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Abstract

Reducing driving speed is a key factor in improving road safety and combatting noise
emissions. Over the last decades, many European cities and countries have reduced the
speed limits of residential and neighborhood roads from 50 km/h (30 mph) to 30 km/h
(20 mph) or even 20 km/h (12 mph). At the same time, there is a discussion to reduce
speed limits on main roads in urban areas in several countries. Main roads in urban
areas are diLerknt from residential roads in several ways, including, but not limited to
the type of trips, vehicular mix and the presence of public transport, and are therefore
limited in design options to reduce speeds. The study at hand reports on a virtual reality
study conducted in Switzerland using a driving simulator. To assess whether road design
influences driving speed, participants were asked to drive through a series of streets in VR
with varying speed limits and street designs. Speed and lateral position were recorded,;
in a follow-up survey, participants stated their preferred speed along the same segments
and were asked about risk aversion. Results indicate that only certain designs result in
slightly lower driving speeds, while controlling for self-reported risk aversion and driving
style. Given the characteristics of main roads, measures reducing the (perceived) lane
width are promising, but require further investigation.
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1 Introduction

Background Reducing driving speed plays a crucial role in promoting road safety as
it not only lowers the likelihood of tra [c_dccidents but also decreases their severity
(Aarts and van Schagen, 2006). Moreover, speed reduction is an economical and highly
e Lcieht strategy to tackle noise pollution. Improved tra [cflow and reduced congestion
are other significant advantages of decreasing speed. Ultimately, reducing speed enhances
the quality of travel and stay for individuals.Conventional measures such as speed limits
and law enforcement have their merit in ensuring tra [c_shfety. However, they also have
their limitations since drivers fail to perceive risks related increased driving speed and
adherence to speed limits is generally low.

Self-explanatory roads A complementary measure to achieve speed reduction is the
adaptation of road design. Road design has been found to be critical factor determining
the speed at which drivers travel and their adherence to speed limits. An explanation
for this observation is found in the concept of self-explanatory roads (SER) (Theeuwes
and Godthelp, 1995; |Theeuwes, [2021). The SER approach suggests that road designs
match their intended function to promote desired driver expectations and safety behavior.
Two psychological principles are central to the concept: Categorization and expectancy.
Through experience drivers learn to categorize roads based on visual characteristics. The
categorization is the foundation for expectations with regards to risks and adequate
behavior. By utilizing design elements such as lane width, pavement markings, and
vertical o[seks the road space can convey information that drivers use to categorize and
understand roads as intended by the planning authorities, leading to behavior consistent
with the interpretation. For example, road space greenery may be a visual cue that leads
drivers to categorize the road as a road in which slower speeds are safe and therefore
reduce their speed.

Cognitive theory Additional explanations for the e [edt of road design on driving speed
are based on cognitive load theory and risk perceptions (Elliott et al., 2003). Cognitive
load is defined as the mental e [ont to perform a task. The theory suggests if a driving
situation becomes more complex the cognitive load increases, and the driver reduces the
speed. Further, risk tolerance is assumed to influences driving speed. As perceived risk
increases the driver reduces the vehicle’s speed to maintain their acceptable level of risk
tolerance.
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Road design Previous research on the impact of road design on speed is still sparse
and is mostly limited to investigations on the influence of road design on either rural or
residential roads. So far, research that quantifies the impact of road design in main urban
roads is missing. Against this background, the study at hand aims to close this gap in
the research and to better understand the impact of specific road design measures on
driving speed on arterial urban roads. Thereby, the study focuses on continuous road
design measures. Several studies have investigated the impact of pavement markings on
speed choice ( (for an overview see [Elliott et al., 2003). There is mixed evidence on the
impact of wide center lines on speed choice. While some research finds that wide center
lines (median) reduce the chosen speed (Charlton, 2007; de Waard et al., 1995; Taylor et
al., 2002) in rural roads, other studies report an increase in driving speed (Gargoum et
al., 2016)(Fitzpatrick et al., 2001).

Research objective The study at hand investigates whether road design influences
driving speed. Participants were asked to drive through a series of streets in Virtual
Reality with varying speed limits and street designs. We hypothesize that road design
influences speed choice in urban roads, that an increase in risk perception can lead to a
reduction in driving speed and that an increase in complexity leads to reduction in driving
speed.

2 Methods

To test the hypotheses a Virtual Reality (VR) driving simulator experiment was conducted.
The use of driving simulators has become established both in science and in practice.
Numerous studies support the validity of driving simulators as a reliable measurement
tool for investigating driving behaviour (Allen et al., [2017; Kaptein et al., 1996). One of
the most relevant reasons of using a virtual reality driving simulator for research is the
safety factor. The use of simulators allows researchers analyze potentially unsafe scenarios
without putting participants in danger (Lee et al., 2003). From a scientific perspective, the
use of a driving simulator enables a controlled experimental manipulation of the relevant
influencing factors (e.g. road space design) and the associated systematic investigation
of their causal e[edts on driving behaviour (Carsten and Jamson, |2011; Kaptein et al.,
1996)). In addition, there are further benefits for using driving simulators from controlling
environmental factors such as tra [c, Weather and location. Moreover, in recent years



The eledt of street design on driving speed May 10, 2023

a VR driving simulator in comparison to conventional driving simulators have become
more cost-e [Ledtive while allowing for a greater immersion and naturalistic observation of
drivers behavior within a three-dimensional simulation.

2.1 Evaluated road designs & sequence

The total distance of the road stretch covers a distance of 12,800 metres and can be
completed in 14 minutes and 52 seconds if the speed is adhered to exactly. The course
consists of eight sequences. Each sequence covers a distance of 1700 metres and can be
completed in 1 minute and 56 seconds (if speed is maintained). The experimental set-up
is shown in Figure [I]

A sequence contains four sections and has an identical structure with the exception
of sequence 7. A sequence starts with a neutral condition at 50 km/h (section 1).
Speed 50 km/h was chosen to create a clear di [erentiation from the road types studied
experimentally. In addition, this section serves as a connecting element between the
road types and facilitates the speed change. Section 2 is followed by an experimental
condition, or the minimum condition, for the 30 km/h road type. This is again followed
by a neutral condition at 50 km/h (section 3). This section serves to cancel out the e [edt
of the previous experimental condition and forms the transition to the next experimental
condition. Section 4 consists of an experimental condition, or the minimum condition, for
the road type at speed 80 km/h. Sections with a speed limit of 30 km/h and 50 km/h
have a length of 300 meters; sections with a speed limit of 80 km/h have a length of 700
meters.

Figure 1: Experimental sequence

sequence 1 sequence2 sequence3 sequence4 sequence5 sequence6 sequence7 sequence 8
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EC = experimental condition

We included seven road designs in arterial urban roads: ((1) wide pavement edge markings;
(2) wide, hatched pavement edge markings; (3) wide center markings / median; (4) core
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