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Testing Speed Reduction Designs for 
80 Kilometer per Hour Roads with 
Simulator 

RICHARD VAN DER HORST AND WYTZE HOEKSTRA 

Reduction of driving speeds offers an important opportunity to improve 
traffic safety on rural 80 km/hr roads. An experimental project in 
Drenthe was aimed at developing measures to reduce speed effectively 
without significantly reducing driving comfort at speeds up to 80 km/hr. 
Some variants of proposed infrastructure mea~ures were tested in a dri v
ing simulator before actual application. Experimental conditions con
sisted of two lane widths (2.75 and 2.25 m) and three experimental lay
outs of edge strips: one with a continuous profiled road marking, one 
with small lateral rumble strips every 5 m, and one every 10 m. On 
entering this edge strip (the 2.75-m lane had a strip of 0.20 m and the 
2.25-m lane one of 0.70 m) auditive feedback by means of sound and 
steering wheel vibration was generated. A conventional 80 km/hr road 
(lane width 2.75 m) with standard road delineation served as control 
condition. Some subjects were instructed to drive in a relaxed manner, 
and the others were instructed to drive as if under time pressure. The 
results show that the narrow lane width (2.25 m with a 0.70 m edge 
strip) reduces speed the most and is fairly resistant to effects of adapta
tion. Moreover, the narrow lane width especially reduces the speeds of 
drivers under time pressure, implying that in practice speed variance 
may be reduced. The different layouts of the edge strips reveal relatively 
small differences in driving behavior. It is concluded that the basic 
design elements as developed in this project offer a good prospect for 
reducing driving speeds in practice. 

In the Netherlands, rural 80 km/hr roads have the highest accident 
rates. In general, high speed contributes substantially to these 
accidents, and, reduction of driving speed may improve traffic 
safety on 80 km/hr roads. The experimental project Speed Reduc
ing Measures on 80 km/hr roads in Drenthe-Drenthe is one of the 
12 provinces in the Netherlands-was started in 1990 for the devel
opment and testing of measures that effectively reduce driving 
speed without significantly reducing driving comfort up to speeds 
of 80 km/hr. At speeds above 80 km/hr an increasing discomfort is 
aimed for. Measures to change the road and road environment that 
result in a natural lower speed choice by the motorist and reduced 
speed variation among cars will be explored. Measures of this type 
are well in line with recent developments of sustainable road safety 
and self-explaining roads (1,2). 

The basic design elements for 80 km/hr roads were identified and 
compiled with the help of representatives from the local, regional 
and national government, research institutes, consultancies, and 
police (3). The design elements were used in a pre-evaluation of 
some variants of the proposed measures with respect to driving 
behavior by a driving simulator study. Apart from this study, the 
pre-evaluation included computer simulations of the effects of some 
road surface unevenness patterns on vehicle comfort and tire-road 
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contact and a limited testing of the experimental road surface by 
instrumented vehicles on a road closed to other traffic ( 4-6). 

SPEED-REDUCING MEASURES 

The literature on determining factors of speed choice was reviewed. 
Tenkink (7) distinguishes several behavioral models, of which the 
utility model is the most general: speed will be reduced when the 
risk or discomfort caused by high speed increases. In weighing the 
pros and cons of high speed, probability arid the size of the conse
quences are important. For example, Tenkink (8) found that there 
was a reduction in speed when a narro~ road width was combined 
with threatening obstacles along the road. Perceptual speed adapta
tion, uncertainty, and task demand also may play a significant role 
in drivers' speed choices. Negative consequences of high speed 
(discomfort, threat) may be effective if they are consistent, real, and 
if the involved risk is detectable, recognizable, and verifiable. 
Although an increasing threat, uncertainty, or workload may reduce 
speed, traffic sa.fety may not necessarily improve (9). For each mea
sure to reduce speed, the probability and the consequences of acci
dents must be assessed as well. Because drivers may react differ
ently to given measures, with a possible increase in speed variance, 
measures must promote uniform behavior to the greatest extent pos
sible. Furthermore, on a narrow road the visual guidance may be 
better than on a wide road, resulting in an increase in speed. These 
considerations resulted in a basic design for 80 km/hr roads (3) that 
consists of four main elements: lane width, edge marking, center 
marking, and verge reminders. 

Lane Width 

An important basic assumption in the design is that the net available 
lane width for drivers is reduced as much as possible. It takes some 
manoeuvering to make use of the so-called smooth asphalt part of 
the lane. Deviations from the right course must result in discomfort 
at speeds above 80 km/hr, but not in unsafe situations. Another con
straint is to ensure that heavy vehicles (trucks, buses) are not 
impeded at speeds up to 80 km/hr. To meet both requirements, a net 
lane width of smooth asphalt between 2.25 and 2.75 m was pro
posed, together with a profiled edge marking that makes up a total 
road width of 6.20 m. 

Edge Marking 

A second assumption of the basic design is that no excessive visual 
guidance should be present. Therefore, it was proposed not to imple-
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ment visual edge markings by delineation, but instead to use a tan
gible one in combination with the additional width needed for heavy 
vehicles. This edge marking must be designed in such a way that 
drivers of heavy vehicles do not notice much discomfort, but drivers 
of passenger cars experience discomfort that increases with speed. 

Center Marking 

Reducing the visual guidance of the edge markings requires drivers 
to get their information on the course of the road primarily from the 
center markings. The center marking must be clearly visible, even 
during darkness and bad weather, and must represent a unique code 
for 80 km/hr roads. Therefore, a 0.30-m center line, instead of 0.10 
m, with 3-m-long white lines at 9-m spacing is proposed, preferably 
with a tangible component. 

Verge Reminders 

In the Netherlands, post-mounted reflectors at a height of 0.60 m 
every 40 m usually provide visual guidance. To reduce the visual 
guidance, these roadside reflectors are removed and replaced by so
called verge reminders that are uniquely designed for 80 km/hr 
roads at 500-m intervals. 

In the simulator study, these four basic elements in the road 
design of 80 km/hr roads are included. 

METHOD 

Experimental Design 

The aim of the simulator study is to gain insight in the functioning 
of the proposed measures in terms of driving behavior before they 
are implemented on the road. In general, results from simulator 
studies with respect to speed choice are well in line with real-world 
results (9-10), and the relative validity is acceptable. However, 
absolute speed levels should be interpreted with caution because 
one tends to drive faster in a driving simulator than in the real world: 

The independent variables of the simulator-experiment included: 
instruction, road type, lane width, and edge-stripe configuration. 
Instruction and road type were varied between subjects, and lane 
width and edge-stripe configuration within subjects. A standard 
rural road with conventional delineation, a lane width of 2.75 m, 
and post-mounted reflectors every 40 m (see Figure 1) served as a 
control condition. 

Instruction 

In a previous simulator study on the effects of speed-reducing mea
sures (10) two different driving instructions were used: 

• Relaxed-Subjects are instructed to drive in a relaxed manner 
as they normally do when they are not in an hurry. 

• Time-pressure-Subjects are instructed to drive as quickly as 
the conditions allow without jeopardizing traffic safety, as if they 
had left late for an important meeting. 

A measure has the greatest effect when the speed of faster
driving motorists is reduced. An effect of instruction will clarify this. 
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FIGURE 1 Road scene of control 80 km/hr road with 
conventional delineation in TNO driving simulator. 

Road Type 

In the experiment two types of rural roads were included: 

• Type A-A road with long straight sections in an open envi
ronment with only a few vertical elements near the road. 

• Type B-A more winding road through a varied landscape. 

Both road types as implemented in the simulator were about 5 .5 km 
long. 

Lane Width 

Because lane width is an important design element, two lane widths 
were chosen for the experimental roads: 2.25 m (narrow) and 2.75 
m (wide). In all conditions the total road width remained the same, 
6.2 m. The narrow lane always had a 0.70 m edge strip to provide 
enough space for heavy vehicles. All wide lane conditions had an 
edge strip of 0.20 m. Figure 2 shows the three lane configurations 
used in this study: the standard 80 km/hr road as a control condi
tion, the narrow lane of 2.25 m, and the wide lane of 2.75 m. 

Edge strips 

Three experimental edge strip configurations were investigated: 

• A continuously profiled marking strip (in the following indi
cated by profiled). As soon as the right front wheel hits this strip, 
the driver receives auditive feedback via a loud sound in the vehicle 
and a vibration in the steering wheel. 

• Small cross rumble strips every 5 m. Driving over these rum
ble strips gives a pulsating sound and vibration in the steering 
wheel, depending on driving speed (5-m rumble). 

• Small cross rumble strips every 10 m (10-m rumble). 

These experimental configurations were applied on both edge 
strip widths (i.e. 0.20 and 0.70 m), resulting in the six experimental 
conditions shown in Figure 3. The center line of the experimental 
roads consisted of a 0.30 m-continuous profiled marking, with a 
series of three white blocks 0.80 X 0.30 m at a mutual distance of 
0.30 m every 12 m. Entering the center marking with one of the 



van der Horst and Hoekstra 65 

0.30 

0.10 0.10 
0.80 T 0.20 

0.30 
2.75 0.80 2.75 

0.30 

0.80 

control wide lane narrow lane 

FIGURE 2 Cross section of control road (lane width 2.75 m) and experimental roads 
with wide (width 2.75 m) and narrow (width 2.25 m) lanes. 

FIGURE 3 Road scenes of six experimental roads with two lane 
widths (a,b,c wide lane; d,e,f narrow lane) and three edge strip 
configurations (a and d profiled, b and e 5-m rumble, and c and f 
10-m rumble). 

wheels results in an auditive feedback to the driver as well. At the 
beginning of each experimental road the symbol "80" was painted 
on the road surface (see Figure 3). 

To make the control condition comparable with the experimental 
conditions with respect to the post-mounted reflectors every 40 m, 
it was decided to have verge reminders every 40 m instead of every 
500 m. The verge reminders consisted of red posts with yellow 
round plates. 

Subjects 

A total of 32 male subjects participated in the· experiment; divided 
into four (2 X 2: instruction X road type) groups of eight subjects 
each. They were randomly recruited from the traffic subject records 
of the TNO Institute for Human Factors (TNO) by driving experi-

ence (having a driving license for at least 3 years and driving at least 
10,000 km per year), and earlier experience with driving the TNO 
driving simulator. The ages varied between 21and53 years with the 
average age being 35.5. Subjects were paid for their participation. 

TNO Driving Simulator 

The experiment was conducted in the fixed-base driving simulator 
of the TNO. At the time of the experiment, this simulator had a 
MEGA TEK 944 CGI system that generates the visual scene 
(1024 X 1024 pixels) at a refresh rate of 30 Hz. These images were 
displayed on a large screen in front of the vehicle mock-up (a Volvo 
240) by a high resolution projector BARCOGRAPHICS 800 (J 2). 
The horizontal visual angle of the projected image was about 50 
angular degrees. Recently, the TNO driving simulator has been 
equipped with a new CGI system and a three channel Evans & 
Sutherland ESIG 2000 system, which enables a horizontal visual 
angle of 120 degrees. 

Procedure 

Before driving in the simulator, subjects got either the relaxed or the 
time-pressure instruction in written form. Then a test run of about 
5 min on a normal 80 km/hr road was begun to get the driver used 
to driving in the simulator again. In total each subject drove about 
for 2 hr in the simulator, subdivided into six (2 X 3: lane width X 

repetition) blocks of about 20 min each. Within each block a sub
ject encountered four roads (control and 3 experimental ones), each 
road separated from the other by a roundabout at which the driver 
had to continue straight on. During each block the subject encoun
tered 20 oncoming vehicles at speeds of 80 km/hr. After the exper
iment subjects completed a brief questionnaire. After a block was 
finished, a subject alternated with another subject and rested for 
about 20 min. 

Analysis of Driving Behavior 

During each run driving speed and lateral position were stored at a 
sampling rate of 5 Hz. At a sampling rate of 60 Hz where and how 
long either the center marking or the edge marking was entered by 
either one of the wheels were stored. Driving behavior on straight 
road sections and on curves ( 100 m before and 100 m after the curve 
included) was analyzed separately. The first and last 500 m of each 
road were excluded from the analysis. Separate analyses of variance 
(ANOVAs) were conducted on the dependent variables: speed, 
standard deviation of speed, lateral position, and standard deviation 
of lateral position. The number and.duration of left and right·lane 
exceedances, as well as the answers on the questionnaire, were ana-
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lyzed but are reported elsewhere (J 3). The independent variables 
were instruction (two levels), road type (two), lane width (two), 
edge configuration (four), and repetition (three). If applicable, only 
the three experimental edge configurations were included in the 
ANOVAs. 

RESULTS 

Speed 

The proposed measures aimed at reducing speed. Figure 4 shows 
the speed, averaged over subject, road type, and repetition, as a 
function of instruction, lane width ("smooth" asphalt), and the three 
experimental configurations of the edge strip. The results of the con
trol condition with the conventional 80 km/hr road are added as a 
reference. 

The absolute speed levels appear to be often rather high in a driv
ing simulator. Also in this study, even for the instruction for relaxed 
driving the absolute speed values are well over 80 km/hr. ANOV A 
results reveal that differences between subjects contribute most to 
the variance (56 percent of explained variance). As illustrated in 
Figure 4, instruction has an important effect on speed. Subjects 
under time pressure drive about 15 km/hr faster on the straight road 
sections [113 versus 98 km/hr, F(l,228) = 15.0, p < 0.001, 17.3 
percent of explained variance] and 14 km/hr faster in curves [110 
versus 96 km/hr, F(l,28) = 10.9,p < 0.005, 14.3 percent explained 
variance]. The main effect of lane width does not reach significance 
[F(l,28) = 3.6, p < 0.07]. It appears that under time pressure the 
speed on the narrow lanes is significantly lower than on the wide 
lanes (t-test, t = 3.4, p < 0.002). A narrow lane especially reduces 
the speed of the drivers in a hurry. The three edge strip 
configurations differ only for the narrow lane width [interaction 
width X configuration F(2,56) = 7.5, p < 0.002]. Combined with 
the narrow lane width, the configuration with the continuous pro
filed marking reduces speed somewhat more than the two other con
figurations. So, the configuration with the most direct feedback to 
the driver has the most effect on speed. Repetition appears to have 
a main effect on speed [F(2,56) = 38.3, p < 0.0001, 3.1 percent of 
explained variance]. Speed increases with repetition, but the speed 
on the narrow lanes increases relatively the least [interaction lane 
width X repetition F(2,56) = 7.5, p < 0.002]. To compensate for 
this effect of repetition, for each run the difference between the 
speed on an experimental road and the speed on the control road 
within the same block has been calculated. Figure 5 gives the results. 

An ANOV A reveals a main effect of lane width [F( 1,28) = 40.2, 
P < 0.0001, 15 percent of explained variance]. The narrow lane 
gives the highest speed reduction. Combined with the narrow lane, 
the edge strip configuration with the continuous profiled marking 
reduces speed more than the 5 or 10 m rumble [interaction lane 
width X configuration F(2,56) = 7.5, p < 0.002]. 

To get an idea of the speed variations along a road, for each sub
ject and each road the standard deviation of the speed has been com
puted separately for straight and curved road sections. Both reveal 
only main effects of instruction [relaxed 3.23 km/hr versus time 
pressure 5.54 km/hr, F(l,28) = 22.5, p < 0.0002] and repetition 
[F(2,56) = 11.2, p < 0.0002]. 

Lateral Positioning 

For each subject tlie average lateral position relative to the center of 
the road has been calculated for straight and curved road sections. 
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FIGURE 4 Mean speed on straight and curved road sections as 
function of instruction, lane width, and edge strip configuration. 
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FIGURES Mean difference in speed between experimental and 
control roads within each block as function of lane width and 
edge strip configuration on straight and curved road sections. 

ANOV As reveal that neither repetition, instruction, nor edge strip 
configuration has an effect on lateral position. As can be expected, 
lane width has far the greatest effect on lateral position [F(l ,28) = 
509, p < 0.0001, 72.9 percent of explained variance]. In the wide 
lane one drives 1.22 m from the middle of the road, whereas the 
narrow lane results in a lateral position of 0.99 m (straight road 
sections). The lane keeping behavior for both lane widths differs 
significantly from that in the control condition (mean lateral posi
tion 1.18 m) (wide lane versus control, t = 4.04,p < 0.001; narrow 
lane versus control, t = 2.58, p < 0.02). The resulting margins left 
and right of the vehicle relative to the road markings are shown in 
Figure 6. 

With respect to the relative position of the driver within the center 
and edge strip, the three lanes differ little. On average, the driver 
chooses a position a little left from the middle of the lane (left 
38 percent, right 62 percent). 

The standard deviation of lateral position is independent of rep
etition, instruction, and edge strip configuration. Compared with the 
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FIGURE 6 Mean lateral position of vehicle and driver within the traffic lane of 
the control, wide lane, and narrow lane condition. · 

control condition, the experimental lanes reduce the standard devi
ation of lateral position [F(3,84) = 52A, p < 0.0001, 18.2 percent 
of explained variance] with the narrow lane having the strongest 
effect (standard deviation lateral position on straight road sections 
on control, wide lane and narrow lane 0.18, 0.15, and 0.12 m, 
respectively). 

DISCUSSION AND CONCLUSIONS 

An important question in simulator research is always to what 
extent the results found in a driving simulator have sufficient valid
ity for actual driving behavior. As indicated before, in general, dif
ferences between experimental conditions appear to be comparable 
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with real-world results in terms of relative validity. Absolute speed 
levels have to be interpreted with caution. This study also makes it 
clear that drivers drive fast in the simulator. Even with the relaxed 
driving instruction the driving speeds are well over 80 km/hr. Speed 
measurements on 80 km/hr roads reveal that the average speed (all 
vehicles included) is about 77 km/hr (14). Two aspects may partly 
bridge the gap between simulator and real-world results, but cer
tainly not completely. First, about 28 percent of the total number of 
vehicles on 80 km/hr roads fall into a category of vehicles (vans, 
trucks, buses) that drive about 10 percent slower than passenger 
cars. Second, in the current study only free-riding cars were 
involved, not those influenced by a slower vehicle in front. Bakker 
and van der Horst (15) found that the average speed of free moving 
vehicles on 80 km/hr roads is about 9 km/hr higher than the aver
age speed of all vehicles. In the current study the authors concen
trated on the differences between conditions and especially the 
effects of the proposed speed reducing measures relative to the 
behavior on conventional 80 km/hr roads. The experimental con
figurations with the narrow lane of smooth asphalt of 2.25 m with 
an edge strip of 0.70 m result in the largest speed reduction relative 
to the control condition: on average, one drives 9 km/hr slower. 
With a lane width of 2.75 m (wide lane) only a small speed reduc
tion can be expected. This lane width apparently provides even fast 
drivers enough space for staying in their lane comfortably. An 
important result is that the narrow lane especially reduces the speed 
of the drivers under time pressure. This may imply that in practice 
speed variance is considerably reduced with positive effects on traf
fic safety. Moreover, the narrow lane appears to be relatively resis
tant to effects of adaptation. 

Edge strip configuration only has a small effect on speed in the 
narrow lane conditions. The continuous profiled marking with the 
most direct feedback to the driver and the greatest discomfort 
(vibration in the steering wheel and sound) gives the best results. 
This configuration in practice provides the driver with sufficient 
feedback. The study of the physical characteristics of different lay
outs by computer simulations ( 4) shows that the detailed design of 
the edge strip with the constraint-the discomfort of road users who 
inevitably have to use the edge strip (heavy trucks, buses) at speeds 
till 80 km/hr-is only marginal. 

The lateral position of the driver within the lane does not differ 
much among the conditions and is in line with real-world findings 
of a 40:60 proportion relative to center line and edge line, respec
tively (15, 16). In the wide lane condition, the 0.30-m center line 
with an acoustic warning shifts the driver 0.14 m to the right rela
tive to the standard road profile, resulting in a redu.ction in the num
ber of center line crossings. In the narrow lane drivers have to 
choose a lateral position more to the middle of the road, but the 
number of center line crossings does not increase relative to the con
trol condition. The standard deviation in lateral position decreases 
for the experimental road designs, the most for the narrow lane and 
the result of a more accurate steering behavior by the drivers. 

In summary, the basic design elements as proposed in this proj
ect off er a good prospect for reducing driving speeds in practice 
successfully. A narrow lane width of smooth asphalt 2.25 m wide, 
an edge strip of 0. 70 m, and a center marking of 0.30 m, with 
acoustic feedback to the driver when crossing, appear to be effec
tive measures to reduce speed. The final design details of the edge 
strip hav.e to be based on the evaluation of the physical characteris
tics by computer simulation (4). 
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