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Preface 
ÑőŔƚШƖĲƚĲċƖĦőШŉŸƖůƚШċШĦƖŔƣŔĦċũШĦŸůƓŸŰĲŰƣШŸŉШůǃШ~ċƚƣĲƖќƚШƣőĲƚŔƚШŉŸƖШƣőĲШ~ÉĦ programme in 
Transport, Infrastructure, and Logistics at the Faculty of Civil Engineering and Geosciences, Delft 
University of Technology. The project was conducted in collaboration with Witteveen+Bos, an 
engineering consultancy firm. 
 
When I embarked on this project, my goal was to contribute meaningfully to society while 
expanding my knowledge on various fronts. Reflecting on this journey, I am pleased with the 
outcomesуnot only in terms of my deepened understanding of road design but also in personal 
growth, particularly in managing setbacks and recruiting participants for my study. Additionally, 
I enhanced my technical skills, learning to use new software such as Blender and Unity, delving 
into coding with C# and employing Python and R for data analysis. This multidisciplinary project 
allowed me to engage with many professionals and learn from their expertise. My interviews with 
professionals from the municipality of Rotterdam and road designers at Witteveen+Bos provided 
me with valuable insights into current guidelines and key considerations in road design. 
 
I am deeply grateful to the XRZone at TU Delft and E. Bosman from Witteveen+Bos for their 
support in developing the driving simulation experiment. I would also thank Lisa Volberda for her 
guidance within the company, our weekly meetings, and the constructive feedback that helped 
shape this project. I also extend my sincere thanks to my TU Delft supervisors: Haneen Farah, 
Eleonora Papadimitriou and Amir Hossein Kalantari for their expert feedback, and providing me 
with direction throughout the project. Furthermore, their availability during the summer holidays 
was crucial in the final phase of my thesis, for which I thank them as well. Additionally, without 
the support from Amir Pooyan Afghari, my defense would not have been possible, for which I 
extend my appreciation. 
 
Finally, this study would not have come to fruition without the participation of numerous 
individuals and support from friends and family. I would like to thank all participants and my 
personal network for their time, interest, and willingness to provide detailed feedback on their 
preferences for road designs and traffic behaviour. 
 
In closing, I hope that this research provides meaningful insights into the interaction between 
sustainable measures and driving behaviour. Such understanding can support the development 
of sustainable and safe road designs that will ultimately benefit society as a whole. 

 

Benjamin van Burik 

Delft, October 4, 2024 
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Summary 
In recent years, the Netherlands has focused its road design policies on improving traffic safety 
and sustainability, particularly in built-up urban areas. One such policy is the GOW30-policy, 
which lowers the maximum speed limit on certain distributor roads from 50 km/h to 30 km/h.  

This policy primarily targets roads that are characterized by a mismatch between design, 
intended function and actual use. If there is a mismatch between road design and maximum 
driving speeds, vulnerable road users are exposed to disproportionate traffic risk. The need for 
GOW30 roads has grown in response to the growing population and a rise in cyclist-related 
incidents, making it imperative to implement policies that address these safety concerns. Only 
this way, safety for vulnerable road users can be increased. However, the rapid pace of 
urbanization presents significant challenges for city planners and policy makers to find a balance 
between accessibility and spatial quality, particularly environmental sustainability.  

As urban areas expand and become more dominated by concrete and asphalt, they face negative 
effects like increased heat stress and reduced biodiversity. Integrating green spaces into urban 
landscapes is a promising solution to mitigate these issues and enhance overall livability. While 
these sustainable measures can improve environmental quality and reduce urban heat stress, 
sustainable measures such as thick trees increase severity of traffic accidents. Also, while the 
effect of greenery has been studied in suburban roads, effects of greenery in urban areas remain 
largely unclear.  

For these reasons, this research investigates the relationship between sustainable measures 
and driving behaviour on GOW30 roads. The study addresses a critical knowledge gap 
concerning the impact of sustainable measures on driving behaviour. This is done by providing 
an answer to the main research question, which is formulated as follows: 
 
Which sustainable measures are effective in improving driving behaviour compliance and risk 

perception of car drivers for GOW30? 
 

Should these measures prove effective in reducing driving speeds, they could enhance the 
credibility of newly imposed speed limits and modify habitual driving behaviours. Conversely, if 
found ineffective, these measures might lead to increased driving speeds, compromising traffic 
safety. The integration of greenery, such as trees and grass strips along roads, is a critical area of 
focus in this study. 

In order to clarify the relationship between green infrastructure and driving behaviour both 
quantitatively and qualitatively, a driving simulator experiment together with a survey was 
conducted. This experiment together with a survey assessed changes in driving behaviour 
amongst different road segments. These road segments varied in road width (a narrow road width 
of 6 meters and a wide road width of 7 meters) parking height (level parking and elevated parking) 
and greenery type (grass strips, marram grass strips and Populus trees, varying in thickness). All 
measures were selected by means of literature review, interviews with road design experts and 
a survey. As participants drove through 14 selected segments, their driving behaviour was 
recorded by means of their speed profiles and lateral position on the road.  
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The key findings of the simulation experiment and the post-experiment survey reveal a clear 
relationship between road width and driving speed. Solely increasing road width revealed higher 
driving speeds in the experiment. This finding was confirmed by participants reporting to drive 
faster on wide roads, due to the increased distance from roadside objects. A similar speed-
enhancing effect is observed when low-height greenery, such as grass, is introduced along the 
roadside, particularly on narrow roads. According to participants, the primary reason for this 
effect is greater visibility on the sidewalk compared to parked cars along the road. This visibility 
allows car drivers to better anticipate pedestrian actions, which in turn increases their comfort. 

Drivers also tend to position themselves closer to the center of the road when high greenery is 
present between parked cars on both sides of the road. This behaviour is also observed on road 
segments where cars are parked on both sides without greenery, suggesting that the perceived 
risk of parked vehicles may outweigh any calming effects of roadside greenery. 

Conversely, when cars are replaced by planters with Populus trees along the road, drivers 
position their vehicles closer to the right edge, although this adjustment does not correspond 
with an increase in speed. When cars are removed, and grass strips are placed alongside the 
road, drivers also shift to the right, though to a lesser extent compared to with Populus trees. The 
inclusion of grass strips does lead drivers to exhibit higher driving speeds. These findings suggest 
that while high roadside objects guide vehicle positioning, they do not necessarily encourage 
slower driving if no parked cars are present.  

In summary, increased road width and enhanced visibility on the sidewalk result in decreased 
compliance with the 30 km/h speed limit. To counteract this, road designers should consider 
road-narrowing measures. If possible, incorporating high and dense types of greenery in between 
parked cars has the potential to reduce driving speeds. It was found that the density of greenery 
directly influences driving speed by reducing sidewalk visibility, while the height of greenery 
primarily affects lateral vehicle positioning. Increasing road width or incorporating low-height 
greenery is thus not recommended if speed compliance is the primary goal of the road design.  

Also, the road designs in this study adhered to GOW30 practices, which typically exclude 
centerlines. While this can allow drivers to veer away from roadside objects, the inclusion of 
centerlines on low-traffic road segments may enhance the effectiveness of greenery in reducing 
speeds by limiting lateral movement, since drivers veer away from roadside objects. However, 
future research on this matter should provide conclusive recommendations. Although traffic 
conditions were also not varied in this study, it is anticipated that drivers would feel more 
restricted constrained on two-lane roads with higher traffic volumes, potentially enhancing the 
speed-reducing effects of (dense) greenery.  

It is important to note that these findings are based on a driving simulation, which approximates 
reality. As such, the results may not fully translate to real-world driving behaviour, where risk 
perception and situational awareness differ. Nonetheless, these insights provide valuable 
direction for estimating driving behaviour on GOW30 roads in conjunction with sustainable road 
design measures. Future research should explore driving behaviour in real-world conditions, 
which can vary by season and weather, to better understand how sustainable measures 
influence long-term driving behaviour. Key variables to investigate include vegetation type and 
the interaction between greenery and other road features such as cycling lanes. A deeper 
understanding of these dynamics is essential for developing future-proof urban environments 
that balance road safety and sustainability. 
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1 Introduction 
In recent years, policies in the Netherlands regarding road design in the built-up area have 
focused on increasing traffic safety and sustainability (SWOV, 2018a). A policy that aims to 
increase traffic safety is the GOW30 policy. With this policy, the maximum speed limit is reduced 
from 50km/h to 30km/h on roads that fall in between two existing classifications: ETW30 and 
GOW50. Here, ETW30 is an access road with a speed limit of 30 km/h and GOW50 a distributor 
road with a speed limit of 50km/h. On grey roads, a mismatch between maximum speed limit and 
road function increases accident risk for vulnerable road users.     

In this chapter, the principles of road design in the Netherlands will be briefly discussed. Then, 
the issues with current practices are highlighted, from which the motivation to conduct this 
research stems. Following this, a problem definition is formulated. Based on this problem 
definition, the scope of this research is defined. Finally, the objectives and research questions 
that this research aims to answer are elaborated.  

1.1 Background information 

1.1.1 Sustainable safety 

The Dutch Sustainable Safety framework is structured around three design principles and two 
organizational principles, as detailed below (SWOV, 2018b; SWOV, 2019): 

¶ Functionality: This principle ensures that road segments and intersections are designed 
to fulfill a singular traffic function, either facilitating movement (flow) or enabling 
interaction (exchange) across all modes of transportation. The network is hierarchically 
organized to enhance safety and efficiency. For example, roads designed for flow 
should minimize interactions with surrounding environments, while roads designed for 
exchange allow for frequent stops and interactions. Mixing these functions is avoided as 
it compromises safety. 

¶ Biomechanics: This principle focuses on minimizing differences in speed, mass, 
direction, and size among road users to prevent severe accidents. It involves designing 
road environments and vehicles that are compatible with each other, providing 
necessary protections based on the characteristics of different road users. For 
instance, separating motorized traffic from pedestrians and cyclists or reducing speeds 
in areas with vulnerable users helps to ensure that all road users can navigate safely. 
The design should also consider additional protective measures, especially for the most 
vulnerable, such as children and the elderly. 

¶ Psychology: Road designs should be intuitive, aligning with the expectations and 
competencies of road users, particularly older individuals. This principle emphasizes 
the importance of making road layouts and traffic signals self-explanatory and easily 
understandable, thereby encouraging predictable and safe behaviour. For example, 
clear signage, road markings, and logical layouts that guide drivers and pedestrians 
help in reducing errors and enhancing safety. This principle recognizes that when road 
users can easily comprehend and anticipate the traffic environment, they are more 
likely to behave safely. 

¶ Responsibility: This principle underscores the importance of clearly defining the roles 
and responsibilities of all parties involved in road design and maintenance. By assigning 
clear tasks to each stakeholder, from planners and engineers to policymakers and 
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maintenance crews, it ensures that accountability is maintained throughout the 
lifecycle of the road. This clarity helps to ensure that safety considerations are 
prioritized at every stage of road design and operation, reducing the likelihood of errors 
or oversights. 

¶ Learning and Innovation: Continuous learning from traffic incidents is vital for improving 
road safety. This principle advocates for the regular assessment of traffic accidents and 
near-misses to identify patterns and areas for improvement. Based on these 
assessments, stakeholders are encouraged to develop and implement innovative 
solutions aimed at reducing accidents and enhancing overall road safety. This might 
involve technological advancements, changes in road design or updated safety 
protocols. The emphasis is on creating a dynamic system where safety practices evolve 
based on real-world data and emerging trends. 

1.1.2 Grey roads and GOW30 

"Grey roads" refer to roadways where the intended function, design, and actual use are not 
properly aligned. For instance, a 50 km/h shopping street is considered a "grey road" due to the 
mismatch between its design and usage, as discussed in the principles of functionality and 
biomechanics. The foundational principle for safe road design and usage is ensuring that each 
road's function is clearly defined, leading to the categorization of roads within a hierarchical and 
efficient network structure. However, since the Sustainable Safety program originally only 
supported ETW30 roads (residential access roads with a 30 km/h limit), there emerged a need for 
the introduction of GOW30 roads. In practice, this would mean that lower maximum speeds are 
maintained compared to GOW50, but higher traffic volumes are accommodated compared to 
ETW30.  
 
In 2021, CROW published guidelines for implementing GOW30 roads. To operationalize this 
policy, a framework was developed to illustrate the categorization of the roads in the built-
environment. In figure 1: Decision-making framework for GOW30, it can be seen that the GOW30 
policy is aimed at access roads where conflicts with vulnerable road users cannot be mitigated 
by separating traffic types or changing road function.  

The implementation of this policy that targets grey roads is crucial, especially seen the increased 
frequency of cyclist incidents and population greying. The rise in cyclist accidents can be 
explained by a rise in electric bicycle use among the elderly (Westerhuis et al., 2024). 
Additionally, according to Davis (2001), the likelihood of a fatal accident at 50 km/h for 
individuals aged 60 and above is estimated at 65%, whereas at 30 km/h, this likelihood drops 
significantly to 4%. More generally speaking, lower driving speeds are associated with lower 
fatality risks for all types of pedestrians: Rosén et al. (2011) found in a literature study that fatality 
risk for pedestrians decreases 10% if impact speeds with car collisions are reduced from 50km/h 
to 30km/h. Factors that influence fatality risk other than driving speed are the age of the 
pedestrian and specific area of the body impacted during the collision. Reducing driving speeds 
on urban roads is thus a relevant development. 
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Figure 1: Decision-making framework for GOW30. Translated from CROW (2021). 
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1.1.3 Sustainability goals 

The rapid pace of urbanization presents significant challenges for urban planners, developers, 
and policymakers, especially in terms of health and environmental sustainability. As urban areas 
become increasingly dominated by concrete and asphalt, they face several adverse effects such 
as elevated heat stress. Integrating green spaces into urban landscapes offers a promising 
solution to mitigate these issues and enhance overall livability. 

First, research from Wageningen University & Research (WUR) highlights the considerable 
positive impacts of urban greenery on health, climate resilience, and other societal benefits. 
However, the effectiveness of these green elements is influenced by factors such as their design, 
quality, scale, and community involvement. This indicates that a one-size-fits-all approach may 
be insufficient; rather, tailored solutions are necessary to meet the specific needs of various 
urban contexts (Veerkamp et al., 2023). 

Empirical studies support the psychological advantages of green environments. Green settings 
have been linked to lower anxiety levels, increased enjoyment, and improved cognitive 
outcomes. For instance, research shows that green natural environments foster recovery and 
subjective well-being (Kaplan, 2001; van den Berg et al., 2003).  

Green spaces are also crucial in mitigating the urban heat island effect. They help cool the 
surrounding environment, absorb pollutants, and manage stormwater runoff, thus enhancing a 
city's resilience to climate change (Dadvand et al., 2016). Furthermore, they promote alternative 
modes of transportation, such as walking and cycling, which can reduce reliance on cars and 
lower urban carbon emissions. 

The COVID-19 pandemic underscored the importance of urban green spaces for public health 
and well-being. During lockdowns, parks and green areas became vital for physical activity and 
social interaction, highlighting the need for accessible and well-maintained green spaces in 
urban settings (Venter et al., 2020). These spaces not only support physical health but also foster 
mental well-being by providing areas for relaxation and socialization. 

In summary, incorporating green infrastructure into urban development is crucial for addressing 
the challenges of urbanization and promoting sustainability. Green spaces offer extensive 
environmental, health, and social benefits, which are essential for creating vibrant and resilient 
cities. As urban areas continue to expand, it is imperative to approach urban growth and 
environmental sustainability as interconnected issues, requiring integrated and strategic 
solutions to ensure a balanced and thriving urban future (Jabbar et al., 2021). 
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1.1.4 Shared space principle 

For many years, scholars have mentioned that streets should serve the community and be 
walkable and livable (Appleyard, 1981; Whyte, 1980). This is primarily applicable to residential 
streets. The concept of shared space involves reducing or eliminating traditional traffic control 
elements like road markings and signs, thus encouraging road users to navigate and interact with 
each other more intuitively and cautiously (Moody & Melia, 2011). 

Shared space operates on the principle that minimizing visual cues, such as road signs and 
markings, fosters a more natural and interactive environment among road users. This approach 
aims to balance various urban functions, including transportation and pedestrian access, by 
making the space less about strict regulation and more about mutual awareness and 
responsibility. For example, a study on the Amalias Street in Nafplio, Greece, demonstrates this 
concept by comparing a conventional road section with a shared space section. In this study, 
pedestrian crossing rates increase due to the greater number of crossing points available 
compared to conventional roads (Tzouras et al., 2023). Furthermore, Ben-Joseph, E. (1995) found 
that shared paved space by multiple road users reduces traffic speed and improves safety. 

Shared space principles align with sustainability goals by fostering environments that prioritize 
pedestrian and environmental considerations. The principle of 'Sustainable Safety', which 
emphasizes predictable and recognizable road layouts, contrasts with shared sƓċĦĲќƚШ
approach. While Sustainable Safety relies on clear signage and physical traffic calming 
measures to regulate behaviour, shared space seeks to achieve similar outcomes through more 
organic interactions and reduced visual clutter. The goal is to create spaces where traffic 
conflicts are managed through increased awareness and mutual understanding rather than 
formal regulations. Shared spaces are most effective when they serve as destination or activity 
hubs rather than high-traffic routes, and when vehicle volumes are manageable and not 
overwhelming (CROW, 2023b). 

An extension of the shared space principle is the woonerf concept. On woonerfs, car drivers 
share space with other roads users but are subordinate to them. To define what a woonerf is, the 
Dutch Ministry of Transport in the Netherlands defined a set of criteria in 1976. According to Kraay 
(1986) these criteria primarily entail that woonerfs are residential areas which must only carry 
vehicular traffic with an origin or destination within that particular woonerf. Also, there should be 
no continuous difference in cross sectional elements along the road, enough parking space 
accompanied with adequate lighting and vertical elements such as plant tubs and shrubs must 
not restrict visibility. A key difference with the shared space principle is that woonerfs are 
regulated spaces, with clear signage that make car drivers aware of entering a woonerf zone, 
which makes these zones self-explaining (Theeuwes, J., 2021). In an example study (Nalmpantis 
et al., 2017), the application of the woonerf concept to the campus of Aristotle University in 
Greece was shown to reduce tension between car drivers and pedestrians, which led to a 
sustainable campus environment that found a medium between a car-oriented space and a car-
free zone. Driving speeds reduced naturally, since drivers recognized the chances of a sudden 
conflict.  

In summary, by shifting focus from traditional traffic management to more dynamic and user-
focused designs, shared space contributes to achieving broader sustainability objectives, 
including reduced vehicle speeds, enhanced pedestrian safety and improved urban livability 
(Haaze, 2019). 
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1.2 Problem definition 
GOW30 roads, which have transitioned from a 50 km/h to a 30 km/h speed limit, pose unique 
challenges due to insufficient data on the effectiveness of safety measures. These roads require 
interventions that enhance speed limit credibility and modify driving behaviour, since these 
roads are converged from another road category to GOW30. There is a notable gap in 
understanding how infrastructural changes impact driving behaviour for these roads, prompting 
calls from non-governmental organizations for more research. 

Additionally, the integration of sustainable measures, such as adding greenery, can conflict with 
traffic safety goals. While sustainable features can improve environmental quality, they may 
inadvertently increase injury severity in accidents. Behavioural adaptation further complicates 
this issue, as modifications in road design can lead to unintended increases in driving speed due 
to a perceived sense safety. 

To address these challenges, it is crucial to quantify how environmental factors influence speed 
limit credibility and driving behaviour. With this knowledge, safety measures can be refined and 
aligned with sustainability goals.  

1.3 Research Scope and Objectives 
This study investigates GOW30 within the Netherlands, a policy specific to the Dutch urban 
context. The study selects Rotterdam as the focal case due to its relevance: the city is undergoing 
substantial population growth, resulting in increased traffic volumes and a more diverse mix of 
road users, including automobiles, bicycles, mopeds, scooters, pedestrians, public transport 
and freight vehicles. Furthermore, Rotterdam's municipal strategy to transition 115 roads to a 30 
km/h speed limit by 2025 underscores the significance of this case study (Gemeente Rotterdam, 
2024). 

Interviews with experts reveal that 80% of traffic-related injuries in Rotterdam occur on 50 km/h 
roads, a proportion that is higher than the national average of 30% (Rijkswaterstaat, 2024). 
Consequently, this research focuses on a specific corridor in Rotterdam, starting from the 
Bosdreef and extending to the Walenburgerweg. This corridor has been identified as hazardous, 
with plans to convert the Zaagmolenstraat segment to a GOW30 by 2025. This road is located in 
a high-density built environment and characterized by the presence of tram tracks, limited 
pedestrian space, narrow sidewalks and a paucity of greenery, rendering it vulnerable to urban 
heat island effects.  

The objective of this research is to examine the relationship between the presence of greenery 
and driving behaviour in the context of GOW30 roads. Existing policies predominantly aim to 
reduce vehicle speeds through lower speed limits and infrastructural modifications, often 
without adequately addressing the broader road environment and climate objectives. This study 
underscores the necessity of fostering sustainable development that satisfies current needs 
without compromising the ability of future generations to meet their own. It seeks to promote 
ecological integrity, mitigate urban heat stress, and advocate for the responsible utilization of 
resources, with a particular emphasis on reinvesting in natural resources where applicable. 

 

 



15 
 

 
Figure 2: Accident hotspots on the Zaagmolenstraat in Rotterdam, with a lower bound of 2 injury-related accidents (red) and a lower 

bound of 1 material-related injury (blue) from 2019 onwards. (STAR, 2024). 
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1.4 Research questions and hypotheses 
In this paragraph, the research questions that will  guide the thesis are outlined. These research 
questions will  build on the research gaps, mentioned in the previous chapter. The main research 
question focuses on identifying sustainable measures to mitigate driving speeds specifically for 
GOW30 roads. This question is formulated as follows:  
 
Which  sustainable  measures  are effective  in improving  driving behaviour  compliance  and 

risk  perception  of car drivers  for  GOW30? 
 
To comprehensively answer this main research question, the following sub-questions have been 
formulated: 

SQ1: What are the most  promising  characteristics  of sustainable  measures  that  influence  
speed limit  credibility?  

Here, the focus shifts to identifying features of sustainable measures that can enhance the 
credibility of speed limits  on GOW30 roads, potentially influencing driver behaviour. These 
findings will  result from literature research, interviews with road design experts and landscape 
architects and a survey. 

SQ2: What is the impact  of these sustainable  measures  on the driving speeds of car 
drivers  on GOW30 roads? 

This sub-question examines the direct impact of implementing sustainable infrastructural  
measures on driving speeds, providing insight into their effectiveness. It is hypothesized that 
larger types of greenery influence driving speeds negatively, since larger objects pose a higher 
risk to crash into and reduce visibility. 

SQ3: What is the impact  of these sustainable  measures  on lateral  position  of car drivers  on 
GOW30 roads, without  presence  of a centerline ? 

This sub-question investigates how the selected sustainable measures influence lateral 
position with the absence of a centerlines, since this is a common road design feature for 
GOW30 roads.  Furthermore, it is chosen to examine this behaviour with infrequent oncoming 
traffic, to approximate free-flow driving behaviour.  

SQ4: In what  way do sustainable  measures  influence  the risk  perception  of car drivers? 

Lastly, this sub-question explores how infrastructural  adjustments affect ĬƖŔƻĲƖƚќ risk 
perception, which can in turn influence their driving behaviour.  

By addressing these sub-questions, the thesis aims to achieve its overarching objective of 
evaluating the effectiveness of sustainable infrastructural  measures in reducing driving speeds 
and improving driving behaviour. It is hypothesized that increasing driversќ perception of risk 
through infrastructural  adjustments will  lead to a decrease in driving speeds, contributing to 
safer road conditions on GOW30. To investigate the state-of-the-art with regards to road design 
and sustainable measures, a literature review will be presented in the next chapter. 
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2 Literature review 
To delve deeper into the concept of GOW30, policy documents have been looked up with the 
search terms ыћ]§ìΟΜќ OR ћΟΜťůоőќ AND ћΡΜťůоőќь on the Google Search engine for policy 
documents and on Google Scholar for scientific  literature. Then for specific literature, the search 
query ыћũŔƻĲċĤŔũŔƣǃќ OR ћƣƖċŉŉŔĦ ƚċŉĲƣǃќ OR ћƚƓĲĲĬ ĦċũůŔŰŊќ OR ћĦċũůŔŰŊќ  OR ћƣƖċŉŉŔĦ ƚċŉĲƣǃќ OR 
ћƨƖĤċŰ ƣƖċŉŉŔĦќ OR ћƨƖĤċŰ ƖŸċĬƚќ OR ћƚĲũŉ-explaining ƖŸċĬƚќ OR ћƣƖĲĲƚќ AND ћƣƖċŉŉŔĦќь was used.  

2.1 Road design factors influencing driving behaviour 
A study that analyzed the relationship between road characteristics and user compliance with 
speed limit s was carried out by Yao et al. (2020). In this driving simulator study, it was found that 
road layout and roadside environment affected the driven speeds. In 8 scenarios developed for 
rural highways, road layout was varied in multiple  levels: straight or curved alignments, with or 
without a cycling lane and with or without an emergency lane. Therefore, this study leaves room 
for further research into different scenarios, especially with regards to a highly urbanized area 
instead of rural roadways.  

This knowledge can be supported by research carried out by Aarts & van Schagen (2006) who also 
found that road design elements such as road geometry, cross-sections, alignment, and the 
immediate road surroundings influence the selection of speed by drivers. To be precise, drivers 
choose higher speeds on wider roads with emergency lanes, fewer curves, smooth surfaces, 
clear road markings, fewer buildings and less greenery in the surrounding road environment. 
Additionally, factors such as driver personality, vehicle characteristics, driving task complexity, 
driving ability and trip purpose play significant roles. Male drivers generally drive faster than 
female drivers, while older drivers and females tend to comply more readily with speed limits  
(Aarts & van Schagen, 2006).  

To add to this, research on the impact of posted speed limit  changes (Silvano & Bang, 2016; 
Silvano et al., 2020) found with a regression analysis that road characteristics such as 
carriageway width, road environments and the presence of on-street parking and sidewalks 
heavily influence free-flow speed. A decrease in the posted speed limit  from 50km/h to 40km/h 
led to a reduction of 1.6km/h in the mean free-flow speed. Then, an increase in posted speed 
limit  from 50km/h to 60km/h led to an increase of 2.6km/h in the mean free-flow speed. Another 
study that revealed different responses depending on the traffic intervention was performed by 
Goralzik and Vollrath (2017). This study found that speed limit  compliance is dependent on the 
level of the speed limit  on simulated German urban roads. Also, participants of the experiment 
revealed that driving speed was reduced when the roadway became narrower or curved on a 
50km/h-road but did not respond to these changes under a 30km/h speed limit.   

Throughout the Netherlands, approximately 55% to 60% of vehicles exceed the speed limit  on 
roads with a speed limit  of 50, 60 and 70 km/h. Then, on 30km/h roads throughout Europe these 
estimates range from 62% to 90% (SWOV, 2021). It could be motivated that these estimates are 
higher on GOW30, since these roads are primarily converged from GOW50 with characteristics 
that encourage higher driving speeds.  Also, research by Goralzik & Vollrath (2017) found that 
drivers show different behaviour on 50km/h- and 30km/h-roads. This study was aimed at 
estimating differences in driving speed with different road curvatures for 30- and 50km-roads. 
The results showed that driving speed did not change when road curvature and lane width were 
varied on 30km-h roads, but did change on 50km/h-roads. This implies that in order for driving 
speeds to be influenced on 30km/h-roads, other measures should be taken. In addition to this, 
Distefano, N. & Leonardi, S. (2019) motivate that simply lowering speed limits  from 50km/h to 
30km/h in urban areas, may not achieve the desired effect unless combined with information 
campaigns and police enforcement. A recent example of a road in Rotterdam, the Netherlands, 
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that was converted to a GOW30 but still faces speeding issues is the Walenburgerweg. According 
to Merkelbach et al. (2023a), after the redesign, the V85 speed decreased from 41.2 km/h to 39.3 
km/hуstill exceeding the intended limit. The changes to the road included adding cycling lanes, 
introducing speed-reducing plateaus, and removing the centerlines, but these measures have 
not fully curbed speeding. 

In order to test whether speed limits  are credible, the Veilige Snelheden, Geloofwaardige 
Snelheidslimieten (VSGS)  method is used. In 2022, Kint et al. tested the validity of this model. 
Their findings were that only road width and straight alignment can explain the free-flow velocity 
of traffic.  Other variables in this method correlate with each other and cannot explain free flow 
speed on their own. In table 1, factors that influence speed limit  credibility  are mentioned per 
source.  

Table 1: Mentioned measures according to source. 
ÉŸƨƖĦĲ ~ĲċƚƨƖĲƚ EǭĲĦƣƚ 
ċƖƣƚШѼШéċŰШ
ÉĦőċŊĲŰШ
ыΞΜΜΣь 

¶ ìŔĬĲШƖŸċĬƚ 
¶ EůĲƖŊĲŰĦǃШũċŰĲƚ 
¶ [ĲƽĲƖШĦƨƖƻĲƚ 
¶ ÉůŸŸƣőШƖŸċĬШƚƨƖŉċĦĲƚ 
¶ 9ũĲċƖШƖŸċĬШůċƖťŔŰŊƚ 
¶ [ĲƽĲƖШĤƨŔũĬŔŰŊƚ 
¶ xĲƚƚШŊƖĲĲŰĲƖǃ 

¶ ũũШŸŉШƣőĲШůĲŰƣŔŸŰĲĬШůĲċƚƨƖĲƚШ
ŔŰĦƖĲċƚĲШĬƖŔƻŔŰŊШƚƓĲĲĬƚ 

9Å§ìЮШ
ыΞΜΞΝь 

¶ ?ĲŰƚŔƣǃШŸŉШƚƨƖƖŸƨŰĬŔŰŊШ
ĤƨŔũĬŔŰŊƚ 

¶ ÅŸċĬШƚƨƖƖŸƨŰĬĲĬШĤǃШ
ĲĬƨĦċƣŔŸŰċũШĤƨŔũĬŔŰŊƚШŸƖШƚőŸƓƚ 

¶ ÅŸċĬШƽŔĬƣő 
¶ ÅŸċĬШőċƖĬĲŰŔŰŊ 
¶ ÂƖĲƚĲŰĦĲШŸŉШƚƓĲĲĬĤƨůƓƚ 
¶ xĲŰŊƣőШŸŉШƚƣƖċŔŊőƣШċũŔŊŰůĲŰƣ 

¶ ШőŔŊőĲƖШĬĲŰƚŔƣǃШũĲċĬƚШƣŸШũŸƽĲƖШƚƓĲĲĬƚ 
¶ ÑőĲШƓƖĲƚĲŰĦĲШŸŉШĲĬƨĦċƣŔŸŰċũШĤƨŔũĬŔŰŊƚШ
ŸƖШƚőŸƓƚШƖĲĬƨĦĲƚШƚƓĲĲĬƚ 

¶ ìŔĬĲШƖŸċĬƚШŔŰĦƖĲċƚĲШƚƓĲĲĬ 
¶ ƚƓőċũƣШŔŰĦƖĲċƚĲƚШƚƓĲĲĬШƽőĲƖĲċƚШ
ĤƖŔĦťƚШĬĲĦƖĲċƚĲШƚƓĲĲĬ 

¶ ÉƓĲĲĬĤƨůƓƚШĬĲĦƖĲċƚĲШƚƓĲĲĬ 
¶ ÑőĲШũŸŰŊĲƖШƣőĲШƚƣƖċŔŊőƣШőŸƖŔǍŸŰƣċũШ
ċũŔŊŰůĲŰƣЯШƣőĲШőŔŊőĲƖШƣőĲШĬƖŔƻŔŰŊШ
ƚƓĲĲĬƚ 

?ŔƚƣĲŉċŰŸШѼШ
xĲŸŰċƖĬŔШ
ыΞΜΝΦь 

¶ ÉƓĲĲĬШƣċĤũĲƚ 
¶ 9őŔĦċŰĲƚ 
¶ ÅŸċĬШŰċƖƖŸƽŔŰŊ 

¶ ÑőĲШƓƖĲƚĲŰĦĲШŸŉШƚƓĲĲĬШƣċĤũĲƚЯШ
ĦőŔĦċŰĲƚШċŰĬШƖŸċĬШŰċƖƖŸƽŔŰŊШ
ƓŸƚŔƣŔƻĲũǃШŔůƓċĦƣШƣőĲШũŔťĲũŔőŸŸĬШŔŰШ
ƓĲĬĲƚƣƖŔċŰШŔŰŢƨƖŔĲƚЯШƖċŰŊŔŰŊШŉƖŸůШΟΟӖШ
ŉŸƖШƖŸċĬШŰċƖƖŸƽŔŰŊШƨƓШƣŸШΡΜӖШŉŸƖШƚƓĲĲĬШ
ƣċĤũĲƚШŔŰШ9ċƣċŰŔċЮШ 

uŔŰƣШĲƣШċũЮШ
ыΞΜΞΞь 

¶ 9ƖŸƚƚШċũŔŊŰůĲŰƣ 
¶ ÅŸċĬШƽŔĬƣő 
¶ ÅŸċĬШƻŔĲƽ 
¶ ?ĲŰƚŔƣǃШŸŉШƣőĲШĲŰƻŔƖŸŰůĲŰƣ 
¶ xĲŰŊƣőШŸŉШƚƣƖċŔŊőƣШċũŔŊŰůĲŰƣ 
¶ EŰƻŔƖŸŰůĲŰƣШыũċŰĬШƨƚĲШċŰĬШ
ĤƨŔũĬŔŰŊШƣǃƓĲь 

¶ ÂċƖťŔŰŊШċŰĬШƓċƖťŔŰŊШĦőċŰŊĲƚ 
¶  ƨůĤĲƖШыŸƖШƚőċƖĲьШŸŉШ
ĦŸůƓċŰŔĲƚ 

¶ ?ĲŰƚŔƣǃШŸŉШŔŰƣĲƖƚĲĦƣŔŸŰƚ 
¶ ÑǃƓĲШŸŉШƖŸċĬШőċƖĬĲŰŔŰŊ 
¶ ÂƖĲƚĲŰĦĲШŸŉШĦǃĦũŔŰŊШũċŰĲƚ 
¶ ÉƓĲĲĬШƖĲĬƨĦĲƖƚ 
¶ ÉĲƓċƖċƣŔŸŰШŸŉШĬƖŔƻŔŰŊШ
ĬŔƖĲĦƣŔŸŰƚ 

¶ ÑƖċǭŔĦШŔŰƣĲŰƚŔƣǃ 

¶ ?ŔƖĲĦƣŔŸŰƚШŰŸƣШůĲŰƣŔŸŰĲĬ 
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~ĲƖťĲũĤċĦőШ
ĲƣШċũЮШ
ыΞΜΞΟĤь 

¶ ÉůŸŸƣőŰĲƚƚШŸŉШƖŸċĬШƚƨƖŉċĦĲ 
¶ ÅŸċĬШƽŔĬƣő 
¶ ÅŸċĬШũŔŰŔŰŊ 
¶ ]ƖĲĲŰĲƖǃШƚƨĦőШċƚШƓũċŰƣĲƖƚШŸƖШ
ĬĲĦŸƖċƣŔŸŰ 

¶ fůċŊĲƚШŸŉШƓĲŸƓũĲШŸƖШůŸƻŔŰŊШ
ĲũĲůĲŰƣƚШċũŸŰŊШƖŸċĬƚ 

¶ ìċŔƣŔŰŊШċƖĲċƚШŉŸƖШŸŰĦŸůŔŰŊШ
ƣƖċǭŔĦ 

¶ ÂƖĲƚĲŰĦĲШŸŉШǍĲĤƖċШĦƖŸƚƚŔŰŊƚ 
¶ ÂƖĲƚĲŰĦĲШŸŉШċШĦĲŰƣƖċũШ
ƖĲƚĲƖƻċƣŔŸŰ 

¶ ~ŔǂĲĬШƣƖċǭŔĦ 

¶ ƚƓőċũƣШŔŰĦƖĲċƚĲƚШƚƓĲĲĬШƽőĲƖĲċƚШ
ĤƖŔĦťƚШĬĲĦƖĲċƚĲШƚƓĲĲĬ 

¶ ÉůċũũШƽŔĬƣőШũĲċĬƚШƣŸШũŸƽĲƖШƚƓĲĲĬƚ 
¶ 9ĲŰƣƖċũШũŔŰŔŰŊШŔŰĦƖĲċƚĲƚШƚƓĲĲĬƚ 
¶ ÂũċŰƣĲƖƚШŸƖШŊƖĲĲŰШĤŸƖĬĲƖƚШƣőċƣШƖĲĬƨĦĲШ
ƖŸċĬШƽŔĬƣőШĦċŰШƖĲĬƨĦĲШƚƓĲĲĬƚ 

¶ ÑőĲШƓƖĲƚĲŰĦĲШŸŉШŔůċŊĲƚШċŰĬШůŸƻŔŰŊШ
ĲũĲůĲŰƣƚШĬĲĦƖĲċƚĲƚШƚƓĲĲĬ 

¶ ìċŔƣŔŰŊШċƖĲċƚШĬĲĦƖĲċƚĲШƚƓĲĲĬ 
¶ üĲĤƖċШĦƖŸƚƚŔŰŊƚШĬĲĦƖĲċƚĲШƚƓĲĲĬ 
¶ ШĦĲŰƣƖċũШƖĲƚĲƖƻċƣŔŸŰШŔŰĦƖĲċƚĲƚШƚƓĲĲĬƚ 
¶ ШőŔŊőШƣƖċǭŔĦШůŔǂШĬĲĦƖĲċƚĲƚШƚƓĲĲĬ 

ÑőŸůƓƚŸŰШ
ĲƣШċũЮШыΞΜΜΣь 

¶ ÑƖċŰƚƻĲƖƚĲШƖƨůĤũĲШƚƣƖŔƓƚ ¶ ÑƖċŰƚƻĲƖƚĲШƖƨůĤũĲШƚƣƖŔƓƚШũŸƽĲƖШĬƖŔƻŔŰŊШ
ƚƓĲĲĬƚШƚŔŊŰŔǯĦċŰƣũǃЯШőŸƽĲƻĲƖШƣőŔƚШŔƚШ
ũĲƚƚШŸƖШĲƕƨċũШƣŸШΝЮΣťůоőШŸŰШƖƨƖċũШ
őŔŊőƽċǃƚЮ 

òċŸШĲƣШċũЮШ
ыΞΜΞΜьЮ 

¶ ?ĲŰƚŔƣǃШŸŉШƚƨƖƖŸƨŰĬŔŰŊШ
ĤƨŔũĬŔŰŊƚ 

¶ ìŔĬƣő 
¶ ÉůŸŸƣőШƖŸċĬШƚƨƖŉċĦĲ 
¶ éĲŊĲƣċƣŔŸŰ 
¶ ÅŸċĬШůċƖťŔŰŊƚ 
¶ fŰĦƖĲċƚŔŰŊШƖŔƚťШƓĲƖĦĲƓƣŔŸŰ 

¶ cŔŊőĲƖШĬĲŰƚŔƣǃШũĲċĬƚШƣŸШũŸƽĲƖШƚƓĲĲĬƚ 
¶ ÉůċũũШƽŔĬƣőШũĲċĬƚШƣŸШũŸƽĲƖШƚƓĲĲĬƚ 
¶ ÉůŸŸƣőШƚƨƖŉċĦĲШŔŰĦƖĲċƚĲƚШƚƓĲĲĬ 
¶ xĲƚƚШƻĲŊĲƣċƣŔŸŰШũĲċĬƚШƣŸШőŔŊőĲƖШƚƓĲĲĬƚ 
¶ 9ũĲċƖШƖŸċĬШůċƖťŔŰŊƚШŔŰĦƖĲċƚĲШƚƓĲĲĬ 
¶ ШőŔŊőĲƖШƖŔƚťШƓĲƖĦĲƓƣŔŸŰШĬĲĦƖĲċƚĲƚШ
ƚƓĲĲĬ 

 

 
Little is known about the effectiveness of these measures in the context of GOW30 roads. These 
roads are unique because they were originally designed for a speed limit  of 50 km/h and have 
since been modified to accommodate a lower speed limit  of 30 km/h. This means that the 
existing road infrastructure must be adapted to enhance speed limit  credibility  and alter driversќ 
habitual speeds. Given that GOW30 is a relatively new concept, its impact on traffic  safety, driver 
satisfaction, and overall livability remains largely unexplored (Goudappel, n.d.). 
 
As shown in table 1, few of these measures are considered sustainable. While vegetation, 
greenery, and planters are mentioned as potential  factors that influence driving behaviour, their 
actual effectiveness in reducing driving speeds in urban settings is not well understood in 
practice. Additionally, it is unclear whether different types of vegetation vary in their ability to 
influence driving behaviour. Understanding how these environmental elements contribute  to 
speed reduction and their relative effectiveness is an area that requires further investigation. 
 

2.2 Sustainable measures and road safety  
To elaborate on the relation between sustainable measures and road safety, first the definition 
of sustainability needs to be defined. According to the United Nations (1987), sustainability is 
defined as meeting the needs of the present without compromising the ability of future 
generations to meet their own needs. In an urban context, this could mean mitigating heat stress 
and reducing pollution  for healthy living conditions.  

However, sustainable measures and road safety do not always go hand-in-hand. Think for 
example of standards developed with regards to tree placement along roads, for which minimum 
distances between road surface and tree placement should be considered. If these standards 
are not respected, view on the roadside is reduced and collision probability with these trees is 
increased. The existence of these standards was recently supported by Cheng et al. (2020), who 
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found that a larger the spacing of trees and a smaller diameter of these trees reduce injury risk of 
car drivers.  In addition to this research on injury risk for car drivers, Zhu et al. (2022) found that 
pedestrian injury decreases with increased density and tree canopy cover. This is likely due to 
reduced exposure risk to trees, since these trees act as a barrier between cars and pedestrians. 

Another source that investigated the impact of curb-side trees in a (sub)urban environment is 
Naderi et al. (2006). In this study, a four-scenario driving simulation was conducted on 31 
participants.  These scenarios varied in landscape (urban and suburban) and presence of trees 
along the road (absent and present). Results indicated that people perceived suburban streets 
with trees as most safe (4.45 on a scale from 0 to 6) and urban streets without trees as least safe 
(3.38 on a scale from 0 to 6). Furthermore, the addition of curbside trees on suburban streets 
significantly increased driver perception of spatial edge and reduced driving speeds with 4.87 
km/h. Sample size however was too small to provide conclusive insights and speed differences 
for the other scenarios could not be estimated.  

Then, placement and presence of trees have also been shown to reduce driving speeds on rural 
roads by Fitzpatrick et al., (2014). This real-life study in Massachusetts revealed that utility  poles 
and vegetation density reduce car driving speeds significantly with an average speed reduction 
of 2 mph on highways. In addition to this study, a simulation study based on the highway 
experiment in Massachusetts (Fitzpatrick et al., 2016) found that the width of the clear zone was 
observed to influence driving speed. Drivers tended to drive closer to the center when the clear 
zone was narrower and there were no significant differences in tangential positions based on 
varying vegetation densities. The study examined six combinations of clear zone width and 
vegetation density, focusing on trees and their placement along highways. It was noted that 
vehicle positioning was significantly affected by clear zone width and vegetation density on left 
curves and tangents, but not on right curves, likely due to better visibility on the left side. 

Another driving simulator study on the effects of trees on driving speed and lateral position for 
two-lane rural roads (Calvi, 2015) found that driver performance was influenced by tree 
configurations. The findings revealed that drivers used roadside trees as guidance while also 
considering the potential hazards these trees posed. When trees were distant at a 4.0 meter 
offset, drivers prioritized the sense of direction provided by the trees and increased their speeds, 
similar to the findings of Naderi et al. (2008). However, as trees came closer to the road edge with 
a 1.5 meter offset, drivers perceived them as risky obstacles, prompting them to slow down and 
veer away from these objects.  

Also, in this experiment the spacing of trees was found to have an impact on driving speed. Here, 
the author refers to the concept optical  flow as a potential cause. The concept of optical  flow 
states that the distribution  of objects along a road influence the patterns of light perceived by the 
human eye. If the speed of this pattern is increased, this indicates a faster driving speed. The 
findings in the study by Calvi (2015) exclusively considered large diameter trees within flat grass 
areas for the clear zone.  

Based on the findings from Fitzpatrick et al. (2014, 2016) and Calvi (2015), the tree offset along a 
road influences driving behaviour. This effect cannot be explained by the density of the 
vegetation, which was defined as the number of trees on a given surface. Recent insights by Wu 
et al. (2023) further add to this knowledge with insights from a study on transition zones from 
rural to small town roads. Namely, it was found that a narrow road, narrow road with short 
vegetation, normal lane with tall  vegetation in different spacings had an effective speed reducing 
effect. Despite these previous insights, it still  remains unclear how driving behaviour is 
influenced by greenery in the urban context. 
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2.3 Conclusion 
Limited knowledge exists regarding the performance of various measures on GOW30, which are 
unique because previously they primarily were GOW50, with a 50km/h speed limit. This means 
that effective measures need to enhance speed limit credibility and alter habitual driving speeds. 
Non-governmental organizations emphasize that there is a necessity for additional information 
on the effects of infrastructural changes on traffic safety for GOW30. 
Furthermore, governments and municipalities strive to achieve sustainable development goals, 
yet many measures lack sustainability. Then, it has been shown that sustainable measures such 
as placing trees along roads increase the severity of injuries in case of a collision between a car 
and a tree. But, placing trees in between the road and the sidewalk is shown to reduce pedestrian 
injuries. This stresses that balancing safety and sustainability is crucial to achieve future-proof 
cities.  
 
Understanding the effects of sustainable measures on driving behaviour is paramount, 
considering that driving behaviour is of large influence in traffic accidents (McCarty & Kim, 2024). 
Also, when changing road infrastructure,  the concept of behavioural adaptation should be 
mentioned. This concept suggests that unintended behaviours may occur, such as increased 
driving speed in response to a safer road environment, as drivers perceive the area as less risky 
(Rudin-Brown & Jamson, 2013). An example of this is found in research by Andriesse, R. (2021), 
which showed that the presence of large trees, hedges, lampposts, and tall  facades forming 
lanes is associated with higher driving speeds. This is surprising, as these elements, being close 
to the road, should theoretically reduce the perceived road width and decrease speed. It is 
hypothesized that drivers may associate these features with more luxurious and typically wider 
streets. However, the relationship between the presence of trees, hedges, and lampposts, and 
speed limit  credibility in GOW30 zones remains unclear and is not addressed in policies or 
current practices. 
 
To do this, the relationship between the environment, speed limit credibility and driving speed 
needs to be quantified. This will improve safety and sustainability for urban environments, which 
is in line with safety and sustainability ambitions. In the next paragraph, the conceptual 
framework for this research is developed and explained.  
 

2.4 Conceptual framework 
As stated before, a factor that influences speeding behaviour is speed limit credibility. According 
to Schagen et al. (2006), a credible speed limit  is one that meets the expectations raised by the 
road characteristics and road environment, so that drivers are more inclined to comply with 
them.  

A theoretical model that explains the relationship between road characteristics and driver 
behaviour is the Task- Capability Interface model by Fuller, R. W. (2000). In this model, the author 
contrasts the capability of a driver with task demands. If the task demand is closer to the driver 
capability, a task will  be perceived as more difficult  (Fuller et al., 2008). Fuller (2000) proposes 
that drivers usually opt for a speed which leaves a margin of capability, which the driver can use 
if an increase in demand unexpectedly is needed. The inverse is also true, if the margin of 
capability is too high given the traffic situation, the driving speed will  increase. However, in the 
TCI model by Fuller (2000), the effect of a road environment on driving behaviour is not included 
explicitly, despite Schagen et al. (2006) having mentioned that speed limit  credibility is a result 
of the raised expectations by the road environment and road characteristics.  Road environment 
is therefore likely to influence driving behaviour as well. Furthermore, choosing a driving speed 
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and road position is a dynamic process, given a specific traffic  situation and driver preferences. 
This should be adequately addressed in a conceptual model that explains the relationship 
between the physical environment and the effect on driving behaviour. Based on Fuller (2000), 
Schagen et al. (2006) and Wickens et al. (2013), the below conceptual model was developed that 
represents the relations between factors that influence driving behaviour.  

 

 
Figure 3: Conceptual model on driving behaviour. Based on Fuller, R.W. (2000), Schagen et al. (2006) & Wickens C.D. et al. (2013) 

 

 

First, it is important to mention that the above model aims to illustrate  factors that relate to 
driving behaviour, where driving behaviour is defined as the longitudinal and lateral movements 
a driver makes. Then, it is important to mention that this research is not aimed at estimating a 
relation between driver capability and task demands. Fuller (2000) offers valuable insights in 
factors that contribute  to driving behaviour, such as that driver capability is limited by human 
factor variables and experience. Here, human factor variables such as fatigue, stress and 
emotional state have a direct impact on decision and response of a driver. The inclusion of 
human factor variables is further motivated by Davidse et al. (2010). In a literature study on status 
recognition, physiological state is motivated to be included as a part of driving behaviour. This is 
because physiological state is influenced by intoxication, tiredness and stress. Then, to account 
for speeding behaviour, individual driving style preferences should also be considered in the 
conceptual model on driving behaviour. This way, the conceptual model also includes a 
disposition to show risky traffic  behaviour or differences in driving behaviour amongst drivers. 
Other road users furthermore also play a role in the model of Fuller (2000). Think for example of 
cars driving in front of each other, influencing each ŸƣőĲƖќƚ speed or a sudden steering movement 
from a car that passes by, which influences lateral positioning of the car next to this. 
Furthermore, ŸŰĲќƚ driving behaviour also impacts other road users, which is why a loop between 
driving behaviour, other road users and driver decision and response can be seen.   
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Finally, the relationship between road environment and expectations as mentioned by Schagen 
et al. (2006) is included too. Here, expectations are built  upon experience such as education, 
training and years of driving experience, often also dependent on age. For example, literature has 
shown that differences exist in driving behaviour among different age groups. According to SWOV 
(2021), younger drivers, particularly those aged 18-24, are 4.5 times more likely to be involved in 
traffic accidents compared to more experienced drivers aged 30-65. The primary factors 
contributing to this increased risk include lower driving experience, the tendency for younger 
drivers to operate older vehicles, and the fact that the part of the brain responsible for risk 
regulation is not fully developed until the age of 25. Similar findings stem from Abdel-Aty, Chen, 
& Schott (1998), who found that driver age has a statistically significant impact on injury severity. 
Especially drivers in the age groups 15-19 years old and 20-24 years old speed more often, 
leading to a higher traffic incident risk. 

Then, according to Wickens C.D. et al. (2013), human information processing is a complex 
system that processes information and chooses a response based on formed expectations and 
previous experiences. This could motivate why it might be more difficult  for car drivers to adapt 
their speed on a road that is converged from a GOW50 road to a GOW30 road; if a road 
environment does not match the expectations, a speed limit  is not perceived as credible. Here, 
the concept of self-explaining roads is also relevant. A self-explaining road is characterized by its 
structural  safety, which is influenced by two key factors: self-explaining properties and inherent 
safety. Self-explaining properties refer to design features that align with the expectations of road 
users, while inherent safety involves reducing potentially dangerous encounters (Theeuwes & 
Godthelp, 1995). Therefore, road design should consider human capacity limitations,  as 
proposed by the principles of Sustainable Safety. Rather than individual objects or environments, 
people store an abstract representation of the world containing typical properties. Consistency 
in the physical appearance of objects and environments is crucial for ensuring coherence in how 
individuals perceive and navigate their surroundings. Only this way roads correspond to the 
formed expectations, which leads to speed limit  credibility.   
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3 Methodology  
This chapter outlines the methodology employed in this study. First, the recruitment process in 
accordance with TU Delft guidelines is explained. Next, the chosen research method is further 
clarified, highlighting how driving behaviour data was safely collected in a controlled simulation 
road environment. In subsection 3.4, the experimental procedure is explained which was 
followed up by questionnaire in subsection 3.5. Finally, the data collection  method is mentioned 
in 3.6. This chapter comes to a close with paragraph 3.7, which explains the data analysis 
approach.  

3.1 Participants 
A total of 47 participants participated in this study. These participants were recruited through 
advertisements on social media, at the Witteveen + Bos office in Rotterdam, the Netherlands and 
on the TU Delft campus in Delft, the Netherlands. All participants were required to hold a valid 
ĬƖŔƻĲƖќƚШũŔĦĲŰƚĲШċŰĬШĤĲШŉƖĲĲШŸŉШċŰǃШůĲĬŔĦċũШĦŸŰĬŔƣŔŸŰƚШƣőċƣШĦŸƨũĬШƓŸƚĲШċШƖŔƚťШĬƨƖŔŰŊШƣőĲШƚŔůƨũċƣŔŸŰШ
experiment, as outlined by Anses (2021). Such risk factors include pregnancy, susceptibility to 
migraines, motion sickness, and epilepsy. These risks were clearly communicated to potential 
participants in the recruitment materials, as detailed in Appendix E: Recruitment advertisement. 

Prior to participation,  all participants signed an informed consent form which made participants 
once again aware of the risks. This informed consent form received approval from the TU Delft 
Human Research Ethics Committee (2023), as detailed in Appendix F: Instructions and informed 
consent form. In case of experiencing nausea, dizziness or eye strain that severely impacted the 
wellbeing of participants,  they were able to quit the experiment. This happened in 2 cases, which 
are left out from the sample since their results were impacted by these symptoms. Also, a 
participant who did not disclose their gender was left out from the sample. 
 

3.2 Driving simulator  
The chosen method for this study is a driving simulator experiment, followed by a survey. A driving 
simulator allows for a controlled environment whilst minimizing exposure to real-life risk in 
traffic. It should be taken into consideration that the face validity of driving simulators is a widely 
discussed topic. For example, de Winter et al. (2012) mention that the elimination of exposure to 
real-life traffic risk is eliminated in driving simulator experiments, which gives participants a false 
perception of safety. In a recent study by Wynne et al. (2019), simulation fidelity is influenced by 
field of view, with low field of view simulators not being able to achieve validity for line crossing 
behaviour. Also, drivers may engage in riskier behaviour since minimal consequences follow as 
a result of noncompliance. These limitations will further be mentioned in the discussion of the 
results. 

The experiment was conducted using two fixed-based driving simulators located at the Faculty 
of Civil Engineering and Geosciences at TU Delft and the Witteveen + Bos office. At the Faculty of 
Civil Engineering, the simulator setup included three 4K high-resolution screens, providing 
approximately 180-degree vision. The setup also featured the Fanatec BMW Clubsport V2 
steering wheel and Fanatec ClubSport V3 pedals. For the simulation at the Witteveen + Bos 
ŸŉŉŔĦĲЯШċШ9Ñ§Ö9cШÅŔƻċШΠuШΣΡњШƣŸƨĦőƚĦƖĲĲŰШƽċƚШƨƣŔũŔǍĲd, along with the Playseat Evolution ActiFit 
and Logitech G920 Driving Force controllers. The use of two different simulators allowed for a 
higher number of participants, as the experiment was conducted primarily during vacation 
periods in the Netherlands.  
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To maintain consistency between the two setups, the view was adjusted in both simulators to 
make them as comparable as possible. It is worth noting that while the touchscreen offers a 
larger overall display and a broader view of the environment, the view is approximately 120 
degrees. This is not expected to have influenced the outcomes of the driving simulation, as the 
task did not involve lane-changing behaviour, but should be considered in the analysis of the 
results. 

Figure 4: Driving simulator of the faculty of Civil Engineering and  
Geosciences at TU Delft. 

 

3.3 Simulation design 

3.3.1 Case: Zaagmolenstraat 

To evaluate the effectiveness of sustainable measures for GOW30 roads, an existing road was 
selected as a test site. The chosen road for the analysis is the Zaagmolenstraat in Rotterdam, the 
Netherlands, which is a road with accident hotspots according to Smart Traffic Accident 
Reporting (2024) and the municipality of Rotterdam. This street is situated in highly urbanized 
environment and accommodates various types of traffic, including trucks, cars, and vulnerable 
road users such as cyclists and pedestrians. According to an interview with employees from the 
municipality of Rotterdam, primary reasons for these high incident numbers are the presence of 
public transport, the high population density and parking spaces. No clarity can be given with 
regards to the nature of the accidents.  

 

Figure 5: Driving simulator at Witteveen + Bos 
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Figure 6: Cross-section based on the Zaagmolenstraat. (designed with Streetmix) 

The above image presents a cross-section of Zaagmolenstraat. As can be seen in the image, 
multipl e traffic modes are present such as vulnerable road users, public transport and motorized 
vehicles. Since this road is a public transportation route, the road width is approximately 6 
meters. Furthermore, parking spaces have a width of approximately 2.6 meters. The remainder 
of the space is designated for pedestrians, which is often narrower than 1.8 meters. This is too 
narrow according to guidelines of CROW (2023a),  which recommend a sidewalk width of 
minimally 1.8 meters to ensure adequate passing of wheelchairs and oncoming pedestrians. 
Since the built-environment cannot be changed, the incorporation of sustainable features would 
directly reduce space for other traffic modes on the Zaagmolenstraat. Consequently, lane width 
is also not a variable that can be easily adjusted in real-world scenarios on this road. However, 
given that lane width is an effective variable in reducing driving speeds, this will be varied in the 
simulated environment to ensure wider applicability of the derived results.  

3.3.2 Road environment in the experiment 

Since this research is aimed at investigating the influence of greenery in the context of GOW30 
roads, this provides a direction for the simulated environment. To develop the road designs, the 
simulated environment was modeled after a high-density urban area with buildings of 3 to 4 
stories, similar to those found in Rotterdam and other Dutch cities where the GOW30 policy is 
implemented. The building types were the same for each road segment, but placement was 
randomized across all scenarios.  
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3.3.3 Road design in the experiment 

The previous chapter has shown that road width is a key factor influencing driversќ speed 
choices, making it a crucial variable in the simulation experiment. To test which variables would 
be most promising to investigate, a preliminary survey was conducted on 42 participants, who 
did not necessarily take part in the driving simulator experiment. This survey let participants 
evaluate multiple types of greenery, parking height and statements with regard to road design. 
This survey is presented in Appendix B: Survey on road designs. In this survey, more than 90% of 
respondents mentioned that increased road width would lead them to drive faster.  

To explore this finding, road width will be varied at two levels in the experiment: a narrow 
configuration with a lane width of 3 meters and a wide configuration with a lane width of 3.5 
meters. Based on the guidelines developed by CROW (2023a), the minimum road width for a road 
with a segregated bicycle path and two-way motor vehicle traffic is 9.2 meters, without central 
axis marking. This road type furthermore comprises two cycling paths of at least 1.7 meters width 
and a lane width for motor traffic of at least 5.8 meters. However, this lane width is considered 
too narrow if the road is a public transport route, as it may not allow for the safe passing of 
vehicles. If this road is a public transport route and falls in the ETW30 category, the preferred 
minimum lane width is 6.5 meters. If the road falls in the GOW50 category, it is 7 meters. Careful 
consideration is needed when choosing road widths, as wider roads can undermine the 
credibility of a 30 km/h speed limit. Therefore, it is recommended to adopt the road width 
standards for ETW30 to maintain speed limit credibility.  

In the experiment, these findings leads to a road width of 6 meters for narrow roads and a road 
width of 7 meters for a wide road. The chosen road widths are thus representative, since GOW30 
applies to roads that are either ETW30 and GOW50. Parking spaces have standardized sizes 
regardless of the road category: approximately 2 meters in width and 5.5 meters in length (TU 
Delft OCW, 2024).  

Other variables of interest are traffic signs: the traffic sign A1-30 has to be repeated after each 
crossing. The road sign A1-30zb could be posted along the roads as well, but only upon entering 
a zone with a 30-km/h speed limit (CROW, 2023a). This way, a clear distinction between ETW30 
and GOW30 can be made by road users. However, to ensure consistency in each scenario, the 
former option is chosen.  
 

  
 
  
 
 
 
 
 
 
 
 

 

         Figure 7: A1-30 From: TrafficSupply (2024).                                                Figure 8: A1-30zb. From Traffic Safety Systems. (2024) 
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3.3.4 Greenery types in the experiment 

To determine the appropriate greenery types for the road environment, insights were gathered 
through interviews with three road designers from Witteveen + Bos and two mobility specialists 
from the municipality of Rotterdam. These insights were incorporated in the survey on road 
designs as well.  

According to the interviews with the road designers and mobility specialists, greenery options 
include grass, hedges, marram grass, or trees with a maximum height of 4 meters for the 
Zaagmolenstraat. This is practically relevant, since tram catenaries are present. The experts also 
revealed that several criteria must be considered when selecting the appropriate type of greenery 
for urban roads. Firstly, the greenery should be aesthetically pleasing and well-suited for the built 
environment, taking into account factors such as size and whether the leaves have the potential 
to bleed color, which can create spots on the road. Additionally, the placement of trees should 
not obstruct visibility around (pedestrian) crossings, to ensure that road users can anticipate 
other traffic effectively. In a dense urban environment, only trees that grow vertically both above 
and below ground can be selected. Suitable examples include Populus, Conifers, and Cypress 
trees. In areas where there are no parking spaces, green strips with varying grass heights can also 
be incorporated to enhance the road environment. 

Potential redesigns that focus on durability for the Zaagmolenstraat might include elevated 
parking spaces that are alternated with trees. This corresponds to the concept of shared space, 
since pedestrians share space with parked cars. This approach would create the optical effect 
of a wider sidewalk for pedestrians while simultaneously narrowing the visual appearance of 
Zaagmolenstraat. In the next paragraph, the chosen configurations are explained together with 
findings from the survey that evaluated preferences of 42 participants.  
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3.3.5 Experimental design 

The beforementioned survey evaluated 32 developed designs, which can be found in Appendix 
B: Survey on road designs. All specific insights from this survey can be found in Appendix C: 
Survey results.  

First, when asked on differences in driving speeds between roads with level and elevated parking, 
39% of participants did not perceive any significant differences between the two road 
configurations. Meanwhile, 24.4% (10 respondents) observed a difference but indicated that it 
would not affect their driving speed. Conversely, 14.6% (6 respondents) reported a perceived 
difference and stated that they would drive faster, while 22% (9 respondents) reported that they 
would reduce their speed. To clearly see what the general effect is of elevated parking on driving 
speeds, this elevated parking is combined with two levels of road width. 

Regarding greenery placement on the right side of the road, both greenery height and planter size 
were tested. Short green strips adjacent to the road were perceived as chaotic, particularly when 
participants drove at higher speeds. In contrast, continuous long green strips along the entire 
road were well-received because they acted as a barrier between the road and the sidewalk, 
limiting pedestrian crossings. However, this approach was deemed impractical due to the need 
to provide informal crossing points for pedestrians. As a result, planters measuring 5 meters in 
length and 1.5 meters in width, spaced 5.5 meters apart, were chosen to balance aesthetics and 
practicality. These planters housed greenery with varying heights (grass, marram grass and 
Populus trees). 

For bilateral greenery, low or medium-height greenery between parking spaces was excluded, as 
this almost was invisible in the driving simulator experiment between parked cars. 
Consequently, only high greenery was tested between parking spaces. The planters for this 
greenery type measured 1.5 meters in length and 1.5 meters in width. Variations in the width of 
the greenery were also examined, as thicker greenery reduced visibility of the sidewalk. Survey 
results indicated that 92.7% of participants agreed that reduced visibility due to greenery 
resulted in slower driving speeds. 

These insights led to the configurations from table 2: Road segment configurations. This table 
illustrates that the designs vary across five main factors: road width (narrow and wide), parking 
space height (elevated and level), greenery placement (none, right side of the road and both side 
of the road) and greenery height (low, medium, and high). High greenery between cars was also 
tested at two width levels. The wider option, labeled љhigh+њ, featured trees that were twice as 
thick as the standard configuration. In each scenario, the greenery is placed in dedicated 
planters to ensure consistency in offset to the road and spacing between the greenery to be able 
to compare the impact of greenery to one another.  

All participants drove through a circuit, in which the order of segments was randomly determined 
ĤǃШ9őċƣ]ÂÑШƽŔƣőШƣőĲШŉŸũũŸƽŔŰŊШƓƖŸůƓƣаШљfШőċƻĲШċШŉĲƽШƖŸċĬШĦŸŰŉŔŊƨƖċƣŔŸŰƚШċũũШŰċůĲĬШĬŔŉŉĲƖĲŰƣũǃЯШ
please randomize the order: NE, NL, NLRL, NLRM, NLRH, NLBH, NLBH+, WE, WL, WLRL, WLRM, 
WLRH, WLBH and WLBH+. Start with two segments that start with љWњ, then follow by 7 
configurations starting with љNњ, followed by the remaining segments starting with љìњЮШÑőŔƚШ
prompt resulted in the circuit with the following order, as seen in table ΞаШĦŸũƨůŰШћÉĲŊůĲŰƣШŸƖĬĲƖШ
ŔŰШĦŔƖĦƨŔƣќЮ Here, each segment was 500 meters in length, similar to the Zaagmolenstraat. For 
reference, images of all segments have been included in Appendix D: Road segments. 
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Table 2: Road segment configurations 

ÅŸċĬШ
ƽŔĬƣő 

ÂċƖťŔŰŊ ]ƖĲĲŰĲƖǃШ
ƓũċĦĲůĲŰƣ 

]ƖĲĲŰĲƖǃШƣǃƓĲ 9ŸĬŔŰŊ ÉĲŊůĲŰƣШ
ŸƖĬĲƖШŔŰШ
ĦŔƖĦƨŔƣ 

 ċƖƖŸƽШ 
ыΣШ
ůĲƣĲƖƚь 

EũĲƻċƣĲĬШ 
ыҼШΝΡĦůь 

 ŸŰĲ  ŸŰĲ  E Σ 

xĲƻĲũ  ŸŰĲ  ŸŰĲ  x Ρ 
ÅŔŊőƣШƚŔĬĲШŸŉШ
ƣőĲШƖŸċĬ 

xŸƽШыŊƖċƚƚь  xÅx Ο 
~ĲĬŔƨůШыůċƖƖċůШŊƖċƚƚь  xÅ~ Υ 
cŔŊőШыÂŸƓƨũƨƚШƣƖĲĲь  xÅc Τ 

7ŸƣőШƚŔĬĲƚШŸŉШ
ƣőĲШƖŸċĬ 

cŔŊőШыÂŸƓƨũƨƚШƣƖĲĲь  x7c Φ 
cŔŊőҼШыƣƽŔĦĲШċƚШƣőŔĦťШ
ÂŸƓƨũƨƚШƣƖĲĲь 

 x7cҼ Π 

ìŔĬĲШ 
ыΤШ
ůĲƣĲƖƚь 

EũĲƻċƣĲĬ 
ыҼΝΡĦůь 

 ŸŰĲ  ŸŰĲ ìE ΝΝ 

xĲƻĲũ 
 

 ŸŰĲ  ŸŰĲ ìx ΝΟ 
ÅŔŊőƣШƚŔĬĲШŸŉШ
ƣőĲШƖŸċĬ 

xŸƽШы]Ɩċƚƚь ìxÅx ΝΠ 

~ĲĬŔƨůШы~ċƖƖċůШŊƖċƚƚь ìxÅ~ Ν 
cŔŊőШыÂŸƓƨũƨƚШƣƖĲĲь ìxÅc ΝΞ 

7ŸƣőШƚŔĬĲƚШŸŉШ
ƣőĲШƖŸċĬ 

cŔŊőШыÂŸƓƨũƨƚШƣƖĲĲь ìx7c Ξ 
cŔŊőҼШыƣƽŔĦĲШċƚШƣőŔĦťШ
ÂŸƓƨũƨƚШƣƖĲĲь 

ìx7cҼ ΝΜ 
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3.4 Experimental procedure 
First, participants were asked to sign the informed consent form. This form explained the context 
and purpose of this research. It also assured participants that their results would remain 
anonymous and instructed them to drive as they would in real-life situations. 

After signing the informed consent form, participants were seated in the driving 
simulator. They were asked to adjust their seating position and were given instructions on how to 
operate the simulator, including the use of the throttle,  braking pedal, steering wheel, reverse 
gear and indicator lights.  

Then, participants engaged in a preliminary training for 5 minutes to get acquainted with 
the simulator. In this training, the built -environment was similar to the built -environment of the 
experiment, however roadside vegetation was not similar to the final experiment, to minimize 
bias. Consecutively, participants were asked to turn left on a crossing, park a car in a parking 
space, exit this parking space, make a 360-degree turn and continue their ride with a constant 
driving speed. In this training, participants encountered oncoming traffic  after 2 minutes, with a 
frequency of 1 car per minute. Upon finalization of this training, participants had a 2-minute 
break. 

After the break, participants were once again instructed to drive as they normally would 
and to start the driving simulation experiment in which they drove through 14 road segments. At 
the beginning of each road segment, a 30 km/h sign was placed, in line with CROWќs (2023a) 
recommendations for GOW30. On each segment, participants encountered oncoming traffic 
with a low-frequency of 2 cars per minute, along with pedestrians standing at random places in 
order to mimic reality. These pedestrians did not cross the street, to minimize influence on driving 
behaviour. A stop sign was positioned at the end of each segment, serving as a point for 
participants to come to a complete stop and reset. At the end of scenarios 4, 7 and 11, 
participants turned right. Midway through the experiment (at the end of scenario 7), participants 
had a break of 5-minutes again, to reduce potential fatigue before resuming the simulation and 
driving as they would in real-life.  

3.5 Questionnaires 
Upon completion of the simulation experiment, participants were asked to fill in a questionnaire 
which comprised of four parts. This survey can be found in Appendix H: Post-experiment 
questionnaire The first part obtained information on their demographics and driving experience. 
The target variables of this part were age, gender, nationality, educational degree and their driving 
frequency per week. It should be noted that all data was made anonymous, in correspondence 
to guidelines of the Human Research Ethics Committee from TU Delft.   
 The second part of the questionnaire was aimed at the experience with the driving 
simulation, such as the extent to which participants experienced discomfort such as eye strain, 
disorientation and nausea on a 4-point scale ыљŰŸƣњ to љsevereњь based on the Simulation 
Sickness Questionnaire (Kennedy et al., 1993).       
 ÑőĲШƣőŔƖĬШƓċƖƣШŸŉШƣőĲШƕƨĲƚƣŔŸŰŰċŔƖĲШƽċƚШċŔůĲĬШċƣШĲƚƣŔůċƣŔŰŊШƓċƖƣŔĦŔƓċŰƣƚќШƓƖĲƚĲŰĦĲШĬƨƖŔŰŊШ
the drive. For this aim, items from the Presence Questionnaire by Witmer et al. (2005) were used 
that measured fidelity of the simulator, immersion in the experiment and the extent to which the 
experience felt similar to reality.         
 Then, ƣőĲШ ũċƚƣШ ƓċƖƣШ ŸŉШ ƣőĲШ ƕƨĲƚƣŔŸŰŰċŔƖĲШ ĲǂċůŔŰĲĬШ ƖĲƚƓŸŰĬĲŰƣƚќ relation to the 
sustainable measures with a mix of scaled, multiple choice and open questions. For example, to 
which extent drivers find greenery comfortable, which road designs have their preferences and 
the influence of greenery on their sense of safety. Furthermore, questions were asked on other 
variables such as the presence of cars along roads and how participants expect a centerlines to 
have an influence on their driving behaviour. Finally, respondents were given the opportunity to 
make final remarks and explain why certain roads were preferred.  



32 
 

3.6 Data collection 
In the experiment, the driving simulators collected driving trajectories with a frequency of 1Hz. 
The following variables were collected for the trajectories: driving speed [m/s], acceleration 
[m/s2] and car position in each direction (x, y and z). In order to filter out non-representative data 
as a result of colliding with other vehicles, collision times were also recorded.  

3.7 Analysis approach 
When analyzing the results of the driving experiment, several data analysis options are available 
such as an analysis of variance (ANOVA) and a Linear Mixed Model (LMM). Several criteria need 
to be considered when selecting a data analysis method. First, the appropriate method should 
account for the correlation between the results for each participant, since the road 
(environment) is varied 14 times throughout the experiment. Second, demographic variables are 
important to include in the model, since literature has shown multiple times that these variables 
influence driving behaviour. Third, the sample of this experiment is not random, since 
participants are recruited at specific locations.  

Given these criteria and complexity of data, a Linear Mixed Model (LMM) was chosen for the 
analysis. The LMM allows for the inclusion of various effects, such as participant, age, gender, 
weekly driving frequency, nationality, and educational degree. In addition to this, the dependent 
variable can be explained by the factors that were varied in the experiment: road width, parking 
height and greenery type. Elaboration on the categorization of these factors is explained in 
subsection 4.5: Data analysis. 

This approach allows for a more detailed analysis, capturing the complexities of the experimental 
design and the interrelated nature of the data. Furthermore, the method employed represents a 
state-of-the-art technique, previously utilized in the analysis of driving simulation tests (Rad et 
al., 2021). Since two driving simulators were used in this study, the results are analyzed in 
combination and separately. It is expected that this will lead to differences in outcomes, thus 
these outcomes are compared to each other.  
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4 Analysis and results 
In this chapter, the demographic statistics  of the experiment are presented in the following 
subsection. Then, the data filtering approach is explained in subsection 4.2, which is followed by 
the distribution  of driving speeds and lateral position in subsections 4.3 and 4.4. In paragraph 
4.5, linear mixed model analyses are performed for driving speeds and lateral position. Finally, 
the survey results are presented in subsection 4.6, which is of importance for the interpretation 
of the results from the linear mixed models.  

4.1 Demographic statistics of the experiment 
In this sub-section, the descriptive statistics with regards to demographics of the participants 
are presented. For the 44 participants in both simulators, the mean age was 30.87 years with  a 
standard deviation of 8.48. It can be seen that most participants drive on average less than 2 
hours per week. 30 of the participants identified as male and 14 as female. Furthermore, the 
majority of the sample is higher educated, no participants have a vocational education. Finally, 
two people in the sample have another nationality than Dutch. This is assumed to not influence 
ƣőĲШƖĲƚƨũƣƚШŸŉШƣőĲШxx~ќƚЯШƚŔŰĦĲШċũũШƓċƖƣŔĦŔƓċŰƣƚШƽĲƖĲШƖĲĦƖƨŔƣĲĬШŔŰШƣőĲШ ĲƣőĲƖũċŰĬƚЮ 

Figure 9: Distribution among participants based on personal characteristics (including TU Delft simulator) 
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4.2 Data filtering 
As mentioned in the previous chapter, participants drove through a circuit of 14 road segments 
with a length of 500 meters per segment. In this circuit, participants made a total of 4 right-turns 
and braked for zebra crossings. Also, each participant braked for a stopping sign at the end of 
each road segment. Since these handlings influence the average free-flow speed and average 
lateral position on the road, the data resulting from these actions need to be filtered from the 
dataset for the data to be reliable.  

ÉŔŰĦĲШĲċĦőШƓċƖƣŔĦŔƓċŰƣќƚШĬƖŔƻŔŰŊШbehaviour can vary widely, it is not feasible to establish concrete 
thresholds that would consistently identify and remove problematic data across all participants. 
Therefore, no fixed criteria are applied for data removal based on changes in speed or lateral 
position, recognizing the individual differences in driving patterns. 

With regards to data filtering, a balance needs to be found between improving the reliability of 
data, without significant loss of information and introducing selective bias to favor the developed 
hypotheses in chapter 2. In order to ensure a balance between improving the reliability, without 
significant loss of information and introducing selective bias, the below rules were developed: 

R1: For all scenarios, if a participant collides with another vehicle in the simulation, 
measurements from the collision up to the point where lateral positioning and driving speed 
stabilize are removed from the dataset. 

R2: In scenarios 1, 5, 8 and 11, the initial measurements are excluded, since these scenarios are 
preceded by right turns, which affect lateral positioning in the beginning of the road.  

R3: To eliminate braking patterns, any braking movement immediately before reaching a zebra 
crossing is assumed to be due to approaching the crossing. Data from this braking point until the 
passing of the crossing is removed. 

R4: If the speed profile immediately after passing the zebra crossing shows a new minimum or 
maximum compared to the profile before the crossing, this measurement is considered an 
anomaly. Data is excluded until the speed returns to the level of minimum or maximum driving 
speed before the crossing. 

R5: When data is removed based on either speed or lateral position, the corresponding data for 
the other measure is also removed to maintain consistency. 

In the following paragraphs, representative data was used to generate boxplots. This same data 
was used to perform the linear mixed model analyses for the derived metrics.  

 

 

 

 

 

 

 



35 
 

4.3 Distribution of driving speed per segment 
First, boxplots were generated for all segments of the combined datasets for the Witteveen + Bos 
simulator as well as the TU Delft simulator. As illustrated in the figure 7, the mean driving speeds 
in each scenario are consistently close to 30 km/h. Still, large outliers can be seen in almost all 
scenarios. The largest outlier can be seen in scenario WLRL, which is a scenario with a wide road 
and low greenery on the right side of the road. Notably, the lowest average driving speed occurs 
in segment NLBH+, which exhibits no outliers, suggesting a more uniform driving speed among 
participants. This scenario comprises a narrow road bordered by tall and dense greenery. This 
homogeneity is particularly relevant, as variations in driving speeds can influence road safety. 
Higher speed differentials between vehicles and high driving speeds are associated with higher 
accident risks, as found by research from Elvik (2014).  

For the data that is based only on the simulator at Witteveen + Bos, driving speeds are also close 
to 30km/h. The largest bandwidth can be seen in scenario WLRL, which is a wide road with low 
greenery on the right side. This illustrates that the participants in this sample also have their own 
driving speed preferences and sensitivity towards a change in roadside.  

In figure 8, which illustrates the boxplots for the Witteveen + Bos simulator, the mean driving 
speed in each scenario is consistently close to 30 km/h as well. The lowest average driving speed 
still occurs in segment NBLH+, suggesting again that thick Populus trees placed in between cars 
have a speed reducing effect. The second lowest average driving speed can be seen in scenario 
WLRM, which features a wide road flanked by medium-height greenery. Then, a smaller 
bandwidth can be seen in scenarios NLBH and WE, which suggests more homogeneous driving 
speeds in these scenarios. Finally, outliers are reduced for NLRL, WL and WLRL which are 
primarily scenarios with low greenery. To test whether these observations for driving speeds are 
significant, a linear mixed model is estimated, which can be found in paragraph 4.5. 
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Figure 10: Distribution of driving speeds per segment (including TU Delft simulation data, total observations: 616) 

 
Figure 11: Distribution of driving speeds per segment: Witteveen + Bos simulation (total observations: 560) 
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4.4 Distribution of driving position 
To get a clear insight into driving behaviour in general on the developed segments, boxplots have 
been generated to present the average driving position on the road for each segment. Here, a zero 
position indicates that car drivers position themselves in the center of their lane. Also, a positive 
lateral position indicates a right-position and a negative lateral position signifies a left-position.  

As can be seen in the below figures, participants were mostly driving on the left side of the lane 
on road segments with parked cars on both sides: NL, NE & WL. The same can be seen in 
scenarios with parked cars and trees placed in between cars: NLBH, NLBH+, WLBH and WLBH+. 
The most right-oriented driving behaviour can be seen in segment WLRH, which is a wide road 
with level parking and high greenery on the right side. 

Also, a high variety amongst participants in the metric can be seen in segments WLRM, NL, WLRL 
and WLRH, which could mean that participants each have a different sensitivity for objects along 
the road which influences their lateral positioning. In chapter 4.3, also a linear mixed effects 
model was estimated for lateral positioning on the road. Then, in chapter 5, these results will be 
discussed together with the findings of the linear mixed model for driving speeds, since it is likely 
that proximity to an object along a road segment and driving speed on that road segment 
influence each other. For the TU Delft driving simulator, narrow roads (e.g., NL, NE, NLRL) tend 
to have wider distributions with drivers positioning further from the centerlines. In contrast, wide 
roads (e.g., WL, WLRL, WLRM) display more centralized positioning, indicating that drivers are 
generally more centered or closer to the centerlines. The effect of greenery, especially high or 
dense greenery (e.g., љNLRH,њ љNLBH+њ), also appears to influence lateral positioning, pushing 
drivers slightly further away from the centerlines compared to scenarios without greenery. The 
variance in lateral position across different road conditions suggests that road width, elevation, 
and greenery type all play significant roles in how drivers choose their position relative to the 
centerlines. 
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Figure 12: Distribution of driving position per segment (including TU Delt simulation data, total observations: 616) 

 

Figure 13: Distribution of driving position per segment: Witteveen + Bos simulation (total observations: 560) 
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4.5 Data-analysis 
As indicated by the boxplots in paragraphs 4.3 and 4.4, driving speeds and lateral positioning vary 
across scenarios, exhibiting different bandwidths and averages. To determine whether these 
differences are statistically significant from the base scenario, Linear Mixed Effect Model 
analyses were performed with R. First, the estimated L~~ќƚШwill be explained for average driving 
speeds per segmentЮШ[ŸũũŸƽŔŰŊШƨƓЯШƣőĲШx~~ќƚШŉŸƖ average lateral positioning on the road. 

In total, four LLMs were estimated: driving speed and lateral position are estimated for the 
combined dataset (including participants from TU Delft) and for the dataset excluding these 
participants. For all models, a random intercept was included for participants. A random 
intercept accounts for correlations between observations for each participant, varying by 
individual. In other words, some participants may naturally drive faster or prefer different 
positioning compared to others, even when road environment and other conditions are held 
constant. This random intercept estimated a difference for each participant based on the 
regression-line, providing a more accurate estimate of the effects of the experimental variables.  

In addition to the random intercept, each model included a random slope per segment. This 
choice was made since it is expected that drivers each have a different sensitivity towards the 
change of road environments and the duration of the experiment. For example, while some 
participants may show a strong change in driving behaviour when encountering different road 
environments, others may exhibit a weaker response. With the inclusion of a random slope, the 
model accommodates this variability in sensitivity towards the different driving conditions.  

As stated in the literature review, driving behaviour is different for various age groups. For these 
reasons, age in the analysis is categorized in very young adults (18-24), young adults (25-29) and 
older adults (30 and higher). The last category of users is expected to have many more years of 
driving experience.  

In this study, gender is categorized into two groups: male and female. Weekly driving frequency 
is classified into three categories: less than 2 hours, between 2 and 5 hours, and more than 5 
hours. Despite two participants not having the Dutch nationality, nationality is not a variable of 
interest in these analyses since all participants were recruited in the Netherlands. Educational 
degree is grouped into three categories: secondary education, a bachelorќs degree (BSc), and a 
masterќs degree (MSc) or higher. 

In this analysis, road width is categorized in two levels: narrow (0) and wide (1), while parking 
height is classified as level (0) or elevated (1). The primary objective of this research is to assess 
the impact of sustainable measures on driving behaviour. To investigate this, greenery type is 
varied across six conditions: no greenery (0), low greenery on the right side (grass(1)), medium 
greenery on the right side (marram grass(2)), high greenery on the right side (Populus trees(3)), 
high greenery on both sides between cars (Populus trees(4)), and high and dense greenery on 
both sides between cars (Populus trees, twice as thick(5)). 
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4.5.1 Linear Mixed Effect Models for driving speed 

For driving speed, the models in table 3 and 4 were estimated to investigate the differences in 
driving speeds among the segments that differed in sustainable measures. These models were 
estimated in R with the following formula:  

Ὂρȡ ὈὶὭὺὭὲὫὛὴὩὩὨ ͯ ὙέὥὨὡὭὨὸὬ  ὖὥὶὯὭὲὫὌὩὭὫὬὸ  ὋὶὩὩὲὩὶώὝώὴὩ  ὃὫὩ  ὋὩὲὨὩὶ 

 ὉὨόὧὥὸὭέὲ  ὈὶὭὺὭὲὫὊὶὩήόὩὲὧώ  ὙέὥὨὡὭὨὸὬz ὋὶὩὩὲὩὶώὝώὴὩ 

 ὙέὥὨὡὭὨὸὬz ὖὥὶὯὭὲὫὌὩὭὫὬὸ  ρ  ὛὩὫάὩὲὸ ȿ ὖὥὶὸὭὧὭὴὥὲὸ 

This illustrates that personal characteristics were included such as age, gender, educational 
degree and driving frequency. Furthermore, interaction effects are included for road width with 
elevated parking and greenery type.  

Table 4, which is the estimated model for both simulators shows a significant intercept of 34.050 
km/h, which is the base driving speed on a narrow road with no greenery, for a male driver aged 
18-24 with a BSc education and less than 2 hours of weekly driving.  

Furthermore, road width solely is shown to significantly increase driving speeds with 3.229 km/h 
(p < 0.001). This results is consistent with previous literature, that stated that drivers increase 
speed when given more space. Similarly, the presence of elevated parking, while marginally 
significant (estimate = 1.267, p = 0.064), shows a slight increase in speed. Although this effect 
does not reach statistical significance, it suggests that elevated parking might slightly affect 
driversќ speed behaviour. 

The analysis of the greenery types reveals that low greenery and high greenery on both sides of 
the road impact driving speeds significantly. Both greenery types have a positive effect on driving 
speed: low greenery increases driving speeds with 1.364 km/h (p = 0.047) and high greenery on 
both sides increases it with 1.405 km/h (p = 0.046).  

Interestingly, high greenery on the right side results only in a slight, non-significant increase 
(estimate = 0.622, p = 0.035), and medium height greenery also in a non-significant increase in 
driving speeds of 1.059 km/h (p = 0.127). Conversely, the densest configuration (both sides with 
high and thick greenery) reduces speed insignificantly by -1.082 km/h (p = 0.113), suggesting that 
excessive greenery may hinder visibility or create a psychological barrier for drivers. 

Exploring interactions between road width and other factors, wide roads combined with elevated 
parking significantly reduce speed (estimate = -3.568, p<0.001), indicating an interplay between 
road width and parking configurations. The interaction between wide roads and medium greenery 
also has a strong negative effect on speed (estimate = -4.714, p<0.001), suggesting that when 
wide roads are paired with medium greenery, drivers may perceive the environment as more 
constrained, leading to a significant reduction in speed. On narrow roads, driving speeds were 
shown to increase with high greenery. However, high greenery on both sides on wide roads is 
shown to decrease driving speeds with 3.447 km/h (p = 0.003).  

Demographic factors also play a role. The age group of 25-29 years shows a significant decrease 
in speed compared to the reference group (18-24 years), with an estimate of -6.671 km/h (p = 
0.007). Similar reductions are observed for the 30 years and higher group (estimate = -5.959, p = 
0.016), reflecting that older drivers tend to adopt more cautious driving behaviour. Gender, 
educational degree and driving frequency did not influence driving speeds significantly. 
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Then, table 5 shows the results for the experiment without 4 participants from the TU Delft 
simulator. These 4 participants were in the age groups 18-24 and 30 and higher. All 4 participants 
drove less than 2 hours per week.  This model shows a lower significant intercept of 32.946 km/h 
(p<0.001), which also is the base driving speed on a narrow road with no greenery, for a male 
driver aged 18-24 with a BSc education and less than 2 hours of weekly driving. However, this 
indicates that participants generally drove slower in the Witteveen + Bos simulation. 
Furthermore, almost all effects that were significant in the combined dataset are still significant, 
despite all estimates being lower.  

One interesting finding is that now, high and thick greenery on both sides of the road reveals a 
significant speed reducing effect of 1.381 km/h (p = 0.028). This indicates that drivers in the 
driving simulator at TU Delft were generally less sensitive to an increase in greenery width of high 
greenery. Another finding is that now, grass does not have a significant speed increasing effect, 
despite it still indicating that it increases driving speeds with 0.670 km/h (p = 0.286).  

In conclusion, both models highlight the significant impact of road design elements and driver 
age. Wide roads significantly increase driving speed, as well as high greenery on both sides on a 
narrow road. Findings also indicate that low greenery on narrow roads increase driving speeds 
and high and thick greenery decreases driving speeds. However, these effects are not clearly 
significant for all participants. When analyzing interaction effects with wide roads, elevated 
parking, marram grass and Populus trees on both sides have a speed reducing effect.  
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Table 3: Linear mixed model for driving speed (including simulation at TU Delft) 

?ĲƓĲŰĬĲŰƣШƻċƖŔċĤũĲ ~ŸĬĲũШ     
EƚƣŔůċƣĲ ƓрƻċũƨĲ ÉE Ĭŉ ƣрƻċũƨĲ 

fŰƣĲƖĦĲƓƣ ΟΠЮΜΡΜ ӃΜЮΜΜΝ ΝЮΤΞΠ ΠΞЮΥΜΜ ΝΦЮΤΡΣ 
~ĲċƚƨƖĲ ìŔĬĲШƖŸċĬШыΤШůĲƣĲƖƚШƽŔĬĲь ΟЮΞΞΦШ ӃΜЮΜΜΝ ΜЮΤΣΝШ ΟΝΞЮΟΟΝ ΠЮΞΠΞ 

EũĲƻċƣĲĬШƓċƖťŔŰŊШ ΝЮΞΣΤШШШШШ ΜЮΜΣΠ ΜЮΣΥΞ ΡΞΞЮΝΟΝШ ΝЮΥΡΦШШ 
]ƖċƚƚШƚƣƖŔƓƚ ΝЮΟΣΠШШШШШ ΜЮΜΠΤ ΜЮΣΥΣ ΡΟΤЮΦΞΜ ΝЮΦΦΜШШ 
~ċƖƖċůШŊƖċƚƚШƚƣƖŔƓƚ ΝЮΜΡΦШШШШШ ΜЮΝΞΤ ΜЮΣΦΞ ΡΡΠЮΣΣΜ ΝЮΡΟΜШШ 
ÂŸƓƨũƨƚШƣƖĲĲШƚƣƖŔƓƚ ΜЮΣΞΞШШШШШ ΜЮΟΣΡ ΜЮΣΥΣ ΡΟΤЮΦΞΜ ΜЮΦΜΤШШ 
ÂŸƓƨũƨƚШƣƖĲĲƚШŸŰШĤŸƣőШƚŔĬĲƚ ΝЮΠΜΡШШШШШ ΜЮΜΠΣ ΜЮΤΜΝШ ΡΡΤЮΝΞΠШШ ΞЮΜΜΠШШ 
ÂŸƓƨũƨƚШƣƖĲĲƚШŸŰШĤŸƣőШƚŔĬĲƚ 
ыƣƽŔĦĲШċƚШƣőŔĦťь 

рΝЮΜΥΞШШШШШ ΜЮΝΝΟ ΜЮΣΥΞШ ΡΞΞЮΝΟΝ рΝЮΡΥΤШШ 

ìŔĬĲШƖŸċĬШйШĲũĲƻċƣĲĬШƓċƖťŔŰŊ рΟЮΡΣΥШШШШШ ӃΜЮΜΜΝ ΜЮΦΤΝ ΡΠΜЮΝΠΥ рΟЮΣΤΤШШ 
ìŔĬĲШƖŸċĬШйШŊƖċƚƚШƚƣƖŔƓƚ рΜЮΣΝΜШШШШШ ΜЮΡΟΜ ΜЮΦΤΝШ ΡΠΜЮΝΠΥ рΜЮΣΞΥШШ 
ìŔĬĲШƖŸċĬШШйШůċƖƖċůШŊƖċƚƚШƚƣƖŔƓƚ рΠЮΤΝΠШШШШШ ӃΜЮΜΜΝ ΝЮΝΡΣШ ΝΤΜЮΦΝΠ рΠЮΜΤΦШШ 
ìŔĬĲШƖŸċĬШйШÂŸƓƨũƨƚШƣƖĲĲШƚƣƖŔƓƚ рΝЮΡΞΦШШШШШ ΜЮΝΝΣ ΜЮΦΤΝШ ΡΠΜЮΝΠΥ рΝЮΡΤΡШШ 
ìŔĬĲШƖŸċĬШйШÂŸƓƨũƨƚШƣƖĲĲƚШŸŰШĤŸƣőШ
ƚŔĬĲƚ 

рΟЮΠΠΤШШШШШ ΜЮΜΜΟШ ΝЮΝΡΣШ ΝΤΜЮΦΝΠ рΞЮΦΥΜШШ 

ìŔĬĲШƖŸċĬШйШÂŸƓƨũƨƚШƣƖĲĲƚШŸŰШĤŸƣőШ
ƚŔĬĲƚ 
ыƣƽŔĦĲШċƚШƣőŔĦťь 

рΜЮΠΤΟШШШШШ ΜЮΣΞΡ ΜЮΦΣΣШ ΡΞΤЮΥΠΝ рΜЮΠΥΦШШ 

ŊĲШ 
ыÅĲŉĲƖĲŰĦĲШŊƖŸƨƓаШ
ΝΥШƣŸШΞΠь 

ΞΡШƣŸШΞΦ рΣЮΣΤΝШШШШШ ΜЮΜΜΤ ΞЮΟΞΣШШ ΟΤЮΜΜΜШ рΞЮΥΣΥШШ 
ΟΜШċŰĬШőŔŊőĲƖ рΡЮΦΡΦШШШШШ ΜЮΜΝΣ ΞЮΟΡΝШШ ΟΤЮΜΜΜШШ рΞЮΡΟΡШШ 

]ĲŰĬĲƖ 
ыÅĲŉĲƖĲŰĦĲШŊƖŸƨƓаШ
~ċũĲь 

[ĲůċũĲ рΝЮΦΡΦШШШШШ ΜЮΝΟΤШШШШ ΝЮΞΥΦШШ ΟΤЮΜΜΜШШ рΝЮΡΞΜШШ 

EĬƨĦċƣŔŸŰ 
ыÅĲŉĲƖĲŰĦĲШŊƖŸƨƓаШ
7ÉĦь 

~ÉĦШŸƖШőŔŊőĲƖ ΜЮΡΥΦШШШШШ ΜЮΤΤΡ ΞЮΜΠΞШШ ΟΤЮΜΜΜШШШ ΜЮΞΥΥШШ 

?ƖŔƻŔŰŊШ
ŉƖĲƕƨĲŰĦǃШƓĲƖШ
ƽĲĲťШыÅĲŉĲƖĲŰĦĲШ
ŊƖŸƨƓаШxĲƚƚШƣőċŰШΞШ
őŸƨƖƚь 

7ĲƣƽĲĲŰШΞШċŰĬШΡШőŸƨƖƚ ΝЮΣΤΟШШШШШ ΝЮΞΣΦШШ ΟΤЮΜΜΜШШШ ΝЮΟΝΥШШ ΜЮΝΦΣШШШШ 
~ŸƖĲШƣőċŰШΡШőŸƨƖƚ ΠЮΝΡΦШШШШ ΜЮΝΣΝ ΞЮΦΜΥШШ ΟΤЮΜΜΜШШШ ΝЮΠΟΜШШ 

ÉƣċƣŔƚƣŔĦƚ 
 ƨůĤĲƖШŸŉШ
ŸĤƚĲƖƻċƣŔŸŰƚ 

ΣΝΣ 

 ƨůĤĲƖШŸŉШ
ŊƖŸƨƓƚ 

ΠΠ 

ÅE~xШĦƖŔƣĲƖŔŸŰШ
ċƣШĦŸŰƻĲƖŊĲŰĦĲ 

ΟΟΜΠЮΤ 

xŸŊрũŔťĲũŔőŸŸĬ рΝΣΡΞЮΟΟΣШыĬŉӀΞΠь 
f9 ΟΟΡΞЮΣΤΞ 
7f9 ΟΠΡΥЮΥΟ 

 

 
 
 
 
 
 



43 
 

 
 
 

Table 4: Linear Mixed Model for Driving Speed: Witteveen + Bos simulation 

?ĲƓĲŰĬĲŰƣШƻċƖŔċĤũĲ ~ŸĬĲũ     
EƚƣŔůċƣĲ ƓрƻċũƨĲ ÉƣĬЮШEƖƖŸƖ Ĭŉ ƣрƻċũƨĲ 

fŰƣĲƖĦĲƓƣ ΟΞЮΦΠΣ ӃΜЮΜΜΝ ΝЮΦΜΞ ΟΣЮΠΦΦ ΝΤЮΟΝΦ 
~ĲċƚƨƖĲ ìŔĬĲШƖŸċĬШыΤШůĲƣĲƖƚШƽŔĬĲь ΞЮΟΞΝ ӃΜЮΜΜΝ ΜЮΣΤΟ ΟΡΝЮΠΞΟ ΟЮΠΠΦ 

EũĲƻċƣĲĬШƓċƖťŔŰŊ ΜЮΣΤΜ ΜЮΞΥΣ ΜЮΣΞΥ ΠΤΞЮΝΥΠ ΝЮΜΣΤ 
]ƖċƚƚШƚƣƖŔƓƚШ ΜЮΤΤΡ ΜЮΞΝΦ ΜЮΣΟΜ ΠΥΟЮΠΣΦ ΝЮΞΟΜ 
~ċƖƖċůШŊƖċƚƚШƚƣƖŔƓƚ ΝЮΞΝΝ ΜЮΜΡΣ ΜЮΣΟΠ ΠΦΤЮΣΝΣ ΝЮΦΝΞ 
ÂŸƓƨũƨƚШƣƖĲĲШƚƣƖŔƓƚШ ΜЮΞΝΡ ΜЮΤΟΟ ΜЮΣΟΜ ΠΥΟЮΠΣΦ ΜЮΟΠΞ 
ÂŸƓƨũƨƚШƣƖĲĲƚШŸŰШĤŸƣőШƚŔĬĲƚШ ΝЮΞΦΡ ΜЮΜΠΟ ΜЮΣΟΦ ΡΜΣЮΤΝΜ ΞЮΜΞΤ 
ÂŸƓƨũƨƚШƣƖĲĲƚШŸŰШĤŸƣőШƚŔĬĲƚ 
ыƣƽŔĦĲШċƚШƣőŔĦťь 

рΝЮΟΥΝ ΜЮΜΞΥ ΜЮΣΞΥ ΠΤΞЮΝΥΠ рΞЮΞΜΜ 

ìŔĬĲШƖŸċĬШШйШĲũĲƻċƣĲĬШƓċƖťŔŰŊ рΞЮΝΞΦ ΜЮΜΝΤ ΜЮΥΦΝ ΠΥΡЮΝΡΡ рΞЮΟΥΥ 
ìŔĬĲШƖŸċĬШйШŊƖċƚƚШƚƣƖŔƓƚ ΜЮΝΞΡ ΜЮΥΥΦ ΜЮΥΦΝ ΠΥΡЮΝΡΡ ΜЮΝΠΜ 
ìŔĬĲШƖŸċĬШШйШůċƖƖċůШŊƖċƚƚШƚƣƖŔƓƚ рΠЮΞΠΝ ӃΜЮΜΜΝ ΜЮΦΦΥ ΞΜΜЮΣΠΜ рΠЮΞΠΦ 
ìŔĬĲШƖŸċĬШйШÂŸƓƨũƨƚШƣƖĲĲШƚƣƖŔƓƚ рΜЮΞΥΟ ΜЮΤΡΝ ΜЮΥΦΝ ΠΥΡЮΝΡΡ рΜЮΟΝΥ 
ìŔĬĲШƖŸċĬШйШÂŸƓƨũƨƚШƣƖĲĲƚШŸŰШĤŸƣőШ
ƚŔĬĲƚ 

рΞЮΦΡΥ ΜЮΜΜΟ ΜЮΦΦΥ ΞΜΜЮΣΟΦ рΞЮΦΣΟ 

ìŔĬĲШƖŸċĬШйШÂŸƓƨũƨƚШƣƖĲĲƚШŸŰШĤŸƣőШ
ƚŔĬĲƚ 
ыƣƽŔĦĲШċƚШƣőŔĦťь 

ΜЮΣΟΠ ΜЮΠΤΣ ΜЮΥΥΦ ΠΤΣЮΝΣΟ ΜЮΤΝΠ 

ŊĲ 
ыÅĲŉĲƖĲŰĦĲШŊƖŸƨƓаШ
ΝΥШƣŸШΞΠь 

ΞΡШƣŸШΞΦ рΡЮΦΤΡ ΜЮΜΝΣ ΞЮΟΡΦ ΟΟЮΜΜΜ рΞЮΡΟΞ 
ΟΜШċŰĬШőŔŊőĲƖ рΠЮΦΤΡ ΜЮΜΠΤ ΞЮΠΝΞ ΟΟЮΜΜΜ рΞЮΜΣΟ 

]ĲŰĬĲƖ 
ыÅĲŉĲƖĲŰĦĲШŊƖŸƨƓаШ
~ċũĲь 

[ĲůċũĲ рΝЮΥΡΟ ΜЮΝΦΝ ΝЮΟΥΤ ΟΟЮΜΜΜ рΝЮΟΟΣ 

EĬƨĦċƣŔŸŰ 
ыÅĲŉĲƖĲŰĦĲШŊƖŸƨƓаШ
7ÉĦь 

~ÉĦШŸƖШőŔŊőĲƖ ΜЮΥΜΦ ΜЮΣΦΞ ΞЮΜΞΡ ΟΟЮΜΜΜ ΜЮΟΦΦ 

?ƖŔƻŔŰŊШ
ŉƖĲƕƨĲŰĦǃШƓĲƖШ
ƽĲĲťШ 
ыÅĲŉĲƖĲŰĦĲШŊƖŸƨƓаШ
xĲƚƚШƣőċŰШΞШőŸƨƖƚь 

7ĲƣƽĲĲŰШΞШċŰĬШΡШőŸƨƖƚ ΞЮΝΦΠ ΜЮΜΦΡ ΝЮΞΤΥ ΟΟЮΜΜΜ ΝЮΤΞΜ 
~ŸƖĲШƣőċŰШΡШőŸƨƖƚ ΠЮΠΝΞ ΜЮΝΟΣ ΞЮΥΥΠ ΟΟЮΜΜΜ ΝЮΡΟΜ 

ÉƣċƣŔƚƣŔĦƚ 
 ƨůĤĲƖШŸŉШ
ŸĤƚĲƖƻċƣŔŸŰƚ 

ΡΣΜ 

 ƨůĤĲƖШŸŉШ
ŊƖŸƨƓƚ 

ΠΜ 

ÅE~xШĦƖŔƣĲƖŔŸŰШ
ċƣШĦŸŰƻĲƖŊĲŰĦĲ 

ΞΥΡΠЮΦ 

xŸŊрũŔťĲũŔőŸŸĬ рΝΠΞΤЮΠΠΝШыĬŉӀΞΠь 
f9 ΞΦΜΞЮΥΥΝ 
7f9 ΟΜΜΣЮΤΡΞ 
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4.5.2 Linear Mixed Effect Models for lateral position 

To fully understand the driving dynamics for the simulated environment, lateral positioning on 
the roads should also be evaluated. In table 5, the estimates for lateral position of the combined 
dataset are presented. In table 6, the estimates for lateral position without the participants from 
the TU Delft simulation are shown. 

Similarly to the estimations for driving speed, a model was estimated that took into account all 
demographic variables. This model was formulated as follows:  

Ὂςȡ ὖέίὭὸὭέὲὔέὶάὥὰὭᾀὩὨ ͯ ὙέὥὨὡὭὨὸὬ  ὖὥὶὯὭὲὫὌὩὭὫὬὸ  ὋὶὩὩὲὩὶώὝώὴὩ  ὃὫὩ 

 ὋὩὲὨὩὶ  ὉὨόὧὥὸὭέὲ  ὈὶὭὺὭὲὫὊὶὩήόὩὲὧώ  ὙέὥὨὡὭὨὸὬz ὋὶὩὩὲὩὶώὝώὴὩ 

 ὙέὥὨὡὭὨὸὬz ὖὥὶὯὭὲὫὌὩὭὫὬὸ  ρ  ὛὩὫάὩὲὸ ȿ ὖὥὶὸὭὧὭὴὥὲὸ  

A random intercept was included in this model to account for correlations between observations 
for each participant, which can vary by individual. This is a logical approach, given that each 
driver may have a different baseline lateral position on the road. The baseline condition is defined 
as a narrow road devoid of greenery. All baseline conditions were similar to those for the 
estimated models for driving speed. 

First, table 6 reveals an intercept of -0.637 with a significant p-value of <0.001. This suggests that 
in the base scenario, drivers were driving more on the left side of their lane rather than central in 
their lane. Also elevated parking shows a significant effect, with an estimate of 0.130 meters and 
a p-value of 0.008.  

Then, all types of greenery except for high greenery on both sides show a significant difference 
compared to base. The biggest change in lateral position can be seen if high greenery is placed 
on the right side of the road. This measure has an estimate of 0.441 (p-value: <0.001), followed 
by medium height greenery (Marram grass) with an estimate of 0.387 (p-value: <0.001) and lastly 
by low greenery with an estimate of 0.371 (p-value <0.001). High and thick greenery on both sides 
of the road also lets drivers drive more centrally in their lane, as it increases lateral positioning 
with 0.116 meters (p = 0.017). None of the interactions of elevated parking and greenery types 
with road width show a significant difference compared to base, suggesting that the combined 
effects do not differ from the main effects and that lateral positioning is not influenced by 
greenery if road width is increased with 1 meter. 

In table 7, the intercept estimate of -0.612 (p<0.001) suggests that the baseline lateral position 
is significantly different from zero. Several factors show significant effects on lateral position. 
Elevated parking increases lateral position by 0.107m (p = 0.031), and grass also shows a 
significant increase of 0.355 m (p <0.001). High greenery also increases lateral positioning by 
0.438 m (p <0.001), indicating that drivers position themselves closer to the road edge when high 
greenery is present. Contrary to the combined model, high and thick greenery on both sides 
shows a marginally significant positive impact on lateral position. Finally, combinations of wide 
roads and various measures have non-significant effects on lateral position. Age, gender, 
educational degree and driving frequency do not show a significant impact on lateral position in 
the experiment. 

In conclusion, both models reveal significant intercepts and significant differences in lateral 
position on road with elevated parking, low greenery, medium height greenery and high greenery 
on the right side. In the model estimated solely for the Witteveen + Bos simulation participants, 
high and thick greenery on both sides of the road does not show a significant difference, whereas 
there is a significant impact on lateral positioning in the combined model. 
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Table 5: Linear Mixed Model for Lateral Position (including TU Delft simulation) 
?ĲƓĲŰĬĲŰƣШƻċƖŔċĤũĲ ~ŸĬĲũШ     

EƚƣŔůċƣĲ ƓрƻċũƨĲ ÉƣĬЮШEƖƖŸƖ Ĭŉ ƣрƻċũƨĲ 
fŰƣĲƖĦĲƓƣ рΜЮΣΟΤШШШ ӃΜЮΜΜΝ ΜЮΝΟΦШШ ΠΝЮΡΝΥШШ рΠЮΡΥΦШ 
~ĲċƚƨƖĲ ìŔĬĲШƖŸċĬШыΤШůĲƣĲƖƚШƽŔĬĲь ΜЮΜΟΟШШШ ΜЮΡΟΝ ΜЮΜΡΞ ΟΤΤЮΡΥΜШШШ ΜЮΣΞΤШШ 

EũĲƻċƣĲĬШƓċƖťŔŰŊ ΜЮΝΟΜШШШ ΜЮΜΜΥ ΜЮΜΠΦШ ΡΞΜЮΤΦΜШШШ ΞЮΣΤΟШШ 
]ƖċƚƚШƚƣƖŔƓƚ ΜЮΟΤΝШШШ ӃΜЮΜΜΝ ΜЮΜΠΦШ ΡΟΟЮΣΠΠШШШ ΤЮΣΞΦ 
~ċƖƖċůШŊƖċƚƚШƚƣƖŔƓƚ ΜЮΟΥΤШШШ ӃΜЮΜΜΝ ΜЮΜΠΦШ ΡΠΦЮΠΥΠШШШ ΤЮΦΜΠ 
ÂŸƓƨũƨƚШƣƖĲĲШƚƣƖŔƓƚ ΜЮΠΠΝШШШ ӃΜЮΜΜΝ ΜЮΜΠΦШ ΡΟΟЮΣΠΠШШШ ΦЮΜΡΥ 
ÂŸƓƨũƨƚШƣƖĲĲƚШŸŰШĤŸƣőШƚŔĬĲƚ ΜЮΜΜΥШШШ ΜЮΥΣΣ ΜЮΜΠΦШ ΡΡΥЮΥΥΤШШШ ΜЮΝΣΦШШШ 
ÂŸƓƨũƨƚШƣƖĲĲƚШŸŰШĤŸƣőШƚŔĬĲƚ 
ыƣƽŔĦĲШċƚШƣőŔĦťь 

ΜЮΝΝΣШШШ ΜЮΜΝΤ ΜЮΜΠΦШ ΡΞΜЮΤΦΜШШШ ΞЮΟΥΦШШ 

ìŔĬĲШƖŸċĬШШйШĲũĲƻċƣĲĬШƓċƖťŔŰŊ ΜЮΜΠΠШШ ΜЮΡΞΣ ΜЮΜΣΦ ΡΟΡЮΡΡΝШШ ΜЮΣΟΡШШ 
ìŔĬĲШƖŸċĬШйШŊƖċƚƚШƚƣƖŔƓƚ рΜЮΜΜΥШШ ΜЮΦΜΤ ΜЮΜΣΦ ΡΟΡЮΡΡΞШШ рΜЮΝΝΤШШ 
ìŔĬĲШƖŸċĬШШйШůċƖƖċůШŊƖċƚƚШƚƣƖŔƓƚ рΜЮΜΦΠШШ ΜЮΞΞΣ ΜЮΜΤΥ ΞΝΟЮΤΣΞШШ рΝЮΞΝΡШШ 
ìŔĬĲШƖŸċĬШйШÂŸƓƨũƨƚШƣƖĲĲШƚƣƖŔƓƚ ΜЮΜΜΟШШ ΜЮΦΣΟ ΜЮΜΣΦ ΡΟΡЮΡΡΞШ ΜЮΜΠΣШШ 
ìŔĬĲШƖŸċĬШйШÂŸƓƨũƨƚШƣƖĲĲƚШŸŰШĤŸƣőШ
ƚŔĬĲƚ 

рΜЮΜΥΞШШШ ΜЮΞΦΝ ΜЮΜΤΥШ ΞΝΟЮΤΣΞШ рΝЮΜΡΦШШ 

ìŔĬĲШƖŸċĬШйШÂŸƓƨũƨƚШƣƖĲĲƚШŸŰШĤŸƣőШ
ƚŔĬĲƚ 
ыƣƽŔĦĲШċƚШƣőŔĦťь 

рΜЮΜΦΟШШ ΜЮΝΤΥ ΜЮΜΣΦ ΡΞΡЮΟΟΡШШ рΝЮΟΡΜШШ 

ŊĲ 
ыÅĲŉĲƖĲŰĦĲШŊƖŸƨƓаШ
ΝΥШƣŸШΞΠь 

ΞΡШƣŸШΞΦ рΜЮΜΜΡШШ ΜЮΦΤΦ ΜЮΝΥΦ ΟΤЮΜΜΜШ рΜЮΜΞΣШШ 
ΟΜШċŰĬШőŔŊőĲƖ ΜЮΜΝΡШШШ ΜЮΦΟΣ ΜЮΝΦΝШ ΟΤЮΜΜΜШШ ΜЮΜΥΝШШ 

]ĲŰĬĲƖ 
ыÅĲŉĲƖĲŰĦĲШŊƖŸƨƓаШ
~ċũĲь 

[ĲůċũĲ рΜЮΝΟΣШШШ ΜЮΞΜΝ ΜЮΝΜΡ ΟΤЮΜΜΜ рΝЮΟΜΝШШ 

EĬƨĦċƣŔŸŰ 
ыÅĲŉĲƖĲŰĦĲШŊƖŸƨƓаШ
7ÉĦь 

~ÉĦШŸƖШőŔŊőĲƖ рΜЮΜΜΠШШ ΜЮΦΤΦ ΜЮΝΣΣШ ΟΤЮΜΜΜШ рΜЮΜΞΣШШ 

?ƖŔƻŔŰŊШ
ŉƖĲƕƨĲŰĦǃШƓĲƖШ
ƽĲĲť 
ыÅĲŉĲƖĲŰĦĲШŊƖŸƨƓаШ
xĲƚƚШƣőċŰШΞШőŸƨƖƚь 

7ĲƣƽĲĲŰШΞШċŰĬШΡШőŸƨƖƚ рΜЮΜΦΥШШШ ΜЮΟΡΜ ΜЮΝΜΟШШ ΟΤЮΜΜΜШШ рΜЮΦΠΤШШ 
~ŸƖĲШƣőċŰШΡШőŸƨƖƚ рΜЮΞΣΤШШШ ΜЮΞΣΣ ΜЮΞΟΣШШ ΟΤЮΜΜΜШШ рΝЮΝΟΜШШ 

ÉƣċƣŔƚƣŔĦƚ 
 ƨůĤĲƖШŸŉШ
ŸĤƚĲƖƻċƣŔŸŰƚ 

ΣΝΣ 

 ƨůĤĲƖШŸŉШ
ŊƖŸƨƓƚ 

ΠΠ 

ÅE~xШĦƖŔƣĲƖŔŸŰШ
ċƣШĦŸŰƻĲƖŊĲŰĦĲ 

ΝΡΟЮΡ 

xŸŊрũŔťĲũŔőŸŸĬ рΤΣЮΤΡΝШыĬŉӀΞΠь 
f9 ΞΜΝЮΡΜΞ 
7f9 ΟΜΤЮΣΣΜ 
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Table 6: Linear Mixed Model for Lateral Position: Witteveen + Bos simulation 
?ĲƓĲŰĬĲŰƣШƻċƖŔċĤũĲ ~ŸĬĲũШ     

EƚƣŔůċƣĲ ƓрƻċũƨĲ ÉƣĬЮШEƖƖŸƖ Ĭŉ ƣрƻċũƨĲ 
fŰƣĲƖĦĲƓƣ рΜЮΣΝΞШШ ӃΜЮΜΜΝ ΜЮΝΠΦШ ΟΣЮΡΤΝШШ рΠЮΝΝΞ 
~ĲċƚƨƖĲ ìŔĬĲШƖŸċĬШыΤШůĲƣĲƖƚШƽŔĬĲь ΜЮΜΝΤШШШ ΜЮΤΡΠ ΜЮΜΡΠШ ΟΟΣЮΡΟΤ ΜЮΟΝΟ 
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4.6 Survey results 
In this section, the findings from the follow-up survey are presented which will aid in interpreting 
the results from the Linear Mixed Model analyses. Also, immersion in the experiment will be 
discussed, which is of importance for the interpretation and discussion of the results. In the 
following subsections, the figures are presented for the combined sample. The responses for the 
sample that took part in the TU Delft simulator are presented in appendix I. 

4.6.1 Simulation Sickness during the experiment 

Using the Simulator Sickness Questionnaire by (Kennedy et al., 1993), participants were asked 
questions to assess the extent of nausea, disorientation (such as dizziness or motion sickness), 
and oculomotor discomfort (including eye strain and headaches) they experienced. They rated 
their symptoms on a 4-point Likert scale, ranging from 1 (no) to 4 (yes, severe). The results from 
these questions are primarily positive, with the majority of participants not experiencing any of 
these symptoms, and a minority experiencing these symptoms mildly. Of 44 participants, 36 did 
not experience nausea and 4 experienced this mildly. For disorientation, the number of 
participants experiencing this was slightly higher, with 7 participants experiencing mild 
disorientation. 33 participants did not experience disorientation. Oculomotor discomfort 
showed a different response pattern. Here, 32 participants did not experience oculomotor 
discomfort , 7 experienced this mildly and 1 noticeable. 

 

Figure 14: Simulation Sickness Questionnaire results (combined sample) 
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4.6.2 Presence during the experiment 

Then, to estimate presence during the experiment the Presence Questionnaire by Witmer et al. 
(2005)  was used to measure immersion, control of the simulator and perceived realism. On a 
scale from 1 (Not at all ) to 7 (Extremely immersed), the majority of respondents scored a 5 on 
visual immersion and a 4 on auditory immersion. Furthermore, the majority of respondents 
scored a 5 on a scale from 1 (Not at all) to 7 (Extremely delayed) when asked on whether they 
experienced a delay in the simulation. The majority of participants was content with the 
simulation and the perceived realism of the simulation is almost equally distributed along the 
axis from 1 (Totally not similar) to 5 (Totally similar). Then, handling the accelerator pedal was 
primarily perceived as difficult, with respondents stating that this pedal was sensitive. Before 
conducting the experiment, this was mitigated by reducing the sensitivity of the pedal. However, 
if sensitivity was reduced this also increased delay of the pedal. Furthermore, the display quality 
during the experiment was primarily not interfering with the driving task.  

 

 

 

 

 

Figure 16: Presence Questionnaire results (combined sample) 
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4.6.3 Perception of greenery 

Then, questions followed with statements that evaluated the presence of greenery and the 
influence of greenery on visibility. Similar to the findings of the survey used to select road designs, 
green strips influence sense of safety. 26 out of 45 participant state that green strips on the right 
side of the road compared to parked cars on the right side of the road make them drive faster. 
Furthermore, 11 participants stated that this change influences their safety perception, without 
making them drive faster. The remaining 4 participants state that this does not influence their 
safety perception, with half stating that they drive faster and half stating they do not drive faster. 
Furthermore, the majority of participants states that a green strip is perceived as a strong 
separation between the road and pedestrians. Most participants did not notice that trees were 
varied in thickness. However, thickness of greenery in this experiment did influence visibility for 
all participants except 5. When evaluating greenery in general, the majority of participants (19) 
state that greenery influences their driving behaviour much, followed by moderate (12), little to 
not (6) very much (5) and not much (3).  

  

 

 

 

 

 

 

Figure 17: Perception of greenery results (combined sample) 

 



50 
 

4.6.4 Perception of other traffic and absence of centerlines 

Finally, the questionnaire evaluated the influence of a centerlines in the experiment. If a 
centerlines were added, 24 participants state they would have driven slower and 19 participants 
state that they would have driven faster. Only 2 participants mention that a centerlines would not 
have had an influence on their driving speed. Also, 41 participants state that they would keep 
their lane more with a centerlines, whilst 2 participants state that this would not influence their 
lane keeping and 2 state that they would keep their lane less. When keeping oncoming traffic in 
mind, the majority of respondents (34) state they reduce their driving speed a bit with oncoming 
traffic and 9 state they reduce their speed a lot. Only 2 participants do not reduce their driving 
speed. All statements with regards to the experiment can be found in Appendix J: Post-
experiment questionnaire statements. These statements can be summarized as follows: The 
most comfortable road designs feature greenery such as grass or low vegetation on the right side, 
offering better visibility and a sense of openness. In contrast, narrow roads with parked cars on 
both sides feel restrictive and reduce visibility. Trees between cars can improve comfort, though 
dense trees are less comfortable than normal trees. 

 

 

 

 

 

Figure 18: Perception of centreline and traffic (combined sample) 
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5 Discussion  
In this chapter, the results of the study are discussed and interpreted in the context of existing 
research, highlighting both similarities and deviations. Then, limitations of the current study are 
considered that deal with the experimental design of this study, peripheral view and simulator 
fidelity. Finally, recommendations for future research are given.  

5.1 Discussion of the results  
In terms of sustainable measures, the data shows significant increases in driving speed under 
specific conditions. On wide roads devoid of greenery, the driving speed increases 2.3 km/h (p < 
0.001 to 3.2 km/h (p < 0.001), depending on the analyzed sample. On narrow roads with Populus 
trees on both sides, driving speeds increase with 1.3 to 1.4km/h. Then, findings also indicate that 
low greenery (grass) and high and thick greenery on both sides of a road (thick Populus trees) 
influence driving speeds. However, these findings differ depending on the used sample for the 
analysis. In the combined sample which, includes participants from Witteveen + Bos and TU 
Delft, grass increases driving speeds with approximately 1.4 km/h (p= 0.047), but this effect is 
not significant in the sample that excludes participants from TU Delft. In the sample that 
excludes participants from the TU Delft driving simulator however, high and thick greenery placed 
on both sides in between cars decreases driving speeds with approximately 1.4km/h (p = 0.028).  

Contrary to the initial expectations, significant decreases in speed were observed for interaction 
effects with road width and three measures: elevated parking, medium height greenery (marram 
grass) and high greenery (Populus trees) on both sides. Medium height greenery has the strongest 
speed reducing effect: around 4 to 5 km/h. Though, this finding should be interpreted with 
caution, since this was the first segment in the circuit that all participants drove through. Also, 
the second segment in the sample featured a wide road with Populus trees on both sides. This 
may indicate that despite initial training, participants might still have felt unsure in the first 
segments which could have influenced the results for these segments.  

Then, the interaction effect of road width with elevated parking reduces driving speed with 
around 2.1 to 3.6km/h, with lower impacts for the dataset that only considers the Witteveen + 
Bos participants. To clearly understand driving behaviour, lateral position on the road should also 
be considered.  

An intriguing aspect of the study is the impact of greenery on lateral positioning within the lane. 
If no cars are present on the right side of the road, high greenery leads drivers to position 
themselves further to the right of the lane, followed by medium-height and low greenery. Notably, 
high greenery on the right side shows the least significant change in driving speed relative to the 
baseline condition, with low and medium-height greenery having progressively larger impacts: 
medium-height greenery causes drivers to increase driving speed with 1.2 km/h compared to 
base, although this effect is marginally significant in the sample with only Witteveen + Bos 
participants. 

In scenarios with elevated parking on narrow roads, drivers tend to steer closer to the elevated 
parking. This can be explained by the fact that elevated parking optically separates parked cars 
from the road. This corresponds to findings from the post-experiment questionnaire, where 
participants mentioned that elevated parking created a perceptual buffer from potential 
roadside obstacles, which increases driving speeds for the combined sample.  
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Conversely, on wide roads, drivers generally maintain a consistent lateral position due to the 
ample roadway width. While greenery and elevated obstacles can reduce driving speeds, their 
influence on lateral positioning is minor and not statistically significant on wider roads. The extra 
space allows for more consistent driving, regardless of roadside objects. Another factor could be 
that the greater variance in lateral positioning on wider roads complicates the estimation of 
significant effects in the linear mixed model. 

Interestingly, the observed reduction in driving speed on wide roads with elevated parking is 
counterintuitive, given the increased space. This may be due to the presence of low-frequency 
oncoming traffic in the simulation, which heightens risk perception if drivers do not remain 
centered in their lane. Participants indicated that their sense of risk on GOW30 roads is 
influenced by the likelihood of a pedestrian emerging from behind roadside elements or potential 
collisions with other vehicles. Thus, driving behaviour can partly be attributed to risk avoidance. 
This aligns with the principles of the "woonerf" concept, where drivers reduce their speed in 
shared spaces with pedestrians and cyclists. Psychological insights into loss aversion reveal that 
individuals weigh potential losses more heavily than equivalent gains, influencing both risk 
perception and driving behavior (Raue & Schneider, 2019). This dynamic explains why drivers 
tend to respond more to perceived increases in risk than to safety improvements, which often 
leads to complex behavioral adjustments. 

These findings underscore that proximity to obstacles typically correlates with a reduced 
tendency to increase driving speeds. Specifically, as drivers approach obstacles, they generally 
exhibit more conservative driving speeds and the presence of Populus trees positioned on the 
right side of the road appears to attract drivers more effectively. This phenomenon may be 
attributed to enhanced visual guidance provided by high objects, which could improve spatial 
awareness and navigation, thereby influencing driver behaviour. This is in correspondence with 
findings from Calvi (2015), who also found that obstacles along the road were used as visual 
guidance, but when these obstacles were placed closer led drivers to drive more cautiously. 

To summarize, participants drove at an average lateral position of -0.6 meters and with a driving 
speed of approximately 33 km/h to 34 km/h in the baseline condition, which is a narrow road with 
parked cars on both sides and devoid of greenery. This indicates that, without a centerlines and 
low frequency of oncoming traffic, participants are positioned more to the center of the road 
rather than the center of their lane and exceed the 30km/h speed limit. Furthermore, the analysis 
demonstrates a significant correlation between age and driving speed: drivers older than 30 
drove around 5 to 6 km/h slower than drivers in the age group 18-24. This observation 
corroborates findings from SWOV (2021), which also reported age-related variations in driving 
behaviour. Additionally, the study found that driving frequency, gender and educational degree 
did not reveal significant differences for driving speeds. In the following paragraphs, the 
limitations of this study are discussed.  

5.2 Experimental design and learning effects 
In this experiment, each participant drove through the same circuit, which introduces the 
potential for bias due to a learning effect, either from familiarization with the built environment 
or the handling of the driving simulator. It is assumed that any learning effect related to the 
simulator's handling was mitigated by the initial training session that familiarized participants 
before the experiment. Additionally, participants were instructed to drive as they normally would, 
both at the start of the experiment and again after the midway break, further reducing effects 
related to the duration of the experiment.  
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To account for unobserved variables, a random intercept was included in the linear mixed model, 
along with a random slope based on the sequence of segments. Regarding the built environment 
and the number of parked cars along the road, these variables were held constant across 
scenarios. However, since the focus of this research was on sustainable measures for GOW30 
roads, the influence of the built environment and parked cars was excluded from the analysis. 
ÑőŔƚШũŔůŔƣƚШƣőĲШƚƣƨĬǃќƚШŉŔŰĬŔŰŊƚЯШċƚШƣőĲǃШůċǃШŰŸƣШbe fully generalizable to suburban, rural, or other 
road environments. 

Additionally, this study was conducted within the context of urban roads in the Netherlands, 
where local traffic laws and cultural driving habits may restrict the transferability of these 
findings to other regions. Therefore, caution is advised when applying these results to areas 
outside of dense urban environments or the Dutch road network. Further research across diverse 
settings is necessary to assess the broader applicability of these findings. 

5.3 Peripheral vision in the experiment 
Second, regarding the simulation setup, sideview mirrors on the vehicle were present, but did 
not provide view. There is a lack of literature specifically addressing the impact of side mirrors in 
driving simulator studies, although research on their impact in real driving conditions may exist. 
Despite this limitation, the absence of side mirrors in the simulation was consistent across all 
participants, allowing for direct comparisons. This uniformity may even enhance the consistency 
of results, as participants assess their lateral position based on a similar field of vision. For 
clarification : while some participants rely heavily on side mirrors, others rarely use them. A study 
on digital mirrors by Pampel et al. (2020) found that digital mirrors can increase driver view. 
However, this benefit is compromised when the mirrors fail. Research shows that failures such 
as degraded vision and mirror freezing increase cognitive workload, while a blank mirror has a 
less pronounced impact on workload. Additionally, variability in mirror usage is influenced by 
factors such as age and driving experience, with young and inexperienced drivers using mirrors 
less (Crundall & Underwood, 1998). Additionally, since this study does not involve lane-changing 
tasks, the side view is primarily relevant when approaching intersections. This data was not 
recorded, as the influence of driving behaviour near intersections with varying fields of view is 
beyond this study's scope. 

5.4 Comparison of simulators and simulator fidelity 
Third, when comparing metrics across the different simulators used in the study, differences can 
be seen in driving speeds and lateral positioning. The addition of data from the TU Delft simulator 
increases intercepts and generally leads to measures having a larger impacts. Given the fact that 
both simulators use different apparatus and provide a different field of view, the data was 
analysed in combination and separately, which illustrated minor differences in the results. 

In general, participants' behaviour in a simulated environment may differ from real-life situations. 
Matviienko and Mühlhäuser (2023) found that individuals tend to be more confident and spend 
more time observing their surroundings after becoming acclimated to simulation conditions. 
Designing engaging scenarios is crucial to maintain participants' attention and ensuring task 
completion while simulating driving conditions, which is why pedestrians were placed at random 
locations throughout the experiment, as well as changing the colors of oncoming traffic. 
Evaluation by means of the Presence questionnaire by Witmer et al. (2005) allowed for insights 
to which extent the driving simulator experiment was similar to reality, with most participants 
answering a score of 3 on a scale from 1 (Totally not similar) to 5 (Totally similar). This underpins 
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the need to interpret the results in the light of a driving simulator experiment, and not as if these 
were produced under real-life conditions. Although the nature of the experiment has its 
shortcomings, the results provide valuable insights into the relationship between driving speeds 
and lateral positioning on the road, specifically in the context of sustainable measures for 
GOW30 roads. 

5.5 Future research recommendations 
Given the limitations, future research could explore the long-term impact of sustainable road 
infrastructure on driving behaviour, considering variables like vegetation type, proximity to the 
road, and the presence of pedestrians and cyclists. Also, the diversity of the sample can be 
increased, since this sample only included higher educated people around the age of 30. When 
integrating sustainable measures into road infrastructure, various factors must be carefully 
evaluated. For instance, while adding trees can enhance the streetscape and provide 
environmental benefits, it also has potential drawbacks, such as increasing collision severity 
and water demand, potentially exacerbating water shortages (Stapel et al., 2021). When 
incorporating sustainable measures, these factors must be balanced against their potential 
benefits, such as reducing driving speed, influence on visibility on the road, improving air 
quality, and promoting public health through increased physical activity in green urban spaces. 
For this aim, an MCDA analysis can be performed for these variables, whilst also taking into 
account the extent to which various greenery types are speed reducing.  

Furthermore, this research did not include road designs with cycling lanes. The interaction 
between greenery and cycling lanes is interesting to investigate since cycling lanes could be 
perceived as a buffer between driving cars and greenery placed along the road. Finally, since 
this research has a reduced validity compared to a real-life study, it is recommended that 
research is performed in real-life, under varying traffic and weather conditions. In this study, 
frequency of oncoming traffic was low in order to estimate driving behaviour of participants with 
minimal interference of other variables. Despite one participant not being able to finish the 
experiment, this participant did state that typically the absence of a centerlines reduces driving 
speed due to oncoming traffic, however in the experiment this participant found this effect 
negligible due to a low number of oncoming vehicles. 
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6 Conclusion 
The objective of this study was to evaluate the effectiveness of sustainable infrastructural 
measures in enhancing driving behaviour compliance on GOW30 by means of a driving simulator 
experiment, guided by a series of research questions. In this conclusion, these research 
questions are answered consecutively.  

First, the question needed to be answered on which characteristics of sustainable measures 
were likely to influence driving behaviour. These characteristics were identified through 
interviews with road designers, literature study and a survey involving 42 participants. 
Characteristics of interest were road width, parking height, greenery height and greenery width. 
Based on these insights, a driving simulator experiment was designed that tested multiple levels 
of these characteristics.  

Road width was varied at two levels: narrow (6 meters) and wide (7 meters), with the expectation 
that wider roads would lead to higher driving speeds. Parking height was also manipulated at two 
levels: level and elevated, with both conditions tested on narrow and wide roads. Greenery was 
varied at three height levels: low, medium, and high placed on the right side of the road. Low 
greenery was represented by grass, medium-height greenery by marram grass, and high greenery 
by Populus trees, approximately 3.5 meters tall. Additionally, greenery density was considered 
an important variable; Populus trees placed between parked cars were varied in thickness. A 
thick Populus tree was defined as twice the thickness of a normal Populus tree, providing another 
layer of complexity in assessing the impact of greenery on driving behaviour. Similar to parking 
height, all greenery types were varied in combination with road width. In total, this led to a 
combination of 14 road segments.  

To conduct the experiment, 4 participants were recruited on the Delft University of Technology, 
the Netherlands and 40 participants were recruited at Witteveen+Bos, an engineering 
consultancy company. All participantƚШőċĬШċШƻċũŔĬШĬƖŔƻĲƖƚќШũŔĦĲŰƚĲШċŰĬШĬŔĬШŰŸƣШőċƻĲШċШůĲĬŔĦċũШ
background that restricted them from participating in the experiment, such as epilepsy or being 
susceptible to migraines. Personal characteristics of these participants were collected. The 
characteristics of interest were age, gender, nationality and educational degree. Furthermore, 
driving frequency per week was also registered. The average age of the sample was 30.89 years, 
with  a standard deviation of 8.57. The majority of the sample was male (30 participants) and the 
majority of participants had the Dutch nationality (42). Furthermore, all participants had an 
educational degree of BSc or higher and the majority drove a car less than 2 hours a week. After 
completion of the simulation experiment,  simulation sickness and presence during the 
experiment were estimated by means of a survey. Then, preferences and opinions with regards 
to the road designs were asked and recorded anonymously.   

With these findings, answers could be found with regards to the impact of sustainable measures 
on driving speeds, lateral positioning and risk perception. The results of this driving simulator 
experiment clearly demonstrate that wider roads lead to higher driving speeds, likely because 
drivers perceive these environments as safer or less restrictive, thereby reducing the credibility 
of the 30 km/h speed limit. This finding aligns with previous literature, which highlights road width 
as a critical factor influencing speed limit credibility and driving speeds. In the following sections, 
the impact of sustainable road design measures on driving speeds and lateral positioning is 
explored. 
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Similar to wide roads, narrow roads with low-height greenery also saw increased speeds, 
suggesting that certain types of greenery may not sufficiently reinforce speed limits for all drivers. 
Of the greenery types investigated, narrow roads with high and dense greenery between parked 
cars had the most significant speed-reducing effect, supporting the hypothesis that larger 
roadside objects increase perceived risk and encourage lower speeds or consistent driving 
behaviour. 

An interesting observation is that on wide roads, roadside greenery does not have an influence 
on lateral positioning. Roadside objects do have an influence on lateral positioning for narrow 
roads however. Here, the suggest a pattern: when lateral positioning shifts toward the center of 
the road, driving speeds can decrease due to the perception of oncoming traffic. Lateral 
positioning shifts to the center of the road when parked cars are present. This suggests that 
drivers tend to veer away from roadside obstacles on the right, allowing them to maintain higher 
driving speeds again. The absence of a centerlines and low traffic volumes facilitate this 
behaviour, with almost all participants stating they would drive more in their lane if a centerlines 
were present.  

To answer the research question on which sustainable measures can enhance driving behaviour 
compliance on GOW30 and improve risk perception, results demonstrate that sustainable 
infrastructural measuresуparticularly road width and the strategic placement of greenery can 
significantly influence driving behaviour on GOW30 roads. While wider roads tend to increase 
driving speeds, the presence of dense or high greenery has the potential to reduce speeds and 
promote safer lateral positioning due to the provided visual guidance. Incorporating low 
greenery, such as grass or marram grass may create a perceptual buffer for car drivers whilst 
providing more overview. This leads to increased comfort and potentially also to more  
(over-)confident driving behaviour.  
 
Practical recommendations are to prioritize the incorporation of dense or high greenery to 
enhance speed limit credibility and to avoid low types of greenery that enhance sidewalk 
visibility, whilst keeping into account established guidelines for adequate visibility in traffic. 
These high types of greenery namely also have the potential to improve lateral positioning, which 
is important for GOW30 without centerlines since optical guidance on these roads is reduced. 

It is important to note that these findings are derived from a driving simulation experiment, and 
as such, the results may not fully reflect real-world behaviour. The lack of perceived risk and the 
absence of physical forces, such as acceleration and lateral forces during turns, reduce the 
ĲǂƓĲƖŔůĲŰƣќƚШƻċũŔĬŔƣǃЮШÑŸШŔůƓƖŸƻĲШƣőĲШċĦĦƨƖċĦǃШŸŉШƣőĲƚĲШŉŔŰĬŔŰŊƚЯШŉƨƣƨƖĲШƖĲƚĲċƖĦőШƚőŸƨũĬШŔŰĦũƨĬĲШ
real-world studies or analyses of driving behaviour on GOW30 roads with different traffic and 
weather conditions. 

Future research should also investigate additional factors, such as traffic density and the 
presence of cycling lanes, to deepen the understanding of driving behaviour in the built 
environment. Expanding the range of road segment types and including a more diverse sample 
of drivers could further refine insights into how sustainable infrastructure influences driving 
behaviour, potentially uncovering effects that were not significant in this study. 
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Appendix A: Scientific paper 
The scientific paper starts at the next page. 
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Abstract 

In order to increase traffic safety in the Netherlands, the government implemented the GOW30-

policy. However, evaluation of this policy shows that drivers do not comply with this newly imposed 

speed limit sufficiently. For this reason, roads need to be designed in such a way that speed limits are 

perceived as credible. At the same time, the need for sustainable road designs arises, due to factors as 

increased urban heat stress and population growth. Thus, road designers need to make trade-offs 

between spatial quality and mobility. Incorporating greenery is a promising way to reduce urban heat 

stress, but the presence of greenery, particularly thick trees, can also increase the severity of traffic 

accidents. This study evaluated the impact of roadside greenery on driving behaviour, utilising a 

driving simulator experiment complemented by a post-experiment survey. Linear Mixed Model 

analyses (LLMôs) together with survey insights revealed that perceived driving comfort leads to 

increased driving speeds. Comfort increases on wider roads and on roads with more overview. For 

this reason, it is not recommended to incorporate low greenery on GOW30 roads. Moreover, high and 

dense greenery is shown to reduce driving speeds while promoting better positioning on the road. It is 

furthermore recommended that research is performed in real-life, whilst evaluating roadside greenery 

in combination with cycling lanes under varying traffic and weather conditions. 

Key words: driver behaviour, driving simulation, GOW30 policy, grey roads, sustainability, traffic 

safety, self-explaining roads, urban mobility, urban road design.

I.                  INTRODUCTION  

In recent years, policies in the Netherlands with 

regards to road design in the built-up area have 

been focused on increasing traffic safety and 

sustainability. A policy that aims to improve 

traffic safety is the GOW30-policy, which 

targets grey roads. This term refers to roadways 

where intended function, design and actual use 

are not properly aligned. Think for example of 

a distributor road with a 50km/h speed limit, 

where cyclists do not have a separate lane. 

Reduced driving speeds on these roads are 

expected to lower the impact of collisions 

between cars and vulnerable road users. Rosén 

et al. (2021) found that fatality risk for 

pedestrians on roads with a 30km/h-speed limit 

is reduced by 10%, compared to roads with a 

50km/h speed limit. Additionally, the 

Netherlands is seeing a rise in electric bicycle 

accidents among the elderly, which can be 

explained by factors such as increased cycling 

distances and age of the victims (Westerhuis et 

al., 2024). According to Davis (2001), the 

likelihood of a fatal accident in vehicle-

pedestrian crashes at 50 km/h for pedestrians 

aged 60 and above is estimated at 65%, whereas 

at 30 km/h, this likelihood drops significantly to 
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4%. Thus, the GOW30-policy is a currently 

relevant policy that needs to be evaluated. 

The policy is in line with the Dutch Sustainable 

Safety framework (SWOV, 2019), which is 

framed around three design principles and two 

organizational principles: 

1.   Functionality. This principle ensures 

that road segments and intersections are 

designed to fulfil a singular traffic function, 

either facilitating movement (flow) or 

enabling interaction (exchange) across all 

modes of transportation. 

2.   Biomechanics. This principle focuses 

on minimizing differences in speed, mass, 

direction, and size among road users to 

prevent severe accidents. It involves 

designing road environments and vehicles 

that are compatible with each other, 

providing necessary protections based on 

the characteristics of different road users. 

3.   Road designs should be intuitive, 

aligning with the expectations and 

competencies of road users, particularly 

older individuals. This principle 

emphasizes the importance of making road 

layouts and traffic signals self-explanatory 

and easily understandable, thereby 

encouraging predictable and safe 

behaviour. 

4.   Responsibility. All parties involved in 

road design and maintenance should have 

clearly defined tasks, so that accountability 

and safety considerations are well-

maintained at every stage of road design. 

5.   Learning and innovation. Traffic 

incidents should regularly be assessed to 

identify areas for improvement. 

In practice, urban designers make trade-offs 

between liveability, practicality and land use 

when roads need to be designed. For many 

years, scholars have mentioned that streets 

should serve the community and be walkable 

and liveable (Appleyard, 1981; Whyte, 1980). 

A principle that relates to this is shared space. 

This principle involves eliminating traffic 

control elements such as markings, encouraging 

road users to navigate and interact with each 

other more intuitively and cautiously (Moody & 

Melia, 2011). Ben-Joseph, E. (1995) found that 

shared paved space by multiple road users 

reduces traffic speed, which enhances 

predictability and improves safety. 

Additionally, pedestrian crossing rates increase 

due to the greater number of crossing points 

available compared to conventional roads 

(Tzouras et al., 2023). 

An extension of the shared space principle is the 

woonerf concept. According to Kraay (1986), 

woonerfs are residential areas which must only 

carry vehicular traffic with an origin or 

destination within that particular woonerf. 

Also, there should be no continuous difference 

in cross sectional elements along the road, 

enough parking space accompanied with 

adequate lighting and vertical elements such as 

plant tubs and shrubs must not restrict visibility. 

Because drivers recognize the probability of 

sudden conflicts, driving speeds are lowered 

and attention is heightened. This is 

contradicting the principle of Sustainable 

Safety, which emphasizes clearly defined road 

layouts. The question therefore remains on how 

to seek a balance between road safety, mobility 

and sustainable road designs. 

More specifically, this research aims to answer 

the main research question, which is formulated 

as follows: Which sustainable measures are 

effective in improving driving behaviour 

compliance and risk perception of car drivers 

for GOW30? This is done by providing answers 

to the following sub questions: 

1. What are the most promising 

characteristics of sustainable measures 

that influence speed limit credibility? 
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2. What is the impact of these sustainable 

measures on driving speeds of car 

drivers on GOW30 roads? 

 

3. What is the impact of these sustainable 

measures on the lateral position of car 

drivers on GOW30 roads, without the 

presence of a centerlines? 

 

4. In what way do sustainable measures 

influence the risk perception of car 

drivers? 

It is generally anticipated that vision-

enhancing greenery and wide roads contribute 

to increased driving speeds. Conversely, larger 

greenery is expected to have a greater 

influence on lateral positioning, as it may be 

perceived as a more significant obstacle, 

heightening the driverôs sense of risk and 

encouraging them to maintain a safer distance. 

The basis of these research questions lies in 

findings by various scholars, illustrated in the 

conceptual model in figure 1. The conceptual 

model illustrates factors influencing driving 

behaviour, defined as the longitudinal and 

lateral movements of a driver, without 

estimating the relationship between driver 

capability and task demands. According to 

Fuller (2000), driving behaviour is constrained 

by human factor variables like fatigue, stress, 

and emotional state, which directly affect 

decisions and responses. Davidse et al. (2010) 

emphasize the importance of including 

physiological states, impacted by intoxication 

and tiredness, in understanding driving 

behaviour. Individual driving style preferences, 

including tendencies toward risky behaviour, 

are also vital. Additionally, other road users 

significantly influence driving behaviour; 

vehicles in proximity can affect each other's 

speed and positioning, creating a feedback loop 

between driving behaviour, road users, and 

driver decision and response. The model further 

builds on the premise that road design 

influences drivers' expectations, as discussed 

by Aarts & van Schagen et al. (2006). These 

expectations, shaped by experience, training 

and age, highlight that younger drivers are more 

prone to risky behaviour (SWOV, 2021; Abdel-

Aty et al., 1998). Wickens et al. (2013) explain 

that human information processing relies on 

expectations formed from past experiences, 

which can lead to non-credible speed limits 

when road environments are changed, such as 

transitioning from GOW50 to GOW30. 

Theeuwes & Godthelpôs (1995) concept of self-

explaining roads supports this, suggesting that 

roads aligned with driver expectations promote 

safer, more predictable driving behaviour. 

Thus, the model posits that aligning road 

environments with user expectations is 

essential for speed compliance and overall 

safety.  

 

Figure 1: Conceptual model based on Davidse et al. (2010), Fuller 

(2000) & Wickens et al. (2013). 

The remainder of this paper is structured as 

follows. Section 2 reviews the state-of-the-art 

in sustainable road design and its effects on 

driving behaviour, identifying key knowledge 

gaps. Section 3 outlines the methodology used 

to address these gaps, which is a driving 

simulator study. Section 4 presents the results 

from the simulation study. These are discussed 

and concluded in section 5.  

II.                LITERATURE REVIEW  

The relationship between road design, roadside 

environment, and user compliance with speed 

limits is well-documented in literature. Yao et 

al. (2020) conducted a driving simulator study 

to examine how road layout and roadside 

environments impact driving speeds. Their 
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research incorporated eight different scenarios 

with variations in road alignments (straight or 

curved), the presence of cycling lanes, and 

emergency lanes for rural highways. While this 

study yielded valuable insights, it leaves room 

for further investigation, particularly in urban 

settings where road complexity, congestion, 

and pedestrian activity are more prevalent. The 

research by Yao et al. (2020) is reinforced by 

the findings of Aarts & van Schagen (2006). 

Their study revealed that drivers tend to select 

higher speeds on wider roads with emergency 

lanes, fewer curves, smooth surfaces, and clear 

road markings. These factors, coupled with 

fewer surrounding buildings and less greenery, 

encourage drivers to maintain higher speeds. 

Additionally, personal attributes such as driver 

personality, vehicle characteristics, driving task 

complexity, and even trip purpose significantly 

influence driving behaviour. For instance, male 

drivers are more likely to drive faster than 

females, while older drivers and women tend to 

comply more closely with speed limits (Aarts & 

van Schagen, 2006). 

Then, Silvano and Bang (2016) found that 

reducing the posted speed limit with varying 

road characteristics, such as carriageway width, 

the presence of on-street parking and sidewalks, 

influence free flow speeds. It was found that if 

posted speed limits are reduced from 50 km/h 

to 40 km/h, free-flow speed reduces 1.6 km/h. 

Increasing the posted speed limit from 50km/h 

to 60km/h led to an increase of 2.6km/h. So, 

drivers are generally more sensitive to an 

increase in posted speed limit than they are to a 

decrease. Goralzik and Vollrath (2017) further 

investigated speed compliance under varying 

traffic interventions. Their study on simulated 

German urban roads found that drivers 

responded differently to road narrowing and 

curves depending on the speed limit. On roads 

with a 50 km/h limit, drivers reduced speed in 

response to narrowing or curvature, but on 30 

km/h roads, these road features did not trigger 

the same behavioural changes. This suggests 

that lower speed limits may create a 

behavioural "floor" that limits driver response 

to road geometry changes, emphasising the 

need for additional measuresðsuch as 

enforcement or road redesignsðto influence 

speed on 30 km/h roads. 

Either way, speeding behaviour on roads with a 

30km/h speed limit is still common. In the 

Netherlands, between 55% and 60% of vehicles 

exceed the speed limit on roads with limits of 

50, 60, and 70 km/h (SWOV, 2021). On 30 

km/h roads, these numbers are even higher, 

ranging from 62% to 90% across Europe. One 

can easily assume that if roads are converged to 

a GOW30, without changing the road design 

and environment, speeding behaviour is 

encouraged. This is supported by Distefano and 

Leonardi (2019), who also point out that simply 

reducing speed limits from 50 km/h to 30 km/h 

may not achieve the desired effects without 

accompanying measures like information 

campaigns or police enforcement. Thus, a 

multi-faceted approach is necessary to enhance 

speed limit credibility and to promote safe 

driving behaviour. To assess whether speed 

limits are credible, the Dutch methodology 

"Veilige Snelheden, Geloofwaardige 

Snelheidslimieten" (VSGS) is used. Kint et al. 

(2022) tested the validity of this model and 

found that only road width and straight 

alignment consistently explain free-flow traffic 

speeds. Other factors in the model, such as 

surrounding road features, tend to correlate 

with one another, making it difficult to isolate 

their individual effects on free-flow speeds. 

Additionally, changing road width and curves 

are expensive and not very sustainable. How 

can sustainable measures, such as greenery, 

play a role in promoting safe driving 

behaviour? 

To examine the relationship between 

sustainability measures and road safety, it's 

important to first clarify the concept of 

sustainability. As defined by the United Nations 

(1987), sustainability refers to meeting the 

needs of the present without compromising the 

ability of future generations to meet theirs. In 

urban environments, this often involves 
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initiatives to reduce pollution and mitigate heat 

stress, promoting healthier living conditions. 

However, implementing sustainability 

measures does not always align with road safety 

objectives. For example, tree placement 

standards along roads are critical, as improper 

spacing can obstruct visibility and increase the 

likelihood of collisions. Cheng et al. (2020) 

found that wider spacing and smaller tree 

diameters significantly reduce injury risk in 

accidents for car drivers, emphasising the 

importance of such standards. 

Research also highlights the influence of trees 

on driver perception and behaviour. Naderi et 

al. (2006) conducted a driving simulation 

involving urban and suburban settings with and 

without trees, finding that suburban streets with 

trees were perceived as safer, while urban 

streets without trees were seen as least safe. 

Additionally, the presence of curb side trees in 

suburban areas improved drivers' sense of 

spatial edge and reduced speeds by an average 

of 4.87 km/h. However, the sample size was 

small, and speed differences for other scenarios 

were not statistically significant. 

Further studies by Fitzpatrick et al. (2014) 

demonstrated that dense vegetation and utility 

poles along highways reduced driving speeds 

by an average of 2 mph. In a follow-up 

simulation (Fitzpatrick et al., 2016), the width 

of the clear zone was found to influence driving 

behaviour, with narrower clear zones 

prompting drivers to position themselves closer 

to the center of the road. However, vegetation 

density did not significantly affect speed, but it 

did influence lateral positioning, especially on 

left curves. 

Calvi (2015) extended these findings to two-

lane rural roads, showing that the proximity of 

trees to the road significantly affects driving 

speeds. When trees were positioned at a 4-metre 

offset, drivers increased speed, using the trees 

as visual cues for direction. Conversely, when 

trees were placed closer (1.5-meter offset), 

drivers perceived them as hazards, leading to 

reduced speeds and more cautious driving. This 

phenomenon was linked to the concept of 

optical flow, where the speed of perceived 

visual patterns influences driving speed. 

Recent research by Wu et al. (2023) supports 

these insights, showing that roadside vegetation 

and narrower lane widths are effective in 

reducing speeds during transitions from rural to 

small-town roads. Variations in tree height and 

spacing also contributed to speed reduction in 

these transition zones. Despite these findings, 

the effects of roadside greenery on driving 

behaviour in urban settings remain 

underexplored, indicating a gap in current 

research on how sustainable urban design can 

integrate road safety considerations. 

In conclusion, while roadside greenery can 

enhance sustainability and improve road safety 

in specific contexts, such as rural and suburban 

environments, there is still much to learn about 

its effects in urban areas. For this reason, a 

driving simulator experiment will be conducted 

to investigate the effects of roadside greenery in 

an urban context. This way, the effect of 

sustainable measures can be tested in a 

controlled environment.  

III.                  METHOD  

A.     Participants 

A total of 40 participants were recruited 

through advertisements at the Rotterdam office 

of Witteveen + Bos, an engineering consultancy 

company located in the Netherlands. All 

participants were required to hold a valid 

driverôs licence and be free of any medical 

conditions that could pose a risk during the 

simulation experiment, such as epilepsy and 

susceptibility to migraines or motion sickness 

(Anses, 2021). These considerations were 

communicated to potential participants, before  

signing an informed consent form. This form, 

which received approval from the TU Delft 

Human Research Ethics Committee, made clear 

that participants agreed to participate in the 

study whilst taking into account the potential 
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risks, as well as registration of age, gender, 

driving frequency per week and level of 

educational degree. The majority of participants 

fell in the age group of 25-29 years old. Also, 

the majority of participants drove a car less than 

2 hours and were primarily male. More than 

75% had a MSc-degree, the remainder a BSc-

degree.  

 

 
Figure 1: Distribution of personal characteristics 

 

 

B.     Apparatus 

The apparatus used for this experiment was the 

CTOUCH Riva 4K 65ò touchscreen, along with 

the fixed-based Playseat Evolution ActiFit and 

Logitech G920 Driving Force controllers. The 

screen provided approximately 120 degrees of 

view. 

C.     Procedure 

Participants began the experiment by adjusting 

their seating position in the driving simulator 

and receiving instructions on how to operate the 

vehicle (accelerating, braking, steering, 

reversing and using indicator lights). They then 

completed a 5-minute training session to 

familiarise themselves with the controls, 

including tasks such as turning, parking, 

performing a 360-degree turn and driving at a 

steady speed. Oncoming traffic appeared after 

two minutes, which had a frequency of 1 car per 

minute. Upon completion of the training, 

participants took a 2-minute break.  

 After the break, they drove a 

standardised circuit consisting of 14 segments 

modelled after the Zaagmolenstraat in 

Rotterdam, a narrow two-lane road in a dense 

urban area shared by multiple modes of traffic, 

as seen in figure 2. This road was chosen since 

it will be converged to GOW30 in 2025 

(Gemeente Rotterdam, 2024).  

Figure 2: Zaagmolenstraat in Rotterdam, the Netherlands. 
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Each 500-metre segment varied in road width, 

parking setups, and greenery placement, as 

shown in Table 2: Experimental design. For 

each segment, images are included in Appendix 

A: Road segments.  

 

To simulate real-life conditions, participants 

encountered a 30 km/h speed limit sign at the 

start of each segment, which complies to 

guidelines for road design in the Netherlands 

(CROW, 2023). They also encountered zebra 

crossing approximately midway the road 

segment and a stop sign at the end. This forced 

participants to come to a full stop, before 

entering a new segment. Oncoming traffic 

appeared at a frequency of 2 cars per minute, 

with pedestrians along the sidewalks. A 5-

minute break was given midway to prevent 

fatigue before participants resumed driving. 

After this break, they were instructed to drive as 

they would normally. Finally, the participants 

filled in a survey on their experience. 

  

  D.     Data collection 

During the experiment, the driving simulator 

recorded driving trajectories at a frequency of 1 

Hz. The following variables were collected: 

driving speed (m/s), acceleration (m/s²), and 

vehicle position along the x, y, and z axes. To 

account for potential data distortion caused by 

collisions, collision times were also recorded. 

Since participants made four right turns during 

the experiment and encountered zebra 

crossings, these events influenced their driving 

behaviour. As a result, initial driving 

trajectories following right turns were excluded 

from the analysis until the vehicleôs movement 

had stabilised. Similarly, braking patterns prior 

to zebra crossings were omitted from the 

dataset to ensure a more accurate representation 

of typical driving behaviour. 

E.  Post-experiment survey 

After the completion of the simulation 

experiment, participants filled in a survey 

which consisted of four parts. The first part 

obtained information on their demographics 

and driving experience. The target variables of 

this part were age, gender, nationality, 

education level and their driving frequency per 

week. All data was made anonymous, in 

correspondence to guidelines of the Human 

Research Ethics Committee from TU Delft. The 

second part of the questionnaire was aimed at 

the experience with the driving simulation, such 

as the extent to which participants experienced 

discomfort such as eye strain, disorientation 

and nausea on a 4-point scale (ñnotò to 

ñsevereò) based on the Simulation Sickness 

Questionnaire (Kennedy et al., 1993). The third 

part of the questionnaire was aimed at 

estimating participantsô presence during the 

drive. For this aim, items from the Presence 

Questionnaire by Witmer et al. (2005) were 

used that measured fidelity of the simulator, 

immersion in the experiment and the extent to 

which the experience felt similar to reality. This 

is critical to do, since driving simulator studies 

have a reduced validity due to the absence of 

real-life risk and different field of view (De 

Winter et al., 2012; Wynne et al., 2019). 

Then, the last part of the questionnaire 

examined respondentsô relation to the 

sustainable measures with a mix of scaled, 

multiple choice and open questions. For 

example, to which extent drivers find greenery 

comfortable, which road designs have their 

preferences and the influence of greenery on 

their sense of safety. Furthermore, questions 

were asked on other variables such as the 

presence of cars along roads and how 

participants expect a centerlines to have an 

influence on their driving behaviour. Finally, 

respondents were given the opportunity to make 
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final remarks and explain why certain road 

types were preferred.  

IV.                  RESULTS 

This section presents the results of the driving 

simulator experiment, together with the post-

experiment survey. In the next subsection, the 

descriptive statistics of driving speed and 

lateral positioning are presented. These are 

followed in by the results of the Linear Mixed 

effects Models for driving speed in subsection 

B and lateral positioning in subsection C. 

A.  Descriptive statistics of driving 

behaviour 

In below boxplots for driving speeds per 

segment, mean driving speeds are close to 

30km/h. The lowest mean driving speed can be 

seen in scenario NLBH+, which is a narrow 

road with medium height greenery. The lowest 

average driving speed still occurs in segment 

NBLH+, suggesting that wide populus trees 

placed in between cars have a speed reducing 

effect. The second lowest driving speeds can be 

seen in scenario WLRM, which features a wide 

road flanked by medium-height greenery. Then, 

a smaller bandwidth can be seen in scenarios 

NLBH and WE, which suggests more 

homogeneous driving speeds in these scenarios. 

But also, wide road segments, starting with óWô 

generally have more outliers. To test whether 

these observations for driving speeds are 

significant, a linear mixed model is estimated, 

which can be found in the next chapter. When 

looking at boxplots for lateral positioning, 

participants were mostly driving on the left side 

of the lane on road segments (negative 

estimate) with parked cars on both sides: NL, 

NE & WL. The same can be seen in scenarios 

with parked cars and trees placed in between 

cars: NLBH, NLBH+, WLBH and WLBH+. 

The most right-oriented driving behaviour can 

be seen in segment WLRH, which is a wide 

road with level parking and high greenery on 

the right side. Drivers tend to position 

themselves further to the right in their lane 

when there are no parked cars, especially if the 

greenery strips feature taller vegetation.  

Figure 3: Distribution of driving speeds per segment 

Figure 4: Distribution of lateral position per segment 

B.  Linear Mixed Effect Model for driving 

speed 

To estimate whether the differences observed in 

the boxplots are statistically significant, Linear 

Mixed Effects Models (LMM) were conducted, 

accounting for participant characteristics. LLM 

is a robust analytical approach, especially 

suited for analysing unbalanced longitudinal 

data where the same individuals are measured 

at varying time points. Importantly, LLMôs 

allow inclusion of random effects that cannot be 

controlled for in the experiment. 

In the model analysing driving speed, two 

random effects were incorporated for each 

participant. First, a random intercept captures 

individual baseline driving speeds and the 

inherent correlation between multiple 

measurements from the same participant.  
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Second, a random slope for each road segment 

was added, allowing the effects of the 

independent variables to vary for each 

participant based on the segment sequence. 

This is a critical adjustment given that all 

participants drove through the same circuit, and 

it accounts for potential within-subject 

variability across different road conditions 

The model was estimated in R using the 

following formula: DrivingSpeed ~ 

RoadWidth + ParkingHeight + GreeneryType 

+ Age + Gender + Education + 

DrivingFrequency + 

RoadWidth*GreeneryType + 

RoadWidth*ParkingHeight + (1+ Segment | 

Participant). 

This formulation demonstrates that personal 

characteristics, such as age, gender, education 

level and driving frequency, were controlled for 

in the model. Moreover, interaction effects are 

included for road width with elevated parking 

and greenery type, capturing complex 

relationships between these variables and 

driving behaviour. This comprehensive model 

structure ensures a nuanced understanding of 

the factors influencing driving speeds, 

accounting for both fixed and random effects. 

From the results in table 3, a significant 

intercept of 32.946 km/h (p<0.001) can be seen. 

This intercept represents the base driving speed 

on a narrow road with no greenery, for a male 

driver aged 18-24 with a BSc education and less 

than 2 hours of weekly driving. 

Significant effects include Populus trees on 

both sides and Populus trees on both sides, 

which were made twice as thick. Populus trees 

on both sides between cars increase driving 

speed with approximately 1.3km/h (p-value = 

0.043), whereas the same tree increased twice 

in width reduces driving speeds with 

approximately 1.4km/h (p-value = 0.028). If 

road width is increased, this leads to higher 

driving speeds of 2.321 km/h (p-value <0.001).  

A contradicting finding is that wide roads 

interacted with elevated parking, medium 

height greenery and Populus trees on both sides 

of the road have a speed reducing effect that 

ranges from approximately 2.1km/h on wide 

roads interacted with elevated parking to 

4.2km/h on wide roads interacted with Marram 

grass strips. 

Finally, the model also reveals that participants 

aged 25 and higher drive faster than drivers 

aged 18 to 24. Gender, education and driving 

frequency do not reveal significant effects, but 

do indicate that females tend to drive slower, 

and participants who drive more than 5 hours 

per week tend to drive faster. 
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In conclusion, wide roads significantly increase 

driving speed, as well as high greenery on both 

sides on a narrow road. High and thick greenery 

decreases driving speeds. When analysing 

interaction effects with wide roads, elevated 

parking, marram grass and Populus trees on 

both sides have a speed reducing effect. To 

fully understand driving behaviour, lateral 

positioning also needs to be reviewed. 

 

C. Linear Mixed Model for lateral 

position 

Similar to the estimations for driving speed, a 

model was estimated that took into account all 

demographic variables with the following 

formula: PositionNormalized ~ RoadWidth + 

ParkingHeight + GreeneryType + Age + 

Gender + Education + DrivingFrequency + 

RoadWidth*GreeneryType + 

RoadWidth*ParkingHeight + (1+ Segment | 

Participant). A random intercept was included 

in this model to account for correlations 

between observations for each participant, 

which can vary by individual. This is a logical 

approach, given that each driver may have a 

different baseline lateral position on the road. 

The baseline condition is defined as a narrow 

road devoid of greenery. All reference 

categories for personal characteristics can be 

seen in table 4. 

In this table, the intercept estimate of -0.612 

(p<0.001) suggests that the baseline lateral 

position is significantly different from zero. 

Several factors show significant effects on 

lateral position. Elevated parking increases 

lateral position by 0.107m (p = 0.031), and 

grass also shows a significant increase of 0.355 

m (p <0.001). High greenery (Populus trees) 

also increases lateral positioning by 0.438 m (p 

<0.001), indicating that drivers position 

themselves closer to the road edge when high 

greenery is present. Also, high and thick 

greenery on both sides shows a marginally 

significant positive impact on lateral position. 

Finally, combinations of wide roads and 

various measures, as well as the personal 

characteristics, have non-significant effects. 

D.  Questionnaire results 

In this subsection, the findings from the post-

experiment survey are presented which will aid 

in interpreting the results from the Linear 

Mixed Model analyses. Also, immersion in the 

experiment will be discussed, which is of 

importance to reflect on the validity of the 

experiment. All figures regarding these findings 

are presented in Appendix C: Questionnaire 

results. 

Using items from the Simulator Sickness 

Questionnaire by (Kennedy et al., 1993), 

participants were asked questions to assess the 

extent of nausea, disorientation (such as 

dizziness or motion sickness), and oculomotor 

discomfort (including eye strain and headaches) 

they experienced. They rated their symptoms 
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on a 4-point Likert scale, ranging from 1 (no) to 

4 (yes, severe). The majority of participants did 

not report experiencing any of these symptoms, 

which is a reassuring outcome. Out of 40 

participants, only 4 reported mild nausea. 

Regarding disorientation, 7 participants 

experienced it mildly, while the remaining 33 

did not experience any disorientation at all. As 

for oculomotor discomfort, 32 participants did 

not report any symptoms, 7 experienced mild 

discomfort, and 1 participant noted noticeable 

discomfort. 

Regarding items from the Presence 

Questionnaire by Witmer et al. (2005), results 

were more heterogeneous. The participant 

feedback provides a generally positive outlook 

on the simulation experience. The participant 

feedback reveals generally positive experiences 

across several areas of the simulation. For 

visual immersion, on a scale from 1 (not 

immersed) to 7 (extremely immersed), most 

participants rated their experience highly, with 

17 giving it a 6. Similarly, auditory immersion, 

rated on the same 1-7 scale, showed moderate 

to high engagement, with 11 participants rating 

it a 5. 

In terms of delay experience, where 1 means 

"not delayed at all" and 7 indicates "extremely 

delayed," participants showed moderate 

concern, with 15 rating it a 6. Despite this, 

satisfaction remained high. Contentment with 

the simulation was measured on a 1 (not 

content) to 5 (very content) scale, and 23 

participants rated it a 5, indicating a largely 

positive reception. 

Perceived realism of driving speed was 

assessed on a scale from 1 (not similar) to 5 

(totally similar), with 13 participants scoring it 

a 4, indicating fairly realistic perception of 

driving speeds. Display interference was rated 

on a scale from 1 (not at all) to 5 (very much), 

with 18 participants giving it a 2, showing 

minimal interference. However, handling the 

accelerator pedal posed some difficulty for 

participants. On a scale from 1 (very easy) to 5 

(very difficult), 11 participants rated it as "very 

difficult," while 18 found it "neutral," 

highlighting an area that could benefit from 

improvements. 

In terms of perceptions regarding greenery, a 

notable 26 out of 40 participants indicated that 

the presence of grass lanes positively influences 

their sense of safety, resulting in increased 

driving speeds. Additionally, 23 participants 

recognized grass lanes as a significant visual 

barrier separating them from the sidewalk. 

Overall, 10 participants reported a moderate 

influence of greenery on their driving 

behaviour, while 17 participants acknowledged 

a substantial impact. Furthermore, 32 

participants indicated that the presence of 

oncoming traffic tends to slightly reduce their 

driving speeds. 

Regarding the presence of centerlines, 38 

participants expressed that they would maintain 

their lane more effectively when a centerlines is 

present. Interestingly, nearly half of the 

participants (17) reported that they would drive 

faster due to the presence of a centerlines. In 

contrast, 22 participants indicated that they 

would drive more slowly with a centerlines, and 

only one participant claimed that it would have 

no effect on their driving behaviour. 

V.  DISCUSSION AND CONCLUSION 

This study evaluated the effectiveness of 

sustainable measures in enhancing driving 

behaviour compliance within the GOW30 

framework, utilising a driving simulator 

experiment. The findings indicate that specific 

characteristics of road design, particularly the 

presence of greenery and the use of centerlines, 

significantly influence driving speeds and 

perceptions of safety. 

Baseline driving speeds observed on narrow 

roads devoid of greenery averaged between 

approximately 33km/h, exceeding the posted 

speed limit of 30 km/h. Age emerged as a 

significant factor, with drivers over 25 years of 
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age exhibiting speeds that were 5 to 6 km/h 

lower than those of younger drivers, 

corroborating existing literature that identifies 

age-related variations in driving behaviour. The 

analysis demonstrated that increasing road 

width (7 metres) was associated with an 

increase in driving speeds of approximately 

2.3km/h (p < 0.001). Then, the most promising 

characteristics of greenery were height and 

density: low greenery (grass), medium height 

greenery (marram grass), high greenery 

(Populus trees) and high and thick greenery 

(thick Populus trees) were varied and tested in 

the experiment. Regarding the impact of these 

sustainable measures on driving speed, a few 

findings became clear. Notably, narrow roads 

featuring high and dense greenery positioned 

between parked cars exhibited a marked speed-

reducing effect of 1.4km/h (p = 0.028), 

supporting the hypothesis that larger roadside 

objects enhance perceived risk, thereby 

encouraging more cautious driving behaviours. 

Interestingly, while wide roads generally 

promote higher speeds, the presence of marram 

grass, elevated parking and trees significantly 

mitigated this effect. It should be noted that in 

the experiment, participants drove through a 

fixed circuit that was the same for each 

participant. In this circuit, a scenario with 

marram grass was the first scenario  and one 

with trees on both sides the second scenario. 

For this reason, the validity of these findings are 

questionable. Another explanation for observed 

speed reductions on wide roads is the fact that 

lateral positioning compared to base was not 

changed. Thus, drivers drove more to center of 

the road, rather than centrally in their lane.  

Road positioning is associated with risk 

perception of car drivers. Here, the influence of 

centerlines was complex; although a majority of 

participants indicated that centerlines assisted 

in maintaining their lane, nearly half reported 

that they would drive faster when a centerlines 

was present. This finding suggests that the 

psychological effects of road design can yield 

unexpected outcomes, impacting driver 

behaviour in nuanced ways. 

Overall, the study underscores that sustainable 

measures, such as the incorporation of 

greenery, significantly shape driving behaviour 

on GOW30 roads. While wider roads tend to 

encourage increased speeds, the integration of 

dense or high greenery has the potential to 

counteract this trend and promote safer driving 

practices. While this speed reducing effect was 

significant, the impact is relatively minor. It is 

important to acknowledge that these 

conclusions are derived from a driving 

simulation, which may not fully replicate real-

world driving conditions. In this study, most 

participants experienced driving speeds as 

similar to reality and were generally content 

with the quality of the experiment. However, 

handling speed in the simulator was perceived 

as difficult. This was mitigated by a training 

that aimed to improve handling of the 

simulator. Because of this reduced validity, 

future research should extend to real-world 

studies and consider additional variables such 

as traffic density and the presence of cycling 

lanes, to deepen the understanding of how 

sustainable infrastructure impacts driving 

behaviour. 

In conclusion, this study underscores the vital 

importance of intentional road design in urban 

planning, recommending the integration of 

greenery and other sustainable elements to 

create safer driving environments. The answer 

to the main research question, which aims to 

review which sustainable measures are 

effective in improving driving behaviour 

compliance and risk perception of car drivers 

for GOW30,  is as follows: Roads with 

greenery, such as grass or trees, are generally 

associated with higher driving speeds and 

greater comfort, while roads lined with parked 

cars tend to restrict speed and are perceived as 

the least comfortable. Enhanced visibility and 

reduced obstructions on greener roads 

contribute to a more confident driving 

experience, allowing drivers to maintain speeds 

above posted limits. Practically this could mean 

that incorporating low greenery for GOW30 

should be avoided to enhance speed limit 
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credibility. Also, the absence of centerlines 

allows drivers to veer away from object and 

drive centrally on the road, which allows them 

to drive faster again. It is expected that on 

GOW30 with high traffic volume, this effect is 

reduced. However, future research should 

investigate the effects of different traffic 

volumes, with or without centerlines and 

interactions with cycling lanes. This preferably 

should be done in real-life conditions, which 

can vary by weather. This way, understanding 

of driving behaviour on GOW30 is heightened 

while addressing the limitations of this study.  
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APPENDIX A: ROAD SEGMENTS 

In the below table, images are included that present the 14 tested road segments. In the left column, all 

narrow segments can be seen. The wide road segments are presented in the right column, starting with 

ñWò.  

Table 5: Road segments in the experiment 

NL 

 

WL  

 

NE WE 

 

NLRL  

 

WLRL  
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NLRM  

 

WLRM  

 

NLRH  

 

WLRH  

 

NLBH  

 

WLBH  

 

NLBH+  

 

WLBH+  
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APPENDIX B: POST-EXPERIMENT SURVEY  

After the completion of the driving simulation experiment, participants were administered the below 

questionnaire to retrieve information on their demographics and the extent to which their wellbeing 

was influenced by the simulation setup. Furthermore, subjective information was gathered with 

regards to the presented road designs in relation to driving behaviour and safety perceptions. The 

results of this survey are presented in Appendix C: QUESTIONNAIRE RESULTS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



76 
 

 

 

 

 

 

 

 

 

 



77 
 

 

 



78 
 

 

 

 

 

 

 



79 
 

 

 

 

 

 

 



80 
 

 

 



81 
 

 

 

 

 



82 
 

 

 

 

 

 



83 
 

 

 

 

 

 

 

 

 

 

 

 

 



84 
 

APPENDIX C: QUESTIONNAIRE RESULTS  

After the experiment, participants were asked to fill in a survey with regards to their experience. This 

survey asked personal characteristics of these participants, followed by questions on which extent they 

experienced simulation sickness, based on items from the Simulation Sickness questionnaire by 

Kennedy et al. (1995). Also,  their presence during the experiment was evaluated based on items by the 

Presence Questionnaire from Witmer et al. (2005). Finally, preferences with regards to road design were 

evaluated.   

As can be seen in the below figures, the majority of participants did not experience nausea, disorientation 

or oculomotor discomfort. Only one participant found their experienced oculomotor discomfort 

noticeable.  

 

Figure 5: Simulation Sickness Questionnaire items results 

Then, visual immersion scored primarily positively, with the most participants scoring a 5 on a scale 

from 1 (Not at all) to 7 (Extremely immersed). Auditory immersion was generally less, with most 

participants scoring a 4 on a scale from (Not at all) to 7 (Extremely immersed). Also, participants did 

experience a delay in the experiment, which can be explained by the fact that most participants found 

handling the accelerator pedal difficult. This was mitigated before the experiment, by increasing 

sensitivity. However, if sensitivity was too high, the simulator became too responsive and maintaining 

driving speeds constant was difficult. The participants primarily experienced driving speeds neutral, 

which is a limitation of a fixed-base driving simulator. Despite these findings, almost all participants 

were (very) content with the simulation and display quality did not interfere with the driving task.  
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Figure 6: Presence Questionnaire items results 

 

In addition to the previous findings, grass lanes were stated by the majority of participants to have an 

influence on their sense of safety in such a way that they drive faster. This can be explained by the fact 

that grass lanes are perceived as strong separations between the driver and the sidewalk. The majority 

of participants did not notice that trees were varied in thickness, however the Linear Mixed Model 

analysis for driving speed did indicate a speed reducing effect of high and thick greenery. Generally, 

greenery influences driving behaviour much and thickness of greenery does influence visibility for 37 

out of 40 participants.  
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Figure 7: Perception of greenery results 

Then, the effects of centerlines, oncoming traffic and perceived comfort are presented below.  

Figure 8: Perception of other traffic and centerlines 
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Finally, all participants provided insights with regards to their preferences for road design. These 

statements found that the driving experience is significantly influenced by road design, particularly 

through the presence of greenery and parked cars. Participants reported that roads with grass strips or 

low greenery on one side are the most comfortable, providing enhanced visibility and a sense of 

spaciousness. As one respondent noted, ñThe most comfortable setup is having grass on the right side, 

while the least comfortable is having cars and thick trees in between.ò In contrast, roads with high and 

dense trees, especially when combined with parked cars, create discomfort by limiting visibility. One 

participant remarked, ñThe least comfortable situation was having cars parked on both sides,ò 

emphasizing the restrictive feeling that such setups can provoke. 

Visibility plays a crucial role in determining comfort levels, with many respondents indicating that 

increased visibility allows for faster driving while maintaining a sense of safety. As another participant 

stated, ñThe most comfortable setup is having grass or shrubs on the right side. The least comfortable is 

having cars parked on a level surface. A sloped curb adds some comfort. Thin trees are more pleasant 

than thick trees, but thick trees are still more comfortable than having cars parked on both sides.ò These 

findings highlight the importance of thoughtful road design, which combines greenery with minimal 

obstructions to enhance both safety and driving enjoyment. 
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Appendix C: Survey on road designs 
 
With insights from literature and practice, a full factorial design was developed that varied road 
width in 2 levels (narrow and wide), placement of greenery in 2 levels (planters in between cars 
and on the right side of the road) and greenery in 3 levels (low, medium and high greenery). 
Furthermore, if parking was present on the road, this parking was varied in 2-levels (level and 
elevated) as well. This combination led to a full-factorial design of 32 road segments.  
 
However, doubts were existing regarding the visibility of low and medium greenery if placed in 
between vehicles, as well as the difference between elevated parking and level parking. In order 
to reduce the number of scenarios of the full  factorial  design, a survey was conducted to 
estimate preferences or indifferences amongst car drivers.  
This survey was first aimed at estimating driving speed regardless of a speed limit. This was 
done based on images from the Walenburgerweg and the Zaagmolenstraat (Google, 2024). The 
former has been transformed to a GOW30 road, and the Zaagmolenstraat is to be transformed 
to a GOW30 road in 2025 (Rotterdam, 2024). This furthermore ensured that respondents could 
relate the developed road designs to real-life cases. Then, questions were asked with regards to 
driving behaviour without a centerlines on the 2-lane bidirectional  road and the visibility and 
effect that elevated parking had on driving behaviour, which were followed by questions that 
aimed at estimating preferences and the visibility of greenery.  

Respondents were found via social media and sent to a team of mobility experts to ensure a 
variety of the sample. The majority of this sample did not take part in the driving simulation 
experiment. The software used for this survey is QualtricsXM and the survey was conducted in 
Dutch and English for the duration of 4 consecutive days, in which 32 respondents were found. 
In order to increase the number of respondents, the survey was set out for 7 consecutive days 
again which increases the number of respondents up to 52 respondents. However, 10 
respondents who only engaged in three questions were filtered from the answers. The 
presented questions are presented on the following pages. The results together with the 
selected designs are presented in Appendix C: Selected road designs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



95 
 

 

Dear respondent,  
 
For this short survey, I am interested in the preferences of car drivers for 
certain types of roads. To investigate these preferences, you will be shown 
images of roads that differ from each other.  
 
Completing this survey takes approximately 7 minutes. Your participation in 
this survey is voluntary. You have the right to withdraw at any time. For this 
survey, your age and driving experience as a car driver will be recorded. Do 
not provide any other pe rsonal information, as this ensures anonymity.  
 
Thank you for participating in this questionnaire and good luck!  

 
¶ I have read the above text and give permission for the recording of my 

preferences  
o I have read the above text and do not give permission, I am now 

terminating the survey  
 

 

Q1: What is your age?  
 
Q2: How often a week do you drive a car?  

o Not  
o Less than 2 hours a week  
o 2 to 5 hours a week  
o More than 5 hours a wee k 
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Q3: The Walenburgerweg in Rotterdam was transformed to a road with a 
30km/h (approximately 20 mph) speed limit. What would be your driving 
speed on this road as a car driver?  
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Q4: The Zaagmolenstraat is a through road within the built - up area of 
Rotterdam that is perceived as unpleasant. What driving speed would you 
maintain as a car driver on this road?   

 

 
 

 

 

 

 
Q5: Suppose the centerlines  is removed from this street. How would this 
affect your driving speed?  

o This has  no  influence  on  my  driving  speed  
o I now  drive  slower  compared  to  a  road  with  a  center  line  
o I now  drive  faster  compared  to  a  road  with  a  center  line  
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Q6: Do you see a difference between these roads? Does this affect your 
driving speed and position on the road?  

 
  

 
 

o I do  not  see  a  difference  and  do  not  drive  differently  
o I do  see  a  difference  and  do  not  drive  differently  
o I do  see  a  difference  and  drive  slower  in  the  upper  image  
o I do  see  a  difference  and  drive  faster  in  the  upper  image  
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Q7: Suppose trees are added to the Zaagmolenstraat, do you drive slower 
because of this?  

 
     

o Yes 
o Likely 
o Unsure  
o Unlikely  
o No 
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Q8: Judge your speed difference between these two road segments  

 
o No difference  
o A small  difference  
o A large  dif ference  
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Q9: Do you drive differently due to the addition of a green strip?  

 
 
  
 
 
 
 
 
 
 
 
 
 

o No 
o Yes,  but  my  speed  difference  is minimal  
o Yes, I clearly  drive  slower  due  to  the  addition  of  greenery  
o Yes, I clearly  drive  faster  due  to  the  addition  of  greenery  
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Q10: Mark the street you find most pleasant  
 

o  
 

o  
 

o  
 
 
Q11: Why do you experience the other options as less pleasant?  
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Q12: On which road do you drive the slowest?  
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Q13: On which road do you drive the fastest ? 
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Q14: Is there a speed difference between these two road segments? If so, 
where do you drive faster?  
 

 
 
 

 
 

o I drive  faster  in  the  upper  image  
o No difference  
o I drive  faster  in  the  lower  image  
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Q15: Evaluate  the  following  ̤̥̥̖̞̖̟̥̒˫Я˾̪ speed  difference  between  these  
two  road  segments  is ̟̖̘̝̘̝̖̓̚̚Я 

 

 

 
 

o Disagree  
o Disagree  a  little  
o No idea  
o Agree  a  little  
o Agree  
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Q16: Evaluate  the  ̤̥̥̖̞̖̟̥̒˫Я˺ drive  slower  if my  visibility  is ̣̖̦̖̔̕̕˟Я 
 

o Agree  
o Agree  a  little  
o Do not  agree,  do  not  disagree  
o Disagree  a  little  
o Disagree  

 
Q17: Would  you  like  to  see  more  greenery  in  cities?  
 

o No 
o Indifferent  
o Yes 
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Q18: Is there  a  difference  in  your  driving  speed  between  these  two  road  
segments?  If yes, where  do  you  drive  slower?  
 

 
 

 
  

o No 
o Yes, I drive  slower  in  the  lower  image  
o Yes, I drive  slower  in  the  upper  image  
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Q19: Does  your  driving  speed  differ  between  these  two  roads?  
 

 
 

 
 

o Yes 
o Likely 
o I ̠̟̕Я̥ know  
o Likely not  
o No 
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Q20: Mark  the  road  segment  on  which  you  drive  the  slowest  
 

o  
 

o  
 

o My driving  speed  on  both  segments  is equal  
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Q21: Mark  the  road  segment  on  which  you  drive  the  slowest  now  
 

o  
 

o  
 

o  
 
 
 
 


































































