are often clearly perceivable if the driver is alerted to 
them, targets occur infrequently over time, and the driver’s response does not have any effect on the 
probability of appearance of the target (Martens 2000).  

Highway hypnosis 
During “highway hypnosis” the driver over-uses automatic processes. This phenomenon might explain 
numerous accounts of otherwise normally attentive drivers being unaware of what has happened during the 
previous few minutes, as for example colliding with stopped vehicles or running off the road, even when 
the hazard was highly visible to the driver and there is no evidence of fatigue or physical or mental 
impairment. (Dewar and Olson 2002) 
 
The phenomenon is described as a trancelike state in which the driver becomes unaware of environment 
and his/her own driving behaviours. It appears to be associated with monotonous and uneventful driving on 
highly predictable or very familiar roads, and when the demands of the driving task are low. Operating a 
vehicle in this state is as driving on autopilot. Wertheim (1991) suggests that the predictability of the road 
environment is the important factor in highway hypnosis. Measures of brain waves have shown that the 
brain is less aroused when conditions are more predictable. Alertness drops if arousal-enhancing stimuli are 
absent from the environment. This leads drivers to neglect external information and they do not properly 
attend to and make use of what they see.  
 
Kerr (1991) has proposed the phrase “driving without attention mode” as more appropriate to describe the 
state. He argues that drivers simply monitor an unchanging mental representation of the predictable 
environment. When the eyes follow a visual signal that moves in a predictable way, as in driving on a 
monotonous highway at a constant speed, the visual behaviour automates. An internal motor program 
develops based on an internal representation of external stimulus movement. Reliance on sensory 
information is reduced and instead the reliance on internal sources of information increases. A highly 
familiar route can also induce this automation of perception at the expense of proper attention to the 
external world. Describing “highway hypnosis” in the line of argument by O’Regan and Noë (2000), 
drivers do not expect changes in the traffic scene and therefore fail to attend to hazards. 
 
 
Summing it up: 

• Attention is in every moment limited and derived from previous experiences about what is 
important to attend to in a particular visual scene. 

• Workload can be influenced by road design. An appropriate level, not demanding too much but 
keeping the driver from becoming inattentive, is desirable. 

• Highway hypnosis might appear while driving on highly predictable or familiar roads. 
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1.5 In addition to perception and attention 
For drivers to react with speed decrease, more than just perceiving and attending to relevant information is 
needed. Drivers must believe that there is reason to react or expect that it might be necessary. 

1.5.1 Risk 
The concept of risk has been a focus of discussion in driver behaviour theory since the early 1970s 
(Summala 1996). It has been proposed that risk is a major control-variable in driver behaviour, as in most 
human behaviours. The main idea in risk models is that drivers can control perceived risk with behaviour 
adaptations; during driving this is often done with speed adjustments (van deer Hulst 1999). The two risk 
models below, one adjusting risk at a high control-level and one at a low level of control, show different 
ways of describing the concept of risk: 
 

• Risk-homeostasis theory 
• the Zero-risk theory 

 
In short, Wilde’s (1982) risk-homeostasis theory states that target risk, i.e. accepted risk level, is not equal 
to zero. The central idea is that drivers try to match perceived risk to target risk. Drivers will reduce speed 
when perceived risk increases and conversely increase speed when perceived risk decreases. Drivers 
compare benefits with probability and cost of an action. For example, the benefit of arriving sooner if 
driving fast is compared to the probability and cost of being involved in an accident. The main criticism of 
Wilde’s theory is made against the assumption that risk homeostasis is a goal in itself, and drivers intend to 
maintain perceived risk at a certain level, instead of just avoiding it (van deer Hulst 1999). Another 
important criticism of risk homeostasis theory made by Rothengatter (1988) is that risk is not the only 
relevant motivational factor in driving. 
 
Summala and Näätänen (1988) question if accident probability estimations in driving are adequate since the 
process of decision making is time-limited. They question whether drivers have the mental capacity or the 
ability to make a rational and optimal decision of accident probability. The zero-risk theory, by Summala 
and Näätänen, proposes that drivers control safety margins rather than some specific risk measure. Only if 
safety margins are violated, the “subjective risk” or “fear monitor” alarms and influences the driver’s 
decision. Subjective risk, i.e. uncertainty or fear, is unpleasant and will therefore lead to behaviour 
adaptation in order to eliminate this fear. However, drivers can sometimes ignore feelings of uncertainty 
when they are under motivational pressure or when it is very rewarding to do so. Thus, there is a conflict 
between the motivation to maintain the preferred speed and the constraints in the environment that cause 
feelings of fear and uncertainty. According to zero-risk theory, drivers most of the time drive with 
overlearned habitual patterns based on safety margins without concern for risk. (Summala and Näätänen 
1974 and 1988, Summala 1988) 
 
Vaa (2001) criticises the lack of a break-through or a great unified theory in modelling driver behaviour. 
He believes that both the zero-risk theory and risk-homeostasis theory would contribute to such a model. 
Vaa believes that instead of seeking a certain risk level, as in risk-homeostasis theory, driver seeks a certain 
feeling; a certain way of driving that suits her/him well and gives the “best feeling”. In addition to avoiding 
feelings of uncertainty in the zero-risk theory, drivers seek a “target feeling”.  
 
Even though there is no consensus of how drivers perceive risk, risk certainly influences driver behaviour. 
Increasing drivers’ perceived risk will lead to adaptation in driving behaviour to reduce the perceived risk, 
possibly by reducing speed. 
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1.5.2 Expectancy 
As described previously, expectations are derived from previous experiences and influence perception and 
attention. Roadway and sign design helps drivers know when to expect events. Åberg (1981 in Martens 
2000) found when investigating subjects’ detection of dangers, particularly moose, that subjects located the 
moose in 89% of the cases when moose warning signs were present, but only 20% of the cases when no 
signs were present. This suggests that warning signs change drivers’ search strategy.  
 
It is important to forecast unexpected events which is a technique called positive guidance (Wickens and 
Hollands, 2000). Over time, drivers establish a set of expectancies about the roads’ designs for particular 
roadways. Where these expectancies are violated, or where there are design-inconsistencies, driver errors 
are likely to occur. (Dewar and Olson 2002)  
 
Positive guidance is provided when information is presented unequivocally, unambiguously and with 
sufficient conspicuity. This allows drivers to detect hazards that may be visually cluttered, recognize 
potential threats, select appropriate speed and path and initiate and complete required manoeuvres safely. 
When expectancies are violated, driver perception-response time increases, and there are more driver errors 
and increased accident potential since expectancy relates to a drivers’ readiness to respond to situations. 
(Dewar and Olson 2002) 
 
Following the concept of positive guidance, information to the driver should be placed according to four 
principles: 

• Primacy 
• Spreading 
• Coding 
• Redundancy 

 
The primacy principle says that information on signs should be placed according to its importance to the 
driver. Then in situations where information competes for drivers’ attention, unneeded and low priority 
information is shed. Spreading dictates that in cases when all information required by the driver cannot be 
placed on one sign, or on a number of signs at one location, it should be spread out over locations where 
critical driver decisions are required. Coding dictates that where possible, pieces of information should be 
organized into larger units. Redundancy means saying the same thing in more than one way. (Alexander 
and Lunenfeld 1999) 
 
 
 
Summing it up: 

• Risk influences behaviour and drivers can control perceived risk by adjusting speed. 
• The correct expectations increase drivers’ readiness to respond to situations. 
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2 The experiments 
At first, the Road Administration and the Swedish National Road and Research Institute (VTI) had only 
planned one experiment to investigate effects of changes in design of the intersection. The second 
experiment was done since no differences between the intersection designs were found and it was believed 
that the effect of the speed limit might have outdone effects of the design-changes.  

The designs 
The four alternative designs tested in the experiments were: 
 

• A narrowing in the downhill slope before the intersection, from two to one lane. 
• Rumple strips before the intersection area. 
• A portal making the intersection more distinct. 
• Putting up a wooden fence and trees to screen of the surroundings. 

 
As comparisons the current intersection design, both with and without added speed limit signs of 70km/h at 
the intersection were used. In experiment I the alternative intersection designs also had speed limit signs of 
70km/h placed a couple of hundred meters before the connection. In experiment II none of the alternative 
designs had the added speed limit signs.  
 
The intersection designs in experiment I are shown below. In experiment II, no added speed limit signs in 
the alternative designs was the only modification. 
 

�  
Figure 14. The original design seen from above, and when approaching the three-way connection.  
 

  
       Figure 15. The original design with the speed limit, had a speed limit sign of 70 km/h placed a couple hundred meters  
                         before the smaller road connects to the main road. 
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       Figure 16. The narrowing design had only one lane, instead of the original two, through the three-way connection  
 

  
      Figure 17. The rumple strips design had rumple strips across the two lanes, starting a couple of hundred meters  
                        before the connection. 
 

  
       Figure 18. The wooden  fence and trees design screened of the surroundings to the right, starting with a wooden fence   
                        early in the downhill slope and continued with trees closer to the three way connection. 
 

  
       Figure 19. The portal design had a portal with directions placed across the road, framing the intersection.  
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The VTI simulator 
The VTI-simulator is made up of a visual system, a motion system and a sound system to simulate driving. 
The image of the simulated road is made with computer graphics and projected onto three 40 x 30 degree 
screens placed semicircular. The motion system simulates acceleration and sideway movements, and the 
sound system simulates road, wind and engine noise. The cabin was a five-gear Volvo 850, but in the 
experiments gear shifting was not used. The cabin is cut off behind the front seats with everything in front 
intact. Data logs at a maximum rate of 200 Hz, but data were sampled at 25 Hz in the experiments. In 
experiment I, distance, velocity, sideway position, gaze direction as x- and y-coordinates, gaze direction 
quality and gaze zone were sampled. In experiment II, in addition, brake-pedal and accelerator data were 
sampled together with more eye movement data from a new version of SmartEye. 
 
It is possible to simulate real driving in the simulator and this has been done in validation experiments of 
the VTI-simulator (Harms 1996, Törnros 1998, Törnros et al 1997). These experiments have primarily 
focused on comparing the choice of speeds and lateral position for real driving and simulated driving. Even 
though measures of velocity and lateral position do not have a completely satisfactory absolute validity, 
relative validity is satisfactory which makes the driving simulator a useful research tool in this area of 
research (Törnros et al 1997). Yet, there have been no validation experiments of more complex behaviour 
or gaze direction in the VTI-simulator. But an experiment made using the BMW fixed-base driving 
simulator and Dornier Eye-Tracking-System, compared eye movements in real condition and simulation 
during curve negotiation. It was found that the relative validation was satisfactory as drivers used the same 
cues and very similar systematic viewing strategies as during real driving (Bengler et al 1997). 

The SmartEye system and IDP 
The Smart Eye Pro Automotive 2.1 eye-tracking system was used in experiment I to track subjects’ eye 
movements. The hardware of the system consists of a customized personal computer and two IR-light 
cameras mounted on the dashboard. The system needs the subject’s facial features to be able to track eye 
movements. Five snapshots were used to create a “feature mask” of the subject, facing straight ahead, 
facing the right and left side of the road and looking straight into each camera. The snapshots were taken by 
both cameras resulting in ten pictures. Subject’s facial features had to be manually applied to the picutres 
by mouse clicking. The facial features were left and right inner eyebrow, inner eye corner, outer eye corner, 
nostril, mouth corner and ear. Left and right eye centre were marked only in the pictures where the subject 
looked directly into each camera.  
 
The Inattention Decision Program (IDP) was used together with the SmartEye-system. It can be used to 
define zones and was used in the experiments to define seven visual zones; the road, the left side of the 
road, the right side, the speedometer and the three rear view mirrors. The borders of these zones were 
defined individually for each subject.  
 
Holmström and Johansson (2003 in Karlsson 2004) used the SmartEye-system in an experiment initially 
trying to determine parameters of a driver attention model. They concluded that the system was in a 
developing stage and not reliable enough. Some changes were made, but when Karlsson (2004) used the 
SmartEye- and IDP-systems in an experiment of distracted drivers, he concluded that the average eye 
tracking fallout rate was still far too high and failed to handle subjects wearing make up or glasses. No 
thorough validation of the system in a driving situation has been made since then. 
 
In experiment II, a new version, SmartEye Pro 3.0 with three cameras, were used. The manual procedure 
was the same as in experiment I, but with five more pictures due to the extra camera. With the new version 
it was possible do adjust iris size and eyelid opening for each subject and more kinds of data could be 
sampled. The IDP system was not used and no visual zones were created. Eye movement data from 
experiment II is not analysed in this thesis since the experiment was not planned to begin with and was 
conducted too late in the process of writing this thesis.  
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Subjects 
Participants in both experiments were recruited from the VTI subject pool comprised of people answering 
ads in the local newspaper or hearing about VTI needing subjects from others. When asked to participate 
subjects were told nothing about the substance of the experiment. 
 
In both experiments twelve subjects, with an equal distribution of men and women, participated. The age 
distribution was uneven and driving experience varied among subjects. 
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  Figure 20. Age distribution in the experiments 
 
Table 1. Subjects’ driving experience. 
 Years holding a licence: Days driving each month:  Kilometres driven the last year: 
Experiment 
I 

6-40 (14, 9.6) 2-30 (19, 10.7) 3500-25000 (11800, 5491) 

Experiment 
II 

5-29 (16, 7.7) 1-31 (21, 9.4) 160-45000   (16220, 12644) 

Mean and standard deviation in brackets. 
 

Procedure 
In experiment I, each subject was given written instructions informing them about the procedure. Each 
subject was requested to drive as s/he would normally do on a main road under similar conditions and not 
turn at any intersection. The same instructions were repeated verbally by the experimenter while 
introducing the subject to the simulator. Pictures of the subject were taken when seated and a “feature 
mask” was made while the subject drove a ten minute practice-route. After practice the seven visual zones 
were constructed. 
 
The repeated road scenario was a four-lane road through woodland for one kilometre before the simulated 
intersection and one kilometre after, with speed limit signs of 90 km/h and traffic in both directions. During 
practice each subject drove through the repeated scenario with the original intersection design in two traffic 
conditions; with and without a car at the central reverse waiting to turn (shown in figure 21). Practice ended 
with a dummy version where the car turned out into the subject’s lane forcing her/him to brake or overtake 
the car. The dummy version was added to make the subject unsure if the car would turn out or not. 
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Figure 21. The traffic condition with a car at the central reverse, waiting to turn out. Note the pedestrians at the bus stop 
                  to the right; they were present in both traffic conditions. 

 
During the experiment each subject drove through the repeated scenario thirteen times; for each design in 
both traffic conditions and another dummy version when driven through half of the sets. The order of the 
design and conditions were balanced out among the subjects. 
 
In experiment I, subjects drove through the intersection in both directions and equally many subjects started 
with each direction. After finishing the first direction subjects were offered a break. Subjects starting with 
the city-suburb direction were asked to fill out a questionnaire. The other group filled out the questionnaire 
after finishing driving. Subjects also participated in a short interview telling their opinions of the different 
designs right after filling out the questionnaire. (The questionnaire can be found in appendix 7.1) 
 
There was a similar procedure in experiment II, but subjects only drove through the intersection in the city-
suburb direction, and instead of the interview the subjects’ opinions were asked for in the questionnaire. In 
experiment II data was not sampled with the IDP-system and no visual zones were created. 
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3 Data Analysis 
The data analysis started with defining a relevant distance to analyse, including both the three-way 
connection and the bus stop. The “intersection-area” chosen started prior to the added speed limit signs and 
ended 50 metres after the bus stop. To limit the analysis only one direction was chosen for analysis, the 
city-suburb direction since the downhill slope was thought to influence high speeds at the real intersection. 
All numerical data was processed in own produced programs in Matlab 7.0. The ANOVA-calculations was 
processed in SPSS 11.5.  

3.1 In which design do drivers decrease velocity most? 

Velocity data 
Velocity means for the design were compared for the “intersection-area”. An independent measure one-
way ANOVA was used, at a 0.05 significance level.  
 
Velocities were also analysed at one point within the “intersection-area”. Critical situations within the 
“intersection-area” are likely to happen close to the three-way connection when vehicles turn out and 
pedestrians cross the road, therefore the three-way connection point was chosen as a good spot to use when 
investigating velocities further. Velocities for the different designs at the connection point was analysed 
with the same ANOVA as above. 
 
Velocity differences between each alternative intersection design and a baseline were also analysed. For 
experiment I, the original intersection design with the added speed limit at the intersection was the baseline 
since the alternative designs also had speed limit signs. For experiment II, the baseline was the original 
design without the added speed limit. Difference between each alternative design and the baseline was 
determined for each subject. The differences were analysed with a sign test (Forskningsmetodik), 
calculating for each intersection design the number of subjects decreasing speed and the number of subjects 
increasing speed compared to baseline. Velocity data from both experiments were analysed the same way. 

3.2 In which design are drivers most attentive? 

Brake data 
Brake data was sampled only in experiment II, as a value between 0-100, from not breaking at all to 
stepping on the brake-pedal. The data revealed if subjects braked with the brake pedal or just let go of the 
accelerator; using the brake would indicate that subjects were attentive approaching the intersection even if 
the opposite does not indicate that subjects were inattentive. The number of subjects using the brake-pedal 
was counted. Velocity graphs for both experiments show where subjects started to slow down. 

Lateral position data 
Variances of lateral position through the “intersection-area”, sampled in both experiments, were compared 
for the different designs as standard deviation of lateral position, with an independent measure one-way 
ANOVA at a 0.05 significance level. 

Subjective data 
Estimations in the questionnaire and subjects’ opinions were summarized for both experiments. The stable 
bars presenting the subjective data was produced in Microsoft Excel. 

Eye movement data 
Eye movement data was analysed only for experiment I. Data was sampled in a different way in experiment 
II including more noise, and there was not enough time to create a method to distinguish between noise and 
analyse data. 
 
The low sample frequency of 25Hz constrained the definition of minimum fixation duration when 
analysing eye movement data from experiment I, to either 80 or 120 milliseconds (two or three following 
values). Minimum fixation duration is usually 100 milliseconds (Cohen 1977, in Falkmer 2001). The higher 
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value was chosen to only analyse fixations. Since the scene was dynamic, smooth pursuits were included as 
fixations. The fixation definition used was defined as at least three following values where each value 
diverted less than 1° in x- and y-coordinates to the next measure. Since data was sampled at a relatively low 
frequency, it was only possible to analyse fixations and not the faster saccadic movements. Therefore no 
analysis, as the one by Velichkovsky et al (2000, 2002), of preattentive and attentive fixations was made. 
 
The quality of the eye movement data has been questioned in earlier experiments and therefore subjects 
with less then 75% good data measures were removed from the analysis. The majority of the measures 
needed to be of good quality in order for the data to make sense. A further quality check was done per 
subject with a survey plot, in which the entire data material observed. With the survey plots, it was possible 
to find subjects with blurred data, which implied that the eye movement sampling could have been 
disturbed by for example a very large head position change due to resting one’s head on one’s hands, or 
changing the seat. Frequency distribution diagrams of fixation duration were also used to verify that data 
was similar to the larger data sample of eye movements in a simulated driving task by Velichkovsky 2000. 
 

 
Figure 22. An example of a survey plot with all data points (x-, y- 
                 coordinates) for one subject. The box marks the area of the  
                 subject’s gazes at the road and surroundings through the  
                 windshield, i.e. the “windshield-area”.  

 
Assuming that drivers mostly look straight ahead (Underwood et al 2003) the “windshield-area” was 
manually located for each subject on the survey plot, distinguishing fixations at the traffic environment and 
surroundings ahead with for example the speedometer. The eye movement data were only analysed for 
fixations through the windscreen.  
 
Fixation duration and search variance previously used by Underwood et al (2002), and the number of 
fixations subjects made were calculated and compared with an independent measure one-way ANOVA at 
the 0.05 significance level. Search variance was defined as standard deviations of fixations’ x-coordinates 
through the “intersection-area”.  
 
No analysis of the visual zones was made since resolution when creating the zones turned out to not be 
good enough. An analysis of whether subjects looked at the three-way connection and bus stop in time 
when driving through the “intersection-area” was made instead. Since these places moved in the 
coordinate-system with the distance of the vehicle, it was difficult to analyse if subjects looked at the places 
in time using x- and y-coordinates, even for very short distances. However, there were only very small 
changes in y-coordinates within the “windshield-area” and therefore it was possible to identify on what 
subjects had made fixations, by graphing the x-coordinate with the vehicle distance. The count of the 
number of fixations at the connection and at the bus stop through the “intersection-area” showed if subjects 
looked at those critical spots in time.  
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4 Results 
Results for both experiments are presented in this chapter, in the order velocity, brake data, lateral position 
data, subjective estimations and eye movements. The results will be discussed further in the next chapter. 

4.1 Velocity data 
Since velocity is measured in both experiments, with and without added speed limit signs in the alternative 
designs at the intersection, the results are presented separately for each experiment. 

4.1.1 Velocity data in experiment I 
Velocity data for experiment I with added speed limit signs at the intersection in the alternative designs are 
presented below. 
 

Velocity mean without a waiting car Velocity mean with a car waiting to turn out 
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Figure 23. An overview of mean velocity for each design of the intersection before, during and after the grey “intersection- 
                 area”. The dotted line marks the connection. Close ups of the graphs are shown below. 
 
One of the twelve subjects was removed from the analysis due to technical problems where the designs of 
the intersection were shown in a wrong order, with faulty traffic conditions. For the other eleven subjects, 
velocity means for the “intersection-area” (distance 2300-2700 m) were compared with a one-way ANOVA 
at the 0.05 significance level.  
 

• The only significant differences in mean velocity at the “intersection-area” were between the 
original design (the top line in the grey area of figure 23-24) and the five designs with the added 
speed limit, in both traffic conditions.  

• Subjects reduced their speed in a similar way for all five designs with the added speed limit of 
70km/h. No difference in mean velocity between the five designs with the added speed-limit was 
found, neither with nor without a waiting car.  

 
(See the appendix 7.2 for details) 
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Velocity mean without a waiting car Velocity mean with a car waiting to turn out 

Figure 24. Mean velocity for each design. A close up of the graphs above. These graphs show the intersection from the first 
                 sight at the top of the hill and past the whole intersection with its critical areas. 
                 The dashed line marks the placement of the added speed limit sign, the dotted line marks the connection and the  
                 dot-dashed line marks the bus stop.  
 

Speeds at the three-way connection point, experiment I 
Comparing velocities at the three-way connection point with a one-way ANOVA at the 0.05 significance 
level showed:  
 

• Without a waiting car significant differences were found between the original design and the other 
five designs with the added speed limits. 

• With a car waiting to turn out, only differences between the original and the original with the 
added speed limit, and the original and the fence and trees design were found. (One subject in the 
original design had an extremely low velocity as shown in figure 25.) 

 
(See appendix 7.2 for details) 
 
The table below shows velocity mean and standard deviation for all designs at the connection point and the 
box plots in figure 25 show velocity distribution for each design.  
 
Table 2. Velocity at the three-way connection in experiment I. 
 Velocity without a waiting car Velocity with a car waiting 
Original 86.4 (10.3) 85.8 (10.3) 
Only speed limit 72.1 (5.8) 74.5 (10.7) 
Narrowing 73.5 (5.2) 75.6 (9.1) 
Rumble strips 73.2 (6.0) 76.5 (8.4) 
Fence/trees 75.2 (6.1) 75.6 (5.7) 
Portal 75.9 (8.0) 73.4 (6.4) 
 
Mean for all designs 

 
76.0 (6.2) 

 
76.9 (8.4) 

Velocity in km/h and standard deviations in brackets 
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Velocity distribution without a waiting car Velocity distribution with a car waiting to turn out 
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Figure 25. Velocity distribution at the three-way connection point. 

Speed differences at the three-way connection point, experiment I 
The stable bars below show mean velocity difference between the alternative designs and the original 
design with a speed limit, as baseline (0 km/h). 
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Figure 26. Velocity difference at the three-way connection, compared to when only using speed limit signs. 
 
The decrease and increase in velocity compared to the baseline were tested using a sign test: 
 

• No decrease in velocity for the significant majority in any design in any traffic condition could be 
found.  

• But the significant majority increased velocity in the fence and trees design in the condition 
without a waiting car. 

 
Table 3. Number of subjects with a different velocity than baseline in the alternative designs, without a waiting car in 
              experiment I. 

Number of subjects with a different velocity compared to baseline, without a waiting car 
 Decreased velocity Increased velocity Mean difference (km/h) 
Narrowing 5 6 +1.4 
Rumble strips 5 6 +1.2 
Fence/trees 2 9* +3.1 
Portal 4 7 +3.8 
*The probability to get 9 or more pairs is 0.0327148, i.e. p= 0.03271480. Significant on the 0.05 level. (Forsknignsmetodik) 
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Table 4. Number of subjects with a different velocity than baseline in the alternative designs, with a waiting car in  
              experiment I. 

Number of subjects with a different velocity compared to baseline, with a car waiting 
 Decreased velocity Increased velocity Mean difference (km/h) 
Narrowing 7 4 +1.1 
Rumble strips 5 6 +2.1 
Fence/trees 6 5 +1.1 
Portal 6 5 -1.1 
 
 

Velocity differences per subject, 
without a waiting car 

Velocity differences per subject, 
with a car waiting to turn out. 
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Figure 27. Individual velocity difference at the three-way connection point, compared to the original with a speed limit  
                 –as baseline. No tendencies of a “favourite” design that decreases velocity more than the baseline for the majority  
                  of subjects was found. 
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4.1.2 Velocity data in experiment II 
Velocity data for experiment II without added speed limit signs in the alternative designs at the intersection 
are presented below. 
 

Velocity mean without a waiting car Velocity mean with a car waiting to turn out 
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Figure 28. An overview of mean velocity for each design of the intersection before, during and after the “intersection-area”. 
                 The dotted line marks the connection. A close up of the graphs are shown below. 
 
Velocity means for the “intersection-area” (distance 2300-2700 m) were compared with a one-way 
ANOVA at the 0.05 significance level. 
 

• Without a waiting car there are significant differences in mean velocity between the original with 
the added speed limit, (the lowest line in the grey area of figure 28-29) and all other designs except 
the narrowing (the second lowest line).  

• With a car waiting to turn out no significant difference was found for any designs. 
 
(See appendix 7.3 for details) 
 

Velocity mean without a waiting car Velocity mean with a car waiting to turn out 
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Figure 29. Mean velocity for each design of the intersection. Close ups of the graphs above. These graphs show the  
                 intersection from the first sight at the top of the hill and past the whole intersection with its critical areas. 
                 The dashed line marks the placement of the speed limit signs, the dotted line marks the connection and the 
                 dot-dashed line marks the bus stop.  
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Speeds at the three-way connection point, experiment II 
Velocities at the three-way connection point were compared with one-way ANOVA, at the 0.05 
significance level: (See appendix 7.3 for details.) 

 
• No significant difference was found for any designs in any traffic condition.  

 
The table below shows mean velocity and standard deviation for all subjects at the connection and the box 
plots further down show the distribution for each design at the connection.  
 
Table 5. Velocity at the three-way connection point in experiment II. 
 Velocity without a waiting car Velocity with a car waiting 
Original 90.3 (8.4) 89.6 (9.1) 
Only speed limit 78.5 (8.9) 80.6 (12.9) 
Narrowing 87.0 (9.8) 89.0 (10.7) 
Rumble strips 89.5 (13.9) 92.6 (9.8) 
Fence/trees 91.1 (10.2) 90.9 (10.3) 
Portal 91.2 (9.5) 90.1 (9.4) 
 
Mean for all designs 

 
87.9 (10.1) 

 
88.8 (10.4) 

Velocity in km/h and standard deviations in brackets. 
 

Velocity distribution without a waiting car Velocity distribution with a car waiting to turn out 
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Figure 30. Velocity distribution at the three way connection point. 

Speed differences at the three-way connection point, experiment II 
The stable bars below show mean velocity difference between the alternative designs and the original 
design as baseline (0km/h). 
 

Mean difference in velocity at the connection, 
without a waiting car 

Mean difference in velocity at the connection, 
with a car waiting to turn out 
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Figure 31. Velocity difference at the connection compared to the original design –as baseline. 
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The decrease and increase in velocity compared to the baseline were tested using a sign test: 
 

• The majority decreased speed compared to baseline in the narrowing design and the condition 
without a waiting car. A similar tendency is found in the condition with a car at the central reverse 
waiting to turn out. 

• Tendencies of velocity increases are found for the fence and trees design in the condition without a 
waiting car and for the rumble strips design in the condition with a waiting car. 

 
Table 6. Number of subjects with a different velocity than baseline in the alternative designs, without a waiting car, in  
              experiment II. 

Number of subjects with a different velocity compared to baseline, without a waiting car 
 Decreased velocity Increased velocity Mean difference (km/h) 
Narrowing 9* 3 -3.3 
Rumble strips 6 6 -0.8 
Fence/trees 4 8** 0.8 
Portal*** 6 5 0.9 
*The probability to get 9 or more pair is 0.0729980, i.e. p= 0.0729980. (Forskningsmetodik) 
**Almost significant 
***One subject had the same velocity as the baseline. 
 
Table 7. Number of subjects with a different velocity than baseline in the alternative designs, with a waiting car, in 
experiment II. 

Number of subjects with a different velocity compared to baseline, with a car waiting 
 Decreased velocity Increased velocity Mean difference (km/h) 
Narrowing 8* 4 -0.6 
Rumble strips 4 8* 3.0 
Fence/trees** 5 6 1.3 
Portal 6 6 0.4 
*Almost significant 
**One subject had the same velocity as the baseline. 
 
The graphs below show the differences on an individual level. 
 

Velocity differences per subject, 
without a waiting car 

Velocity differences per subject, 
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Figure 32. Velocity difference at the connection, compared to the original design –as baseline.  
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4.2 Brake data 
All the velocity graphs presented in section 4.1 show that both in experiment I and experiment II subjects 
started to decrease speed: 
 

• about 400 meters before the connection when added speed limit signs are present. 
• about 200 meters before the connection without the added speed limit. 

 
 
The graphs below show the number of subjects that actively braked, i.e. used the brake-pedal instead of just 
letting go of the accelerator, in experiment II at the “intersection-area”. 
 

Number of subjects braking per 100 meters 
at the intersection area without a waiting car 

Number of subjects braking per 100 meters  
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Figure 33. In the last 100 meters (2600-2700m) shown in the graph both the three-way connection and the bus stop are  
                 located. The added speed limit sign of 70km/h is placed in the first 100 meters in the graph (2300-2400m)).  
                 In the traffic condition without a waiting car no subjects braked in the original and fence/tree design. 
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4.3 Lateral position 
Results of lateral position are presented separately for each experiment. 

4.3.1 Lateral position in experiment I 
 

Mean lateral position without a waiting car Mean lateral position with a waiting car 
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Figure 34. The mean lateral position through the intersection area just prior to the speed limit signs and pass the bus stop is  
                 shown above. Subjects travel in the right lane marked with two unbroken vertical lines in the graphs. The dashed  
                 horizontal line marks the speed limit sign, the dotted line the connection and the dot-dashed line the bus stop. 
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Figure 35. Standard deviation of lateral position through the “intersection-area”. 
 
As with the velocity result, one of the twelve subjects was removed from the analysis due to technical 
problems. Standard deviations of lateral position, for each design, through the “intersection-area”, were 
compared with a one-way ANOVA at the 0.05 significance level: (See appendix 7.4 for details.) 
 

• There are no significant differences between the designs in neither with nor without a waiting car.  
 
Table 8. Mean standard deviation of lateral position through the “intersection-area”, in experiment I. 

Mean standard deviation of lateral position through the “intersection-area” (m) 
 Without a waiting car With a car waiting to turn out 
original 0.13 0.19
only speed limit 0.14 0.17
narrowing 0.15 0.20
rumble strips 0.14 0.18
fence/trees 0.15 0.15
portal 0.16 0.18
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4.3.2 Lateral position in experiment II 
 

Mean lateral position without a waiting car Mean lateral position with a waiting car 
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Figure 36. The mean lateral position through the intersection area just prior to the speed limit signs and pass the bus stop is  
                 shown above. Subjects travel in the right lane marked with two unbroken vertical lines in the graphs. The dashed  
                 horizontal line marks the speed limit sign, the dotted line the connection and the dot-dashed line the bus stop. 
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Figure 37. Standard deviation of lateral position through the “intersection-area”. 
 
Standard deviations of lateral position, for each design, through the “intersection-area”, were compared 
with a one-way ANOVA at the 0.05 significance level: (See appendix 7.5 for details.) 
 

• There are no significant differences between the designs in neither with nor without a waiting car.  
 
Table 9. Mean standard deviation of lateral position through the intersection area, in experiment II. 

Mean standard deviation of lateral position through the “intersection-area” (m) 
 Without a waiting car With a car waiting to turn out 
original 0.18 0.19
only speed limit 0.18 0.19
narrowing 0.15 0.18
rumble strips 0.16 0.20
fence/trees 0.15 0.17
portal 0.17 0,20
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4.4 Subjective estimations 
The graphs below show the median for all questions per design. (See appendix 7.1 for a translation of the 
questionnaire.) 
 

Experiment I Experiment II 
 
• How difficult do you think it was to survey the intersection? 
• How difficult do you think it was to perceive other vehicles in time at the intersection? 
• How difficult do you think it was to perceive pedestrians in time at the intersection? 
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Figure 38. The higher the number the more difficult subjects estimated it to survey the situation or see vehicles and  
                 pedestrians in time. 
 

• How attentive do you think you were when driving through the intersection? 
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Figure 39. The higher the number the better the subjects estimated their attention to be when driving through the intersection 
 

• How safe do you believe the intersection to be? 
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Figure 40. The higher the number the better subjects believed safety to be. 
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• Which is the highest speed you believe to be appropriate through the intersection? 
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Figure 41. The median of the subjects’ estimation of appropriate speed at the intersection. 
 
 
 
Table 10. Subjects’ rankings of the designs in survey, safety and preference. 

 
• Rank the designs, starting with the design that gives the best survey the situation. 
• Rank the designs, starting with the design you believe is the safest. 
• Rank the designs, starting with the design you would prefer if you commuted the route daily. 
 

  
Survey 
 

 
Safety 

 
Preference 
 

Experiment I    
 
1 
2 
3 
4 
5 
6 

 
Speed limit (28) 
Portal (37) 
Rumble strips (41) 
Narrowing (47) 
Original (49) 
Fence/Trees (50) 

 

 
Rumble strips (26) 
Narrowing (29) 
Portal (39) 
Fence/Trees (43) 
Speed limit (47) 
Original (64) 

 
Portal (36) 
Speed limit (38) 
Rumble strips (41) 
Narrowing (44) 
Original (46) 
Fence/Trees (47) 

Experiment II    
 
1 
2 
3 
4 
5 
6 
 

 
Speed limit (27) 
Original (30) 
Narrowing (38) 
Rumble strips (47) 
Portal (48) 
Fence/Trees (62) 

 

 
Speed limit (22) 
Narrowing (35) 
Original (35) 
Rumble strips (45) 
Portal (51) 
Fence/Trees (64) 

 
Original (28) 
Speed limit (29) 
Narrowing (35) 
Rumble strips (50) 
Portal (50) 
Fence/trees (60) 

Subjects were asked to rank the designs from 1-6, the total sum in brackets. 
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4.4.1 Subjects’ comments 
In the first experiment interviews were made with the subjects after they had completed the questionnaire. 
The subjects were asked to state their motives and opinions in the ranking assignments for each design.  
 
In the second experiment the subjects were asked to write down their motives and opinions in the 
questionnaire. 
 
The text below is a summary of the subjects’ opinions of the different designs. The summary should be 
thought of as an elucidation of answers in the questionnaire. 
 
Table 11. A summery of subjects’ comments of the different designs. 
 

Experiment I Experiment II 

The original 
 

 
Subjects liked the original design for the clean view 
without distractors. But they were critical to the high 
velocity which they believe to reduce safety. A higher 
speed gives less survey and does not warn the driver 
about the intersection. 
 

 
Only a few subjects comment the original design, 
they were positive to the lack of distraction. One 
subject believed that drivers will not be attentive 
enough. 
 

The speed limit 
 
 
All but two subjects were positive to the use of only 
an added speed limit, because it was thought of as 
clean with a clear view, but still the design decreases 
velocity. Nothing else disturbs drivers and they can 
concentrate on the critical areas of the intersection. 
Two subjects remarked that using only an added 
speed limit will not decrease speed enough and 
nothing else will alert drivers. 
 

 
Most subjects commented that the speed limit sign 
makes drivers more attentive of the fact that 
something is happening ahead. A lower speed gives 
the driver more time.  
 

The narrowing 
 
 
Most subjects liked the narrowing; drivers slow down 
since the narrowing marks that something is 
happening ahead. Drivers get more attentive early and 
with just one lane there will be less misunderstanding. 
But several subjects believed the narrowing to be 
dangerous since other drivers might make risky 
overtakes to advance before the narrowing. Some 
subjects thought of the narrowing as a distractor.  
 

 
Several subjects’ remarks were positive to the 
narrowing because it signals that something is 
happening ahead and the driver at the central reserve 
only needs to observe one lane. A few believed that 
the narrowing will form a queue and that other 
drivers’ lane changes will be stressful. 
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Continuation of table 11. 

The rumble strips 
 
 
Most subjects believed that the rumble strips will 
make drivers more attentive and were positive to the 
design. One subject believed that drivers might get 
surprised, might brake strongly and that the strips 
were distracting. 
 

 
Several subjects were positive to the rumble strips 
and believed them to reduce velocity and increase 
attention. But several also believed the strips to 
disturb attention at the intersection. 
 

The wooden fence and trees 
 
 
Some subjects believed that the fence screens off the 
surroundings and prevents children and animals to 
cross the road. The trees also screen off the 
surroundings, but without preventing crossings. 
Drivers lose overview since they look too much for 
potential dangers behind the trees. Subjects 
experience that they perceived the bus stop later than 
in the other designs. 
 

 
Several subjects did not like the design since it blocks 
the view of the pedestrians at the bus stop and steal 
attention from the intersection. One subject believed 
that animals might cross the road where the fence 
ends and another that the road felt like a motorway. 
One subject thought that the design increased 
attention. 
 

The portal 
 
 
Most remarks were positive to the design, but the 
remarks were mostly about differences between the 
portal and an ordinary signpost. The portal is more 
informative. But the portal is also believed to disturb 
the overview and one subject remarked that the 
portal blocks the intersection area from the downhill 
slope. Another subject remarked that drivers will look 
up at the portal instead of the intersection area.  
 

 
A few subjects commented that it is easy to see 
information at a portal. A few wrote that the sign will 
distract attention and one wrote that the sign blocks 
the view. 
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4.5 Eye movements 
Eye movements were only analysed for data sampled in experiment I. Data of which visual zones subjects 
were looking at was not analysed due to technical problems.  
 
In the eye movement analysis, six of the twelve subjects had to be removed from the analysis due to bad 
quality data. Measures for one other subject at the “wooden fence and trees”-design also had to be removed 
due to temporary bad quality. Questions about the validity of the data will be discussed in the next chapter.  
 
The designs were compared with percent fixation of the total time, number of fixations, mean fixation 
duration and horizontal search variance using one-way ANOVA at the 0.05 significance level 
 

• No significant differences were found between any designs in any traffic condition with any of the 
measures. (See appendix 7.6 for details) 

 
Number of fixations without a waiting car Number of fixations with a car waiting to turn out 
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Figure 42. Mean number of fixations when driving through the “intersection-area”. 
 

Fixation duration without a waiting car Fixation duration with a car waiting to turn out 
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Figure 43. Mean fixation duration when driving through the “intersection-area”. 
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Search variance without a waiting car Search variance with a car waiting to turn out 
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Figure 44. Mean horizontal search while driving through the “intersection-area”. 

 

Fixations at critical areas of the intersection 
The table below shows the mean number of fixations subjects made at the three-way connection when 
driving through the “intersection-area”. 
 
Table 12. A count of subjects fixations while driving towards the three-way connection point through the “intersection-area”. 

Fixations made to the three-way connection 
 Without a waiting car With a car waiting to turn out 
original 7.0 9.3 
only speed limit 3.5 11.2 
narrowing 5.5 14.2 
rumble strips 7.7 13.7 
fence/trees 5.3 10.6 (mean of 5 subjects) 
portal 5.0 12.0 
Mean number of fixations made at the three-way connection point 
 
Fixations at the bus stop were counted as well: 

• All subjects focused on the bus stop right after passing the connection, in all designs of the 
intersection. Most subjects focused on the bus stop even earlier. 
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4.6 Summing up the results 
 
Interesting results for velocity found in the experiments were: 

• The majority of subjects decreased speed with the narrowing design compared to the original 
design in both traffic conditions in experiment II (tables 6-7). 

• The majority of subjects increased speed, in the condition with a car waiting to turn out, in the 
design with rumble strips compared to the original in experiment II (table 7). 

• The majority of subjects increased speed in the condition without a car waiting to turn out, with the 
wooden fence and trees at the road side compared to baseline in both experiments (table 3 and 6). 

 
 
Interesting results for attention in the experiments were: 

• All subjects analysed made fixations at the critical areas of the intersection and they made several 
more fixations when a car was waiting car at the central reserve. 

• More subjects braked actively with rumble strips and when only a speed limit compared to the 
other intersection designs. 
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5 Discussion 
After looking closer at drivers’ perception and attention and what eye movements can tell about drivers’ 
attention in the introduction and data analysis chapter, the aim of this thesis is to analyse in which design 
drivers will lower speed the most and in which design drivers will be most attentive. 
 
Only one experiment was originally planned and both the Road administration and VTI believed that there 
would be significant velocity differences between only using a speed limit and at least some of the 
alternative designs. No such differences were found and there were large individual differences among 
subjects. The second experiment was conducted since it was believed that the lack of differences could be 
hidden in the large velocity decrease influenced by the added speed limit of 70km/h at the intersection. It 
was assumed that drivers in an experiment are more likely to obey traffic rules than under normal every-
day-driving and possible differences could be hidden in the large velocity decrease influenced by the speed 
limit signs. Therefore the second experiment was made without speed limits in the alternative intersection 
designs, trying to evaluate only the design effect. Still no significant velocity differences were found, and 
again there were large individual differences. 
 
The lack of significant differences in velocity in the experiments indicates that it is likely that the width of 
the four-lane road is a much greater design-influence than the measures tested and maybe the design 
changes are too small to influence velocity in such a traffic environment. Low workload features for drivers 
are straight flat sections and wide verges and none of the designs changes the fact that it is still very easy to 
overview the straight flat intersection with wide verges. The only design found to reduce velocity for the 
large majority of subjects was the narrowing (tables 6-7), which also is described as a feature inducing 
workload, i.e. reducing the number of lanes (Dewar and Olson 2002).  

5.1 Experimental design 
Since it was believed that velocity differences between the designs would be found and no differences were 
found, it could be questioned if this is due to the experimental design.  
 
In addition to the traffic scene and the driving task, previous experience is assumed to influence perception 
and attention (O’Regan and Noë 2002), and therefore also probably speed adjustments. Subject’s 
experiences from driving through the intersection early in the experiment might have influenced attention 
and velocity choice later in the experiment, causing similar behaviours in all designs. In an experimental 
design, for example, where each subject starts by driving through the original design and then only drives 
through one alternative design, possible design effects found would, for all subjects, only be influenced by 
the original. With the design chosen for the experiments, all designs influenced all designs and might, to a 
degree, have levelled out small effect-differences between the designs. The experimental design suggested 
would have required many more subjects and it is still possible that that no differences would have been 
found. It is still reasonable to assume that the results found in the experiments show that there are no large 
differences in drivers’ velocity and attention between the designs since previous experience influence 
drivers together with the traffic scene. 

Another approach to investigating the problematic intersection 
During the spot check, several unsafe driver behaviours were noticed, indicating that problems at the three-
way connection are not only due to high speeds and possibly inattentive drivers at the main road. Problems 
might also be due to road-users turning at the connection or crossing the main road. At the spot check, 
drivers first stopped at the central reverse with the rear of the car hanging out in the high-speed lane behind 
while turning left into the main road, and then turned into the left lane, causing drivers at the main road to 
overtake them on the right side. Such turnings are likely to cause misunderstanding and possibly accidents. 
None of the alternative designs focus on making it easier to perform safe turns at the three-way connection 
or ease crossing for pedestrians. 
 
A different way of analysing the intersection is to study actual driver behaviours made at the real 
intersection, letting the cause of these behaviours influence what measures to take at the intersection. Even 
if lower speeds at the intersection give road-users more time to react, it might be that the designs tested in 
the experiments fail to solve some of the problems with the intersection. 
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Simulation 
There were no figures given of traffic flow at the real intersection, but traffic density off rush-hour during 
the spot check was quite high. Due to restrictions in the simulator, such traffic flow is not possible to 
simulate yet. Traffic density is likely to influence driver behaviour to a great extent with more factors to 
keep track of while driving (Englund et al 1998). Therefore drivers’ visual attention to the three-way 
connection and the bus stop might be different as well as velocity choice. Another simulator restriction was 
the placement of the waiting car; it is not realistic that the car stands in the central reverse the whole time 
from when a driver first sees the intersection from the top of the hill until s/he is not able to see the 
intersection in the rear mirrors. A more realistic scenario would be for the car to turn into the central 
reverse later, when the driver is a bit further down the hill, and turn out behind the driver after s/he has 
passed. The same thing applies to the pedestrians at the bus stop, some movements from them would have 
been more realistic and might influence attention. 

Subjects’ estimations 
The accuracy of subjects’ estimations can be questioned since they were made first after driving through all 
designs. A comparison of answers in the ranking assignment of survey and road safety and the questions 
about survey and road safety show that subjects’ answers are inconsistent. Still subjects’ comments of the 
different designs are interesting in trying to understand other data sampled. 

Using eye movement data 
Eye movement data was only analysed for the first experiment. Data was sampled in the second experiment 
as well, but in a different way with more noise. Unfortunately, there was no time available to create a 
method of sorting out the noise and analyse data from experiment II. 
 
Half of the subjects in experiment I had to be excluded from the eye movement analysis! Among these 
subjects several wore glasses, which since earlier are known as reducing the eye data quality (Karlsson 
2004). No real validation study of eye movement data has been made with the SmartEye-version used, but 
a study made by Bengler et al (1997) shows that eye movement patterns in a simulated driving situation are 
similar to eye movements in a real driving situation; relative validity is good. 
 
The DIP system had previously been used for evaluating if drivers were looking through the windshield or 
down at equipment in the car (Karlsson 2004). Using the system to make smaller zones dividing the 
windshield was not possible since resolution when defining the zones was not good enough. A count of all 
fixations at the three-way connection, when driving through the “intersection-area”, was made instead. The 
sample frequency of 25 Hz constrained the fixation definition of minimum fixation duration to either 80 ms 
or 120 ms. The definition of 120 ms was chosen to be certain of measuring fixations, and it is possible that 
fixations at about 100ms were excluded from the analysis. Because of limitations of the fixation definition 
and the error margin of 5°, which is a lot considering that central vision is much smaller, it is inappropriate 
to draw conclusions about the exact number of fixations at the central reserve at the connection or at the 
bus stop.  
 
In spite of the difficulties in measuring eye movements, the results are very distinct. All subjects did focus 
on the central reserve and the bus stop in time, in all designs and all traffic conditions. Subjects were 
attentive of the critical areas of the intersection and subjects were not inattentive when driving through the 
intersection. 
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5.2 Results 

5.2.1 Attention and perception 
It is reasonable to assume that subjects were attentive at the “intersection-area” in all designs since the 
count of fixations (table 12) show that all subjects, in all designs, in both traffic conditions, looked at the 
critical areas. Subjects also looked several times more at the central reverse when a car was waiting which 
would not be the case of an inattentive driver.  
 
The situations at the “intersection-area” in the experiments have to be interpreted as undemanding with low 
workload, due to very low traffic density and survey over the area as early as 800 metres before the 
connection. There are no differences in fixation duration and search that indicate that subjects experienced 
some designs more demanding than others as in the study by Underwood et al (2002).  
 
However, traffic density might make situations at the real intersection more demanding to drivers. The real 
intersection also has typical characteristics for inviting the phenomenon “highway hypnosis”, the road is 
monotonous, predictable and highly familiar to the commuters, just as Wertheim (1991) describes as 
factors influencing highway hypnosis. Subjects’ awareness is probably influenced by being supervised in 
an experimental situation and therefore inattention as in “highway hypnosis” is not examined in the 
experiments. A design that varies the monotonous driving and increase drivers’ arousal will assist 
dishabituation and interrupt “highway hypnosis”. If the phenomenon is due to automated visual behaviour 
as Kerr (1991) states, a design with non visual characteristics, as the rumble strips, will be better at alerting 
drives. Also in favour of the rumble strips, brake data (figure 33) show that subjects’ readiness to react 
were influenced by the rumble strips as well as by speed limit signs, since more subjects braked actively in 
those designs compared to the others. 

5.2.2 Expectancy and risk experience 
Velocity data show that subjects lowered speed in all designs when approaching the intersection (figures 23 
and 28). This indicates that, regardless of whether risk is described as risk homeostasis as in Wilde (1982) 
or a feeling as in Summala and Näätänen (1988) and Vaa (2001), subjects perceived a higher risk.  
 
Even if drivers are aware of the possible risks and attentive towards critical areas, since they see the car at 
the central reverse and the pedestrians early, they might expect the driver of the car and the pedestrians to 
be equally observant, and not to turn out or cross the road. However, for drivers and pedestrians at the 
three-way connection it is not easy to correctly perceive speeds on the main road or the time available to 
cross or turn out, i.e. they might behave in contradiction to main-road-drivers’ expectancies.  
 
At the real intersection today there are not much guiding drivers’ expectancies. It might not be enough that 
drivers perceive that there is an intersection ahead with a car waiting and pedestrians present. Warnings at 
the intersection might increase road-users readiness to respond (Åberg 1981 in Martens 2000; Dewar and 
Olson 2002) to possible misunderstandings. Guiding expectations to the possibility of change in the 
situation will make drivers more likely to perceive changes (O’Regan and Noë 2000). 

5.2.3 The designs 
The results strongly indicate that using an added speed limit of 70 km/h at the intersection will lower 
speeds. The only significant velocity decrease was found between using and not using the speed limit. In 
experiment I, none of the alternative designs influenced subjects to reduce speed more than when only 
using the added speed limit signs (table 2). In experiment II, again, velocity decreases were found between 
using and not using the added speed limit sign (table 5).  
 
Subjects commented that they liked the use of only a speed limit, since it is clean without disturbances and 
drivers can concentrate only on the critical areas at the intersection. Subjects also believed that a speed 
limit sign by itself makes drivers more attentive (table 11). 
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The narrowing 
In the second experiment without a car at the central reserve, the almost significant majority was found to 
decrease speed compared to baseline. The majority of subjects also decreased speed with a car at the central 
reserve (shown in figure 31 and tables 6-7). As mentioned above, it is not surprising that the only speed 
decrease found with the alternative designs, is found for the narrowing, since this is the most powerful 
intervention. Sternberg (1999) writes that reduction in number of lanes is a feature that induces workload 
and increased workload might cause drivers to reduce speed. Subjects’ opinion of appropriate speed (figure 
41) agrees with the results above. Their opinion of appropriate speed in the narrowing design was the 
lowest for both experiments. Since the design itself influenced subjects to reduce speed, this indicates that 
complementing the added speed limit of 70 km/h at the intersection with a narrowing, might increase 
drivers’ willingness to obey the speed limit. The experiments, however, do not indicate that drivers’ will be 
less willing to reduce speed when only using the speed limit of 70 km/h. Drivers’ awareness towards the 
critical areas of the intersection is not influenced negatively, at all, by a narrowing (table 12). 
 
A narrowing has the advantage that drivers turning into the main road have fewer lanes to observe. Even 
when drivers at the main road turn left, lane changes will be less confusing for all drivers involved with 
only one lane per direction. The road today looks like a motorway, where there usually are no left turns. 
With only one lane the road will be less similar to a motorway. Even for pedestrians crossing, one lane will 
be easier to survey. Most subjects from both experiments were positive to the narrowing because it signals 
that something is happening ahead, and because the driver in the car at the central reverse only has one lane 
to focus on(table 11).  
 
However, traffic density at the real intersection might cause hazards before the intersection when all drivers 
are forced into one lane. As mentioned by several subjects (table 11), the narrowing might cause drivers to 
make risky overtakes, trying to advance before the narrowing. Contemplating a narrowing one must 
consider the effect in high traffic density and make sure that a narrowing will not cause a dangerous 
situation in the downhill slope. 

The portal 
A portal did not change subjects’ speed or attention in the experiments. Most remarks from subjects only 
compared the portal with an ordinary signpost, where they found the portal to be more informative if not 
knowing where to turn (table 11). Since the smaller road is mostly used by locals, drivers not knowing 
where they are going are probably not a problem at the intersection. A few subjects commented that the 
portal blocks the view of the intersection from the downhill slope and since adding a portal did not change 
speed or attention, it is unnecessary to implement a portal at the real intersection. 

The wooden fence and trees 
In experiment I the significant majority of subjects increased speed with the wooden fence and trees design 
compared to baseline, but only without a car waiting (table 3). With a car at the central reserve, no 
tendency of such behaviour was found. Experiment II shows a similar result, as the majority of subjects 
increased speed without a waiting car (table 6). Again, there was no tendency of the same increase with a 
car at the central reserve.  
 
Subjects believed the wooden fence to screen off the surroundings and prevent potential dangers to cross 
the road, however the trees were believed to hide but not prevent potential dangers to cross and subjects 
remark that the trees also made them see the bus stop late (table 11). The “wooden fence and trees” design 
distinguishes from the other designs in the questionnaires, with the highest estimation of difficulty to 
perceive the pedestrians (figure 38), although the count of fixations show that subjects did focus on 
pedestrians at the bus stop in time.  
 
Implementing the design at the real intersection might counteract its purpose and make drivers at the main 
road increase speed. 

The rumble strips 
More subjects braked actively within the “intersection-area” than for any other alternative design, in both 
traffic conditions (figure 33), which shows that drivers were alerted by the rumble strips. The count of 



DISCUSSION 
 

 
 

SJÖBERGSJÖBERG
                                                                 43 

 

fixations show that subjects, at least, were as attentive of the waiting car as with the other designs (figure 
12). 
 
However, subjects also started to accelerate before passing the thee-way connection (figures 24 and 29). No 
other design shows the same distinct accelerations. In experiment II, where rumble strips was used without 
the added speed limit of 70 km/h, the majority of subjects increased speed (figure 7). This is only found in 
the condition with a car at the central reverse. In experiment II, subjects’ opinion of appropriate speed was 
one of the highest (figure 41) and several subjects in experiment II also believed that rumble strips disturbs 
attention at the intersection. These results indicate that rumble strips should not be used without these speed 
limit signs. 
 
Still, as discussed above rumble strips in combination with a speed limit of 70 km/h might be a good way to 
obstruct “highway hypnosis” and alert drivers. And with a speed limit, in the first experiment, the 
appropriate speed was one of the lowest (figure 41), which might imply that with a speed limit it is possible 
that rumble strips might increase drivers willingness to obey the speed limit.  
 

5.3 Recommendations 
The experiments indicate that speed limit signs of 70km/h at the intersection will lower speeds. In addition 
the experiments indicate that a narrowing might improve drivers’ willingness to slow down. However, 
since there is high traffic density at the main road, a narrowing might cause hazards when all drivers are 
forced into one lane and might therefore be inappropriate to implement at the real intersection.  
 
Instead, the best solution among the alternatives tested in the experiment is to use rumble strips in addition 
to speed limit signs of 70km/h. Even though no speed decrease was found in the experiments, drivers were 
alerted and rumble strips are likely to disrupt “highway hypnosis”. 
 
The spot check indicates that unsafe behaviour by road-users turning at the intersection or crossing the 
main road might be a problem in addition to main-road-drivers monotonous driving at high speeds. Apart 
from lower speeds at the main road, which give road-users more time to make decisions, the problem with 
unsafe behaviour at the intersection is not accounted for. Adding design-changes which will ease the use of 
the intersection might improve safety. For example, a wider central reserve at the three-way connection 
would make it possible for drivers to turn left from the smaller road, in two steps, without leaving the rear 
of the vehicle hanging out into the high speed lane behind. A field study of actual driver behaviours at the 
spot might give more ideas and ideas to improve the use even for pedestrians! 
 
The review of the intersection today makes it reasonable to assume that it is not a question of if, but a 
question of when, another accident will injure people. There are no reasons not to implement a speed limit 
of 70km/h at the intersection –today! Nothing in the experiments indicates that a lower speed limit is 
experienced as odd or creates dangerous driving behaviours, and it will only take five more seconds to 
drive through the intersection! Today, apart from a small blue sign post, there is nothing warning road-
users about the hazardous ordinary intersection placed on a “motorway”. It might take time for all parties to 
agree on and take a decision about changing the design of the intersection, and during that time more 
people might get injured. Put up speed limit signs and warn drivers at the main road –today! 
 

Olycksdrabbad
korsning

Olycksdrabbad
korsning
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7 Appendices 

7.1 A translation of the questionnaire 
 

Subject number:__________ 
 
Thank you for participating in this simulator study! 
 
When answering the questionnaire, please answer the questions in order. Your results will be used 
together with all other participants and no participant will be identifiable by name. 
 

1. How pleasant is driving for you? (1= not at all, 10= very pleasant) 
2. How many kilometres have you driven the last year? 
3. How often, in days per month, do you drive? 
4. How old are you? (younger than 25, 25-34,35-44,45-54,55-64, older than 64 years old) 
5. How many years have you held a driving license? 
6. What in the surroundings normally distracts you while driving on a rural road? (billboards, people 

engaged in activities at the side of the road, the scenery, activities in the sky, sudden noises) 
 
The six different designs of the intersection were described and for each design, in turn, the following questions 
were asked: 

 
7. How attentive/aware do you believe you were while driving through the intersection? (1=not 

attentive at al, 10= very attentive) 
8. Which velocity do you believe you kept while driving through the intersection? 
9. Which is the highest velocity you believe to be appropriate to keep while driving through the 

intersection? 
10. Was it difficult to keep the appropriate speed while driving through the intersection? (1= not 

difficult at all, 10= very difficult) 
11. How difficult was it to observe vehicles in time at the intersection? (1= not difficult at all, 10= 

very difficult) 
12. How difficult was it to observe pedestrians in time at the intersection? (1= not difficult at all, 10= 

very difficult) 
13. How difficult was it to survey the situation at the intersection? (1= not difficult at all, 10= very 

difficult) 
14. How safe do you believe the intersection to be? (1= not safe at all, 10= very safe) 

 
After answering the questions for all designs, some additional questions about the designs were asked: 
 

• Which of the design made the intersection most easy to survey? (Rank: 1= easiest, 6= least easy) 
• Which of the designs made the intersection most safe? (Rank: 1= most safe, 6= least safe) 
• If you drove through the intersection daily, commuted, which of the designs would you prefer? 

(Rank 1= prefer the most, 6= prefer the least) 
• If you drove through the intersection daily, commuted, which speed limit would you prefer 

through the intersection and at the remaining road distance 
 

Thank you very much for participating in our study today! 
 

In the first experiment short interviews were made with each subject about their motives in the ranking 
assignment and their opinions about the designs. In the second experiment subjects were also asked to write 
down their motives and opinions instead.  
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7.2 Velocity statistics, experiment I 
 

 

A

 
M

 

1 = the original design 
2 = the only speed limit design 
3 = the narrowing 
4 = the design with rumble strips
5 = the fence and trees design 
6 = the design with a portal 
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Velocity at the “intersection-area” without a car waiting 
NOVA 

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups 2254,638 5 450,928 16,314 ,000 
Within Groups 1658,441 60 27,641    
Total 3913,079 65     

ultiple Comparisons, Tukey HSD  

95% Confidence Interval 

(I) KORSN (J) KORSN 

Mean 
Difference (I-

J) Std. Error Sig. Lower Bound Upper Bound 
2 

16,147336(*) 2,2417799 ,000 9,547986 22,746686

3 16,323455(*) 2,2417799 ,000 9,724104 22,922805
4 15,095673(*) 2,2417799 ,000 8,496323 21,695023
5 13,703764(*) 2,2417799 ,000 7,104414 20,303114

1 

6 16,190209(*) 2,2417799 ,000 9,590859 22,789559
2 1 -16,147336(*) 2,2417799 ,000 -22,746686 -9,547986

3 ,176118 2,2417799 1,000 -6,423232 6,775468
4 -1,051664 2,2417799 ,997 -7,651014 5,547686
5 -2,443573 2,2417799 ,883 -9,042923 4,155777

  

6 ,042873 2,2417799 1,000 -6,556477 6,642223
3 1 -16,323455(*) 2,2417799 ,000 -22,922805 -9,724104

2 -,176118 2,2417799 1,000 -6,775468 6,423232
4 -1,227782 2,2417799 ,994 -7,827132 5,371568
5 -2,619691 2,2417799 ,850 -9,219041 3,979659

  

6 -,133245 2,2417799 1,000 -6,732596 6,466105
4 1 -15,095673(*) 2,2417799 ,000 -21,695023 -8,496323

2 1,051664 2,2417799 ,997 -5,547686 7,651014
3 1,227782 2,2417799 ,994 -5,371568 7,827132
5 -1,391909 2,2417799 ,989 -7,991259 5,207441

  

6 1,094536 2,2417799 ,996 -5,504814 7,693886
5 1 -13,703764(*) 2,2417799 ,000 -20,303114 -7,104414

2 2,443573 2,2417799 ,883 -4,155777 9,042923
3 2,619691 2,2417799 ,850 -3,979659 9,219041

  

4 1,391909 2,2417799 ,989 -5,207441 7,991259
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  6 2,486445 2,2417799 ,876 -4,112905 9,085796
6 1 -16,190209(*) 2,2417799 ,000 -22,789559 -9,590859

2 -,042873 2,2417799 1,000 -6,642223 6,556477
3 ,133245 2,2417799 1,000 -6,466105 6,732596
4 -1,094536 2,2417799 ,996 -7,693886 5,504814

  

5 -2,486445 2,2417799 ,876 -9,085796 4,112905
* The mean difference is significant at the .05 level. 

Subset for alpha = .05 
KORSN N 1 2 
3 11 73,610691  
6 11 73,743936  
2 11 73,786809  
4 11 74,838473  
5 11 76,230382  
1 11   89,934145
Sig.  ,850 1,000

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 11,000. 
 

Velocity at the “intersection-area” with a car waiting to turn out 
ANOVA 

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups 1695,745 5 339,149 7,354 ,000 
Within Groups 2767,223 60 46,120    
Total 4462,967 65      

Multiple Comparisons 
Tukey HSD  

95% Confidence Interval 

(I) KORSN (J) KORSN 

Mean 
Difference (I-

J) Std. Error Sig. Lower Bound Upper Bound 
2 13,873145(*) 2,8957768 ,000 5,348560 22,397731

3 13,864055(*) 2,8957768 ,000 5,339469 22,388640
4 13,977573(*) 2,8957768 ,000 5,452987 22,502158
5 11,612455(*) 2,8957768 ,002 3,087869 20,137040

1 

6 13,767591(*) 2,8957768 ,000 5,243005 22,292177
2 1 -13,873145(*) 2,8957768 ,000 -22,397731 -5,348560

3 -,009091 2,8957768 1,000 -8,533677 8,515495
4 ,104427 2,8957768 1,000 -8,420158 8,629013
5 -2,260691 2,8957768 ,970 -10,785277 6,263895

  

6 -,105555 2,8957768 1,000 -8,630140 8,419031
3 1 -13,864055(*) 2,8957768 ,000 -22,388640 -5,339469

2 ,009091 2,8957768 1,000 -8,515495 8,533677
4 ,113518 2,8957768 1,000 -8,411067 8,638104
5 -2,251600 2,8957768 ,970 -10,776186 6,272986

  

6 -,096464 2,8957768 1,000 -8,621049 8,428122
4 1 -13,977573(*) 2,8957768 ,000 -22,502158 -5,452987
  2 -,104427 2,8957768 1,000 -8,629013 8,420158
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3 -,113518 2,8957768 1,000 -8,638104 8,411067
5 -2,365118 2,8957768 ,963 -10,889704 6,159467

  

6 -,209982 2,8957768 1,000 -8,734567 8,314604
5 1 -11,612455(*) 2,8957768 ,002 -20,137040 -3,087869

2 2,260691 2,8957768 ,970 -6,263895 10,785277
3 2,251600 2,8957768 ,970 -6,272986 10,776186
4 2,365118 2,8957768 ,963 -6,159467 10,889704

  

6 2,155136 2,8957768 ,975 -6,369449 10,679722
6 1 -13,767591(*) 2,8957768 ,000 -22,292177 -5,243005

2 ,105555 2,8957768 1,000 -8,419031 8,630140
3 ,096464 2,8957768 1,000 -8,428122 8,621049
4 ,209982 2,8957768 1,000 -8,314604 8,734567

  

5 -2,155136 2,8957768 ,975 -10,679722 6,369449
* The mean difference is significant at the .05 level. 

Subset for alpha = .05 
KORSN N 1 2 
4 11 73,979918  
2 11 74,084345  
3 11 74,093436  
6 11 74,189900  
5 11 76,345036  
1 11   87,957491
Sig.  ,963 1,000

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 11,000. 
 

Velocity at the three-way connection point, without a car waiting 
ANOVA 

 
Sum of 

Squares df Mean Square F Sig. 
Between Groups 1583,017 5 316,603 9,151 ,000 
Within Groups 2075,897 60 34,598    
Total 3658,914 65      

Multiple Comparisons 
Tukey HSD  

95% Confidence Interval 

(I) KORSN (J) KORSN 

Mean 
Difference (I-

J) Std. Error Sig. Lower Bound Upper Bound 
2 14,262273(*) 2,5081061 ,000 6,878912 21,645634

3 13,097882(*) 2,5081061 ,000 5,714521 20,481243
4 13,700000(*) 2,5081061 ,000 6,316639 21,083361
5 11,853027(*) 2,5081061 ,000 4,469666 19,236388

1 

6 11,512427(*) 2,5081061 ,000 4,129066 18,895788
2 1 -14,262273(*) 2,5081061 ,000 -21,645634 -6,878912

3 -1,164391 2,5081061 ,997 -8,547752 6,218970
4 -,562273 2,5081061 1,000 -7,945634 6,821088
5 -2,409245 2,5081061 ,928 -9,792606 4,974115

  

6 -2,749845 2,5081061 ,881 -10,133206 4,633515
3 1 -13,097882(*) 2,5081061 ,000 -20,481243 -5,714521
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2 1,164391 2,5081061 ,997 -6,218970 8,547752
4 ,602118 2,5081061 1,000 -6,781243 7,985479
5 -1,244855 2,5081061 ,996 -8,628215 6,138506

  

6 -1,585455 2,5081061 ,988 -8,968815 5,797906
4 1 -13,700000(*) 2,5081061 ,000 -21,083361 -6,316639

2 ,562273 2,5081061 1,000 -6,821088 7,945634
3 -,602118 2,5081061 1,000 -7,985479 6,781243
5 -1,846973 2,5081061 ,977 -9,230334 5,536388

  

6 -2,187573 2,5081061 ,952 -9,570934 5,195788
5 1 -11,853027(*) 2,5081061 ,000 -19,236388 -4,469666

2 2,409245 2,5081061 ,928 -4,974115 9,792606
3 1,244855 2,5081061 ,996 -6,138506 8,628215
4 1,846973 2,5081061 ,977 -5,536388 9,230334

  

6 -,340600 2,5081061 1,000 -7,723961 7,042761
6 1 -11,512427(*) 2,5081061 ,000 -18,895788 -4,129066

2 2,749845 2,5081061 ,881 -4,633515 10,133206
3 1,585455 2,5081061 ,988 -5,797906 8,968815
4 2,187573 2,5081061 ,952 -5,195788 9,570934

  

5 ,340600 2,5081061 1,000 -7,042761 7,723961
*  The mean difference is significant at the .05 level. 

Subset for alpha = .05 
KORSN N 1 2 
2 11 72,095000  
4 11 72,657273  
3 11 73,259391  
5 11 74,504245  
6 11 74,844845  
1 11   86,357273
Sig.  ,881 1,000

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 11,000. 
 

Velocity at the three-way connection point, with a car waiting to turn out 
ANOVA 

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups 1211,495 5 242,299 3,239 ,012 
Within Groups 4488,511 60 74,809    
Total 5700,006 65      

Multiple Comparisons 
Tukey HSD  

95% Confidence Interval 

(I) KORSN (J) KORSN 

Mean 
Difference (I-

J) Std. Error Sig. Lower Bound Upper Bound 
2 11,651673(*) 3,6880279 ,028 ,794859 22,508486
3 10,361673 3,6880279 ,070 -,495141 21,218486
4 10,152582 3,6880279 ,080 -,704232 21,009395
5 10,759691 3,6880279 ,053 -,097123 21,616505

1 

6 13,059855(*) 3,6880279 ,010 2,203041 23,916668
2 1 - 3,6880279 ,028 -22,508486 -,794859
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11,651673(*)
3 -1,290000 3,6880279 ,999 -12,146814 9,566814
4 -1,499091 3,6880279 ,999 -12,355905 9,357723
5 -,891982 3,6880279 1,000 -11,748795 9,964832

  

6 1,408182 3,6880279 ,999 -9,448632 12,264995
3 1 -10,361673 3,6880279 ,070 -21,218486 ,495141

2 1,290000 3,6880279 ,999 -9,566814 12,146814
4 -,209091 3,6880279 1,000 -11,065905 10,647723
5 ,398018 3,6880279 1,000 -10,458795 11,254832

  

6 2,698182 3,6880279 ,977 -8,158632 13,554995
4 1 -10,152582 3,6880279 ,080 -21,009395 ,704232

2 1,499091 3,6880279 ,999 -9,357723 12,355905
3 ,209091 3,6880279 1,000 -10,647723 11,065905
5 ,607109 3,6880279 1,000 -10,249705 11,463923

  

6 2,907273 3,6880279 ,968 -7,949541 13,764086
5 1 -10,759691 3,6880279 ,053 -21,616505 ,097123

2 ,891982 3,6880279 1,000 -9,964832 11,748795
3 -,398018 3,6880279 1,000 -11,254832 10,458795
4 -,607109 3,6880279 1,000 -11,463923 10,249705

  

6 2,300164 3,6880279 ,989 -8,556650 13,156977
6 1 -

13,059855(*) 3,6880279 ,010 -23,916668 -2,203041

2 -1,408182 3,6880279 ,999 -12,264995 9,448632
3 -2,698182 3,6880279 ,977 -13,554995 8,158632
4 -2,907273 3,6880279 ,968 -13,764086 7,949541

  

5 -2,300164 3,6880279 ,989 -13,156977 8,556650
* The mean difference is significant at the .05 level. 

Subset for alpha = .05 
KORSN N 1 2 
6 11 72,722873  
2 11 74,131055  
5 11 75,023036 75,023036
3 11 75,421055 75,421055
4 11 75,630145 75,630145
1 11   85,782727
Sig.  ,968 ,053

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 11,000. 
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7.3 Velocity statistics, experiment II 

 

A

 
M
T

1 = the original design 
2 = the only speed limit design 
3 = the narrowing 
4 = the design with rumble strips 
5 = the fence and trees design 
6 = the design with a portal 
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Velocity at the “intersection-area” without a car waiting 
NOVA 

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups 1871,928 5 374,386 3,938 ,003 
Within Groups 6274,799 66 95,073    
Total 8146,727 71     

ultiple Comparisons 
ukey HSD  

95% Confidence Interval 

(I) KORSN (J) KORSN 

Mean 
Difference (I-

J) Std. Error Sig. Lower Bound Upper Bound 
2 15,103317(*) 3,9806347 ,004 3,419777 26,786856

3 3,873392 3,9806347 ,925 -7,810148 15,556931
4 3,014575 3,9806347 ,974 -8,668965 14,698115
5 1,488167 3,9806347 ,999 -10,195373 13,171706

1 

6 ,927292 3,9806347 1,000 -10,756248 12,610831
2 1 -15,103317(*) 3,9806347 ,004 -26,786856 -3,419777

3 -11,229925 3,9806347 ,066 -22,913465 ,453615
4 -12,088742(*) 3,9806347 ,038 -23,772281 -,405202
5 -13,615150(*) 3,9806347 ,013 -25,298690 -1,931610

  

6 -14,176025(*) 3,9806347 ,009 -25,859565 -2,492485
3 1 -3,873392 3,9806347 ,925 -15,556931 7,810148

2 11,229925 3,9806347 ,066 -,453615 22,913465
4 -,858817 3,9806347 1,000 -12,542356 10,824723
5 -2,385225 3,9806347 ,991 -14,068765 9,298315

  

6 -2,946100 3,9806347 ,976 -14,629640 8,737440
4 1 -3,014575 3,9806347 ,974 -14,698115 8,668965

2 12,088742(*) 3,9806347 ,038 ,405202 23,772281
3 ,858817 3,9806347 1,000 -10,824723 12,542356
5 -1,526408 3,9806347 ,999 -13,209948 10,157131

  

6 -2,087283 3,9806347 ,995 -13,770823 9,596256
5 1 -1,488167 3,9806347 ,999 -13,171706 10,195373

2 13,615150(*) 3,9806347 ,013 1,931610 25,298690
3 2,385225 3,9806347 ,991 -9,298315 14,068765
4 1,526408 3,9806347 ,999 -10,157131 13,209948

  

6 -,560875 3,9806347 1,000 -12,244415 11,122665
6 1 -,927292 3,9806347 1,000 -12,610831 10,756248

2 14,176025(*) 3,9806347 ,009 2,492485 25,859565  
3 2,946100 3,9806347 ,976 -8,737440 14,629640
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4 2,087283 3,9806347 ,995 -9,596256 13,770823  
5 ,560875 3,9806347 1,000 -11,122665 12,244415

*  The mean difference is significant at the .05 level. 
Subset for alpha = .05 

KORSN N 1 2 
2 12 78,062308  
3 12 89,292233 89,292233
4 12   90,151050
5 12   91,677458
6 12   92,238333
1 12   93,165625
Sig.  ,066 ,925

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 12,000. 
 

Velocity at the “intersection-area” with a car waiting to turn out 
ANOVA 

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups 877,105 5 175,421 1,457 ,216 
Within Groups 7948,997 66 120,439    
Total 8826,102 71      

No significant differences found. 
 

Velocity at the three-way connection point, without a car waiting 
ANOVA 

 
Sum of 

Squares df Mean Square F Sig. 
Between Groups 930,282 5 186,056 1,605 ,171 
Within Groups 7651,768 66 115,936    
Total 8582,050 71      

No significant differences found. 
 

Velocity at the three-way connection point, with a car waiting to turn out 
ANOVA 

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups 700,529 5 140,106 1,362 ,250 
Within Groups 6789,298 66 102,868    
Total 7489,827 71      

No significant differences found. 
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7.4 Lateral position statistics, experiment I 
 

Mean standard deviation of lateral position at the “intersection-area”, without a car waiting 
ANOVA 

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups ,004 5 ,001 ,208 ,958 
Within Groups ,229 60 ,004    
Total ,233 65      

No significant differences found. 
 

Mean standard deviation of lateral position at the “intersection-area”, with a car waiting to turn out 
ANOVA 

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups ,032 5 ,006 1,015 ,417 
Within Groups ,374 60 ,006    
Total ,405 65      

No significant differences found. 

7.5 Lateral position statistics, experiment II 
 

Mean standard deviation of lateral position at the “intersection-area”, without a car waiting 
ANOVA 

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups ,010 5 ,002 ,621 ,685 
Within Groups ,218 66 ,003    
Total ,229 71      

No significant differences found. 
 

Mean standard deviation of lateral position at the “intersection-area”, with a car waiting to turn out 
ANOVA 

 
Sum of 

Squares df Mean Square F Sig. 
Between Groups ,005 5 ,001 ,204 ,960 
Within Groups ,334 66 ,005    
Total ,339 71      

No significant differences found. 
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7.6 Eye movement statistics, experiment I 
 

Eye movements, without a car waiting 
ANOVA 

    
Sum of 

Squares df Mean Square F Sig. 
Between 
Groups 156,222 5 31,244 ,988 ,441

Within Groups 948,667 30 31,622    

NUMBER 

Total 1104,889 35     
Between 
Groups 36459,678 5 7291,936 ,868 ,514

Within Groups 252002,622 30 8400,087    

DURATION 

Total 288462,300 35     
Between 
Groups 8,266 5 1,653 ,676 ,645

Within Groups 73,343 30 2,445    

SEARCH 

Total 81,609 35      
No significant differences found. 
 

Eye movements, with a car waiting to turn out 
ANOVA 

    
Sum of 

Squares df Mean Square F Sig. 
Between 
Groups 284,139 5 56,828 2,273 ,073

Within Groups 750,167 30 25,006    

NUMBER 

Total 1034,306 35     
Between 
Groups 16281,987 5 3256,397 ,406 ,841

Within Groups 240797,846 30 8026,595    

DURATION 

Total 257079,833 35     
Between 
Groups 2,809 5 ,562 ,117 ,988

Within Groups 143,524 30 4,784    

SEARCH 

Total 146,332 35      
No significant differences found. 
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