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EXECUTIVE SUMMARY

This report describes the human factors issues related to roadside infrastructure.
The report gives an overview of the accident causation issues identified in the
RISER detailed database, summarises the results of a detailed human factors
road scene analysis of ten selected accident sites, and details the results of a
driver simulator study conducted at TNO.
From the review of the detailed database, it appears that the lateral positioning
and speed of the vehicle were two of the primary factors leading to the reviewed
crashes. This is observed in the vehicle motions prior to the crash where over
50% of the cases involved some sort of lateral motion of the vehicle. It was not
possible to identify the reason(s) for the vehicle motions. Other than lateral
motions of the vehicle, parameters such as speed, fatigue, and alcohol were risk
factors that were attributed to the driver in several cases.
Detailed Road Scene Analyses (RSA) were conducted by two human factors
experts at a selection of ten accident sites in the Netherlands to provide more indepth information in relation to the interaction of the driver with the road design
and roadside infrastructure. For five out of the ten sites, the RSA did not reveal a
specific reason based on the road layout why the crash with a tree or roadside
infrastructure had occurred. Two locations showed a mismatch between the road
design and road category and the speed limit posted (the road layout invites the
road user to drive faster than the speed limit). At one location a multitude of
curves might be appealing to the frequent user (especially motor cyclists) and
invite to race. Two accidents occurred in a work zone area with confusing road
markings. At two locations it appeared that, ones a road user has made an error
and finds himself behind a hazard protection device such as a poorly visible
barrier or an interrupted guardrail, the collision with the hazard is almost
inevitable.
Effective means of controlling the vehicle position in the lane is difficult to
determine from the available accident data. Controlling driver fatigue and speed
is also difficult to achieve using the static roadside elements. However, transient
changes of these parameters were reviewed in the driver simulator study.
The driving simulator study observed the influence of different roadside features
including trees, barriers, signs, and emergency lanes on speed choice and
vehicle lateral placement. Different constructions of the man made objects were
investigated as well as the lateral positioning of the different objects.
It was found that the drivers tended to move laterally away from safety barriers
when they first approached them, as well as slowed down slightly. It was also
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found that the type and size of safety barrier was less important, only its
presence had an effect.
Trees were not found to affect the speed of the driver unless they were very
close (2 m) from the road edge on a 80 km speed limit rural road and only at the
beginning. There was no influence on the travel speed if the trees were more
than 4.5m from the lane edge. Trees along the road do not seem to influence
driving behaviour that much and are not considered to be a serious hazard by
road users. This is in line with the real life studies reported in France, where the
removal of trees closer than 2 m from the lane edge had no influence on travel
speeds. It is important to realize that the current guidelines recommend that no
obstacles should be in the safety zone which is at least 4.5 m from the lane edge
for 80 km/h roads in most countries. One important result from the French study
was that after the trees have been cut down, the average number of accidents
was halved, and the number of fatal accidents reduced by a factor of four.
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Identify envelope of vehicle and driver response prior to collisions

INTRODUCTION
Injuries and fatalities due to single vehicle collisions are a significant component
of annual road casualties. According to Eurostat (Collin, 2000) 33.8 percent of all
fatalities in the European Union in 1998 were the result of single vehicle
collisions. This represents over 14,000 lives lost each year of which many can
likely be saved through better roadside infrastructure design. The challenge of
road safety professionals is to find methods and design strategies to reduce
these casualties.
The challenge today in roadside design is a lack of direction in the
implementation, maintenance, and operation of these devices. Guardrails, crash
cushions, breakaway posts, roadside embankments, and sign posts are common
human -made structures beside the road. There is no clear consensus within the
international community about how these should be designed positioned,
dimensioned, and operated.
This RISER project is part of the European Union'
s Common Transport Policy
Sustainable Mobility: Perspectives for the Future: Action Program 2000-2004;
more specifically: the June 2001 GROWTH call for proposals Task 2.2.3/16:
Lifecycle safety impact assessment for road planning, design, construction,
operation, and maintenance. The project addresses thne current omissions in the
current state-of-the-art, and the vision of the project is to develop a knowledge
base that can provide better roadside design tools and strategies as current
resources are conspicuously incomplete.
The main project outputs of RISER are:
1. A collision database containing information on single-vehicle collisions
exploiting existing and new data sources,
2. Technical performance data for roadside infrastructure describing the physical
interaction of vehicle and roadside in addition to the human factors influencing
the collision events,
3. Best practice guidelines for designing roadside environments including road
safety audit approaches,
4.
Best practice maintenance guidelines identifying the operation and
maintenance necessary to ensure adequate safety levels.
Deliverable (D04) of Work Package 2 contributes to the final output of the RISER
project described under point 1, 2, and 3 above.
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This deliverable described the influence of driver behaviour due to different road
and roadside elements. Three basic data sources are reported – the real world
experience reported in the RISER detailed accident database, the findings of a
detailed human factors based Road Scene analysis of ten selected accident
sites, and a driving simulator experiment conducted at TNO Human Factors. The
goal is to give specific insight into the question what the influence is of
continuous roadside elements such a guardrails, barriers, and other roadside
elements.
Detailed database
In order for the partners to be able to select the relevant cases for the database,
a selection criteria document was devised. As this project is mainly involved with
investigating single vehicle accidents on major arterial roads, the following
criteria were used:
1. Single vehicle accidents where the significant damage and the most
threatening impact in terms of injury was with the roadside infrastructure
and not another vehicle. Single vehicle rollovers could be included if
rollover initiated off the travel way.
2. No accidents involving pedestrians were to be included.
3. The vehicle must have left the travel way and made contact with or
impacted objects (hazards) in the roadside environment (lateral or
central reserve). Applicable objects include:
•
•
•
•
•
•
•
•

safety barrier/guardrail/safety fence (including steel, concrete,
wire rope safety fence and temporary barrier/fence), bridge
parapet, crash cushions;
sign post;
a roadside embankment, ditch, slope, fill, etc;
roadside pole (e.g. telegraph, lamppost);
tree/hedge/wooden fence;
bridge piers;
arrester beds;
rocks, boulders, etc.

4. Preferably accidents from the “last 3 years” (from 01/01/1999 onwards to
match RISER statistical database). Good cases in 1998 were also to be
considered.
5. Seat belt use was not required although it was preferable that the seat
belt use was known for at least the driver. However, good cases where
seatbelt use was not known were still to be considered.
6. All accident severities (Fatal, Serious, Slight and Non-injury accidents).
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7. No minor rural roads or urban roads to be selected.
8. All production vehicles are applicable but focus was to be on passenger
cars.
9. Must have detailed information on the roadside infrastructure (sketches
and/or pictures) involved in the collision. Information of the vehicle
damage and human injuries is necessary. The case data must support
subsequent analysis/reconstruction of relevant infrastructure, vehicle
and/or human factors (to be explained further in guidance notes to follow
with the database forms).
Further details of the database activities in the RISER project are available in
Deliverable 01: Accident Databases for Collisions with Roadside Infrastructure
(RISER, 2004).
Road Scene Analysis
Within Work-Package 1 of the RISER project, Task 1.2 consisted of constructing
a detailed-reconstruction-database. For that purpose TNO Automotive collected
10 new accidents and TNO Human Factors added a road scene analysis to each
accident to provide more in depth information specifically in relation to the
interaction of the driver with the road design and roadside furniture. This
database serves as a starting point to include Human Factors principles within
the roam of roadside infrastructure design by means of developing guidelines
and analysis procedures necessary to select, implement, and operate a safe,
efficient and affordable roadside infrastructure in the EU. TNO Automotive has
performed 10 in-depth analyses of accidents involving roadside furniture in the
context of the RISER EU-Project. These in-depth analyses are performed to
investigate the collision sequence for vehicles and their occupants. TNO Human
Factors (TNO-HF) has performed road scene analyses on these same 10
locations to determine whether elements or structures on or near-by the location
could have induced or enhanced the impact with the roadside furniture from a
driving behaviour and human factors'perspective. The idea of a road scene
analysis is to analyse the possible problems with that specific location under
normal circumstances (not the exact same situation of the accident). The
outcome of a road scene analysis may therefore be that there was no specific
reason for the accident happening at that location, or that there were indeed
some elements that explain the accident occurring, for instance misleading lights
or a limited preview. See for further details of this study de Ridder and Martens
(2004).

Driving Simulator Study
Considerable research has been done on how drivers manage to stay in their
lane (lateral control) and how they manage their speed (longitudinal control)
3
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under different circumstances. An extensive summary of literature findings on
driver behaviour and driver interactions with roadside infrastructure is given by
Janssen, de Ridder & Brouwer (2004).
The focus of this study is to study the effects that roadside elements have on the
lateral (lane-keeping) and longitudinal (speed-management) driving task.

Lane keeping and the roadside infrastructure
The concept in which the road and roadside infrastructure directs the driver’s
path is referred to as guidance. The goal is to learn why drivers sometimes fail in
the performance of this task. In particular, the question that is addressed is:
How do drivers balance the potentially useful guidance information that
roadside elements provide with the risk that is associated with their
presence?
Speed, or rather, speeding, plays a significant role in run-off-road accidents. In
many instances drivers lose control of their vehicle because the speed chosen is
not appropriate in a given situation. When drivers realize this they might release
the gas pedal resulting in the fact that the driver now loses complete control of
his/her car, and in many instances a run-off-road accident is the result. In general
it can be said that if a driver can increase speed without increasing perceived
task difficulty (or perceived risk) he/she will do so. This explains why safety
interventions that make the driving task easier (such as straightening out a curve)
may be consumed by increases in speed. It also explains why it is important to
inform a driver about the road environment and the task difficulty, for the driver to
be able to adapt driving behaviour accordingly. This does not automatically
mean that drivers will adapt exactly the way we expect but at least the driver is
given enough information to make an informed choice.
One needs to take into account that the highest motivational goal for any driver
probably is "to get there as fast as you can", and to maintain their chosen speed
level (and thus their chosen progress) as long as possible. This may result in
some cases in a speed choice that is not always compatible with the current
moment but is a “left over" of the situation beforehand. At higher speeds drivers
tend to show a more selective visual search pattern, specifically in a more
complex environment. This is the case because drivers have less time available
to search the environment when speeds are higher.
In this experiment we will concentrate on speed adaptation as a result of the
different conditions as an indication of guidance or risk perception. When the
guard-rail is seen as a risk it is expected that drivers will slow down; if drivers
tend to see a particular treatment as a guidance tool they will speed up.
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Another question that is relevant in terms of safety in the context of roadside
infrastructure is the question whether drivers perceive a roadside element as an
obstacle or not. It is known that drivers will move away from an object that they
perceive as an obstacle. Moving away from an obstacle on the roadside will, if
the obstacle is on the right side, cause drivers to move closer to the lane next to
the driving lane. Depending on the road lay-out this can mean that they drive
closer to other traffic driving in the same directions, or traffic driving in the
opposite directions. If obstacles are placed on both sides vehicles will drive
closer toward each other in each lane.
If the road is a one-way single carriageway a run-off-the-road accident on the left
side of the road becomes more likely if a driver moves away from an obstacle.
The relevant questions in this context are:
-

When do drivers move away from roadside obstacles?
How do these processes depend on obstacle characteristics?

In conclusion it can be said that in the context of roadside safety, a major effort is
still required to get to a comprehensive model of how drivers deal with lateral
guidance as well as with risks (obstacles or hazards) involved in the driving task.
It is therefore specifically interesting to know how drivers balance the potentially
useful guidance information that roadside elements (such as guard-rails) provide
with the risk that is associated with their presence. A driving simulator offers the
opportunity to investigate this process in a controlled environment.
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MATERIALS
The Detailed Database
The software used to create the RISER detailed database was adapted from
already existing software used in the ROLLOVER database, which includes
relevant data fields for vehicle damage (e.g. deformation and intrusion) and
occupant injuries. However, as this database did not include any information
about the highway, the struck infrastructure or accident causation details, new
data forms were created and included in the database to cover these areas.
These data forms were titled “Highway Details”, “Struck Infrastructure” and
“Causation and Human Factors”. In order to include relevant data fields within
these forms, existing databases in Europe were referred to which do include
highway and accident causation information, such as VALT in Finland and
CEESAR in France. Figure 1 shows how these new forms relate to the existing
forms in the database. In RISER Deliverable D02 (RISER, 2004) more details
about the lists of data fields present in these newly constructed forms are given.

Figure 1:

Relationship between the various forms in the RISER database (forms created
specifically for RISER are outlined in red)

The aim of the “Highway Details” data form is to gain detailed information on the
roadside area(s) where the accident occurred. This includes detailing the cross
6
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section of the roadside where the accident occurred, such as the elevation,
surface type and objects within the roadside (see Figure 2). One form can be
filled out for each area of Highway involved in the accident. For example, if a
vehicle struck an object on the off side or near side of the road, a form should be
filled out for each side of the road (see RISER 2004)

Roadside / Median

Carriageway

A

B

C D
Width

Carriageway
edge line
Figure 2:

Grad

ient

Elevation

Example of cross section of road showing definition of roadside/median sections.

The “Struck Infrastructure” form is used to fill in as much information as possible
about the specific type of infrastructure that caused the damage to the vehicle,
such as a safety barrier, sign post or a steep embankment. One form can be
filled out for each struck infrastructure in that specific area of highway.
The Causation and Human Factors form is used to record as much information
that is known about the cause of the accident, including key events that directly
led to the accident and the risk factors which increased the likelihood of the
accident occurring, and whether they were driver, vehicle or environment related.
For example:
• Driver issues – distraction, mental state, physical state;
• Vehicle issues – design or the condition of vehicle;
• Environmental – road condition, poor visibility due to weather or the road
geometry.
Specific elements of the Accident Causation Module are provided in Appendix A.
The database also includes a “Post Crash Data” form which allows data about
the accident to be recorded for use in possible reconstructions.
In addition to the software, the database also allows the user to store further
information about each accident, such as accident sketches and photographs, in
files which can be linked through the database. Examples of the accident scene
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sketches are given in the help and guidance notes, which can also be linked
along with the help notes, through the links in the database.
Road Scene Analysis
Two human factors experts visited all ten locations during daytime
circumstances. If the accident had taken place during the dark hours of the day,
the site was also visited at night. For each of the ten accident sites, a video was
made of the approach to the accident site to have a clear impression of the road
the victim traveled prior to the accident. After an approach-video was made, the
road scene analysts returned to the site to take pictures. Both road scene
analysts then filled in a road scene analysis checklist, independent of each other.
After filling in the checklist the site was visited once more. The same procedure
was followed during day- and nighttime observations. After the on-site analysis
as described above, both experts finalized their observations using the video and
picture material off-site and discussed each-others conclusion to come to a clear
final analysis of each case. Each analysis of each accident site included a short
description and background of the accident, a description of the road scene
providing the background for each accident describing the location and the
occurrences before during and after the accident), and the Road Scene Analysis
results (this section gives the final road scene analysis per location. The results
describe specifically whether there are elements in the environment that can be
identified as factors due to which the driver may choose consciously or
unconsciously to enhance the risk-level of driving. In some cases this final
analysis includes recommendations to improve the site in order to prevent similar
accidents in the future. Only elements that were of importance due to either the
cause of the accident or because in general they would introduce complexity or
confusion for the driver are included in this section). See for further details of this
study also de Ridder and Martens (2004).
Driving Simulator Study
Participants
Twenty participants took part in the TNO driving simulator study. All participants
(9 male and 11 female) had at least 5 years of driving experience. Their age
varied between 29 en 53 years old, with an average of 46 years old. All drove
more than 5000 kilometres per year and had done so for at least the past three
years, with an average amount of 22.700 km/year.

Task
All participants completed a total of 24 drives, in randomised order. The first drive
was a practice drive of 5 minutes long. For all drives participants were asked to
8
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drive in the right lane as much as possible. They were not allowed to pass
vehicles by overtaking in order to be able to measure a continuous influence of
the guard-rail on the right side on lane position or speed.
In all motorway conditions, (straight road and curves) the maximum speed limit
was 120 km/h. Participants started the simulation with a speed of 80 km/h and
were able to adjust their speed as they normally do in a real vehicle. Other traffic
was present and responded to the participant. Their effects on the participant’s
speed were kept to a minimum. The straight sections on the motorway were not
completely straight but had a very slight curvature in order to stimulate
participants to steer actively. In all rural road conditions the maximum speed limit
was 80 km/h. Participants started the simulation with a speed of 50 km/h and
were able to adjust their speed as they normally do in a real vehicle. Other traffic
was present and responded to the participant, such that they kept a distance to
the participant resulting in the fact that the participant never had to pass another
vehicle because of speed differences. Although they had instructions not to do so
it is also important not to create any situations where the participants had to
adjust their speed because of another vehicle since this would cause spurious
effects in the data collection.

Figure 3:

The TNO driving simulator driving on the motorway section without guard-rail on
the right side, with emergency lane

The experiment was conducted in the high fidelity driving simulator of TNO
Human Factors (Figure 3). In this driving simulator the participant was seated in
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a BMW 318I mock-up that was placed on a motion base with six degrees of
freedom. The participant watched a large radial screen on which the road and
traffic environment was projected. Also the sound of traffic in the environment
and the sound of the car the participant was driving were presented. The
experimenter was seated in a supervisor room next to the mock-up room, where
there was access to the control system. The mock-up room could be watched by
means of a video system; communication with the participant was possible by
means of an intercom.
The driving simulator consisted of the following sub systems.
•
The Mock-up was a BMW 318I with automatic transmission, left seated
driver, and normal controls. Feedback of steering forces was given to the
driver by means of an electrical motor.
•
The vehicle model computer that calculated the position and heading of the
simulated vehicle (update frequency 360 Hz). In the current experiment, an
automatic gear-shift was used.
•
The Motion Base System. This was a 6 Degrees of Freedom MOOG 2000
E hexapod motion platform with the associated control equipment. Only the
mock-up was placed on the platform; the video projectors and the projection
screen were stationary.
•
The outside visual consisted of a projected image on a radial screen in front
of the mock-up, with a 120o horizontal, and 35o vertical field of view. This
image was projected by means of three high-resolution DLP projectors.
•
The Computer Generated Image system was a PC based visual system
(DELL Dual processor with NVIDIA Quadro 3400 graphic cards), that
generated real-time images (refresh frequency 60 Hz).
•
The sound generator system. This was a sampled sound system using an
AKAI S3200 sampler (noise of engine, wind, and tyres).
•
A supervisor computer coordinated the communication with both the
experimenter and the other subsystems, the control and monitoring of the
experiment, data storage, controlling the behaviour of other traffic, etc.
For further details of the TNO driving simulator, the reader is referred to
Hogema, Hoekstra and Stel (2004).

Conditions
Straight motorway sections
On the (two-lane) motorway participants drove a total of 12 (mostly straight)
sections, differing in road lay-out (with or without emergency lane), roadside
elements (with or without a guard-rail or barrier), material of barrier (guard-rail or
concrete step-barrier), and height of barrier (0.75m, 1.2 m and 1.6m). For details
see Figure 4 and Table 1. The width of the lanes was 3.50m and the width of the
vehicle is 1.70m.
10
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On the left side a standard guard-rail was placed in all conditions. In the
conditions where a barrier or guard-rail was present on the right side, the barrier
or guard-rail started at 2000 meters. This means that the first 2000 meters are
without barrier for all conditions, giving the driver a possibility to get settled in the
ride and also to measure the effect of introducing a guard-rail or barrier.
It was expected that drivers would choose a speed and lateral position according
to their perception of the different configurations of guard-rail and roadway. If a
driver would perceive a guard-rail as a risk for some reason he would be
expected to move away from that risk and possibly decrease his speed. If the
guard-rail was not perceived as a risk you would expect no differences in
behaviour or maybe even an increase in speed when a particular configuration
was perceived as a guiding aspect.

Figure 4:

Illustrations of guard-rails and barriers on straight sections on motorway with and
without emergency lane. For all configurations of guard-rail and barrier a situation
with and without emergency lane was presented to the participants

Treatment of curves
These conditions also consisted of driving on the motorway (two-lane). All rides
had the same road layout with a narrow curve to the left with a radius of 700
meter and a length of 500 meter, starting at 2000 meter into the drive. The guard11
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rail in the curve on the right was treated in three different ways: 1) standard, 2)
black and white stripes painted on the standard guardrail, and 3) black and white
stripes painted on the guard-rail plus red and white stripes with arrows on top of
the guard-rail. The guard-rail had the standard height of 75cm. In the condition
with the stripes the total height was 170 cm. See Figure 5 and Table 1 for details.
These three conditions were repeated twice to look at the influence of multiple
exposure. It was expected that drivers would move away from the right side
marking and guard-rail if they would see the particular configuration of the guardrail as a risk. It can be expected that drivers would lower their speed in that
situation as well. If, however, the guard-rail was not seen as a risk but seen as an
aid to help in guidance it would be expected that drivers would not lower their
speed and maybe even increase their speed alongside the guard-rail.

Figure 5:

Illustrations of the three different treatments in the curves

Rural road
These conditions dealt with rural-road situations and obstacles alongside these
roads. The rural roads chosen were two-lane two-directional roads (with very
slight curves) with a maximum speed limit of 80 km/h. In all conditions, the only
road marking present was an interrupted centre line marking. The choice to leave
out the edge line markings was made, because, in this study we would like to
make a distinction in behaviour (if present) as much as possible between
different roadside conditions. The visual guidance by the centre line should be
sufficient to conduct the lane keeping task, but for the rest the road scenes and
scenarios chosen refer to a kind of worst-case condition. In case a guard-rail or
tree was introduced this was done on both sides of the road since it was a twodirectional road. Participants started their drive with a speed of 50km/h. During
the first 90 seconds of the drives no guard-rail or tree or other element was
present on the left or right side of the road. The width of the lane was 3.50m.
In five drives the distance of the trees to the road was varied (30m, 4 ½
m and 2m) as well as the presence of a guard-rail (with guard-rail at 4 ½ m, and
trees at 4 ½ m and the guard-rail right in front of them and trees at 2m with
guard-rail right in front of them). See for details Table 1 and Figure 6.
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Figure 6:

Illustrations of the 5 conditions on the rural road

Dependent variables measured were speed and lateral position as consequence
of the position of the guard-rail or trees. It was expected that participants would
choose a position on the road further away from the trees or guard-rails when
these were positioned closer to the road and would lower their speed at the same
time in that situation. Specifically, average speed is expected to be lowest in
condition 20 and the highest in condition 16, whereas the lateral position of
participants would be furthest away from the right edge of the road in condition
20 and closest to the edge of the road in condition 16. If guidance of the guardrail would occur one would expect a higher speed in conditions with a guard-rail
compared to conditions without a guard-rail, or an increase in speed during the
course of a drive where a guard-rail was present.
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Table 1: Overview of all conditions
Condition
0
Motorway
1
2
3
4
5
6
7
8
9
10
11
12
Curves on motorway
13 (driven twice)
14 (driven twice)
15 (driven twice)
Rural Road
16
17
18
19
20

Practice drive
Emergency lane
without
without
without
without
without
without
with
with
with
with
with
with
Emergency lane
with
with
with
Trees
30 meter
behind guard-rail
4,5 meter
2 meter
behind guard-rail

Barrier/guard-rail
No
concrete barrier
concrete barrier
standard guard-rail
guard-rail
guard-rail
no
concrete barrier
concrete barrier
standard guard-rail
guard-rail
guard-rail
Treatment
standard
black/white stripes
stripes and strips
Guard-rail
At 4 ½ meter
At 4 ½ meter
No
No
Standard at 0.9 m

Height
90 cm
120cm
75cm
120cm
160cm
90 cm
120cm
75cm
120cm
160cm
Total height
75 cm
75 cm
170cm
Total height
75 cm
75 cm
75 cm

Illustrations of all conditions are presented in Appendix C in Figures 24, 25, 26
and 27
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RESULTS
Detailed Database
Due to the retrospective nature of the detailed database, detailed aspects of
driver behaviour can only be inferred from the data reported by investigators.
Since these investigators were not focusing on RISER related factors, limited
driver behaviour for the infrastructure can be extracted. However, the following
tables provide some information for future development of roadside design
guidelines.
The pre crash activities of the driver are provided in Table 2, where general
driving conditions are the most common. The driver’s progression from general
driving to a condition causing the crash is impossible to extract from the
database. However, the vehicle actions (Table 3) provide some indications of
how the events occurred.
Table 2: Driver action prior to accident
Driver Action Prior to Accident
general driving
Overtaking
Junction
stopping/slowing
starting to move
changing lane
driving on/over line
Other

Number of cases in database
109
10
4
3
0
3
3
2

Table 3 shows that most roadside crashes follow a lateral motion of the vehicle
(left or right). These motions can be expected from inattentive drivers but
unfortunately the key events (Table 3) cannot provide information to explain all
the crashes.
Table 3: Vehicle action
Vehicle Action due to Key Event
Continued along road
Moved/forced to right
Moved/forced to left
Moved in travelled direction
Rolled
Skidded
Combination
Other

Number of cases in database
8
95
45
11
3
25
9
5
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It is interesting to note the number of skidding cases which exceeds the number
of accidents starting with overtaking actions. The progression from stable driving
to skidding must be a result of driver actions inappropriate to the roadway
conditions or vehicle position on the road. For example vehicles moving off the
travel surface (move left/right) may be followed by an over compensation of the
driver which causes a skidding behaviour. In an independent study of collisions
in Sweden (Sandin 2006), slippery road conditions were the cause of several
single vehicle crashes. Further analysis of vehicle/driver actions related to the
roadside infrastructure is difficult with the present data and driver simulator
studies are necessary to understand vehicle speed and positioning issues. A
review of the RISER database codes for human factors and the narrative
information provided in the detailed database was conducted at Chalmers.
Detailed analysis of accident causation using form bases data was not found to
be as effective as a detailed retrospective analysis of the cases like the scene
analysis of TNO.
The known driver actions, or key events, prior to the crashes are provided in
Table 4. There are several factors which are more common but no specific event
is obvious. Falling asleep and misjudging conditions are the most common
events although they only represent about 20% of the cases. Surprisingly the
about 5% of the cases are attributed to drivers driving into obvious dangers.
This is comparable to Table 5 where about 5% of cases had drivers taking
intentional risks.
New methodologies to analyse the accidents are necessary to fully understand
accident causation factors. The "Driving Reliability and Error Analysis Method –
DREAM" (Ljung 2002) was developed in Sweden to address accident causation.
Sandin (2006) reviewed 38 single vehicle accidents in Sweden using the
DREAM methodology and found that 4 typical scenarios could be identified:
drifting slowly from the lane (due to fatigue or inattention), slippery road
conditions in curves, speed too high for curves, and reactions of surprised
drivers. The results from these independent Swedish studies and RISER
highlight similarities with the causation of single vehicle accidents.
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Table 4: Key events
Change in Driver Capability
Falling asleep
Falling ill
Loss of consciousness
Other

Number of cases in database
21
1
2
12

Observation
Loss of concentration
Busy with other task
Did not see
Did not discern
Other

Number of cases in database
9
9
1
7
4

Judgement and Expectation
Drove into hidden danger
Drove into obvious danger
Misjudged avoidance opportunity
Misjudged intent of others
Misjudged traffic environment
Other

Number of cases in database
11
11
5
3
21
6

Driving Errors
Drive line
Steering
Braking
Other

Number of cases in database
20
36
6
8

Table 5: Other (un classified) Factors Leading Crashes
Other
In wrong lane
Intentional risk
Deliberate action
Other

Number of cases in
database
2
10
5
6

The data in Table 6 highlight the influence of road infrastructure elements. The
main road element of influence in the reviewed cases was the horizontal
alignment. This was followed by wet roads as the next most influential element.
Otherwise there was no other road element of significance that can be extracted
from the database.
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Table 6: Road Environment Parameters
Risk factors – Environment
Road geometry: Hilly
Road geometry: Bends/curves
Road geometry: Other
Visibility: Road lighting
Visibility: Vehicle lighting
Visibility: Buildings
Visibility: Weather
Visibility: Darkness
Visibility: Other
Road condition: Surface
damage
Road condition: Wet road
Road condition: Oily road
Road condition: Other
Traffic condition: Other
Other

Number of cases in
database
4
26
1
1
1
1
5
3
1
1
22
4
18
5
4

The influence of mental alertness of the driver is exhibited in Table 7. Not surprisingly,
the most common case was fatigue or alcohol impairment of the driver. If speed related
issues are grouped together, then this is equally as critical as driver fatigue. The actual
alcohol test results are provide in Table 8.
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Table 7: Driver Risk Factors
Risk factors – Driver
Functional abilities: Physical
Functional abilities: Mental
Substances taken: Alcohol
Substances taken: Drugs
Substances taken: Medication
Driver state: Fatigue
Driver state: Heavy workload
Driver state: Panic/nervousness
Driver state: Other
Health: Acute
Health: Pre-existing
Experience: Novice
Experience: Not used to vehicle
Experience: Not used to
conditions
Experience: Other
Attitude: Aggressive
Attitude: Other
Prediction
Misinformation (driver)
Ignored traffic guidance
Interpretation: Other
Distraction: Internal (driver)
Distraction: Internal (passenger)
Distraction: Internal (other)
Distraction: External (event)
Distraction: External (road user)
Driving: Direction
Driving: Overtaking
Driving: Other
Speed: Speeding
Speed: High
Speed: Other
Other

Number of cases in
database
1
8
21
4
6
31
2
7
3
3
3
9
4
1
3
3
2
1
1
3
8
8
4
1
2
1
1
5
5
16
16
2
4

Table 8: Alcohol test (driver only):
Test result
Positive
Negative
Test not given
Other
Unknown

Number of drivers
41
116
24
3
27
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Road Scene Analysis
For five of the ten total locations, the road scene analysis did not reveal a
specific reason based on the road layout why the crash with a tree or roadside
furniture had occurred.
Two locations showed a mismatch of the road design and the road category and
the speed limit posted. In both cases the road design invites the road user to
drive faster than the local maximum speed limit. This is specifically the case for
frequent users. For a third location the road design introduced a specific risk
factor: machismo. The road has a multitude of curves that could be appealing to
the frequent user with a racing mind. The road layout is congruent with the road
category in this case but invites nevertheless to race.
Two accidents occurred in a work zone. In this work zone the general principle
that yellow markings go before white markings for the general public is reversed
for work traffic. Work traffic is directed toward a work traffic exit by yellow
markings that are NOT to be used by the general public. In both cases it
seemed that the double meaning of the yellow markings depending on the
context was very confusing.
For two situations the conclusion is that although the road scene itself does not
provide an explanation for why the driver left the road it is worth mentioning
something about the shielding of the obstacles the driver encountered while
running of the road. Worth mentioning is the bus lane that is being separated by
a barrier that is poorly visible and is easily passed on the wrong side by the road
user. This means the driver by accident enters the bus lane very easily. If this is
the case the design of the bus lane should take into account that drivers with in
general higher speeds by accident enter the bus lane and the design should be
accordingly. Another situation reveals the hazard that is introduced when one
shields specific obstacles locally but leaves space between the guardrails that
consecutively shield them. When a driver is then so unfortunate to leave the
road between the two obstacles he/she can than get behind the guardrail of an
obstacle and crash into the obstacle anyway.
Driver Simulator Study
Condition 1-12: Motorway straight road sections: Impact of emergency
lane, introduction of a guard-rail or barrier and the effect of height and
material
For each condition, segments of 100m were analysed. It was determined at
what position in the drive the guard-rail or barrier became visible and the
segments analysed were chosen accordingly. Participants started driving at
point 2550, meaning over 2 kilometres of the drive had passed already, in each
condition to make sure they were immersed in the environment right away and
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were able to look in their rear-view mirror and see a similar landscape as in front
of them.
For condition 1-12, 4 segments of 100 meter were chosen before the barrier
was present or visible. Four consecutive segments of 100 meter were analysed
starting 200 meter before the barrier was introduced (1950 meters after the start
of the drive). Another four segments when the barrier was present and had been
present for awhile of each 100 meter were analysed also (starting 1100 meter
after introduction of the guard-rail or barrier). For all analyses the results on
speed and lateral position and standard deviation of lateral position (SDLP) are
reported.
Condition 1-12 : Speed

First it was determined whether the start-off situation for each barrier was the
same. That is, in order to examine possible differences between the barriers one
would like to be certain that these differences are not due to the fact that
participants drove slower before the barrier came in sight and hence a slower
speed is measured at a later point which in fact this is unrelated to the
introduction of a barrier (the treatment variable).
An analysis of variance including these first segments was executed. No
significant differences between condition’s were found [F(11,209)=.855, p=.59].
(note : the first 400 meter analysed are not the first 400 meters of the drive to
give a participant time to stabilise his or her driving).
Next the impact of the emergency lane, the type of barrier or guardrail, and the
segment of the drive were analysed including the 8 remaining segments. These
segments start at the moment the barrier or guardrail is visible but still 200 meter
away. The analysis showed no clear effect on speed as a result of type of
condition [F(5,95)=1.35, p= 0.25] or the presence of an emergency lane
[F(1,19)=1.99, p=0.17]. A main effect for segment was found [F(7,133)= 5.12,
p=0.000].
The interaction effect of lane and segment was found to be minimally significant
(tendency)[ F(7, 133)=1.895, p=.075]. This effect is shown in Figure 7, where it
can be observed that the difference in speed due to the presence of an
emergency lane is stronger around the point where the barrier or guardrail is
introduced (segment 1-4). The effect disappears almost when driving along for a
while (segment 5-8), this is independent of the type of condition. In fact the type
of condition does not have an effect. Hence the type of barrier introduced does
not matter when combined with the effect on an emergency lane or not. It only
matters where you are in the drive. This effect is shown very clear in the fact that
there is a main effect for segment. The type of condition, meaning the type of
barrier or guard-rail introduced, independent of the presence or absence of an
emergency lane, does not have an effect on speed. This is to be expected since
there was no main effect for either “lane” or “condition”.
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1 22
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no em e rgen cy l ane
with e m erg ency la ne

1 08

segm ent: distance travell ed (m )

Figure 7:

Interaction effect of lane and segment for speed (averaged over 100 meter travelled
+/– SD). Point 0 on the x-axis corresponds to the point of introduction of the guardrail or barrier.

Lateral position

The lateral position of the car was calculated from the right side of the vehicle to
the middle of the right lane marking in meters. Again it was first determined
whether the various conditions differed from each other in the first four
segments to be sure that differences in lateral position found after the treatment
are not due to a difference in starting position between condition’s. An analysis
of variance including these 4 segments revealed no main effect for condition
[F11,165) =1.24,p=0.26] meaning there were no significant differences between
condition’s in the first 400 meters in terms of lateral position when the barriers or
guardrails were not introduced yet.
When an analysis of variance was executed including the remaining 8 segments
a main effect for emergency lane [F(1,9)= 5.11, p=0.05], and segment
[F(7,63)=28.79, p=0.00) were found, not for condition [F(5,45)=1.08, p=0.38].
Figure 8 illustrates this main effect, showing that participants chose a position
on the road that was significantly further away from the right lane markings and
more toward the middle lane marking when an emergency lane was absent.
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EMERGENCY LANE

Figure 8:

Effect of absence or presence of an emergency lane on lateral position (m).

Figure 9, illustrates that participants chose a significantly different position from
all other segments on the road (except segment 4) in segment 3. Within this
segment the average lateral position participants chose was 1.03 metres away
from the right side markings. Segment 3 is the segment where a barrier or
guardrail is introduced when introduced at all. One needs to take into account
that in two out of the twelve conditions analysed here this is not the case. The
interaction effect (See Figure 10) of lane and condition [F(5,45)=2.94, p=0.02]
reveals that when the emergency lane is absent but the barrier or guardrail is
present participants drive further away from the right lane marking than in
conditions when the emergency lane is present and the guardrail or barrier is
present as well. This difference is bigger in condition 2 and 4. This means that in
these conditions the effect of the emergency lane is greatest. Interestingly so
these are the two conditions that are actually common practice on the Dutch
roads, all other conditions have not been implemented.
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Figure 9:

Effect of lateral position as a result of segment
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Figure 10:
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Interaction effect of lane and condition for lateral position
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Standard deviation lateral position

An analysis of variance including the first four segments revealed that there
were no significant differences between conditions in the first 400 meters in
terms of standard deviation of lateral position (SDLP) when the barriers or
guardrails were not introduced yet [F(11,165)=0.53,p=.88].
When an analysis of variance was executed including the remaining 8 segments
only a main effect for segment was found [F (7, 63)=4.59, p=0.00], meaning that
the SDLP did not differ between conditions [F(5,45)=0.55, p=0.74] but only
between segments (See Figure 11) showing that segment 2 (which is the100
meters prior to the point that the barrier or guard-rail is introduced) shows the
biggest differences in lateral position (SDLP). There was also no influence of the
absence or presence of the emergency lane found for the SDLP [F (1,9)=0.32,
p=0.59].

0,14

0,12

0,10

sdlp (m)

0,08

0,06

0,04

0,02

0,00

-0,02

-150

-50

50

150 1050

1150

1250

1350

segment, distance trav elled (m)

Figure 11:

Effect of segment on standard deviation of lateral position

Condition 13-15: Motorway treatments for a dangerous curve
In this condition, two elements are investigated: the effect of different treatments
in a curve on driving behaviour as well as the effect of repetition of a treatment.
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See Figure 3 for the illustration of the three different treatments in the curve: 1)
standard grey guard-rail, 2) standard guard-rail painted with black and white
stripes, 3) standard guard-rail painted with black and white stripes and red and
white strips attached on top of it. In each condition 12 segments are analysed: 3
segments before the curve is in sight, 4 segments with the curve in sight and 5
segments during the curve starting at the beginning of it.
For each driving behaviour variable three analyses of variance for repeated
measures are described for these three groups of segments. For all analyses,
results on speed, lateral position and standard deviation of lateral position
(SDLP) are reported.
Speed

First three segments (no curve in sight)
Although no curve could be seen yet a main effect of repetition [F(1, 19)=18.09,
p=0.00] was found where drivers chose a higher speed in drive 2 compared to
drive 1. This means that when an increase of speed is found in any of the other
analyses as an effect of repetition it is doubtful that it is related to a specific
element other than the mere fact of repetition.
The analysis of variance showed that no effect of treatment was found, which
makes sense since there was no treatment in this section [F(2, 38)=.22, p=.80].
A main effect of segment was found [F(2, 38)=21.24, p=0.00], where the speed
went down from segment 1 to 3. This effect was mediated by repetition; in the
second drive the speed went down less steep than in drive 1.
Next four segments with curve in sight
A main effect for Repetition [F(1,19)=21.48, p=0.00] and Segment was found, no
effect for Condition. No interaction effects. This means that seeing a different
treatment of a curve before entering a curve has no effect on speed. The speed
increased from Drive 1 to Drive 2 and from Segment 1 (117.6 km/hr) to Segment
4 (119.7 km/hr).
Five segments in curve
A main effect for repetition [F(1, 19)=7.03, p=.016], Condition, [F(2, 38)=7.23,
p=.002], and Segment [F(4, 76)=28.96, p=.000] was found but no interaction
effects.
The average speed was the lowest in condition 14, with the black and white
stripes painted on the standard guard-rail (103.95 km/h) followed by condition
15, where on top of the black and white painted guard-rail red and white strips
had been added (106.08 km/hr). Participants drove the fastest in condition 13
with the standard grey guard-rail (109.35 km/hr). Post-hoc comparisons showed
that the speed difference between Condition 13 and 14 was significantly
different. This was not the case for 14 and 15 and 13 and 15 (See Figure12).
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Figure 12:

Average speed in curve for Conditions 13, 14 and 15

The average speed per segment 1 through 5, was lowest in the first segment of
the curve (99.8km/hr) and highest for the last segment (111.9 km/hr) and slowly
increasing from segment 1 to 5. This pattern was the same for all condition’s
(See Figure13).
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Figure 13:

Average Speed per segment in curve for all three conditions
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Lateral Position

The lateral position of the car was calculated from the right side of the vehicle to
the middle of the right lane marking in meters. Again it was first determined
whether the different conditions differed from each other in the first three
segments of 100 meter prior to the start of the curve or with the curve in sight to
be sure that differences in lateral position found after the treatment are not due
to a difference in starting position between condition’s. An analysis of variance
revealed an Effect of repetition: [F(1,16)=5.54, p=.03] The lateral position goes
down from drive 1 to drive 2. There was no effect for Condition [F(2,32)=0.004,
p= 0.99) or Segment [F(2,32)=0.04, p=0.96]. There were no interaction effects
either.
For the four segments prior to the curve, but with the curve in sight no effect for
Repetition [F(1,15)=0.22, p=0.64], Condition [F(2,30)=0.11, p=0.89] or Segment
[F(3,45)=0.15, p=0.92] were found, also no interaction effects for lateral position
were found.
Then an analysis of variance was performed for the five segments in the curve.
An effect for Repetition [F(1,13)=7.31, p=0.02], Condition [F(2,26)=7.89, p=0.00]
and Segment [F(4,52)=13.75, p=0.00] was found. See for details Figures 14, 15
and 16).
1,6
1,5

average lateral position in meters

1,4
1,3
1,2
1,1
1,0
0,9
0,8
0,7
0,6
0,5

Figure 14:

driv e 1

driv e 2

Effect of repetition of the drive in relation to lateral position

In Figure 14 it is shown that participants drive closer to the right side lane
marking when they drive the same curve-and-treatment combination for the
second time.
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Effect of condition on lateral position

In Figure 15 it is illustrated that the lateral position participants chose was
dependent on the treatment in the curve. In the condition with the standard grey
guard-rail participants drove closer to the right side lane marking than in the
other two conditions. No difference was found between conditions 14 and 15.
This could, however, be related to a ceiling effect since a driver has a maximum
distance to her or his availability to move to the left side in a lane without
crossing the middle lane marking. It could therefore be the case that if no middle
lane marking would have been present, drivers would have chosen a different
position in relation to scenario 15. This is of course dependent on the width of
the vehicle and the width of the lane.
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Figure 16:

Effect of lateral position as a function of segment in curve

In Figure 16 it is illustrated that a different lateral position is chosen by the
participants dependent on the segment in the drive. This effect is mediated by
the interaction effect [F(4,52)=13.75, p=0.00] that was also found (See Figure
15) showing that a difference was found in Segment 1, 2 and 3 dependent on
whether the driver drove the curve for the first time or the second time, which
was not the case for Segment 4 and 5.
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Figure 17:

Interaction effect of segment and number of drive

Standard deviation of lateral position (SDLP)

The standard deviation of the lateral position gives insight into the level of
swerving behaviour of participants in the different conditions. The analysis of
variance for the first three segments (no curve in sight) did not show any effects.
For the four segments prior to the curve and with the curve in sight no effects
were found either for Repetition, Condition or Segment.
For the five segments in the curve no effects were found for Repetition,
Condition or Segment, only an interaction effect of Repetition and Condition
[F(2,26)=4.1, p=0.03]. This effect is illustrated in Figure 18, where it can be
observed that the effect of repetition is reversed compared to the other two
conditions for the condition with the black and white stripes on the guard-rail, in
that driving the curve for the second time in condition 14 made drivers move
away from the right side lane marking whereas this was the other way around
for conditions 13 and 15.
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Interaction effect of Repetition and Condition on standard deviation of lateral
position

Condition 16-20:Rural roads: Effect of trees and guardrail
For the conditions 16-20 where the effect of trees and guard-rails in combination
with their set-back was evaluated 10 sections of 100m each were analysed. An
Analysis of Variance was executed for three different sections. The first group of
segments consisted of three segments of 100m where the driver could not see
the trees or guard-rail introduced later. No effects were found for any of the
variables, which means that the driving behaviour of participants was not
different between conditions prior to introduction of a specific treatment.
The next group of segments analysed are the segments around introduction of
the trees and/or barrier, 200 m just before that point and 200m right after,
resulting in a section of 400 consecutive meters. The last analysis was
performed looking at a cluster of 3 segments later in the drive to determine
differences in behaviour as a result of driving past the trees/guard-rail for awhile.
For all analyses the results on speed, lateral position and standard deviation of
lateral position (SDLP) are reported.
Speed

For all 12 segments an effect for segment was found (See Fig. 19) on speed
[F(11,209)=2.08, p=0.02]. Post-hoc comparisons however did not reveal any
significant differences between the different segments.
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Figure 19:

Effect of speed on segment for conditions 16-20

After the analysis of all segments separate analyses were performed for the
three different sections of the drive.
The analysis of variance in relation to speed for the segments around the
introduction of the trees and/or guard-rail revealed no effect of the Condition per
se, nor for Segment. An Interaction effect for Segment and Condition was found
in relation to speed.
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Figure 20:

Interaction effect of segment and condition for segments around introduction of
trees and/or guard-rail

Figure 20 illustrates the fact that the introduction of the trees and/or guard-rail
has a different effect on speed in different parts of the ride depending on the
Condition. The effect on speed is only existent between segment 2 and 3 for the
conditions where trees are positioned 2 meters away from the roadside
(condition 19) and in the condition where trees are positioned at 2 m away from
the roadside with a guard-rail positioned in front of these trees at 90 centimetres
from the roadside (condition 20). In other words: the condition where the
roadside element is positioned closest to the road shows an effect of speed in
that participants slow down. The effect is opposite or non-existent for conditions
16, 17, and 18 where the roadside element is never closer than 4 ½ meters
away from the road. For the sections further along the road no effects were
found.
Lateral Position

For all 12 segments an effect on lateral position was found both for segment
(See Figure 21) [F(4,68)=3.73, p=0.008] as well as for condition(See Figure 20)
[F(11,187)=8.71, p= 0.00].
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Figure 21:

Effect on lateral position per segment for condition 16-20

Further analyses per group of segments around introduction of the trees and/or
guard-rail an analysis of variance were executed and an effect of Condition, as
well as an effect for Segment were found. Thus, the lateral position that drivers
chose was found to be dependent of the condition they drive in [F(4,76)= 4.15,
p=0.00]. This effect is illustrated in Figure 22. The lateral position away from the
right hand lane marking is the same for conditions 16 (guard-rail at 4 1/2 m and
trees at 30 m), 18 (trees at 4 ½ m, no guard-rail and trees at 2 meter no guardrail. In these conditions the participants drive on average the closest to the side
of the road. In the condition where the guard-rail is positioned at 4 ½ meter and
the trees are positioned right behind it (condition 17), and condition 20 where
the trees are positioned at 2 meters away from the road and a guard-rail is
positioned right in front of that, drivers chose to move away from the side of the
road.
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Figure 22:

guardrail at 0.9 m, trees at 2 m

trees at 2 m, no guardrail

trees at 4.5 m, no guardrail

0,4

guardrail 4.5m, trees behind guardrail

0,5
guardrail 4.5 m,trees at 30m

average lateral position (m)

1,1

Effect of Condition in relation to lateral position (m).

The lateral position drivers chose was also dependent of the segment of the ride
they were at [F(3, 57)=3.71, p=0.016]. This effect is illustrated in Figure 23.
What is illustrated here is that, independent of condition, drivers move away
from the right side of the road toward the middle when the trees and/or guardrail
are introduced at the end of segment 2 and the beginning of segment 3.
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Figure 23:

Effect of segment on lateral position measured in relation to right side lane
marking

For the sections further along the road no effects were found.
Standard deviation of lateral position (SDLP)

For the segments around the introduction of the trees and/or guard-rail, nor for
the segments later along the drive were any effects found in terms of the
standard deviation of the lateral position (SDLP), nor for the Standard Deviation
of Steering or High Frequency Steering Movements (HFA)

Subjective results: Questionnaires
The questionnaire translated in English can be found in Appendix B. Aside from
the questions in relation to the driving simulator study, we also asked whether
participants had been in an accident in the last three years, and whether this
was related in any way to the roadside environment (either caused by a
roadside element or resulting in contact in any way with a roadside element).
Only one person indicated to have been in an accident in the last three years.
The accident itself, however, was not related to the roadside infrastructure in
any way.
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The participants were asked for each condition, whether they remembered the
situation depicted and what they thought, did, or felt in that given situation.
The results are thus described per condition. As a reminder Table 1 with a
description of all conditions is repeated here.
Table 9: Overview of all conditions
Condition
0
Motorway
1
2
3
4
5
6
7
8
9
10
11
12
Curves on motorway
13 (driven twice)
14 (driven twice)
15 (driven twice)
Rural Road
16
17
18
19
20

Practice drive
Emergency lane
without
without
without
without
without
without
with
with
with
with
with
with
Emergency lane
with
with
with
Trees
30 meter
behind guard-rail
4,5 meter
2 meter
behind guard-rail

Barrier/guard-rail
No
concrete barrier
concrete barrier
standard guard-rail
guard-rail
guard-rail
No
concrete barrier
concrete barrier
standard guard-rail
guard-rail
guard-rail
Treatment
standard
black/white stripes
stripes and strips
Guard-rail
At 4 ½ meter
At 4 ½ meter
No
No
Standard at 0.9 m

Height
90 cm
120cm
75cm
120cm
160cm
90 cm
120cm
75cm
120cm
160cm
Total height
75 cm
75 cm
170cm
Total height
75 cm
75 cm
75 cm

Table 10 gives an overview of the percentages of all responses that were
positive, negative or neutral reactions in reaction to a picture of the different
conditions. When a participant did not give a response this response was
counted as neutral.
As can be seen from Table 10, for the first 12 conditions the reactions are more
negative in the conditions without an emergency lane and when the guard-rail or
barrier gets higher. For the next three conditions in the curve it is interesting to
see that the condition with the black and white stripes has received more
negative responses and in the driving situations also was found that speed was
lowered most in this condition.
For the conditions on the rural road the responses become more negative when
the trees and/or guard-rail get closer to the road (in conditions 19 and 20). Again
this corresponds with the findings in terms of driving behaviour.

38

Identify envelope of vehicle and driver response prior to collisions

Table 10: Overview of reactions in the questionnaire per condition (in
percentages) of total response
Condition

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Positive
reaction

45
20
15
10
5
5
60
20
20
15
5
5
30
25
25
40
45
40
35
15

Negative
reaction

20
50
65
55
45
45
15
30
30
20
55
40
5
45
5
30
25
25
35
55

Neutral
or
no reaction

35
30
20
35
50
50
25
50
50
65
40
55
65
30
70
30
30
35
30
30
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CONCLUSIONS
Detailed Accident Database
A review of over 200 detailed cases was conducted. The retrospective nature of
this review meant that all the relevant details for RISER may not have been
collected at the time of original collection.
In a general sense it appears that the lateral positioning and speed of the
vehicle were two of the primary factors leading to the reviewed crashes. This is
observed in the vehicle motions prior to the crash where over 50% of the cases
involved some sort of lateral motion of the vehicle. Following this; speed,
fatigue, and alcohol were risk factors that were attributed to the driver in several
cases.
Effective means of controlling the vehicle position in the lane is difficult to
determine from the available accident data. Controlling driver fatigue and speed
is also difficult to achieve using the static roadside elements. However, transient
changes of these parameters were reviewed in the driver simulator study.
Results of detailed retrospective processing of detailed accident data (like road
scene analysis or DREAM (Ljung 2002) may be a more effective method to
determine factors influencing the causation of accidents than form based data
collection methods.
Road Scene Analysis
For five out of the ten accident sites that were investigated, the human factors
road scene analysis did not reveal a specific reason based on the road layout
why the crash with a tree or roadside infrastructure had occurred. Two locations
showed a mismatch between the road design and road category and the speed
limit posted (the road layout invites the road user to drive faster than the speed
limit). At one location a multitude of curves might be appealing to the frequent
user (especially motor cyclists) and invite to race. Two accidents occurred in a
work zone area with confusing road markings. At two locations it appeared that,
ones a road user has made an error and finds him- or herself behind a hazard
protection device such as a poorly visible barrier or an interrupted guardrail, the
collision with the hazard is almost inevitable.
Driver Simulator Study
Given the limited data in the database of accidents collected in the RISER
project, a driving simulator study was developed to investigate two of the main
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factors leading to crashes – lateral position and speed. For the conditions on the
motorway, where different types of guard-rails were introduced, it can be
concluded that there was no effect on speed or on lateral position dependent on
the type of guard-rail that was introduced. Overall no guidance of any type was
found.
The presence or absence of an emergency lane did have an influence on driving
behaviour. When an emergency lane was absent, drivers tended to choose a
position on the road that is further away from the right side marking. How far
away the driver chose to drive from the right side marking when an emergency
lane was absent depended on the type of guard-rail. When the standard 75 cm
high Dutch concrete barrier was introduced (this is the lowest guard-rail of all
guard-rails introduced) and when the 90 cm high concrete barrier was
introduced (the second lowest of all guard-rails) in combination with an
emergency lane drivers drive closer to the edge markings than in other
conditions. However, when the emergency lane is absent they move further
away from the right side edge markings in these conditions than in other
conditions compared to the situation with an emergency lane. It could be the
case that familiarity in the condition with an emergency lane plays a role.
Another conclusion based on these results and the results on the rural road is
that when an obstacle is introduced drivers tend to temporarily move away from
that obstacle and choose a position in the lane further away from the edge line.
This effect was also found in earlier field studies when introducing a sound
barrier or entering a tunnel entrance (Blaauw, & van der Horst, 1982; Bakker, &
van der Horst, 1985; de Vos, Hoekstra, Pieterse, 1998; Martens & Kaptein,
1997, 1998). The effect was not found in the curve sections on the motorway.
The results found in the conditions with the curves on the motorway revealed
that when drivers see a particular treatment for the second time they tend to be
less impressed by it and, in this case, drive faster through the curve and closer
towards the right edge marking than the first time. Also, when a new treatment
(like the stripes) is introduced, speed goes down. This might, however based on
the previous finding, be temporarily.
On the rural road drivers did change their speed when trees or guard-rails were
introduced dependent on how close they were positioned to the road. When
they were 4,5m away or more, no effects on speed were found, whereas when
they were positioned 2m away or less, speeds were reduced.
For the lateral position a different picture occurred, when trees were introduced
in combination with a guard-rail, drivers tend to choose a position away from the
guard-rail and trees. However, when trees were introduced solely no effects on
the lateral position chosen were found. In fact the position chosen in these two
conditions was the same as in the condition with the trees at 30m away from the
roadside. One has to question therefore whether drivers understand the risks of
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trees alongside the road and whether that might be an underlying reason of the
many incidents and accidents with trees. Trees along the road do not seem to
influence driving behaviour that much and are not considered to be a serious
hazard by road users. This is in line with the real life studies reported in France,
(CETE 2000 & 2002) where the removal of trees closer than 2 m from the lane
edge had no influence on travel speeds. One important result from the French
study was that after the trees have been cut down, the average number of
accidents was halved, and the number of fatal accidents reduced by a factor of
four. It is important to realize that the current guidelines recommend that no
obstacles should be in the safety zone which is at least 4.5 m from the lane
edge for 80 km/h roads in most European countries surveyed, and, if so, should
therefore be removed or protected.
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APPENDIX A: CAUSATION AND HUMAN FACTORS
• Use the Causation and Human Factors form in the database to enter details
about the key events which led to the accident occurring and the risk factors
which increased the likelihood of the accident occurring.
• This form should be completed from the driver’s perspective only, so please
ensure that on the Seat Data form, the correct seat position for the driver is
selected before the Causation and Human Factors form is completed (e.g. 1.1
for drivers in a left hand drive vehicle and 1.3 for drivers in a right hand drive
vehicle).
Field
Value
Driver action prior General driving
Overtaking
to accident

Notes for guidance

The manoeuvre of the
directly before the accident.

Junction
stopping/slowing
starting to move
Changing lane
Driving on/over line
Unknown
Other

driver

General driving –driver was not
carrying
out
any
special
manoeuvres (i.e. driving straight).
Possible accident scenario = falling
asleep/ill at the wheel of car.
Overtaking –overtaking
moving vehicle.

another

Junction – approaching or at a road
junction.
Stopping/slowing
–
e.g.
stationary/slow traffic ahead.

if

Starting to move – in other words,
from a stationary position.
Changing lane – changing lane for
other reason apart from overtaking
(e.g. preparing to leave road).
Driving on/over line – e.g. driving
on/over centre lane marking to
overtake cyclist or stationary
vehicle.

Vehicle action due Continued along road
Moved/forced to right
to key event

Moved/forced to left
Moved in travelled
direction
Rolled
Skidded
Combination
Other
Not known

Driver: alcohol test

Positive
Negative
Test refused
Test not given
Unknown
Other
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Controlled
Uncontrolled

When it has been decided which
vehicle action is appropriate, it then
should be stated whether this
action
was
“Controlled”
or
“Uncontrolled”.
“Rolled” and “Skidded” can be
“Uncontrolled” only.
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Key event

From the following list, select the key event(s) that lead to the accident
occurring.
Field
Value
Notes for guidance
Change in driver Falling asleep
A key event is the main
Falling
ill
capability
event which resulted in the
Loss of consciousness
accident occurring (e.g. if
Other
it had not occurred, it is
N/A
likely that the accident
Loss of concentration
Observation
would not have happened
Busy with other task
in the first place).
Did not see
Did not discern
Other
N/A
Judgement
and Drove into hidden danger
Drove into obvious danger
expectation
Misjudged avoidance opportunity
Misjudged intent of others
Misjudged traffic environment
Other
N/A
Drive line
Driving errors
Steering
Braking
Other
N/A
Wheel
Vehicle defect
Steering
Brakes
Engine
Load
Lighting
Visibility
Other
N/A
Road surface state
Traffic environment
Road surface contaminant
Fog
Wind
Obstruction to visibility
Other road user behaviour
Obstacle on carriageway
Other
N/A
In
wrong lane
Other
Intentional risk
Deliberate action
Other
Not known
N/A
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A key event is not
necessarily the fault of the
driver. It could also be an
environmental factor, the
action of another road
user/passenger,
or
a
technical aspect, such as
a vehicle defect.
If more than one key event
under one Field heading is
relevant (for example,
there were both steering
and brake defects), write
the second key event in
the Comments box.
N/A = Not applicable/none
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Risk factors
Field
Driver

Value

Functional abilities: Physical
Functional abilities: Visual
Functional abilities: Mental
Functional abilities: Other
Substances taken: Alcohol
Substances taken: Drugs
Substances taken: Medication
Substances taken: Other
Driver state: Fatigue
Driver state: Heavy workload
Driver state: Panic/nervousness
Driver state: Stress
Driver state: Agitated/in a hurry
Driver state: Other
Health: Acute
Health: Pre-existing
Health: Other
Experience: Learner
Experience: Novice
Experience: Not used to vehicle
Experience: Not used to conditions
Experience: Not used to traffic situation
Experience: Other
Attitude: Aggressive
Attitude: Over-cautious
Attitude: Other
Journey: Familiarity
Journey: purpose
Journey: Social aspects
Journey: Other
Prediction
Misinformation (driver)
Misinformation (other road user)
Misinformation (other)
Ignored traffic guidance
Interpretation: Other
Distraction: Internal (driver)
Distraction: Internal (passenger)
Distraction: Internal (other)
Distraction: External (event)
Distraction: External (road user)
Distraction: Other
Driving: Proximity
Driving: Direction
Driving: Overtaking
Driving: Other
Speed: Speeding
Speed: High
Speed: Low
Speed: Erratic
Speed: Other
Other
N/A
Unknown
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Notes for guidance
Risk factors are factors which
increased the risk of the accident
occurring.
A number of these risk factors could
have led to the key event which
resulted in the accident.
For example:
Risk factor = driver distracted by
passenger.
Key event = Loss of driver
concentration.
Risk factors = Missing traffic guidance
plus Excessive speeding.
Key event = Drove into hidden
danger.
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Vehicle

Environment

Comments

Visibility: Lighting
Visibility: Mirrors
Visibility: Front windscreen
Visibility: Rear/side windscreen
Visibility: Other
Load: Overload
Load: Unstable load
Load: Insecure load
Load: Vehicle control
Load: Other
Passengers: Number
Passengers: Location
Passengers: Behaviour
Passengers: Other
Other
N/A
Unknown
Traffic guidance: Inadequate
Traffic guidance: Missing
Traffic guidance: Obstructed
Traffic guidance: Inappropriate
Traffic guidance: Other
Road geometry: Hilly
Road geometry: Bends/curves
Road geometry: Adverse camber
Road geometry: Narrow lanes
Road geometry: Other
Visibility: Road lighting
Visibility: Vehicle lighting
Visibility: Terrain profile
Visibility: Buildings
Visibility: Trees
Visibility: Vehicle
Visibility: Sun
Visibility: Weather
Visibility: Darkness
Visibility: Other
Road condition: Surface damage
Road condition: Surface type
Road condition: Wet road
Road condition: Oily road
Road condition: Other
Traffic condition: Road works
Traffic condition: Stationary traffic
Traffic condition: Slow moving traffic
Traffic condition: Other
Other
N/A
Unknown

Use this comments box to give further
details on the factors and events which
led to the accident, including if more than
one Key event under one Field heading is
relevant to the accident.
Also include further information here if
you have selected “Other” for any of the
Fields on this form.

Text field
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APPENDIX B: INSTRUCTIONS FOR DRIVING SIMULATOR VOLUNTEERS
Please read these instructions very carefully!
In this experiment you will be driving in a driving simulator. The experimenter will
accompany you later to the simulator and give instructions on how to use the
car. The first drive you will complete will be a practice drive. During this drive
you will have time to get used to the car, driving the car and the surroundings
you will be driving through.
After the practice drive you will drive a number of consecutive drives in blocks,
each block lasting about 30 minutes. After each block of 30 minutes you will
have a 30-minute break. The complete experiment takes about 4 hours.
The car
The car is assembled as an automatic car so there is no need to use the
stick-shift.
Driving the car
You are asked specifically to drive as you normally would. This means
keeping the same speed etc as you normally would.
We do ask you to refrain from overtaking and to remain in the right lane.
Please keep your own preferred speed while doing so.
Steer carefully. Our experience is that in the simulator people tend to swerve
a bit more because the steering operates lighter than normal steering wheels
in cars.
You will start “driving”. This means that when the drive starts the car is
already up to speed. This will also be the case in the practice drive so you
can get used to it.
The surroundings
Some of the drives are on rural 80 km/h roads, others are on motorways
(120 km/h).
Questionnaires
In relation to a research project on simulator sickness and to improve the
simulator you will be asked to fill in a questionnaire before and after the
experiment with questions on simulator sickness.
Also you will receive some information on the experiment and you will be
asked to fill in a questionnaire after the experiment. The answers to all these
questionnaires will be processed anonymously
Do you have any questions left? Ask the experimenter!
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APPENDIX C: QUESTIONNAIRE AFTER RISER DRIVING SIMULATOR
EXPERIMENT

This driving simulator study was part of a larger European project
with the name of RISER. RISER stands for Road Side Infrastructure
for Safer European Roads. The research executed within this project
deals with how we can make the European roads even safer. Our
focus is to try to prevent (bad outcomes of) accidents where people
run off the road and run into roadside furniture, such as the guardrail. The experiment that you just participated in tried to give an
answer to the question whether different types of guard-rails would
evoke different driving behaviour. About those guard-rails we would
like to ask you a number of questions. After those specific questions
we also would like to ask you some general questions in relation to
driving in general and roadside furniture in particular.
All information that is collected within this experiment, including the
answers to all the questions in this questionnaire remains
anonymous.
If you have any questions about the experiment or you would like to
know what the results were you can always contact Selma de Ridder
(tel. number and e-mail)
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Following you will be presented with the different guard-rails and
situations from the experiment. You will be asked to report what you were
thinking, felt or did when you drove in that situation in the experiment.
If you can not remember the situation or guard-rail please indicate so by
filling in the box O
I cannot remember this guard-rail or situation
If you do remember the situation or guard-rail please fill in what you were
thinking, felt or did while being in that situation on the dots.
Don’t think too hard; just write down your first thoughts or impression. It
is therefore not permitted to look back at previous pictures or coming
pictures to compare situations with each other.
No answer can be wrong or right. Your impression or thoughts are what
counts.
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O

I cannot remember this guard-rail or situation

I can remember this situation or guard-rail and also what I felt, thought or did:
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
(This layout was repeated for each picture (not in the order as now presented),
but to safe space and paper the rest of the situations is represented in a more
economic way )
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Figure 24:

Illustration of guard-rails and barriers of conditions 2–6. Condition 1 has been
positioned on the previous page
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Figure 25:

Illustration of guard-rails and barriers of conditions 7–12.
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Figure 26:

Illustration of curves on a motorway, conditions 13–15.
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Figure 27:

Illustration of rural road conditions 16–20.
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Following you will find a number of general questions unrelated to the
experiment. Your anonymity will be guaranteed and your answers to the
questions will have no consequences for you and/or your relationship with TNO.
Have you been involved in a car-accident in the past three years?
O No
O Yes
If you answered “Yes” to the previous question would you please indicate which
one of the following statements applied to that situation. Most of the time you
only need to fill in the box, sometimes you are asked to enter something on the
dotted marks.
If you have been in more than 1 accident in the past three years refer to only one
accident at a time and fill in separate questionnaires for each one.
O I was driving
O I was a passenger
O It was daytime
O It was night-time
O It was dawn
O It was clear and dry weather
O It was poring rain
O It was raining a little bit
O There was considerable glare
O
There were adverse visual conditions and the reason for that
was:……………………………………
O
The weather was of influence to the accident because:
………………………………………………
O I drove on a motorway
O I drove in a build-up area (50 km/h)
O I drove on a main rural road single or dual carriageway with a speed limit of
80 km/h)
O I drove in a residential area (30 km/h)
O I drove in a build area on a main road (70km/h)
O I drove on a main rural road closed for slow traffic (single or dual carriageway
with a100km/h speed limit)
O I drove on a local rural road (60 km/h)
O I was driving faster than the max speed limit, that is….km/h
O I was driving slower than the max speed limit, that is…km/h
O I drove in the right lane
O I drove in the left lane
O I drove neither in the right nor in the left lane but………………………………
O It was a work zone
O I ran off the road on the left
O I ran off the road on the right
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O When I ran off the road I collided with………………………………………..
O
Just before I ran off the road, this is what happened:
………………………………………………………………………………………..
………………………………………………………………………………………..
O
Just after I ran off the road, this is what happened:
………………………………………………………………………………………..
………………………………………………………………………………………..
………………………………………………………………………………………..
O I did not have unobstructed vision due to static (f.e. trees or buildings) or
moving
obstacles
(Fe.
trucks
or
animals).
The
obstacles
were…………………………………………………………………………………
O
It
was
an
unsafe
situation
because:…………………………………………………………………………………
…………………………………………………………………………………………
O It was very busy on the road
O It was very quiet on the road
O It was neither busy nor quiet on the road
O I was in a hurry
O I was not in a hurry
O I was just driving, nothing special was going on
O I was not just driving because:…………………………………………………..
O I did feel well while driving
O I did not feel well while driving…………………………………
Describe in your own words what happened…………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
…………………
Thank you very much for your co-operation!
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