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Abstract

The Netherlands has experienced a decline in active school travel over the last decade. This is
concerning, considering that active school travel is essential to support children’s health and
independence. Parents’ perceived traffic safety is often linked to children’s mobility choices,
but there is little knowledge on what factors inform parents’ perceived safety in a bike-oriented
context. This research employed a combination of literature reviews and interviews with mental
maps, to understand what factors influenced parents’ perceived traffic safety in a bike-oriented
context, like the Netherlands. Overall, this research established a multitude of factors that
informed parents’ perceived traffic safety. These factors included, but were not limited to,
complex crossings, high speed, high traffic volume, type of bike path, type of crossing, and
accidents along the route. This research also highlighted that children’s characteristics and
parents’ approach to risk mitigated parents’ perception of traffic safety. The results further
showed that parents’ perception of traffic safety did not solely depend on the factors found
along the route, but also on the interplay between factors at any specific location. These findings
largely overlapped with the literature, with some important additions, which can be attributed
to the bike-oriented context and use of interviews in this study. A key supposition from the
study was that parents focused on minimizing the uncertainty along their travel route to feel
safe. Hence, they preferred routes where their expectations matched the resulting behavior and
where infrastructure elements minimized the consequences of any mistakes their children made.
The conclusions in this research should be reconfirmed with a larger sample.
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Preface

Growing up in Norway I biked, walked, and skied to school. However, I never took the car. For
me taking the car was not an option, and public transport was so infrequent that biking quickly
became my main way of getting anywhere. So much so that I started biking year-round, come
sun, rain, and snow.

Thus, when I came across a thesis topic that focused on children biking it seemed like a perfect
match. Even more so when a bit of snooping showed that active school travel (e.g. biking and
walking) actually is decreasing in the Netherlands. I thought it would be really interesting to
understand why something, which to me was a non-negotiable growing up, is now decreasing.
I especially wanted to pursue this topic, because for me being allowed to bike alone from a
young age gave me independence, confidence, and the flexibility to do the activities I wanted.
Therefore, I think it is important to understand why it is decreasing, because I believe that we
should support children’s ability to bike independently as much as possible.
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Glossary

Active Mobility/Active Transport: Active mobility refers to mobility modes which require the user
to be in physical activity when traveling with the mode. For example, bikes, walking, and kick
scooters. They often promote various health benefits. (Masoumi et al., 2020)

Active School Travel: This term refers to the use of active mobility when traveling to school.
Most literature specifically focuses on walking and biking. (Van Den Berg et al., 2020)

Independent Mobility: Independent mobility is mostly used in the context of children. In this case
it refers to the affordance/ability for children to travel on their own without parental/adult
supervision. (Nevelsteen et al., 2012)

Perceived Traffic Risk/Safety: This is a subjective measurement which considers how a person
evaluates a specific location based on their interpretation. Generally, this will include a variety of
factors beyond accidents, such as built environment, personal demographics, traffic flow etc.
(Lam, 2001). In this research perceived traffic risk and perceived traffic safety are used as equal
opposites. Thus, reducing safety and increasing risk are considered the same.

Real Traffic Risk: Generally, defined slightly differently by various government bodies. However,
it consistently focuses on the number of registered accidents and fatalities at a specific location.
(Nevelsteen et al., 2012)

Road Actors/Users: For this research the term road actors simply refer to any other mode which
uses the road. It is therefore a catch term for cars, bikes, mopeds, buses, delivery trucks etc.

Interaction Factors: For this research interaction factors refer to factors which impact parents’
perceived traffic safety and relate to interactions with and the behavior of other road users.
Accordingly, they include aspects of traffic which moves beyond the infrastructure and to the
users.

Built environment factors: For this research, built environment factors refer to factors which
impact parents’ perceived traffic safety and relate to the physical infrastructure which forms the
traffic situation. Thus, they include anything physical including bike paths, crossing design etc.

Bike-oriented Context: For this report this entails a context which actively focuses on developing
biking infrastructure and promoting biking as a main mode of transport. Since the 80s urban areas
in the Netherlands have followed such an ambition. It is important to note that this is not
equivalent to no cars being present.

Fat bikes: For this research fat bike encompasses a specific type of electric bike which generally
is characterized by small thicker wheels and a sturdy more rugged design.
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1 Introduction

In 2023, only 60% of Dutch children between 4 and 11 years of age achieved the recommended
60 minutes of moderate activity per day (Rijksinstituut voor Volksgezondheid en Milieu
Ministerie van Volksgezondheid, Welzijn en Sport, n.d.). Moreover, several studies found that
active school travel for children in the Netherlands has been decreasing in the last few years
(Macedo et al., 2023; Van Den Berg et al., 2020). Active school travel (AST) refers to the use
of bike or walking to go to school (Katsavounidou et al., 2024; Van Den Berg et al., 2020;
Vasey et al., 2022). AST is associated with numerous health and developmental benefits. First,
AST supports an active lifestyle, which can reduce childhood obesity and other systemic health
complications (Nystrom et al., 2023; Torres et al., 2022; Vasey et al., 2022; Wangzom et al.,
2023). Secondly, AST encourages independent mobility in children (Amiour et al., 2022;
Macedo et al., 2023). Giving children more independence from a younger age is linked with
increased confidence, higher connection to the neighborhood, and improved ability to negotiate
risks (Amiour et al., 2022). Lastly, being active at a young age also positively influences activity
levels later in life (Mercé et al., 2021). Because of the above-mentioned reasons, how to
encourage AST is crucial to improve the overall wellbeing of children.

The current AST trajectory might be surprising considering that, since the 80s most Dutch urban
areas have actively promoted biking and biking infrastructure (Buiter, 2015; Cluster Stedelijke
Ontwikkeling, 2020). These ambitions include implementing e.g. car-free city centers, 30km/h
zones, and separate bike paths (Gemeente Amsterdam, n.d.; Gemeente Leiden, n.d.). These
initiatives have led to a bike-oriented context, where biking is a common travel mode in many
Dutch urban areas (te Brommelstroet et al., 2020). Though it does not mean that cars and other
motorized vehicles are removed from the roads (Macedo et al., 2023; Van Den Berg et al.,
2020).

While several factors influence the prevalence of AST, past research shows that one important
component is parents’ perception of traffic safety on the roads their children travel (Amiour et
al., 2022; Lam, 2001; Siiba et al., 2025; Vasey et al., 2022; Wangzom et al., 2023). Perceived
safety is central to travel choice, because it reflects how someone subjectively evaluates a
situation (Amiour et al., 2022). Moreover, children depend on their parents’ permission to
travel, making parents’ perspective especially important when considering AST.

As elaborated on in the literature review (Section 4.1), while there is already extensive research
on the traffic safety perception of parents globally, research on the topic in the Netherlands is
limited. The global studies introduced find that parents’ perception of traffic safety largely
depends on the built environment, demographics, direct social environment, and the traffic
structure itself (Amiour et al., 2022; Lam, 2001; Siiba et al., 2025; Wangzom et al., 2023).
Some relevant factors include traffic lights, designated infrastructure, speed and complexity of
traffic, and controlled crossings (Amiour et al., 2022; Macedo et al., 2023; Nevelsteen et al.,
2012; Rothman et al., 2015). However, there is much less research on parents’ perception in the
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Dutch, bike-oriented context, and the existing studies predominantly use quantitative research
methods and focus on the built environment (Macedo et al., 2023; Van Den Berg et al., 2020).

Overall, most of the relevant studies identifying factors influencing parents’ perceived traffic
safety originate in countries where many cities do not prioritize biking, as well as biking
infrastructure (e.g. Canada, Australia, USA, UK, Peru, and Chile) (Amiour et al., 2022). Since,
cultural norms inform mobility behavior, there is a need for knowledge specific to contexts
which already prioritizes biking in its design, like the Netherlands (Masoumi et al., 2020).
Moreover, current studies in the Netherlands focus predominantly on quantitative data
collection methods, hence there is a need for complementary in-depth knowledge through
qualitative research methods.

Consequently, while there is considerable global work on how parents’ perceived traffic safety
is formed, the understanding of what this looks like in a bike-oriented context, such as the
Netherlands, is limited.

1.1 Research Objective

This research aims to understand what factors inform parents’ perception of traffic safety to
mitigate current AST trends. This study will use a qualitative research approach, which allows
for more flexibility in understanding what factors parents consider and why. The goals of the
research include the following. First, to determine what factors parents value/prioritize/avoid
when engaging in active mobility with their children. Second, understand how these factors
impact parents’ perception of traffic safety, and whether the combination of factors play a role
in perceived safety. By providing evidence on the “what” and “how”, this study attempts to
outline potential mechanisms behind parents’ perception of safety and thereby contribute to the

understanding on how to encourage more AST amongst children.

1.2 Research Questions

In alignment with the research objective (Section 1.1), the following research questions will be
addressed in this research:

What factors influence parents’ perception of traffic safety when engaging in active
mobility with their children within a bike-oriented context?

SRQ1. What factors identified in previous research have been found to influence parental
perception of traffic safety when engaging in active school travel?

SRQ2. What factors do parents identify which influencing their perceived traffic safety

along children’s commuting routes?

SRQ3. Does the interplay of factors in a specific location along children’s commuting
routes alter parents’ perceived traffic safety?
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1.3  Scope

To ensure a similar cultural mobility context across all participants, this research will focus on
urban areas in the Netherlands. Most urban areas in the Netherlands share a bike first ambition
and policy (Buiter, 2015; Cluster Stedelijke Ontwikkeling, 2020; Gemeente Amsterdam, n.d.).
Several cities have and are implementing infrastructure favoring bikes, including car-free city
centers, 30km/h zones, and separate bike paths (Gemeente Amsterdam, n.d.; Gemeente Leiden,
n.d.). As such, this allows for a relatively similar social context across all cities regarding biking

culture.

This research focuses on school travel for three main reasons. School travel is a daily
commuting pattern with a consistent route and timing, and hence something parents can actively
make decisions about. School travel also occurs daily and thus provides an opportunity for
consistent exercise for the children. Lastly, because it is a daily commute, parents have a large

set of experience and knowledge to pull from when discussing their routes.

The focus is on children who are still accompanied by their parents, since parents then have the
largest influence on the travel choices made. From other papers and observation this is likely
primary school, group 2 through 8 (approximately 4 to 12 years old) (Molina-Garcia et al.,
2025; Siiba, 2021). Additional details about the participants can be found in Section 4.2.1.

Note that the travel mode chosen to commute remains open to cover a broader set of
experiences. Parents that currently do not opt for active mobility might still describe important
traffic factors which determine their choice. Also, some leeway is given for reference to other
consistent commuting routes, e.g. after-school activities, since the factors described there would
also be relevant if they appear on a school route.
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2 Theoretical Foundation

This research relies on the PASTA (Physical Activity through Sustainable Transport
Approaches) framework to provide an overview of what factors can impact active mobility
choices (Section 2.1). However, parents’ safety perception and AST are currently not explicit
in the PASTA framework. As such, based on literature, this research alters the PASTA
framework to visualize the variables and connections which are most important to parents’
perceived traffic safety and AST (Section 2.2).

2.1 The Mobility Model

This research relies on the PASTA framework to visualize what factors influence active
mobility and where parents’ perception of traffic risk fits into this system. The PASTA model
outlines broadly how active mobility choices can be made. The utility of the PASTA model, as
well as a detailed overview, is provided in the following sections.

2.1.1 Utility of the PASTA Model

The PASTA framework is used in this research because it focuses on personal choice, includes
external factors, provides a visual summary specific to active mobility, and the categories used

overlap with other choice and mobility frameworks.

The PASTA model visualizes factors influencing individual mobility choice. This study
requires a framework focused on the choice process of individuals, because it researches factors
impacting parents’ personal perception of traffic safety. A higher-level model which focuses

on e.g. adoption of new behavior across a society would not provide enough details.

This research focuses on identifying factors along the travel routes which influence parents’
perception specifically. Hence, it considers factors which occur externally to the parents and
requires a model which visualizes the role of these in personal choice, such as the PASTA
model. Many other behavioral models focus more on the internal characteristics of the person.
For example, the theory of planned behavior by Ajzen (1991) largely highlights the link
between internal opinions and behavior outcomes. Such a model would not match the need of
this research.

Moreover, the PASTA framework summarizes different factors which have been found to
influence mobility choice in past research. Thus, the factors mentioned are specific to mobility
choice and active mobility. This type of specificity is not present in broader behavior models,
such as the health belief model (Abraham & Sheeran, 2009). The health belief model outlines
how perception of a situation leads to action, but uses broad concepts such as perceived
susceptibility/severity.

Lastly, the broad categories mentioned in the PASTA framework overlap with several other

frameworks, ensuring its relevance to understanding choice processes. For example, the health
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belief model also uses the concept of individual factors (Abraham & Sheeran, 2009), while the
socio-ecological mode of children’s mobility also considers the natural environment, individual

characteristics, and social interactions (Mitra & Manaugh, 2020).

2.1.2 The PASTA Model

The PASTA model compiled literature, which considered various determinants of active

transport, to create a summary model understanding active mobility choice (see Figure 2.1)
(Gotschi et al., 2017).

Legend Social and Cultural

[ Social Context Determinants | City (Region, Country) Built Environment Natural
[Physical Context Determinant | Neizhborhood Land Use Environment
ysical Context Determinants eighborhood
Active Space Transport System and Infrastructure (Supply) (Densi ) (Climate )
[ Individual Level Determinants | ¢ pace) y
,,,,,,,,,,,,,,,, Polic i i o ) o Topograph;
I Choice Process' Y gubllc Motorized @uantlty j Quality Y
,,,,,,,,,,,,,,,, ransport) \_Traffic
Urban and Transport
Casual Flows Planning Practice (Walking )(Cycling ] @onneclivit})(Safety )
Main pathways indicated with brackets and arrows =
3 Social/Individual influences roughly from left to right
{ Physical influences roughly from top to bottom
Community
(Neighborhood, Population and Similar)
Peers
H
1 Individual
r — — — — — w—\

Socio Demographics

‘Community Characteristics
Location (Home/Work)

Travel Demand I

Social Network

Objective Choice Attributes
4 and Subjective Perceptions

Opportunity and Constraint

‘ Thereof
Social Norms g ‘
=
()
Mobility Culture . g g ‘

Habit (Unreasoned) Travel Choice

5{[51;“ 2.1: The PASTA model, which summarizes the main factors that inform active mobility choice (Gétschi et al.,

).

Gotschi et al., (2017) argued that while there was much literature on how people make active
mobility choices, the specific articles often only focused on one aspect of the choice.
Consequently, a complete model acknowledging the diversity of factors that influence mobility
choice was missing. By summarizing the different dimensions and criteria identified in other
research, the PASTA model shows an overview of the choice process in active mobility
(Gotschi et al., 2017).

The PASTA model initially distinguishes between unreasoned behavior, also called habits, and
reasoned behavior. Habits refer to things which influence the choice process in an unconscious
manner. Thus, they cannot be measured when asking people to explicitly explain their mobility
choice.
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The PASTA model further distinguishes the different scales where choice mechanism originate
from, e.g. social and cultural, neighborhood, peers, or individual. These dimensions show that

many entities influence the choice process.

The most essential distinction the model makes is between the three main contexts which
influence mobility choices, namely social, physical, and individual context. The social context
refers to the broader societal structure, such as policy or cultural norms. The physical context
relates to the built and natural environment (e.g. bike paths, weather). The individual level
focuses more on personal characteristics, such as perception, demographics, attitude, and
habits. The arrows in Figure 2.1 show the connections between the different dimensions and
the final choice. Both the physical and social context link to the individual context, which then
influences the objective choice. Only the natural environment has a direct link to the objective
choice box in Figure 2.1.

Overall, the PASTA model visualizes what factors might influence active mobility decisions,
and how different aspects of the decision process interact. The PASTA model demonstrates that
(safety) perception, as part of the individual context, links directly to active mobility choices,
and that both the built environment and social context link to (safety) perception. Accordingly,
the PASTA model in its original form already indicates that parents’ perceived traffic safety
influences their mobility choice, and various built environment factors influence their

perception.

2.2 The Conceptual Framework

This research’s core focus is to understand what factors influence parents’ perception of traffic
safety, thus the PASTA framework is operationalized to single out the links to perception within
the model. The operationalized model centers on individual factors, since these contain
perception (changed to Traffic Safety Perception). Physical factors are kept in the model,
because they have a direct link to the individual factors. Interaction factors are added due to
their prevalence in past literature about parents’ perception (seen Section 4.1). Social factors
are assumed to be outside the scope of this study. Figure 2.2 shows the changes mentioned,
where colored boxes highlight aspects relevant to this research, while transparent boxes are less

pertinent.
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Figure 2.2: Conceptual model, adapted from PASTA model to center around traffic risk perception, and include built

environment and interaction factors.

This research primarily focuses on understanding factors identified by individuals, hence the
scale levels are left out of the conceptual model. Understanding the origin of the factors would
be most relevant when considering where to intervene in the choice process, which is not the

goal of this research.

The main factor in the PASTA model relevant to this study is perception (red). Including
perception in the conceptual framework is central, because it shows perception fits into the
travel choice process. For this research perception is reframed as perception of traffic safety.
Other factors mentioned in the individual context are excluded, since previous research
highlighted them as mitigating factors e.g. children’s demographics and socio economic factors
(Aliyas et al., 2022; Hermida et al., 2025; Katsavounidou et al., 2024; Kotoula et al., 2021;
Kweon et al., 2021; Lam, 2001; Masoumi et al., 2020; Molina-Garcia et al., 2025; Siiba et al.,
2025; Swain et al., 2024; Zougheibe et al., 2021). Habits are also excluded, because they are
unconscious components of choice which this research cannot account for. Overall, the

individual context outlines the place of perception in the travel choice process.

Social context (blue) is one of the overarching components of active mobility choices in the
PASTA model. As mentioned earlier, Section 1.3, these are assumed to be similar across all
participants in this research. Consequently, due to this study’s limited scope, social context is
not an active component of the conceptual framework and therefore transparent in Figure 2.2.

Physical context (green) is included in the conceptual model, because past literature highlighted
that the built environment plays a central role in parents safety perception (Amiour et al., 2022;
Macedo et al., 2023; Van Den Berg et al., 2020; Wangzom et al., 2023). The arrow connecting
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them to traffic safety perception highlights the link between both components. The natural
environment is excluded from the conceptual framework, because it cannot be altered and links
directly to travel choice. Both literature and the PASTA model confirm the link between the
built environment component and traffic safety perception, cementing its place in the
conceptual model.

The PASTA model is missing explicit reference to traffic interactions and their impact on
perceived safety, which was mentioned in literature. Several studies cited that the behavior of
other road actors influenced parents’ perceived traffic safety (Aliyas et al., 2022; AlQubhtani,
2025; Amiour et al., 2022; Aranda-Balboa et al., 2021; Herazo-Beltran et al., 2024; Hermida et
al., 2025; Masoumi et al., 2020; Schicketanz et al., 2024; Vasey et al., 2022; Wangzom et al.,
2023). Currently, the PASTA model only acknowledges it in the form of traffic structure. To
be more open for additional factors in this study, the conceptual framework adds it as an

additional component (orange), and links it to traffic safety perception.

Overall, the conceptual framework adapts the PASTA model to focus specifically on traffic
safety perception and the factors which broadly influence it. Specifically, the new model leaves
out the scale level and social factors mentioned in the original model. The model then uses
individual factors to link perception to mobility choice. Lastly, the model acknowledges the
preexisting link between perception and the built environment, and adds the link to interaction
factors, based on information from literature. Overall, the adapted model provides an idea of
how various factors influences each other and mobility choice, and guides the categorization
and coding of factors throughout this research.
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3 Research Methodology

This study will use qualitative research methodologies to explore the factors that influence
parents’ perceived traffic safety in a bike-oriented context. The explorative approach of this
research benefits from qualitative methodologies, such as interviews, which allows for more
leeway to account for unexpected responses through more flexibility within data collection than

quantitative methods.

First, a literature review will be conducted to compile an overview of factors which have already
been linked to parents’ traffic safety perception (Section 3.1). Next, interviews with mental
mapping will allow this research to identify what factors influence parents traffic safety
perception in the Netherlands (Section 3.2). Processing the interviews through coding will
create a systematic overview of factors mentioned in the Dutch bike-oriented context (Section
3.3). Lasty, through a co-occurrence analysis this research will explore whether the combination
of factors mentioned alter parents’ perception of traffic safety (Section 3.4). The steps of this
research are depicted in Figure 3.1 which gives an overview of the input, methods, outcomes,
and links them to the sub-research questions.

SRQ1 ( )
Literature Review C)
Outputs
Y Code
Overview Factors from
Literature @ Analyze

\2
v \4
Factors Influencing
Parents Perceived Traffic Safety

Y

Overview Factors Influencing
Parents Perceived Traffic Safety

SRQ3 ( Interviews w/code )

l Mental Mapping w/code |
Y
( Co-occurrence Analysis )

¥
( Factor Combinations which Alter j

Parents Perceived Traffic Safety

Figure 3.1: Overview of the link between the data collection method, process, analysis, and the sub-research questions.
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3.1 Systematic Literature Review

The research will begin with two systematic literature reviews to identify what factors have
already been linked to parental safety perception when engaging with AST. To capture the
general and local factors and themes, both the global (Section 3.1.1) and Dutch (Section 3.1.2)
context will be considered. A systematic literature review is selected, since it provides a
reproducible and bounded way to look at previous research and identify relevant factors
(Nightingale, 2009). Thus, by clearly defining what papers are relevant to the scope of this
study, it can provide a methodical summary of previously identified factors. This research will
do so by first defining the relevant scope and search terms, and then providing concrete steps
to filter the articles.

The scope and search strings will be specified for the respective literature reviews. For each
search term an extensive list of synonyms will be made to ensure that all variations of a term
are covered. After the search string is applied in the search engine, the research will initially
scan all titles of the articles. Titles that do not refer to AST or active mobility at all, or link it to
a specific un-relevant subcategory (e.g. covid) will be excluded. The abstract will then be read,
and articles are excluded if they meet the exclusion criteria outlined in Table 3.1 and Table 3.2.
For the articles left after scanning, the entire article will be read. Here articles will be excluded
if they make no reference to factors which influence parents’ safety perception and AST. For

each article a comment will be made about when it is excluded and on what grounds.

3.1.1 Global Context

Initially, this research will conduct a literature review on the global context. This allows the
research to create a summary of factors that have been linked to parents’ perceived traffic safety
in general. To complete the literature review on the global context, a search string will be
established, applied to all relevant search portals, exclusion criteria will be defined, and then
all articles found will be filtered.

The global search term will identify articles which discuss AST and parents’ perception of
traffic safety in a global context. The global search string will include the following five
subjects: active travel, risk, school, perception, and parents. These dimensions are established,
both by considering past systematic literature reviews on the topic, keywords in other relevant
papers, and some fine tuning through trial and error (Amiour et al., 2022; Cadima & Pinho,
2024; Siiba et al., 2025). The full search string will be the following:

PUBYEAR AFT 2020 TITLE-ABS-KEY (( Bike OR “Active Mobility” OR Walking OR “School Travel” OR
“Active School Travel” OR “Active Commute” OR Pedestrian™ OR Cyclist*) AND ( Accident™* OR Risk* OR
Safet* OR Hazard* OR Danger* OR Unsafe™ OR Securit* ) AND (School* OR Kindergarten ) AND(
Perception® OR Perceive*) AND ( Parent* OR Father®* OR Mother* OR Guardian® OR Child*))
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A detailed overview of the literature review and search term can be seen in Appendix A. The
global systematic literature review will be limited to papers after 2020, since a substantial
literature review of a similar topic was conducted in 2021 (Amiour et al., 2022). The search

string will be applied in both Scopus and PubMed to identify a broader set of relevant articles.

The articles found will be scanned for relevance based on several exclusion criteria defining
them as either relevant or irrelevant to the research. The literature review will move through all
articles and scan the title, and then the abstract, and exclude all papers which do not align with
the intended context. Table 3.1 shows the exclusion criteria that will be used to scan the
identified articles. Some requirements will be the age range of children, the inclusion of parents’
perspective, and the focus on active mobility of children without any mediating factors such as
e.g. covid or disability.

Table 3.1: Exclusion criteria for articles in the global systematic literature review.

Global Systematic Literature Review — Exclusion Criteria

Does not consider parents’ perception
Does not consider children between 4 and 12

Does not consider school travel

Does not consider active modes
Focused on specific illness/disability
Focused on obesity

Focused on developing new measurement design or processes

Focused on other risky behavior (smoking, drinking)
Considers AST during COVID-19
Considers modelled/predicted behavior

Consider a specific intervention

To summarize the results from the global literature review, a table will be set up which outlines
what factors influencing AST are mentioned in existing research. The factors will be
categorized based on the dimensions of the PASTA framework, and include built environment
factors, interaction factors, children’s demographic factors, direct social environment factors,
and other factors. The resulting summary will be used both to answer SRQ1 and inform the

interview codes.

3.1.2 Dutch Context

Secondly, this research will conduct a literature review on the Dutch context. This literature
review will indicate if factors overlap between the global and Dutch context, and highlight any
research gaps in the Dutch bike-oriented context. To complete the literature review on the Dutch
context, a search string will be established, applied to all relevant search portals, exclusion
criteria will be defined, and then all articles found filtered.

The second systematic literature review will specifically consider parents’ perceived traffic

safety in the Dutch context. The search string will be broader than the global literature review,
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because the focus on the Netherlands greatly reduces the research available. Thus, to still
establish an understanding of the research available and potential factors identified in the
Netherlands the search string will not be limited to school travel. The search string will focus

on active travel, risk, parents, and the Netherlands. The full string is:

TITLE-ABS-KEY (( Bike OR “Active Mobility” OR Walking OR “School Travel” OR “Active School Travel”
OR “Active Commute” OR Pedestrian™ OR Cyclist* OR “Active Commute”) AND ( Accident™ OR Risk™ OR
Safet* OR Hazard* OR Danger* OR Unsafe* OR Securit* ) AND ( Perception® OR Perceive*) AND ( Parent*
OR Child* OR Father* OR Mother* OR Guardian®) AND ( Netherland* OR Dutch OR Holland OR Randstad))

More details around the search string can be found in Appendix C. For the Dutch review, no
year range will be set, since no substantial previous reviews were found. The search string will
be applied to both Scopus and PubMed to find articles.

All the articles found will be examined for relevance based on several criteria defining them as
either relevant or irrelevant to the research. The literature reviews will scan the title, and then
abstract, and exclude all papers which do not align with the intended context. Table 3.2 shows
the exclusion criteria which will be used to scan the identified articles. Some requirements will
be the Dutch context and inclusion of active mode.

Table 3.2: Exclusion criteria for articles in the Dutch systematic literature review.

Dutch Systematic Literature Review — Exclusion Criteria
Does not consider children between 4 and 12

Does not consider active modes

Does not consider Netherlands

Focused on specific illness/disability

Focuses on number of accidents

Focuses on children’s ability to navigate traffic

Focused on children’s health

Focused on other risky behavior (smoking, drinking)
Considers AST during COVID-19
Considers modelled/predicted behavior

Consider a specific intervention

To summarize the factors found, a table will be set up which outlines what factors influencing
parents’ traffic safety perception are mentioned in existing research. The factors will be
categorized, based on the PASTA framework, into built environment factors, interaction
factors, children’s demographic factors, other factors, and direct social environment factors.
The resulting factors will be used both to answer SRQ1 and inform the interview codes.
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3.2 Data Collection

The data collection process will use semi-structured interviews, with mental mapping as a
probe. Interviews are chosen because they are a qualitative data collection method and therefore
remain open for parents to explain context and introduce new knowledge. The mental mapping
provides a concrete base to talk from which might trigger more detailed information. This
research steers away from qualitative data collection methods, because they require a notion of

the potential outcome beyond what this research can provide through the literature review (Jain,
2021).

3.2.1 Semi-Structured Interviews

This research will use interviews for the data collection due to its open and flexible approach.
Other more quantitative data collection processes, such as surveys, require a more specific
knowledge base and expectation of outcomes to set up exhaustive questions which this research
does not have (Jain, 2021). There is currently no complete list of factors which influence
parents’ perceived safety within a bike-oriented context. Moreover, several current studies are
survey based and do not provide an opportunity to delve into the context of parents’ responses
(see Appendix B and Appendix D). To extend the list of factors and understand parents’
responses in-depth this research needs a data collection method which is open to discovering

unexpected information, hence interviews.

This research will use semi-structured interviews. Interviews are a common qualitative data
collection technique, since they capture personal knowledge and are flexible enough to find
new unexpected information (Legard et al., 2003). Focusing on semi-structured interviews will
provide the ability to harness specific information through pre-planned questions, while
remaining open to new ideas with spontaneous follow-ups. This research will follow the Seven
Steps to Conducting, Analyzing, and Reporting Semi-structured Interview Data (7s CARS-
SID) as presented in Appendix E (Adeoye-Olatunde & Olenik, 2021). Doing so allows a
standardized structure which outlines how the interviews will be conducted and analyzed to

maximize transparency and reproducibility.

Each participant’s interview will last between 30-60 minutes and contain both open-ended
questions and a request to map participant’s travel routes. The questions will focus on providing
necessary background information, e.g. asking for the age and gender of the children and
previous active mobility background of parents. Other questions will be more flexible and take
the form of follow-ups to the maps drawn by parents. These questions will include, for example,
asking about road materials, interactions with other road users, or places parents avoid traveling
to. Combining the interviews with mapping will be essential, since the mapping can trigger
parents to remember specific events, otherwise forgotten. However, mental maps alone cannot

reflect the same depth of information as interviews.
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The participants will be recruited by sending out a call in parents’ WhatsApp groups, school
newsletters, and snowballing from parents connected to the research.

To facilitate processing of the data, all interview responses will be recorded locally on the
computer, transcribed through Word, and analyzed in Atlas.ti. Recording the interviews also
allows for some more flexibility in the language of responses. Though the interviews will be
conducted in English, the recording will make it possible to go back to the conversations to
cross-reference what people said and translate correctly when Dutch words of phrases are used.

3.2.2 Mental Mapping

Mental maps will be used, not as a data collection method in itself, but as a probe to initiate and
guide the interviews. Mental Maps provide a systematic way to visualize subjective experiences
and opinions. Mental maps come from behavioral geography with the goal to capture personal
perspectives of a place (Brennan-Horley, 2010). In mental mapping, participants map and
annotate an urban area in the way they experience it. A common alternative technique is walk-
along interviews, which allow an embodied shared experience of the route (Schicketanz et al.,
2024). However, walk along interviews are hard to conduct when biking due to speed and
relative business, leaving mental mapping as the best alternative for this research (Schicketanz
et al., 2024). Mental maps will be central in the interviews, because they provide an opportunity
for parents to visualize their travel routes. Moreover, asking parents to mentally walk through

their travel might trigger memories they would not consider in an open-ended conversation.

This research will use mental maps which rely on a base map as a starting point, rather than
free form mental mapping (see Figure 3.2 for example). This allows for easy geographic
referencing along the route (Brennan-Horley, 2010). Participants will initially be prompted to
simply draw their routes to and from school, on an average day. Thus, the route does not account
for extreme weather, seasonal changes etc. Then they will be asked to highlight good/bad spots
along the route and explain why these fall in either category. The mental mapping will be
annotated with various colors and notes based on the stories parents tell (Figure 3.2). After
drawing the maps, follow-up questions will be used to see if there are any other factors missing

which are relevant to parents.

Page | 19



Figure 3.2: Example of what the resulting data from mental mapping could look like (not from a participant).

The maps will be formatted into pdfs through Illustrator to facilitate the coding process. Though
the mental maps are not a data source themselves they will support finding spatially specific
details and stories in the interviews. The maps drawn will supplement the information from

interviews with spatial insights to answer SRQ3.

The maps will not be aggregated or analyzed for quantitative information in this research,
because the small sample means that route data might identify participants. Considering the
relatively small school communities, and the small sample collected, the routes can be
associated with the families. To mitigate this concern, larger parts of the routes will not be
published. Only small snippets of specific locations along the route will be considered for
SRQ3.

3.3 Data Processing

To be able to summarize and quantify the responses from the interviews in a systematic manner
they will be processed through coding. Initially the interviews and mental maps will be coded

for content in a hybrid manner.

To develop the codes the research will use hybrid coding, which leans on a combination of
predefined codes and exploration to find new codes (Fereday & Muir-Cochrane, 2006). The
predefined codes will take their origin in factors identified in the systematic literature review.
The main predefined codes identified can be seen in Table 3.3, for all codes see Appendix F.
The codes will focus on the content and thus summarize what is directly mentioned in the text
(Prasad, 2008). The goal of the coding will be to create a summary of the different factors
parents consider when evaluating the safety of roads on behalf of their children and how often

various factors are mentioned. This summary is used to answer SRQ?2.
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Table 3.3: The overarching codes used as a starting point to look for the interaction/dynamic factors in interviews and
mental maps, based on the systematic literature review.

D
0des 01 b 0 C 2 0 0des O Crd 0 aCtlo

Complex crossing Speed related issues

Safe Crossing High volume

Unsafe crossing Other actors along route

Type bike/walking path Conflict with other modes

Design bike/walking path Behavior which breaks traffic rules
Road features Others anticipate need
Maintenance Crime in neighborhood

Road Surface Unpredictable situation
Construction Calm/slow traffic

3.4 Data Analysis

To create an in-depth understanding of the factors found in interviews and how they form
parents’ perceived safety, a co-occurrence analysis will be conducted. The research will conduct

a co-occurrence analysis in Atlas.ti on all documents, interview transcripts and mental maps.

A co-occurrence analysis sets up a matrix of pairwise comparisons between codes. In essence
the analysis shows how often two different codes are mentioned together in one quote or
location. This analysis will allow the research to see whether various factors frequently appear
together.

For factors which do frequently appear together the research can then consider the quoted
context in more depth to see if the combination of factors mentioned play a role in how parents
frame their risk perception. This will provide insight for SRQ3 about whether factors interact
with each other to alter parents’ perceived traffic risk.
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4 Results

This section addresses the research question, by answering each sub-research question with the
previously described methodology and the ensuing results. First, relevant factors to parents’
perceived traffic risk described in literature were identified through two systematic literature
reviews focusing on both the Global and Dutch context (Section 4.1). Second, the research
identified what factors were mentioned by parents in the Dutch bike-oriented context through
interviews and mental maps (Section 4.2). Then the research explored if the interplay between
different factors mentioned by parents amplified parents’ perceived traffic risk (Section 4.3).

4.1 Factors Found in Literature Review

This section summarizes previously identified factors by initially delving into the factors
identified in the global literature review and then the factors from the Dutch literature review.
For the selection process the global and Dutch literature review initially applied their respective
search string in Scopus and PubMed, and then filtered according to the process outlined in
Section 3.1. This ensured that all the final selected papers were relevant to the research. The
factors found were sorted based on the categories of the conceptual framework for easy
overview. The main categories were the built environment factors, interaction factors, and the
children’s demographic factors. Other mediating factors were also kept in mind through the

direct social environment and other columns.

4.1.1 Global Context

The global systematic literature review attempted to summarize the factors linked to parents’
perceived safety when engaging with AST in past literature.

The global literature review initially found 99 articles, which were filtered down to 26 articles
across Scopus and PubMed. Figure 4.1 shows an overview of the selection process and number
of articles excluded at each step (for details see Appendix A). All the final selected articles can
be found in Appendix B.
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Figure 4.1: Overview exclusion process of the global systematic literature review.

The selected articles were scanned for factors related to parents’ safety perception and AST.
The next sections discuss the various factors found in the literature and summarizes them in
Table 4.1 at the end.

4.1.1.1 Built Environment Factors

Several studies outlined many factors from the built environment which influenced parents’
perceived traffic safety. The main split was made between factors which decreased or increased
parents’ perceived traffic safety.

In past literature, lack of designated active mobility infrastructure, poor maintenance of
infrastructure, narrow infrastructure, construction, many crossings, unsecure crossing, street
parking, and isolated roads reduced parents’ perceived traffic safety. Lack of dedicated biking
and walking infrastructure was concerning to parents’ in regard to AST (AlQuhtani, 2025;
Amiour et al., 2022; Aranda-Balboa et al., 2021; Herazo-Beltran et al., 2024; Katsavounidou et
al., 2024; Kotoula et al., 2021; Kweon et al., 2021; Masoumi et al., 2020; Siiba, 2021; Siiba et
al., 2025; Swain et al., 2024; Vasey et al., 2022; Wangzom et al., 2023). AlQuhtani (2025)
showed that lack of sidewalks can make parents twice as likely to refuse AST. However, even
if there was designated infrastructure available, if it was poorly maintained parents felt less safe
(Chinkonda et al., 2024; Vasey et al., 2022). Narrow biking/walking infrastructure, where it
was not possible to bike or walk next to each other, discouraged AST (Amiour et al., 2022;
Katsavounidou et al., 2024; Schicketanz et al., 2024; Swain et al., 2024). Construction on the
designated infrastructure, although temporary, also reduced the perceived safety of the path
(Torres et al., 2022). Moreover, many crossing along the school route generally led to a decrease
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in the safety perception of parents (Kweon et al., 2023; Masoumi et al., 2020; Torres et al.,
2022; Von Stiilpnagel et al., 2024). Unsecure crossings on the way to school was also a central
concern, with varying causes (Aliyas et al., 2022; Cadima & Pinho, 2024; Herazo-Beltran et
al., 2024; Hermida et al., 2025; Swain et al., 2024; Wangzom et al., 2023). Some mentioned in
research include, reduced visibility, no crossing guard, free right turn, no traffic light, and
complex/multilane crossings (Amiour et al., 2022; Chinkonda et al., 2024; Schicketanz et al.,
2024; Swain et al., 2024). In addition, the existence of street parking led parents to see a road
as less safe (Amiour et al., 2022). Lastly, more isolated roads or roads which were dead ends
were also generally seen as less safe (Amiour et al., 2022; Vasey et al., 2022). In conclusion, a
multitude of factors decreased parents’ perceived traffics safety in literature including lack of
designated active mobility infrastructure, poor maintenance of infrastructure, narrow
infrastructure, construction, many crossings, unsecure crossings, street parking, and isolated

roads reduced parents’ perceived traffic safety

Having a buffer between the active mobility infrastructure and roads, speed managing
infrastructure, and road sign increased parents’ traffic safety perception. Providing a buffer
between the active mobility infrastructure and road, especially with trees, increased perceived
safety (Kweon et al., 2021). Two other factors were the presence of speed managing
infrastructure such as speed bumps, and presence of road signs, which could clarify an
otherwise chaotic situation (Chinkonda et al., 2024). Thus, speed managing infrastructure,
traffic signs, and buffer between the active mobility infrastructure and roads positively
influenced parents’ perceived traffic safety.

Overall, past literature highlighted an extensive set of factors in the built environment that
influenced parents’ safety perception. The main focus in literature was on the quality and
availability of designated walking and biking infrastructure, and on the frequency and safety of
crossings along the route.

4.1.1.2 Interaction Factors

Past research highlighted several interaction factors which influenced parents’ perceived traffic
safety, most of which were negative. The factors which reduced parents’ perceived safety were
categorized into neighborhood safety, traffic flows, and the presence of others. Trusted travel
companions, however, had a positive impact on parents’ perceived traffic safety.

Research showed that if parents perceived a neighborhood as unsafe, they allowed less AST
(Ammar & Derbel, 2024; Kweon et al., 2023; Zougheibe et al., 2021). Experiencing or hearing
about crime in the area decreased parents’ tendency to allow AST (Aranda-Balboa et al., 2021;
Hermida et al., 2025; Katsavounidou et al., 2024; Nystrom et al., 2023; Torres et al., 2022;
Vasey et al.,, 2022). Nystrom et al., showed several interview responses where parents
mentioned e.g. hearing of drugs being sold in the area and thus not allowing independent
mobility (2023). Stranger danger also reduced AST, which could be reinforced by parents not

knowing the neighborhood and perceiving others as strangers, even if there was no real crime
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risk in the neighborhood (Chinkonda et al., 2024; Swain et al., 2024, 2024; Wangzom et al.,
2023). Consequently, literature showed that if parents perceived a neighborhood as unsafe,

grounded or not, it reduced their willingness to allow AST.

The primary safety concern of parents in traffic was speed and density, but previous accidents
and unlawful driving also had an impact. Fast moving traffic was a risk to parents because of
the increased chance for accidents (Aliyas et al., 2022; AlQuhtani, 2025; Amiour et al., 2022;
Hermida et al., 2025; Siiba, 2021; Swain et al., 2024; Torres et al., 2022; Vasey et al., 2022;
Von Stiilpnagel et al., 2024; Wangzom et al., 2023). High traffic density concerned parents,
because it was harder for children to navigate (Aliyas et al., 2022; AlQuhtani, 2025; Amiour et
al., 2022; Aranda-Balboa et al., 2021; Herazo-Beltran et al., 2024; Hermida et al., 2025;
Masoumi et al., 2020; Schicketanz et al., 2024; Vasey et al., 2022; Wangzom et al., 2023).
Experiencing traffic accidents also raised parents’ perceived risk (Torres et al., 2022; Wangzom
et al., 2023). Lastly, traffic actors who broke the rules decreased parents’ safety perception
(Cadima & Pinho, 2024; Chinkonda et al., 2024; Katsavounidou et al., 2024). Thus, literature
showed that several elements of the traffic structure itself impacted parents’ safety perception,
including high speed, volume, accidents, and unlawful behavior.

Lastly, previous research reflected that children’s interaction with other road actors, as well as
their own behavior, played into parents’ overall safety perception. For fear of bullying parents
were wary of many older children hanging around school routes (Siiba et al., 2025; Vasey et
al., 2022). Also, if parents saw their children engage in risky road behavior, they felt less safe
and were less inclined to allow AST (Chinkonda et al., 2024). Hence, strangers along the route
and children which acted riskier reduced parents’ perceived traffic safety.

One positive factor brought up in literature was the role of trusted travel companions. Parents
were reassured if there were siblings or trusted adults which could accompany the child
(Schicketanz et al., 2024; Vasey et al., 2022). Schicketanz et al. (2024), mentioned that several
parents outlined that when they first transition children to walking alone they specifically set
up trusted walking groups. Overall, literature reflected that parents perceived traffic as safer if
their children had trusted company with them along the travel route.

Past research demonstrated that interaction with other road actors and their behavior influenced
parents’ perceived traffic safety. Crime and accidents within the neighborhood, high speed and
large volumes of traffic reduced parents’ perceived safety, since it increased the complexity of
the traffic situation. Conversely, trusting the child’s ability to act correctly and having trusted
people to accompany the child increased perceived safety.

4.1.1.3 Children’s Demographics

The global literature highlighted that the age and gender of the children influenced whether
parents allowed AST and independent mobility, though not safety perception directly. Past

research showed that boys are allowed more freedom to travel both actively and independently
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to school than girls (Aliyas et al., 2022; Kweon et al., 2023; Masoumi et al., 2020; Molina-
Garcia et al., 2025; Siiba et al., 2025; Swain et al., 2024; Zougheibe et al., 2021). Swain et al.
(2024) found that boys are 2.41 times more likely than girls to walk to school. Molina-Garcia
et al., (2025) found that in general parents perceived their daughters as less safe in an area than
their sons. As the age of a child increased so did the amount of AST they were allowed (Hermida
et al., 2025; Katsavounidou et al., 2024; Kotoula et al., 2021; Siiba et al., 2025). Katsavounidou
et al., (2024) showed that for children in the age group 9-12, 20.39% of the sample walked
alone, while in the group 11-12, 43.10% walked alone. Hence, the gender and age of the
children played a role in AST, and maybe also in how the environment was assessed.

4.1.1.4 Direct Social Environment

Literature showed that the direct social environment influenced AST through socio-economic
factors and cultural background, though the direction of the influence was sometimes uncertain.
The role of socio-economic status (SES) of neighborhood and parents in AST was complicated
and often linked with the society around it. For example, Aliyas et al., (2022) found that a higher
SES led to less AST despite few perceived barriers, likely due to the ability to afford a car.
Siiba et al., (2025) highlighted that having a car in the family decreased AST, which was related
back to socio-economic status. On the other hand, Nystrom et al., (2023), showed that parents
in low-income neighborhoods found it challenging to support AST due to the cost of providing,
safely storing, and maintaining a bike. Hence, SES played a role in AST, however the direction
was unclear and context dependent. The cultural backgrounds of parents also played a role in
AST. Nystrom et al., (2023), reflected that immigrant families sometimes lacked the skills to
bike themselves and consequently could not pass on the knowledge. Cultural norms also
mattered. In general, if everyone else biked and walked then parents were also more inclined to
let their children bike or walk (Herazo-Beltran et al., 2024). Thus, in literature socio-economic
status, parents cultural background, and social norms played a role in AST adoption, but were

less closely linked to perceived traffic safety.

4.1.1.5 Other Elements to Consider

Some other factors relevant to AST mentioned in literature, include the distance travel, time
available to parents, and skills of children. Distance was mentioned in several papers as being
relevant in whether or not AST was allowed (Aliyas et al., 2022; AlQuhtani, 2025; Ammar &
Derbel, 2024; Aranda-Balboa et al., 2021; Herazo-Beltran et al., 2024; Nystrom et al., 2023;
Siiba, 2021; Siiba et al., 2025; Von Stiilpnagel et al., 2024; Wangzom et al., 2023). In general,
the greater the distance the less likely parents were to allow AST. However, at what point a
distance became too large was culturally specific (Wangzom et al., 2023). In the Netherlands
the general distance was around one kilometer while in Japan the distance for AST could be up
to three kilometers (Wangzom et al., 2023). Moreover, how much available time parents had
also played a role (Nystrom et al., 2023; Vasey et al., 2022). Parents with less time in the

morning might choose the car, because it was perceived as more convenient (Nystrom et al.,
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2023; Vasey et al., 2022). Lastly, how parents perceived children’s ability to navigate traffic
was important (Cadima & Pinho, 2024; Chinkonda et al., 2024; Siiba, 2021; Vasey et al., 2022).
If parents perceived better biking skills, then they would be more inclined to allow their children
to bike. Thus, as seen in Section 2 active mobility choices are complex. Previous research
reaffirmed this by outlining several variables which influenced parents’ mobility choice, but
did not directly link to their perceived traffic safety.

4.1.1.6 Summary Global Context

Table 4.1 provides a simplified overview of the various factors influencing parents’ perceived
safety found in literature. Negative factors decreased the safety perception, positive factors
increased the safety perception, while uncertain factors had mixed responses. The built
environment and interaction factors directly influenced parents’ perceived traffic safety. The
direct social environment and other factors were often linked more to AST or parents’ choice,
rather than parents’ safety perception directly.
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Table 4.1: Overview of factors which impacted parents’ perceived traffic safety and AST based on the global systematic
literature review. The impact is related to parents’ perceived traffic safety unless otherwise specified.

Built
Environment
Factors

Interaction
Factors

Childs
Demographic
Factors

Direct Social

Environment
Factors

Other Factors

Negative
Unmaintained infrastructure

Positive
Separate bike/walking path

Uncertain

Isolated bike/walking paths

Buffer between active
mobility infrastructure and
road

Narrow biking/walking Speed managing
infrastructure infrastructure
Construction along the road Road signs
Presence of many crossings Streetlight
Complex crossing Bike parking

Reduced visibility at crossing

Unsecure crossings:

- No traffic lights

- No crossing guard

- No zebra crossing

- Free right turn for cars

Presence of car street parking

Low neighborhood safety

Trusted adults/siblings to
travel with

High crime rates

Perception of stranger danger

High traffic density

High speeds

Presence of larger vehicles

Many older children along
route

Road users which do not

follow the rules

- Scooters using pedestrian
spaces

Children which engage in
risky behavior themselves

Older children more AST

Boys more AST than girls

When other friends/parents do

not bike or walk reduces AST

Cultural biking
background increases AST

Income can influence
AST

Perceived low
biking/navigating skills in
children

Distance influences AST
(depending on culture)

Little time available to parents

reduces AST
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4.1.2 Dutch Context

The Dutch systematic literature review summarized the factors mentioned in past research,

influencing active travel and parents’ perceived traffic safety in the Netherlands.

The Dutch literature review initially found 96 articles of which five remained relevant after
filtering. Figure 4.2 shows an overview of the selection process for the Dutch systematic
literature review (for details see Appendix C). All the final selected articles can be found in
Appendix D.

Dutch Systematic Literature Review

( SCOPUS ) ( PubMed )

2 Y
Initial Results: Initial Results:
96 (24 overlap) 27 (24 overlap)
4 v
Excluded Title: 58 Excluc'led Title: All not
duplicates excluded
1 2

( Excluded Abstract: 33 J ( Excluded Abstract: - )

1 1
Excluded Article: 0 ) ( Excluded Article: - )

Y 1
Final Inclusion: 5 j ( Final Inclusion: - )

Figure 4.2: Overview exclusion process of the Dutch systematic literature review.

The next sections discuss what factors did and did not appear in the literature and summarizes
them in Table 4.2 at the end.

4.1.2.1 Factors Found in the Dutch Context

Overall, for the Dutch context there was a lot less research, than in the global literature,
especially on factors influencing parents’ perception of traffic safety. When considering
elements of AST broadly, a few factors could be identified as seen in Table 4.2.

The literature identified that the presence of bike paths was central for AST, while large roads,
previous accidents, lack of social cohesion, and stranger danger decreased AST. Primarily the
literature showed that the presence of high-quality cycle paths was central to support parents’
perceived traffic safety and AST in the Netherlands (Van Den Berg et al., 2020). The presence
of major/large roads, which could feel more unsafe, were a hindrance to AST and perceived
safety (Helbich et al., 2016; Macedo et al., 2023). Previous accidents especially involving
children reduced parent’ perceived safety and thus AST engagement (Macedo et al., 2023). Past
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literature also indicated that the social cohesion in the neighborhood and overall perceived
social safety impacted AST (Aarts et al., 2013). Moreover, stranger danger had some effect on
parents’ willingness to allow AST (Van Kann et al., 2016). The only mediating factor, where
the influence on AST deviated in the Netherlands from the global context, was gender. While
gender seemed to influence the amount of walking permitted for children, it did not influence
biking in the Netherlands (Macedo et al., 2023). This might be due to the ingrained biking
culture.

Overall, there was less research on AST and parents’ safety perception in the Dutch context,
but the factors found largely aligned with the global literature, except for the impact of gender
on biking.

4.1.2.2 Factors Missing from the Dutch Context

Several factors which would have be expected in the Dutch context, based on municipal policy
and research in active mobility, were missing from the literature. These included issues with

speed variation on bike paths, insufficient biking infrastructure, and conflict with large vehicles.

Many municipalities have struggled with the variability of speeds on and around the cycle lane.
Several policy discussions and news articles have investigated the challenges associated with
the introduction of fast electric bikes and scooters (Amsterdam Bike City, 2024; Bremmer,
2025; Provincie Utrecht, n.d.). Amsterdam has specifically started a trial where fast bikes, going
more than 20km/h, can reroute to the normal road to reduce speed variation on the bike path
(Amsterdam Bike City, 2024). Consequently, this variation in speed, especially when

considering slower traveling families, would be an expected risk factor for parents.

Similarly, the volume of bikers, pedestrians, and cars has led to challenges in light of the limited
infrastructure in many cities (Algemeen, 2022; Amsterdam Bike City, 2024; Bremmer, 2025;
Provincie Utrecht, n.d.; te Brommelstroet, 2014). Research from Amsterdam reflected that
some crossings and roundabouts create congestion in traffic and thus might function as bottle
necks in the infrastructure (te Brommelstroet, 2014). Utrecht has seen an increasing diversity
and volume of users on their bike paths leading to conflicts and sometimes forcing more
vulnerable users to avoid specific routes (Algemeen, 2022). Considering that children are
especially vulnerable in traffic, the increased volume would be an expected challenge for

parents’ perceived safety.

Lastly, several news articles from various Dutch cities have reported on accidents with large
vehicles, such as buses and trucks in the last few years (Naber, 2021; Redactie, 2023, 2025).
Though not as frequent, these accidents are quite prominent in the social environment due to

news coverage and would be expected to shape parents’ perception of safety.

These types of factors would have been expected to also appear prominently in the Dutch
literature. The fact that they are missing highlights the need to use the more extensive list from
the global literature as the foundation for this research.

Page | 30



4.1.2.3 Summary of Dutch Context

Table 4.2 shows a summary of the factors which influenced parents’ perceived safety found in
the Dutch literature review. Similarly to the global context, the direct social environment and
other factors predominantly impacted AST, rather than going via parents’ perception.

Table 4.2: Overview of factors which impacted parents’ perceived traffic safety and AST based on Dutch systematic
literature review. The additional information specifies if the impact was mentioned for parents’ perceived traffic safety,

AST, or both.

Built
Environment
Factors

Negative

Green areas - walking

Positive

City type neighborhoods -
perceived traffic safety and
AST

Uncertain

Major roads decrease -
perceived traffic safety and
AST

High quality active mobility
infrastructure - perceived
traffic safety

Lack of cycling paths -
perceived traffic safety and
AST

Good connectivity between
home and school - perceived
traffic safety

Stranger danger - perceived
traffic safety and AST

More accidents decrease
perceived traffic safety

Interaction
Factors

Childs
Demographic
Factors

Gender impacts
permission to walk, but
not biking

Older children - perceived
traffic safety and AST

Good social cohesion —
perceived traffic safety and
AST

Parents travel habit -

Parents with less time - AST AST

Direct Social
Environment
Factors

Parents with lower income -
perceived traffic safety

Larger distance - perceived

Other Factors traffic safety and AST

4.1.3 Summary

Previous research into AST established that parents’ perceived traffic safety impacts AST
behavior, while also identifying a broad set of factors which parents considered when evaluating
road safety. The factors influencing parents’ perception of traffic safety were largely
categorized into the built environment and interaction factors. Other relevant factors mentioned
in literature were included through the children’s demographic factors, direct social

environment, and other columns.

The built environment factors mentioned in the global literature both increased and decreased
parents’ perception of traffic safety. Built environment factors decreasing parents’ perceived
traffic safety included lack of designated active mobility infrastructure, poor maintenance of
infrastructure, narrow infrastructure, construction, many crossings, unsecure crossing, street
parking, and isolated roads. Built environment factors which increased parents’ perceived
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traffic safety include having a buffer between the active mobility infrastructure and roads, speed
managing infrastructure, and road signs.

Similarly, interaction factors which decreased parents’ perceived traffic safety include unsafe
neighborhoods, presence of strangers, high speeds, high density, accidents, unlawful driving,
and children’s risky behavior. Though trusted travel companions increased the perceived traffic
safety of parents.

Children’s demographics and the direct social environment predominantly influenced AST
choices in the global literature. In general, boys, older children, and children with better biking
skills were allowed more AST. SES was related to AST though the direction was uncertain,
while a widespread biking culture increased AST. Lastly, larger distances and less time
available reduced AST.

The Dutch literature review revealed that the research on the topic was very limited, though the
factors found largely overlapped with the global context. Looking into grey literature from
municipalities, some factors which would have been expected, but were not found in the

literature included challenges with speed variations, volume, and accidents with large vehicles.
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4.2 Factors Found in Interviews and Mental Maps

The following section outlines what factors influenced parents’ perceived traffic safety in the
Dutch bike-oriented context, while also identifying if the influence was positive or negative.
The factors identified in interviews were sorted into the overarching categories from the
conceptual framework (interaction factors, built environment factors and other factors).

First, the characteristics of the participants from the interviews are described (Section 4.2.1).
Second, an overview of the main built environment factors mentioned by participants is
provided (Section 4.2.2). Third, the main interaction factors mentioned by parents are
summarized (Section 4.2.3). Lastly, due to the open-ended approach of interviews some other
relevant factors mentioned by parents were discovered, which are briefly summarized (Section
4.2.4).

An overview of all the factors coded, the number of times they were mentioned across all

interviews, and how many interviews mentioned a specific factor can be found in Appendix G.

4.2.1 Participants

The interviews and mental maps focused on understanding the travel routes of participants and
were conducted with 18 parents, representing 39 children across several Dutch urban areas.

In the interviews all participants were asked a set of context/demographic questions including
the age and gender of their children as well as their travel habits, to establish a base
understanding. All participants drew their travel route (mental maps) and discussed parts of the
route they found safe or unsafe. Follow-up questions were catered to the specific interview to
make sure that parents did not forget any factors influencing their perception. All interviews
lasted between 30-60 minutes.

33% of the parents interviewed were male and 66% were female (Figure 4.3). The parents came
from a variety of larger urban areas in the Netherlands, but the majority where from Leiden and
Utrecht.
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Figure 4.3: Gender Parents

= Male =Female

Figure 4.3: This graph shows the gender distribution of parents from interviews.

These parents represented 39 children in total. Of the children 51% were boys and 49% female
(Figure 4.4). These were 2-3 years old (8%), 4-5 years old (12%), 6-7 years old (23%), 8-9
years old (36%), 10-11 years old (13%), and 12-13 years old (8%) (Figure 4.5).

Figure 4.4: Gender Children Figure 4.5: Distribution Childrens Age

O

*Boy = Girl m2-3years ®4-5years ®6-7 years

= 8-9years ®10-11 years = 12-13 years

Figure 4.4: This graph shows the gender distribution of Figure 4.5: This graph shows the age distribution of the
the children parents represented in interviews. children parents represent in interviews.

4.2.2 Built Environment Factors

Throughout the interviews parents mentioned several built environment factors which
influenced their perceived traffic safety. A summary of the main built environment factors
mentioned and their directional influence on perceived traffic safety can be seen in Table 4.3.
The following sections provide more in-depth information on crossing design, crossing type,
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bike path design, bike path type, construction, road surface, and road design factors in more
detail.
Table 4.3: Overview of built environment factors which influenced parents’ perceived traffic safety mentioned in interviews

and mental maps. They are sorted into negative which decreased perceived safety, positive which increased perceived safety,
and uncertain where responses varied.

Negative Positive Uncertain
g ;‘gsesing w/outlines only w/traffic light gézre;ergecsrt%s:gg
w/Crossing Guard
Little overview Speed managing infrastructure
Cro.s sing Many crossings Over/underpass
Design
Many lanes
Bike Path Narrow bike path Wide bike path Two-way bike path
Design Cross traffic bike path | Physical barrier to road
Bike Path No walking/bike path Bike path without car road Bike first street
Type Drawn bike path Separated/raised bike path
Construction [RELISIESEN
Work New road actors
Cracks/holes in the Asphalt
Road Surface ROEN
Cobblestone
Travel against traffic Travel with traffic
RRGEGR VST B Narrow road One-way traffic
Parked cars

4.2.2.1 Type of Crossing

Traffic crossings were brought up by most parents. Specifically, the type of crossings their
children encounter on their school routes impacted parents’ perceived traffic safety. All
crossing types had both positive and negative stories. However, across the board traffic light
crossings mostly improved parents’ perceived traffic safety, while zebra crossings remained
split.

In the interviews, crossings with traffic lights were predominantly related to higher perceived
safety by parents. Participant 11 explained that traffic lights were easy to navigate: “Yeah, and
then there’s traffic lights. So, it’s also very clear for our kids. OK, it’s red so we can’t go, or
it’s green and we can go.” Participant 16 also mentioned that if the traffic light frequently
switched children did not get impatient waiting: “...and the big crossing over here, when the
traffic lights are on, ...they really deal well with cyclist. Because we get often green lights and
it’s going very fast. So, the children always, they know that the green lights will come soon. So,
they all wait for the green light ...” Nonetheless, participant 18 mentioned that short green
periods decreased the safety of the crossing, because they needed to move quickly. Participant
13 further revealed that sometimes the traffic lights were not respected: “There are traffic lights
here. This intersection, yeah. ...t has traffic lights. But, cyclists going this way and that way
ignore them.” Therefore, while interviews showed that crossings with traffic lights generally
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increased the perceived traffic safety, this was not the case if the green period was short or the
light was not respected.

In interviews the impact of zebra crossings on perceived safety was more ambiguous. Some
parents considered them safe: “So, like here there’s like, a zebra crossing. So, you know, also
at a certain point, the cars will stop. You know if somebody’s crossing, they will stop. ... They
do respect it.” (Participant 3). Several parents mentioned teaching the children to walk across
the zebra holding the bike to increase their perceived safety: “There’s a zebra crossing for
people who walk. So, I teach them that if they want to go to school by themselves, and if they
have doubts, they can always go on the, on the pavement and then take the zebra crossing to
the other side. Then you continue by bike.” (Participant 18). Similarly, Participant 5 explained:
“So, we asked them to cross walking. So even if they cycle, they need to cross at the zebra
crossing with the bike in the hand.” However, several interviews also highlighted parents’
concern with zebra crossings, especially if they were not respected by other road users.
Participant 5 explained: “There’s a 50 km/h road with three zebra crossings, that no one
actually stops for. So no, in the morning I wouldn’t even consider this a route.” Likewise,
Participant 13 recounted a story from a road with two zebra crossings and a middle island
splitting the road. A pedestrian had already crossed halfway but was unable to cross the second
half because no bikes stopped for them. Lastly, Participant 15 reflected that while adding zebra
crossings in their school zone in principle would be positive, it might also cause children to
expect cars to stop and thus be less careful when they cross the road, which was a concern to
them. Thus, interviews and mental maps indicated that zebra crossings could benefit parents’
perceived safety, when children used them walking. However, parents did not always feel
confident that other vehicles would stop at the crossing muddling the positive impact on
perceived traffic safety.

Overall, interviews suggested that the type of crossing plays a role in parents’ perceived traffic
safety, where traffic lights were mostly positive, while zebra crossing remained uncertain.
Though, for all crossing types it was important that parents trust that other road users will
respect the crossing.

4.2.2.2 Crossing Design

Many parents also outlined crossing designs which both increased and reduced their perceived
traffic safety. Low visibility and many lanes in the crossing decreased perceived safety, while
crossings which circumvented traffic or had speed managing infrastructure improved the
perceived safety.

Low visibility/overview was mentioned in nearly all interviews and reduced parents’ perceived
traffic safety. Participant 3 outlined: “You know they (cars) want to go as fast as they can. And
so, they drive at least 50 km/h, but it’s like a hill. It’s on top of the hill. So, you see them coming
very late. You can hear them, but you cannot see them coming.” Participant 12 further

explained: “There’s one intersection. This intersection where you can’t see the other traffic
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coming this way until like very late. So, it’s hard to like, because also you're actually going
downhill right here. So, you come into this kind of quick and then sometimes it’ll be a car
coming in all of a sudden. And they like slam on the brakes.” Accordingly, interviews showed
that low visibility in crossings made parents feel less secure coming into the crossing with their
children, probably because it prevented others from seeing the children and vice versa.

Similarly, around half the parents mentioned crossing multiple lanes with their children as a
risk factor. Participant 4 explained that having to navigate multiple lanes made them
uncomfortable. Participant 10 also expressed a wish to break up larger crossings for easier
navigation: “I really would love it if they would have an island or.... Yeah, something in the
middle. Because this is a bike lane, two-way street, and then a bike lane.” Hence, interviews
indicated that multilane crossings felt more uncomfortable to parents and increased their

perceived traffic risk.

A handful of interviews indicated that crossings which avoided traffic altogether
(bridges/tunnel) or were preceded by speed managing infrastructure increased parents’
perceived traffic safety. Participant 2 discussed how they felt safe biking in their area, because
bike crossings were mostly built as either over- or underpasses avoiding cars: “Yeah, and
there’s hardly any crossings. So typically, there’s underpass or overpass.... So, that’s also very
helpful.” Participant 11 reflected on choosing a different location to cross a road, because it
was preceded by speed bumps, forcing cars to slow down: “But if we go like this then here there
are speed bumps for the cars, so they have to slow down and then the crossing is easier.” Thus,
crossing designs which forced traffic to slow down or allowed parents to avoid traffic altogether
increased their perceived traffic safety.

Accordingly, interviews indicated that while multilane crossings and crossings with little
overview reduced parents’ perceived traffic safety, speed managing infrastructure and crossings
which avoid cars increased the perceived traffic safety.

4.2.2.3 Type Bike Path

In interviews parents differentiated between bike path types when linking them to their overall
perceived traffic safety. The main distinction was between bike paths which did not separate
from the car traffic (no bike path or drawn bike path) which had a negative impact, and bike
paths which split from traffic (separate bike paths and stand-alone bike paths) which had a
positive impact on perceived traffic safety. Bike first streets, which are streets where bikes have
priority but cars and buses are allowed, were more divisive and had a variable relation to

parents’ perceived traffic safety.

In general parents viewed bike paths which had no physical delineation from other traffic as
less safe and tried to avoid them. This generally referred to situations where roads had no bike
path or the bike path was only drawn on the road. For example, Participant 12 mentioned: “And

there’ll be times bus is coming in so fast. I don’t want my kids standing there with paint
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protecting them. It’s just a little too much going on there.” Participant 7 also expressed concern:

“In town there is like this really busy road where the buses go two ways and two directions,
and there’s, there is no separate cycling lane. So, then we don’t go there.” Consequently,
interviews suggested that bike paths which did not physically separate the bike infrastructure
from the other traffic infrastructure increased parents’ perceived risk.

However, bike paths which were separated from the car infrastructure had overwhelmingly
positive responses. Participant 7 explained picking a path specifically because there were no
cars around: “And then if, so, if we all cycle, we go like this, because there are no cars here. ...
Actually, it’s walking only, but it’s allowed to cycle.” Similarly, Participant 4 chose a bike path
because it had a physical split from the cars when biking with their child: “And you know, my
child can go ride their bike without a problem, because it’s cars, grass, my bike path. And I can
go in parallel with them.” Interview responses also indicated that parents felt safer on these
paths: “So, here you’re separate from the cars. So, you're, you're safe. (chuckle) Well, I'm
laughing about it, but actually it feels like that, if you arrive on the cycling path.” (Participant
11). Separation could also support parents’ engagement in independent mobility: “But we let
them cycle alone home already for three years I think because all the cycle paths are separate
and only the bus crossing, we practice it with them and then it’s safe.” (Participant 16). Thus,
interviews suggested that the availability of bike paths which were separated from other road
actors improved parents’ perceived traffic safety.

Bike first streets had contradictory responses and hence were both positive for parents’
perceived safety due to size, and negative due to traffic integration. Some parents indicated that
the width of the streets as well as flat road made the bike first street easy to navigate: ““I find
the bike first street, which is also level, so much more relaxing because there’s just more
space.” (Participant 9). However, Participant 3 explained that to them the bike first street
appeared less safe, because their children were uncomfortable cycling there alone. The
integration with cars on the street created pressure for the kids to bike faster. Participant 6 also
explained that the bike first street could get quite busy with traffic jams, which was problematic
when biking there. Hence, bike first streets had a more uncertain relation to perceived traffic
safety which depended on the parents’ experience.

To conclude, the interviews and mental maps indicated that biking paths which integrated with
other road actors decreased parents’ perceived safety, while bike paths which remained separate
from other road actors improved parents’ perceived traffic safety. The main exception was bike
first streets which had a more variable relation to traffic safety.

4.2.2.4 Design of Bike Path

Interviews indicated that when considering the design of bike paths, the main factors mentioned

by parents were cross traffic, the size of, and the travel direction(s) on the bike path.
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Cross traffic on the bike path decreased parents’ perceived traffic safety in a few interviews.
Parts of the route where the separated bike paths had cross traffic were considered less safe:
“...But you pass by a gas station. And if you are very awkward, you could say, well, that place
is a little bit less safe, because cars are entering and leaving the gas station and then crossing
the bike lane.” (Participant 17). Participant 6 also mentioned how two different stretches of the
same bike path felt more and less safe, because the latter had cars crossing the bike lane coming
out of an underground parking lot. Accordingly, interviews suggested that allowing cross traffic
over the bike path decreased parents’ perceived traffic safety.

Overall, interviews indicated that wider bike paths improved, while narrow bike paths reduced
parents’ perceived safety. Several parents mentioned the positive impact of wider bike paths:
“And it’s very separated and there’s a lot of space, so that’s a nice spot to... It’s easy to bike
right next to each other and chat.” (Participant 10) and “Yes, and I find the bike first street,
which is also level, so much more relaxing because there’s just more space.” (Participant 9).
Conversely, narrow bike paths concerned parents: “And basically, that’s also because the
bicycle path isn’t big enough, but also on your side, there’s no room for error. So, there is this
curb. And if you get close to the curb, then your pedal can actually kick the, kick the curb. And
then you... So, you have little margin with respect to the curb.” (Participant 5). Participant 9
discussed driving into town: “I find that super hairy. But I've always found it very hairy,
because the bike path is so small. Yeah, and then there’s this ridge.... Yeah, you would fall off,
or you fall against the curb.” Hence, interviews indicated that wider bike paths in general
improved parents’ perceived safety, while narrow bike paths had the opposite effect.

In a few interviews parents also discussed concerns with two-way bike paths. However, most
parents did not specifically see it as a worry. Participant 5 outlined that the challenge with two-
way bike path was people veering into your lane with little space to move: “Because in this
part it’s two way traffic and here it’s one way traffic. So here, you have the problem that they
are coming towards you, but then three wide on your side of the bicycle path.” Thus, two-way
bike paths decreased the perceived traffic safety of some parents, because traffic could deviate
into their lane.

Overall, the interviews showed that allowing cross traffic across a bike path and narrow bike
paths decreased the perceived traffic safety of parents at that location. However, wider bike
paths improved parents’ perceived traffic safety. Two-way bike paths had less conclusive
responses, but for a few parents they did have a negative effect on perceived traffic safety.

4.2.2.5 Construction Work

Several parents mentioned that construction along the travel routes, although temporary,
decreased their perceived safety. The focus of responses was on new road actors and changes
in the bike paths.

Page | 39



Several interviews mentioned that construction introduced new road actors to an area which
parents’ perceived as negative to traffic safety. Participant 11 explained how traffic was
rerouted through the neighborhood during construction creating much more car traffic: “They
have these little poles inside of the road so that if the police have to go through or the fire
department, they just can go through. But when there was construction over here, they put the
poles down. So, so, there was a lot of traffic going this way.”” Similarly, Participant 5 described
the introduction of trucks in the neighborhood during construction, preventing outdoor play:
“So, with the revamping of the neighborhood this is a big thing. So currently we have lorries
with sand traveling our street. And they (the children) are used to playing on the footpath. Yeah,
that’s temporarily, a no go. Because, well, the truck isn’t going to stop for your ball. No, it’s
difficult to explain.” Thus, interviews showed that the sudden introduction of new road actors,

due to construction, reduced parents’ perceived traffic safety.

Another challenge with construction identified by some parents was the continuously changing
travel path. Participant 2 explained that they had one crossing which, while they live in the area,
never functioned as intended. This required them to change how they navigated the crossing
every few weeks. While this was not a problem for the parents, the children found this very
confusing. Consequently, interviews indicated that construction which continuously changed
the travel path decreased parents’ perceived traffic safety.

Overall, interviews suggested that construction increased parents’ perceived traffic risk,
because it introduced new and changing situations which were hard to teach the children.

4.2.2.6 Road Surface

While not as central as other factors, most parents discussed road materials’ influence on

parents’ perceived traffic safety. The main materials discussed were asphalt and cobblestone.

Interviews highlighted that cobblestone was a less comfortable material to bike on, though it
usually did not have a negative connection with parents’ perceived safety. The majority of
parents considered cobblestone in a positive context, because they were associated with slow
and smaller roads. Participant 2 explained that cobblestone was uncomfortable: “So,
cobblestone is not nice. I guess the smaller your wheels are, the more annoying they are because
they tend to affect your wheel.” However, the cobblestone forced cars to slow down as
mentioned by Participant 5: “So, they made it now 30 km/h and the cobblestones are really
bumpy. So as a car you also can’t really go faster without losing your feeling. ” Thus, interviews
indicated that while cobblestone was an uncomfortable material, its association with slow roads
negated its potential negative impact on perceived traffic safety.

Similarly, in the interviews asphalt was described as comfortable and easy to navigate, though
it was also associated with higher speeds, reducing the potential positive impact on perceived
traffic safety. Participant 5 explained having two different route options, one with asphalt and
one through the neighborhood. They chose the asphalted one when traveling with their kids in
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a cargo bike, since it was more comfortable and faster, but also had more traffic. Participant 6
explained that they preferred a road due to asphalt: “So even though there are cars that come
out, even though there are underground parking garages it just it. Because it’s sort of wider
and also asphalt, like red asphalt, so it’s bike priority, but also smooth and new, so it just feels
good.” Hence, interviews and mental maps indicated that the asphalt was positively related to
perceived traffic safety, because it was more comfortable to bike on. However, it was also

linked with high volume and speed, reducing the positive impact.

Overall, the material chosen did not have a clear association one way or another with perceived
safety. While asphalt itself was preferred over cobblestone as a material, the association with
fast and slow traffic respectively, muddled their relation to perceived traffic.

4.2.2.7 Road Features

Beyond biking infrastructure several interviews indicated that road design also affected parents’

perceived traffic safety. Interviews mainly discussed the presence of car parking and road size.

Car parking on the road was mentioned by a handful of parents as a concern for safety.
Participant 3 explained that they were worried when biking past parked cars next to the bike
path, because if the cars opened their door, it could easily lead to an accident. Participant 5
outlined the risk of parked cars not seeing the children in time: “And in both places, the problem
is that the parked cars also lose sight of who’s were, because it’s just such a mess. So especially
when they start driving, or they need to stop and then start up again. Yeah, that’s a really tricky
situation.” Thus, interviews indicated that parked cars increased parents’ perceived traffic risk,

possibly because parked had less awareness of their surroundings.

Around half the parents mentioned that narrow roads reduced their perceived traffic safety.
Several parents mentioned narrow roads being too small to accommodate both bikes and other
road actors: “I don’t like this route at all. ... Because this road is, is actually a bit too small for
having both cyclists and cars.” (Participant 11) and: “So that’s why I don’t like going this way
on that street, because then you're, because what happens all the time is like. It’s barely wide
enough for one bike and one car. Yeah, actually, it’s not even wide enough for one bike and
one car.” (Participant 6). Participant 8 also discussed how narrow roads made it harder to
protect children against other traffic: “That is difficult when you are with your child and, say,
cars coming down. There won'’t be enough space to be next to them to protect them. And I think
that will be difficult.” Hence, interviews and mental maps reflected that in general narrow roads
decreased parents’ perceived traffic safety.

To conclude, both parked cars and narrow roads decreased parents’ perceived traffic safety in
interviews. The former because drivers might have less overview, and the latter because it left
less room for parents to navigate with their children.
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4.2.3 Interaction Factors

When discussing perceived road safety in the Dutch bike-oriented context several factors
mentioned related to the behavior of, and interaction with other road users. This section explains
the main interaction factors mentioned by parents in interviews and mental maps, and shows
their directional association with parents’ perceived traffic safety. Table 4.4 provides a
summary of the factors mentioned and whether they had a positive or negative influence on
parents’ perceived traffic safety.

Table 4.4: Overview of interaction factors which influenced perceived safety mentioned in interviews and mental maps.
They are sorted into negative which decreased parents’ perceived safety, positive which increased parents’ perceived safety,
and uncertain where the impact is ambiguous or not specified.

Negative Positive Uncertain
High/variation in speed on
road

High/variation in speed in
crossing

Large volume on road Calm traffic

Slow traffic

Volume ; B
Large volume in crossing

Bikes Pedestrian

Cars
Bus
Delivery drivers

Conflict with Electric bikes
Other Actors Fat bikes

Large vehicles

Scooter

Y outh groups

Many different modes

Cut tum

Illegal behavior by children

Illegal behavior by other
road users

Unclear right of way
Unpredictable situation Ability to keep right turn
Accidents Others think along
Crime occurrence Neighborhood cohesion

Illegal/Dangerous
Behavior

The following sections provide in-depth information on the most prominent factors identified
in interviews, including speed, volume, conflict with other actors, illegal/dangerous behavior,
unpredictable situations, accidents, right turns, and anticipation of other road actors.

4.2.3.1 Speed

Most parents mentioned that high speed negatively impacted their perceived traffic safety. They
initially mentioned both high speed and variation in speed as prominent issues, though for both

the main challenge was the difference in speed between the children and other road actors.
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Thus, this section explores how integrating with and crossing fast-moving traffic reduced
parents’ perceived traffic safety.

Most parents mentioned feeling unsafe when navigating fast moving traffic with their children.
Participant 3 explained how they usually bike next to their child, which allows little space for
faster bikers to pass them, creating an uncomfortable situation: “People go fast, so it’s also
stressful. I have often, I have many people behind me. And I feel like, OK, I go 25 km/h already.
I am here with my child. I will not leave them for you. No, just wait for one minute.” Participant
8 reflected how fast cars had a negative impact on their safety feeling even when there was a
bike path: “It’s a big road. So, there is a lot of space, and the cars then go quite fast. So even
though it has a cycle path, it just feels unsafe to go here.” Hence, most parents reflected that
the presence of fast-moving road actors, across various travel modes, increased their perceived
traffic risk.

Similarly, many parents found crossing fast moving vehicular traffic concerning. Participant 9
explained how some cars came into their roundabout at a high speed, because they came from
the highway. This required more attention from the children when crossing. Participant 5
explained a similar challenge when crossing bike traffic to get to school: “Before you come at
the, at the cars you need to cross that bicycle flow that goes roughly 25 to 30 km/h.”” Likewise,
Participant 16 expressed concern when their children needed to cross a bus road: “..but the
children have to go to this. Go cycling on this through going road where there’s a bus really
speeding with 50-60 km/h.” Responses from parents showed that crossing fast moving traffic
of any kind was a major concern along their commute.

To conclude, in most interviews parents discussed how both integrating with and crossing fast
traffic reduced their perceived traffic safety when biking with their children. The underlying
causes for the concern were not always explicit. However, some quotes indicated that high

speeds required more awareness from kids and parents.

4.2.3.2 Volume

The density of actors on the road influenced the perceived traffic safety of most parents
interviewed. Parents distinguished between high traffic density which was challenging when
integrating with or crossing traffic flows, and calm traffic situations which increased the
perceived safety of the route.

Most parents mentioned that high traffic density decreased their perceived safety, though the
importance of the factor varied between parents. Some parents avoided busy roads altogether:
“And I avoid this street, which is very busy.” (Participant 11). For others it contributed to their
perceived traffic safety, but did not define their choice. Participant 12 explained: “This one is
super busy too. ... And it’s, and it’s a relatively narrow bike path. So, they are not going super-
fast, the kids. We're getting blasted by people trying to pass. It is just busy, not necessarily
problems, but it’s like hey guys stay right because we’re getting passed.” Participant 4 also
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mentioned how parents sometimes need additional space when they teach their children to bike,
because they frequently biked next to them, making high density more challenging. Overall,
the interviews and mental maps indicated that for most parents high traffic volumes decreased
their perceived traffic safety, maybe also because they needed more space navigating traffic
with their children.

Unsurprising, crossings with large volumes passing through also worried parents in interviews.
Several parents mentioned trying to avoid busy crossings with their children: “This is actually
a well-regulated intersection with traffic lights for everyone. It’s just really big and there is lots
of traffic going on. So, like whenever I can I just avoid it, especially with my child.” (Participant
13). Participant 3 further explained that the large volume created confusing situations at
crossings: “There’s an equal crossing here. This is, this is impossible, because you feel like
you 're the one coming from the right and can go first. But then you know, there’s so many cars.
So, at a certain point, nobody knows who has to go first.” Participant 10 also mentioned how
the mismatch between volume and infrastructure could generate a bottleneck: “But these places
where you can stand and wait are quite small, and a lot of people with kids have to go in that
direction. Meaning that if you are standing to wait to cross the street, you always have to, you
also have to take into account if there are already people waiting there.” Consequently,
interviews highlighted that high traffic volumes at crossings in general decreased parents’

perceived safety.

It follows that most parents discussed how calm roads with low traffic density increased their
perceived safety when traveling with children. Generally, parents mentioned that calm routes
were more relaxed and easier to navigate: “It’s very calm and a lot, and enough space. And we
always are very relaxed on that, that part. And so that. I think that’s it.” (Participant 10).
Participant 6 explained: “It’s a little bit more restful. There’s not a lot of through traffic
happening. There’s almost primarily only bikes here or very slow-moving cars and it’s, it’s
very contained.” Thus, the interviews reflected that for most parents calm traffic was something
they specifically looked for to increase their perceived traffic safety.

Consequently, in interviews most parents referred to large traffic volumes as a factor which
decreased their perceived traffic. Likewise, low-density traffic increased parents’ perceived
traffic safety.

4.2.3.3 Conflict with Others Along Route

Conflict with other road actors was a concern mentioned in nearly every interview, though the
type of actor and the context of the conflict varied greatly. In this case conflict is simply broadly
an issue or challenge with a specific category of road actors (e.g. cars, buses etc.). This factor
had a complicated association with perceived traffic safety. Some parents mentioned various
road actors in a negative context, while other parents treated road actors as more neutral factors.
Therefore, while their impact on parents’ perceived traffic safety was predominantly negative,
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this association was not the case for all parents. A few road actors discussed in more detail are
fat bikes, buses, and cars.

Fat bikes were referred to as a challenge by around half the parents and decreased their
perceived traffic safety. Participant 10 explained: “So, in this spot, it’s a nice spot to bike. But
we always pass, in the morning, one or two of these fat bikes with very young children on them.
And that’s, I always find it very scary because they will never watch out. They go way too fast.
And sometimes they are with two or three on one bike.” Participant 4 further discussed the
impact of fat bikes on AST engagement: “If someday my child goes alone to school, it’s
something you cannot control. Maybe you will decide, don’t go alone, I will go with you,
because of these bikes. Because my child can do everything perfect and still have an accident.”
Consequently, in general the interviews showed that the presence of fat bikes decreased parents’
perceived safety. Through the quotes indicated that an underlying worry for parents were the

user group and their behavior.

Buses were mentioned as problematic by around half the parents. Participant 5 mentioned
preferring their children to take a bus free route when traveling alone: “Well, if they go alone,
I actually prefer them to be on this one (bus free). Oh, cause here is the bus on this ‘brilliant’
path. And the bus is, well yeah, basically has little room. So, if there’s a bus and a car you’re
screwed as a cyclist.” Participant 16 outlined issues with accidents and buses: “So, the buses
go on with a very high speed, 50 km/h. And the children just cycle on the road like it’s just still
a cycle path. So, they go like whoosh through it and then lots of accidents happen there with
buses and children.” Participant 11 explained that while they did not see the bus as an issue, it
made their children feel uncomfortable when it drove behind them, especially if it did not
immediately pass them. Thus, interviews showed that while buses were not perceived as an
issue by all parents, it still decreased the perceived traffic safety of several parents and
sometimes even caused them to re-route.

Lastly, all parents mentioned conflict with cars as a factor which decreased their perceived
traffic safety. Participant 16 explained: “So, this is a very small crossing and on the on the
crossing there’s a parking area for a small supermarket. So, a lot of people come and park the
car, go backwards, then other cars go with a high speed around the cars that are going
backwards, and then you cycle and that’s a little bit unsafe.” Participant 7 discussed how the
number of parents which chose to still bring their children to school by car created a dangerous
situation with cars in the school zone. Interviews showed that in general conflict with cars along
travel routes reduced parents’ perceives safety, probably because cars can lack overview or
engage in risky/illegal behavior.

Overall, the interviews indicated that conflict with other road actors negatively impacted
parents’ perceived traffic safety. Though, the quotes suggested that most issues with other road
actors did not per se originate in the road actors themselves, but it was rather their behavior
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which resulted in increased concern. Therefore, while conflict with road actors impacted
perceived safety one might have to look at the behavior to understand the context.

4.2.3.4 Dangerous/Illegal Behavior

Most interviews showed that experiencing illegal behavior in traffic reduced parents’ perceived
safety. In the interviews parents predominately delineated between illegal behavior by children
and illegal behavior by other road actors.

In interviews parents mentioned several scenarios where other road actors acted illegally,
creating an unsafe situation. A common behavior cited by parents was cars speeding through
30 km/h zones: “I think it’s allowed to go 30 km/h, but yeah, nobody actually does that. So, 1
think, yeah, I think that that is the main reason why I take the car.” (Participant 15) and “Even
then, there’s too much, because in my neighborhood they are allowed to drive 30. ... But they
are not doing that.” (Participant 14). Participant 10 also mentioned how one of their side streets
fans out into the main road, which led cars and bikers to cut the corner and end in the wrong
lane when turning. Lastly, Participant 6 explained how bikes went against traffic to reach their
destination faster: “The other one that’s scary is here and here. This because a lot of people
leave the sports facility and bike backwards against traffic.” Overall, the interviews
demonstrated that for many parents illegal behaviour by other road actors decreased their

perceived traffic safety, probably because it created false expectations and uncertain situations.

Likewise, parents also worried about the children engaging in dangerous behavior, especially
in the context of independent mobility. Participant 15 for example reflected on unsafe behavior
by other children: “So, when they are in a hurry, especially in the morning next to school, there
are a lot of kids that just cross the roads without looking. And when a car goes too fast. And I
don’t know it’s, it’s just, I get pictures in my head that that’s making me nauseous.” Participant
3 also highlighted the link between being distracted and risky behavior: “4 lot of people, a lot
of children, they are just busy with being on time in school and not busy with crossing the road
and directly looking.” Thus, the quotes showed that if parents were worried about their children
engaging in illegal behavior, they also perceived the route as riskier. Though, this might be

more relevant for an independent mobility context.

Overall, the interviews indicated that illegal behavior both by children and other road actors
decreased parents’ perceived traffic safety. The context of the quotes implied that parents’
concern was related to the unpredictability and inconsistency which came with the illegal
behavior.

4.2.3.5 Accidents

Traffic accidents were another factor which reduced perceived traffic safety, mentioned in
about half the interviews. Based on interview responses, severe traffic accidents had a large
impact on perceived traffic safety, often acting as a deciding factor to avoid certain areas. For

example, Participant 7 explained: “We don’t go into town because, yeah, it’s too dangerous.
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Yeah, I think like four years ago one of the children from school was hit by a bus. And they
died. So, the awareness is really high.” Similarly, Participant 17 mentioned: “My partner tends
to avoid that area, especially with the children. Because close by the station, not last year, but
the year before, a little child was killed by a bus there.” Consequently, interviews and mental
maps indicated that traffic accidents negatively influenced parents’ perceived traffic safety and
even acted as a deciding factor in route choice if severe.

4.2.3.6 Free Right Turns

A hand full of parents discussed how the ability to keep a right turn, avoiding crossing traffic,
increased their perceived traffic safety. Participant 9 outlined how a route was safer on the way
home, because they did not need to cross traffic: “That’s the most difficult. And that’s on the
way in, you have, so, you have all these crossings. But on the way back you can, you can just
take the inner corner of the roundabout and you don’t have to do any crossings, and that’s way
easier.” Participant 3 explained a similar situation: “So, I would say this crossing is a big worry
for me. But on the way to school, this is not a problem, because you stay on the right side.”
Overall, a few parents indicated that maintaining right turns along the route increased their
perceived safety, because it allowed them to avoid crossing traffic.

4.2.3.7 Anticipation of other road actors

Several interviews indicated that other road actors anticipating children’s traffic behavior, and
adjusting their choices accordingly, increased parents’ perceived traffic safety. In several
interviews parents mentioned that other road actors showed awareness of children in school
areas. Participant 11 explained how they needed to cross a fast-moving bike stream directly in
front of the school. However, since most people knew that the school was there, they were
aware of them and adapted their biking style. Similarly participant 18 mentioned: “I¢’s quite
busy, but everything works because everyone knows. Everybody wants to have their children
safe at school. Sometimes you get right of way even if the cars come from right.” Thus,
interviews indicated that road actors which were aware of the children and adjust their behavior

accordingly increased parents’ perceived traffic safety.

4.2.3.8 Unpredictable Situations

The last interaction factor discussed in most interviews, unpredictable situations, was less
specific, but often described as a root cause which reduced parents’ perceived traffic safety.
Unpredictable/chaotic situations were more abstract in that they could not be associated with a
specific road actor or behavior. Nonetheless, because several parents mentioned chaos as a
factor which increased perceived traffic risk, it is briefly discussed. For example: “So, it’s, it’s
everywhere. Traffic is behind your back, it’s in front of you, kids are everywhere. It’s just big
chaos.” (Participant 5) and “So, in this case, not the amount of cars, not the amount of people,
the amount of bikes, or that you have to cross, but the chaotic feel of it, that’s what makes it

unsafe.” (Participant 10). The challenges of unpredictable situations were mentioned by several
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participants. Participant 4 explained that a concrete rule can be easily explained to the children,
but teaching children to cross when a place feels safe is difficult. Participant 10 further
elaborated: “I think the only way you can deal with chaos is if all the rest is automated. So not
only the technical, but also the looking around and the looking over your shoulder and pointing
your direction. All of that has to be, go automatic. So that you don’t have to think about all of
these things, and for kids this is not an automatism. Yeah, so they have to also think about that.
Can you imagine how chaotic it then becomes? ” Interviews suggested that experiencing traffic
situations which were seen as chaotic or unpredictable in traffic reduced parents’ perceived
traffic safety. The role of uncertainty in parents’ perceived safety is elaborated on further in the
discussion (Section 5.2).

4.2.4 Other Non-Route Specific Factors

While not a core focus of this research, the flexible nature of the interviews allowed parents to
share other factors which influenced how they assessed road safety. Scanning the interviews
more broadly showed that many parents brought up their children’s characteristics and their
own approach to risk as elements which changed their traffic safety perception.

4.2.4.1 Children’s Characteristics

Interviews indicated that how parents’ perceived their children’s biking skills and ability to
navigate traffic influenced what situation parents considered risky and the amount of AST they
would engage with. The age and gender of the children was mentioned as non-essential, because

parents usually travel with all their children as a unit.

In general, interviews indicated that if parents assumed their children lacked biking skills, they
would be more cautious when engaging with AST. For example, Participant 1 explained how
children can still make mistakes when biking: “But generally, roads where there are trucks or
where cars drive fast. ... That would, I would avoid. Yeah, because children, they fall
sometimes.” Similarly, Participant 11 explained that they changed to an easier route when they
traveled with all children: “So, that’s one of the reasons and the other reason is that my
youngest child, yeah, they are very experienced at biking, but less experience than my oldest
child. So, it’s more comfortable to go along with the traffic.” Lastly, Participant 16 reflected
on seeing other parents opt for cars, because their children were less confident bikers: “/ know
there’s a lot of other people, they just take the car because their children are, like wobbling
with cycling ...” Consequently, interviews indicated that children’s biking skills influenced
how safe or unsafe other factors felt to parents.

In the interviews parents also discussed children’s ability to safely navigate traffic. The
navigation skills depended on children’s traffic focus. For example, Participant 10 explained
the difference between their children: “The oldest is very on task. So, if their task is to drive
safely to school or back, yeah, they will pay attention to this. My youngest is a dreamer. And

that’s very different. So, they are younger, of course. I don’t know how they are going to do,
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what they are going to do when they are 10-11 years old. But they want, they have a big sibling,
they want to drive to school by themselves as well. That’s not possible because they are a
dreamer. They can still be busy with their Pokémon in their head while biking and not paying
attention to anything. So, that guides my decision.” Similarly, Participant 16 reflected how
caution and focus allowed them to feel confident in allowing independent mobility: “I think the
choice you make, or the, the, the things you let your children do is also dependent on the
character and the, the person your child is. So, my children are both very cautious with
crossing. If I say you really have to watch this crossing very well, they also do that. So, when
they go to friends somewhere in town they just go there and come back home alone. I’'m not
that scared, because they will always take a safe path and when they have a dangerous crossing,
they always look very well. So, it’s also, my choice is also depending on how my children react
to the traffic.” Participant 16 further explained that for many parents the cycle diploma
represents a form of transition point where children must demonstrate navigation skills: “So, in
seventh grade, when they’re 10 or just 11, they all have this cycle diploma. And that’s also most
of the time the swapping point for parents to let their children cycle alone to school or not. So,
the classes one till six, they don’t have the exam, so they cycle with their parents. And seventh
and eighth grade when they have this cycle diploma that’s normally the point that the parents
say: OK, now you know how to cycle and you know the rules, so, you can go by yourself.”
Consequently, children’s ability to focus and have an overview of traffic, altered how risky a
situation appeared to parents when traveling with their children.

Lastly, most parents interviewed in this project had more than one child and made decisions
about AST as a group. Participant 13 for example explained: “Generally, with me, my eldest
goes by themselves when the timing doesn’t line up. Twice a week they also go home alone. |
think I would just let them go by themselves all the time, if it wasn’t for my youngest who I have
to bring anyway.” Thus, this research could not set up a link between age and parents risk
evaluation. Though this result might imply that if parents do not distinguish then neither should
traffic design.

In conclusion, the quotes suggested that children’s ability to bike mitigated parents’ perceived
safety and therefore likely how they engaged in traffic. Children’s ability to navigate traffic
linked more closely to the trust that children could handle a risky situation themselves and
therefore probably independent mobility.

4.2.4.2 Parents’ Characteristics

Interviews indicated that parents’ personal approach to traffic risk also played a role in what
they considered risky, but more importantly how they navigated the situations. Parents’
approach to risk was predominantly split into teaching or avoiding risky situations. Most
parents combined both approaches.

Several parents mentioned focusing on teaching risky traffic situations, to allow children to

navigate them safely. Participant 18 explained how the children learned to navigate the garbage
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truck in the area: “They have to learn. And now they know that you can go on the sidewalk for
a little bit and then you can pass, or, if there’s room, you can check whether it moves or it’s
busy with the garbage cans, and then you can just pass because it won’t move. Yeah, I think if
there is a problem they have to learn. And that’s the only way to teach them how to hand the
traffic if I'm not around.” Similarly, Participant 3 discussed teaching children how to cross
correctly: “And I always tell the children, you need to look at the driver. If they see you. When
you have eye contact, then it’s OK. Otherwise, don’t go. So, it’s, they really need to learn, so,
to put their hands, like almost up.” Participant 18 outlined that rather than considering traffic
unsafe, they simply framed it as harder and easier to teach. In all examples, parents followed
an ambition to reduce the potential risk, by teaching their children how to handle harder

situations.

Alternatively, interviews also indicated several situations which parents avoided, to decrease
the overall risk. This was usually related to substantial danger. For example, one parent outlined
that to them some roads were simply too risky due to busy traffic: “Yeah, but I definitely
wouldn’t do the road with the kids. No. Many people would, but we wouldn’t. It’s really busy
with traffic.” (Participant 8). Similarly, Participant 5 outlined a route they would avoid, which
also had been the scene of traffic accidents in the past: “There’s a 50 km/h road with three
zebra crossings, that no one actually stops for. So no, in the morning I wouldn’t even consider
this a route.” In both scenarios parents avoided situations which they deemed too risky for their
children, based on their understanding of the traffic.

Overall, interviews indicated that parents approached a risky traffic situation either by avoiding
it or by teaching their child. Which one they opted for defined how they interacted with the
situation, and likely also the extent to which they engaged with AST. However, most parents
used a combination of both teaching and avoiding.

4.2.5 Summary

Overall, the interview and mental maps highlighted a wide variety of factors which influenced

parents’ perceived traffic safety both positively and negatively (see Table 4.3 and Table 4.4).

The main built environment factors mentioned were crossing design, crossing type, bike path
design, bike path type, construction, road surface, and road design. Interviews indicated that
the type of crossing played a role in parents’ perceived traffic safety, where traffic lights
generally had a positive impact, while zebra crossings were more uncertain. Moreover,
multilane crossings and crossings with litter overview decreased parents’ perceived traffic
safety, while speed managing infrastructure and crossings which avoided cars reduced the
perceived traffic risk. The interviews and mental maps also indicated that biking paths which
integrated with other road actors decreased parents’ perceived safety, while bike paths which
remained separate from other road actors improved parents’ perceived traffic safety.
Additionally, no cross traffic as well as wider bike paths in general improved parents’ perceived
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traffic safety. Overall, the interviews indicated that construction, parked cars, and narrow roads
decreased parents’ perception of traffic safety. Lastly, the material chosen was not a direct

indicator one way or another for parents’ perceived traffic safety.

The main interaction factors mentioned were speed, volume, conflict with other actors,
illegal/dangerous behavior, unpredictable situations, accidents, right turns, and anticipation of
other road actors. Parents mentioned that integrating with and crossing fast traffic, as well as
large traffic volumes decreased their perceived traffic safety. Illegal behavior both by children
and other road actors, unpredictable situations, and accidents also negatively impacted parents’
perceived traffic safety. Furthermore, parents discussed a multitude of road actors which
concerned them when biking with their children, though the direction of influences varied
between responses. As one might expect given the above, interviews reflected that low traffic
density, as well as maintaining right turns, and anticipation by other road actors increased
parents’ perceived traffic safety.

Parents also introduced the role of their personal approach to risk and children’s characteristics
as factors which influenced the overall magnitude of their risk perception in interviews. Parents’
own approach to risk mediated what situations they were willing to engage in and how, while
children’s characteristics mediated how risky a specific situation appeared to parents.
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4.3 Interplay Between Factors

As indicated in the quotes in Section 4.2 the various factors influencing parents’ perceived
safety were rarely mentioned in isolation. This section explores this tendency to see if the
interplay between factors plays a role in parents’ perceived traffic safety. Figure 4.6 shows the
network diagram of the number of times two codes (e.g. accidents and buses, or illegal behavior
and bikes) were mentioned together. The thicker/darker the line the more frequently the code
pair was mentioned together, while the size of the circle is how often the specific code (e.g.
buses) was mentioned in general (See Appendix H for the complete co-occurrence matrix).
However, simply being mentioned together does not necessarily mean that the factors
influenced each other. Thus, this research dove deeper into some of the factors which were
frequently mentioned together, to see if the co-occurrence amplified the impact of the individual
factors on parents’ perceived traffic safety. Based on a scan of the co-occurrence matrix from
Atlas.ti this section explores the links associated with low visibility crossings, narrow bike
paths, fat bikes, and buses.

Figure 4.6: Network graph showing the number of pairwise co-occurrences of different code combinations (vellow is built
environment factors, while blue is interaction factors).
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4.3.1 Low Visibility Crossings

The co-occurrence matrix showed that crossings with little overview were frequently mentioned
in combination with high speed and cars. Delving into quotes demonstrated that the
combination of factors likely increased parents’ perceived risk.

Figure 4.7 highlights the connections between crossings with little overview, high speeds, and
cars. The network shows that all three factors were frequently mentioned together. However,
the frequency of co-occurrence does not necessarily mean that the factors mentioned influenced
each other. Only when looking at the context in the interviews is it possible to see whether the
combination of cars, little visibility, and high speed also interacted with and increased the
perceived risk of parents.

Figure 4.7: Network of co-occurrences, highlighting crossings low visibility, conflict with cars, and high speed (yellow is
built environment factors, blue is interaction factors).
In interviews, the lack of visibility at a crossing was often mentioned in the context of not being
able to spot a car in time. Thus, the low visibility was a challenge because of other events which
happened at the same place. For example, Participant 12 explained: “There’s one intersection.
This intersection where you can’t see the other traffic coming this way until like very late. So,

it’s hard to like, because also you're actually going downhill right here. So, you come into this
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kind of quick and then sometimes it’ll be a car coming in all of a sudden. And they like slam on
the brakes.” The intersection was highlighted because it was hard to see traffic coming, but the
exacerbating factor for Participant 12 was that cars came in fast (see Figure 4.8). This forced
cars to react quickly. Participant 3 also mentioned: “You know they (cars) want to go as fast as
they can. And so, they drive at least 50 km/h, but it’s like a hill. It’s on top of the hill. So, you
see them coming very late. You can hear them, but you cannot see them coming.” Here again,
Participant 3 discussed the issues of cars going very fast, but contextualized it by the crossing
being in a position where you could only see the cars very late. Both quotes showed that the
combination of factors introduced an element of uncertainty which created the unsafe situation
perceived.
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Figure 4.8: An example of how low visibility, cars, and high speed were mentioned together in one crossing (Participant

12).
Overall, both quotes highlighted a place where the combination of low visibility, presence of
cars, and high speed created a more uncertain situation than any of the factors would in
isolation. A low visibility crossing always carries a risk as one cannot see what comes ahead.
However, if one adds higher speed this leaves less time to react and can lead to worse injuries
in the case of an accident. Moreover, cars might have less overview than other modes. Thus,
when retracing the situation, it was the combination of factors that exacerbated the danger
experienced.

4.3.2 Narrow Bike Paths

In the co-occurrence matrix narrow bike paths and raised curbs were frequently mentioned
together, interview quotes demonstrated that the combination likely exasperated parents’

concern.

Figure 4.9 highlights the link between raised bike paths and narrow bike lanes. The network
shows that both terms were frequently mentioned together.
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Figure 4.9: Network of co-occurrences, highlighting raised curbs and narrow bike paths (vellow is built environment

factors, blue is interaction factors).
The context of interviews suggested that narrow bike paths were a bigger issue if a raised curb
prevented parents from avoiding on-coming traffic. Participant 5 explained: “And basically,
that’s also because the bicycle path isn’t big enough, but also on your side, there’s no room for
error. So, there is this curb. And if you get close to the curb, then your pedal can actually kick
the, kick the curb. And then you... So, you have little margin with respect to the curb.” From
this it appears that while narrow bike paths were an issue to parents, the issue was amplified if
there were raised sides, since it created less flexibility to veer to the side or avoid others on the
bike path (see Figure 4.10).

> Narrow bike path
High curb

N

Figure 4.10: Example of a bike path marked as narrow with high curbs (Participant 5).
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4.3.3 Fat Bikes

When considering co-occurrence fat bikes showed up often in combination with youth group
and illegal behavior. Interviews showed that the combination likely influenced parents’

concern.

Figure 4.11 shows the link between fat bikes, youth groups, and illegal behavior. However, the
diagram does not illustrate if the connection also impacted parents’ perceived traffic safety.

Youth Groups

Fat Bikes H{. (5
% Illnga' ehaviour Others
KL DRESZSRR
.m, 7 . \3 S ! .

Figure 4.11: Network of co-occurrences, highlighting youth groups, fat bikes, and illegal behavior by others (yellow is built

environment factors, blue is interaction factors).
Most interviews mentioned challenges with fat bikes, but rarely because of the bike itself. The
responses varied but showed that the discomfort usually came from the bikes being driven by
teenagers which frequently disregarded traffic rules. Participant 5 explained their problematic
interactions with fat bikes and other modes: “There’s three high schools on that bicycle path,
including a big share of mopeds, scooters, fat bikes, whatever you can think of. Preferably
people hanging on the back of another fat bike. So, they form sort of these queues being dragged
along. Not necessarily paying attention to anything else on the bicycle path ...”" Participant 5
emphasized that they found the disregard for other road users in their behavior problematic.
Participant 10 also differentiated between different users: “They (fat bikes) go much more than
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25, and these kids are just way too young. If we’re talking about chaotic in traffic and having
the time to automate everything you need to know and act in traffic, these young kids don’t have
that. And so, they re just, they 're just a danger on the road. Only them, actually, because there
are also other people that move quite fast with an electric bike, but they are different people,
so they 're not these young kids, they 're often these middle-aged men, actually.” Figure 4.12
shows the location mentioned by Participant 10. Several parents specifically delineated between
fast electric bikes and fat bikes, though the speed of the two was similar. Thus, the fat bike was
specifically an issue, because of the type of user group associated with it.

Calm neighborhood

Fat bikes
Young people
Illegal behavior

Figure 4.12: Example of an area were fat bikes, youth groups, and illegal behavior were mentioned together (Participant

10).

Consequently, the quotes highlighted that in this case fat bikes in themselves were not an issue.
It was the combination of factors which created more uncertainty for parents along their travel
route, since youth groups paid less attention to their surroundings and illegal behavior created
unexpected situations for parents.

4.3.4 Buses

Lastly, the co-occurrence matrix showed that buses and accidents frequently appeared together,
while interviews reflected that this combination sometimes formed a detrimental factor for

many parents.

Figure 4.13 shows the link between buses and accidents in the network graph. Buses were often

mentioned as problematic or concerning, though not by all parents.
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Figure 4.13: Network of co-occurrences, highlighting buses and accidents (vellow is built environment factors, blue is

interaction factors).
Quotes from interviews indicated that buses were often a focus point for parents which had e.g.
experienced accidents which involved children and buses: “We don’t go into town because,
yeah, it’s too dangerous. Yeah, I think like four years ago one of the children from school was
hit by a bus. And they died. So, the awareness is really high.” (Participant 7). Similarly,
Participant 17 explained: “My partner tends to avoid that area, especially with the children.
Because close by the station, not last year, but the year before, a little child was killed by a bus
there.” Figure 4.14 shows a location where buses and accidents were an issue, mentioned by
Participant 7. Hence, it was not only bus itself that posed the threat, but the association with
fatal accidents which influenced parents’ risk perception.

Zebra crossings

: Bus
Accident

Figure 4.14: Example of an area where buses and accidents were mentioned together (Participant 7).

Page | 58



Accidents, especially severe accidents, seemed to be a central concern to parents’ perception in
most combinations. The association with accidents moved buses from a more neutral factor to
a deciding factor in travel choice for some parents. Therefore, again the combination of factors
increased the risk perceived in a specific location, where either factor did not carry the same
weight in isolation.

4.3.5 Summary

The examples identified in this section showed that parents’ risk perception was also formed
by the interactions between the various factors they mentioned. Low visibility crossings were
riskier in combination with fast moving cars. Narrow bike paths posed a greater risk if raised
sides prevented maneuvering. Fat bikes were problematic due to their association with youth
groups and illegal behavior. Lastly, buses were seen as riskier by parents which had experienced
fatal accidents. The number of interactions is likely as plentiful as there are factors. Thus, it is
impossible to cover and discuss all the interactions in this research project. However, this does
illustrate that while this research provides an overview of many factors which influenced
parents’ safety, this list is only half of the picture. Parents’ perceived traffic risk is more than
simply the sum of its parts and would require a more detailed network diagram for an in-depth
understanding.
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5 Discussion

The goal of this research was to identify what factors informed parents’ perceived traffic safety
and how. Overall, parents’ perceived traffic safety was influenced by many different factors as
seen in Table 4.3 and Table 4.4. Including, but not limited to, speed, volume, illegal/dangerous
behavior, crossing design, bike path design, and construction. However, this research moved
beyond simply collecting a list of factors, and used interviews to understand the context and
impact parents attributed to the different factors. This allowed the current research to add to
past literature and provide more fundamental insight into how parents’ perceived safety was
formed in a bike-oriented context. This research highlighted that the combination of factors in
a specific location amplified the impact of the specific factors, and that children’s biking skills
and how parents approached risk mitigated the risk experienced by parents. The following
section builds on the results, to highlight how they can inform the current understanding of
parents’ perceived traffic risk and be used to improve traffic planning and design processes.

Initially, the results are compared to past research. Second, the key finding resulting from this
research is presented. Then the main implications for how factors form parents’ perceived
traffic safety are discussed. Accordingly, this research proposes a simple model about the
formation of parents’ perceived traffic safety. Building on the model implications for
design/planning are highlighted. Lastly, limitations and future research needed are considered.

5.1 Reflection on Results

Overall, the results of this research largely overlapped with previous literature. Though the use
of interviews within this research provided a more in-depth understanding of the factors parents
mention. The bike-oriented context added additional detail to the factors. The focus on
individual experiences shifted factors found from neighborhood level to individual behavior,
while the timing of the interviews prevented some factors in literature from being mentioned in

interviews.

5.1.1 Built Environment Factors

The built environment factors found in literature and in the results largely overlapped (as seen
in Table 4.1 and Table 4.3) with some important deviation. These deviations can likely be
attributed to the use of interviews, the bike-oriented context, and the study running in the

Summer.

Both the current study and past research confirmed the importance of having designated and
well-maintained active mobility infrastructure (AlQuhtani, 2025; Amiour et al., 2022; Aranda-
Balboa et al., 2021; Herazo-Beltran et al., 2024; Katsavounidou et al., 2024; Kotoula et al.,
2021; Kweon et al., 2021; Masoumi et al., 2020; Siiba, 2021). Both also highlighted that
infrastructure which had a barrier to other traffic felt safer (Kweon et al., 2021). Moreover, both
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cited that parents’ required crossings they consider secure to feel safe (Amiour et al., 2022;
Chinkonda et al., 2024; Schicketanz et al., 2024; Swain et al., 2024).

However, the bike-oriented context of this research informed a few differences between the
current study and the more car-centric cultures in past literature. In the literature parents
perceived isolated biking paths as less safe, because they were empty (Amiour et al., 2022;
Vasey et al., 2022). In this research, isolated bike paths were considered safe, because they ran
separately from the car infrastructure. In the Netherlands a vibrant biking community likely
ensures that biking paths in general are well frequented, negating the risk of isolation. This
research also introduced more detailed factors related to the difference between the types of
bike path, rather than mostly focusing on the presence of bike paths. The bike-oriented cultural
context of this study probably gave parents the experience necessary to differentiate between
different designs and their impact. Bike parking, while a common theme in literature, was not
brought up in this study (Herazo-Beltran et al., 2024). This might be because the bike centric
culture in the Netherlands ensures the presence of bike parking at most central locations,

preventing this from becoming an issue.

The timing of the study likely explains why lack of streetlights was a concern to parents in the
literature, but not mentioned in this study (Katsavounidou et al., 2024). Parents were asked to
map their average route to/and from school in the summer, hence they generally biked during
daylight hours. Consequently, streetlights were not necessary, but the responses might have

differed if parents were interviewed in the winter.

Lastly, the use of interviews in this study probably allowed parents to highlight that the role of
crossing design was more nuanced than assumed in past research. The literature showed a
positive association between secured crossings and perceived safety, while this study reflected
a more ambiguous relationship (Amiour et al., 2022; Chinkonda et al., 2024; Schicketanz et al.,
2024; Swain et al., 2024). The interviews allowed parents to add more context to their original
association, which gave them the opportunity to point out how safe crossings to them depended
on how people used them.

5.1.2 Interaction Factors

The interaction factors found in literature and this research largely overlapped (see Table 4.1
and Table 4.4) with some differences. These differences are probably explained by the focus

on an individual level and the bike-oriented context of this study.

Both the current study and past literature found that traffic density and speed greatly influences
parents perceived traffic safety (Aliyas et al., 2022; AlQuhtani, 2025; Amiour et al., 2022;
Aranda-Balboa et al., 2021; Herazo-Beltran et al., 2024; Hermida et al., 2025; Masoumi et al.,
2020; Schicketanz et al., 2024; Vasey et al., 2022; Wangzom et al., 2023). Moreover, illegal
behavior by children and other actors was also a major concern in both the current and past
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studies, because the unexpected behavior could put the children and risk (Cadima & Pinho,
2024; Chinkonda et al., 2024; Katsavounidou et al., 2024).

However, this study focused on parents’ individual perception, thus the neighborhood level
factors frequently mentioned in past research were rarely brought up. The analyzed literature
linked neighborhood safety to the perceived safety of parents (Ammar & Derbel, 2024; Kweon
et al., 2023; Zougheibe et al., 2021). Nonetheless, this concept was barely mentioned in the
current study. The reason for this might be two-fold. The data collection of this research was
focused on the routes themselves and did not direct parents’ attention to the overarching
neighborhood environment. Also, the sample of people interviewed in this study might live in
areas which have been less exposed to crime. Both could inform why neighborhood cohesion

or crime would not be on parents’ mind in this study.

While the literature highlighted that trusted travel companions were important to parents’
perceived safety, this was not mentioned in this research (Schicketanz et al., 2024; Vasey et al.,
2022). This could be attributed to the fact that all children in this study were brough to school
by their own parents. Consequently, parents likely never made an evaluation of who they would
trust to bring their children to school.

Lastly, the bike-oriented context of this research added more detailed interaction factors not
found in literature. Primarily this research introduced a longer list of road actors that concerned
parents (e.g. electric bikes, buses). Moreover, parents explicitly referred to accidents between
biking children and other travel modes as a detrimental factor to their perceived traffic safety,
which was only briefly brought up in the Dutch literature (Macedo et al., 2023). Other road
actors anticipating and adjusting their actions to account for children’s behavior in traffic, was
a major positive factor supporting parents’ perception of traffic safety only mentioned in this
study. All three of these factors were likely added due to the bike culture participants grew up
in, which gave them extensive knowledge of the interactions between cyclists and other modes,
allowing them to raise detailed concerns surrounding these.

5.1.3 Interplay Between Factors

This research also found that various factors interacted to inform parents’ perceives traffic
safety, something which was not commonly considered in the global nor Dutch literature. This
difference might be attributed to the use of interviews. Not all, but many past studies
predominantly relied on surveys to identify factors (see Appendix B and Appendix D). Surveys
allow little room for parents to introduce nuance to their responses. Hence, when focusing on
surveys it is harder to identify the background mechanism which inform certain responses. By
using interviews with mental maps, this research allowed for more in-depth responses which
also highlighted the context of choices.
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5.2 Key Finding: Minimize Unpredictability

Overall, when considering the various quotes in the results it seems that the underlying goal for
parents was to minimize the unpredictability along their routes. With several factors, parents
mentioned challenges because something unexpected happened. Moreover, the explanation of
the interplay between factors also feeds into this underlying notion. Overall, parents try to find
routes where the expected behavior at a location overlaps with what happens at the location,
and routes with infrastructure that minimizes the chance and consequences of potential

mistakes.

From the results it seems that parents try to find a route where the behavior they expect at a
location overlaps with what happens at the location, if these do not align parents feel unsure.
For example, parents indicated that they need to feel reassured that cars and bikes will actually
stop for crossings, or that cars actually drive the speed limit in a school zone. Similarly, they

avoid fat bikes because they worry that they might break traffic regulations.

Parents also look for infrastructures which minimize the chance and consequences of mistakes,
to feel safe. For example, barriers at the side of the bike path prevented kids from veering into
traffic. No cross-traffic over the bike paths reduced the number of road actors to consider at a
specific location. An isolated bike path took other road actors out of the equation altogether.

From the results one can see that the built environment seems to play a major role in setting
expectations of a space by introducing bike paths and secure crossings, but the behavior within
the space is central in informing parents’ experiences. Hence, to allow parents to minimize
unpredictability along their route and increase their perceived safety the behavior in a space
should match the infrastructure. Thus, built environment and interaction factors need to align.
This conclusion indicates that providing biking infrastructure is only part of the challenge and
could explain why improving parents’ perceived traffic safety can be challenging even in a
bike-oriented context.

5.3 Implications for How Factors Influence Parents’ Perceived Traffic Safety

This research also provides other interesting insights which inform the current understanding
of how route factors influence parents’ perceived traffic safety. The following section highlights
three implications from the results which inform the role of the factors found. Namely, factors
vary in importance, factors influence each other, and built environment and interactions factors

need to be considered in combination.

5.3.1 Variation in Importance

As seen in the results, while many factors were mentioned by parents, not all factors carried the
same importance. The variation was both in how many parents discussed a given factor and
how much a given factor influenced their behavior. Some factors were brought up by many

parents, e.g. conflict with bikes and cars, and hence was an issue many parents experienced.
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Other factors, such as accidents, were only mentioned by a handful of parents, but for them it
greatly impacted their perceived traffic safety and often led to a route change. This demonstrates
that not all factors influence parents’ safety perception the same way. It also reflects that simply
considering how many parents mentioned a factor might not provide an accurate image of its
importance to perceived traffic safety, since the impact of a factor might be better understood
by whether or not it caused parents to change their route or behavior. This implication is
especially interesting when considering that many past studies used survey data which might

not be unable to account for this distinction (see Appendix B and Appendix D).

5.3.2 Interplay Changes Perceived Safety

Interviews also showed that various factors interacted with each other to increase or decrease
parents’ traffic safety perception. As seen in Section 4.3, parents continuously talked about the
interplay between different factors when discussing traffic safety. For example, buses were
more concerning when associated with traffic accidents. Thus, simply listing all factors
mentioned in one location likely would not provide an adequate understanding of the traffic

risk parents experience.

5.3.3 Interaction vs Built Environment

This research also indicated that while built environment factors were frequently mentioned in
interviews, the risk associated with them was often rather attributed to behaviors around the
infrastructure. For example, crossings were less safe if cars did not stop. This implies that
interaction factors might play a role in forming the potential impact of built environment
factors. Built environment factors still play a role in perceived safety. Traffic light crossings
were considered safer by parents than zebra crossings, for example. However, the reason many
of these places felt unsafe was linked back to the behavior of others. Considering both
interaction and built environment factors is therefore important when considering parents’
perceived safety

5.4 Model of Parents’ Perceived Traffic Safety

Moving beyond the understanding of the factors, this research used the overarching dimensions
of the results to propose a preliminary model outlining how the different dimensions inform
parents’ perceived traffic safety. The proposed model combines the interaction of factors found
on the road, children’s characteristics, and parents’ approach to risk which all mutually
influence each other (Figure 5.1). These three dimensions are chosen since they were frequently
mentioned by parents, as elements which influenced their overall traffic safety perception (see
Section 4.2).
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Figure 5.1: Visualization of model proposing how the different overarching dimensions potentially work together to form
parents’ perceived traffic safety.
In the model, route factors are formed by the combination of various interaction and built
environment factors found by parents on their school route. The impact of route factors on
parents’ perceived safety is defined both by the type of factors as well as the interplay between
factors in any specific location (see Section 4.3).

Children’s characteristics, in the model, refers to the biking and navigation skills of the child.
To parents, a child which can bike well is less likely to make mistakes, while a child that can
navigate traffic well has more capacity to handle uncertainty and new situations (see Section
4.2.4.1).

Parents’ approach to risk represents their tendency to either avoid or teach different challenges
along their route. Parents which are more avoidant will look for routes where the risk and
uncertainty is quite low, while a parent focused on teaching might be willing to accept more
risk/uncertainty along the route (Section 4.2.4.2).
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Overall, the model proposes that all three dimensions need to somewhat align to reduce parents
risk perception and encourage more AST. For example, in an ideal scenario parents choose to
teach, which means they would accept more risk. This choice is facilitated by having a child
which can read traffic relatively well and has grown up biking. Lastly, the route should also
have infrastructure which minimizes risk, and where the behavior aligns with the expectation
set by the built environment. Furthermore, the model reflects the potential for compromise
across the three factors. If the children are very good bikers and navigate traffic well, parents
might be willing to accept more risk along the route itself, since they feel confident that their
child will be fine. Similarly, if the child struggles to bike in a straight line, even a safe route
might be too risky for parents, because they cannot be sure that their child will bike as expected.
Lastly, parents which themselves avoid risks can have both highly skilled children and a safe
route, and still opt out of biking, since safety is never guaranteed. Thus, the model proposes
that parents’ perceived traffic safety is not only dependent on factors along the route, but also
children’s skills and parents’ approach to risk.

5.5 Insights for Traffic Design and Planning

While not a core goal of this research, the above-mentioned insights do have some implications
for how one could plan traffic to improve parents’ perceived safety. Specifically, one should
design for the specific context, the focus should shift from infrastructure to behavior, planning
should accommodate younger children, there should be a focus on children’s skills, and
language could reframe from risk to challenging.

5.5.1 Understand the Context

This research indicates that traffic planners should look beyond the specific infrastructure they
are implementing, to understand how it will be positioned within the factors that already exist
in a location and the local perception. Any new traffic design needs to fit into this already
existing network of factors. Understanding the potential synergies between current factors and
the new design would enable a better comprehension of the implications of the new additions.
If parents in a given area know that zebra crossings are ignored, a zebra crossing will not be
effective. Acknowledging this context can both boost the usefulness of new infrastructure and

prevent unwanted consequences.

5.5.2 Consider Behavior and Infrastructure

While built environment factors matter in parents design choices, this research indicates that
safety perception might depend more on behavior, and how others interact with the
infrastructure and each other, than the infrastructure itself. Hence, rather than simply targeting
infrastructure, the design process should introduce a steady focus on behavior as well. While a
traffic light crossing might be perceived as safer than a zebra crossing, this is only the case if

other actors do not stop at the zebra crossing. Thus, when implementing new infrastructure,
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design should also focus on how to guide the behavior to follow the expectations set by the

infrastructure.

5.5.3 Plan for the Youngest Child

As a side note, this research showed that parents with multiple kids usually travel in a group,
and older children tag along with their parents. In interviews parents indicated that they make
travel decisions with their younger children in mind. Therefore, design interventions should

focus on accommodating the needs of the younger children.

5.5.4 Build Children’s Skills

Overall, the proposed model indicates that interventions which target children’s biking and
navigation skills might be an effective approach to reducing risk perception. Parents mentioned
that trusting children’s biking skills makes them feel safer when biking. Moreover, participants
indicated that the bike exam in the Netherlands is a good indication to parents of children’s
skills. Hence, interventions could focus on moving the exam earlier or integrating biking skills

into the curriculum.

5.5.5 Reframe from Risks to Challenges

Another adjacent proposal would be to change communication about traffic safety with parents
from dangerous or risky, to hard and easier to teach. Some parents in interviews already
indicated that they avoid framing traffic as dangerous or risky. They would rather consider
traffic as easier or harder to teach to their children. This likely also speaks to how they choose
to experience traffic. A consideration for a higher-level intervention could be to reframe how
traffic is discussed, especially with parents in regard to children, to prevent avoidant behavior.
Reframing traffic as hard and easy to teach would also acknowledge that minor accidents and
mistakes are simply part of growing up for the children, and do not necessarily mean that the

route itself is dangerous or risky to bike.

5.6 Limitations

This research had a variety of limitations. Primarily, it had a small and spatially diverse sample,
it was not limited to one travel mode, there was no differentiation between promoting AST and
independent mobility, no focus on city specific contexts, and the link between perceived risk

and mobility choice was simplified.

This research project only interviewed 18 participants across seven cities. While the sample
was spatially diverse, no explicit effort was made to ensure socio-economic and cultural
diversity within the sample. The limited sample reduced the possibility to use the mental maps
for more quantitative insight. Using the maps explicitly would compromise participants’
anonymity. Also, the limited sample meant that this research could only make preliminary
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conclusions about the type of factors and how they influenced traffic safety. Hence, the
conclusions should be tested against a larger sample of parents.

Similarly, this research addressed parents with kids in the right age group, but did not require a
specific travel mode. The modes used varied from bringing kids in cargo bikes, walking, kids
biking themselves, and some used the car. Hence, this research was able to show a broad set of
factors which impacted parents’ perceived traffic safety. However, the research could not
distinguish between factors which prevented parents from allowing their children to bike

altogether, and which factors only changed the active mobility experience.

From this follows that this research did not distinguish between factors which relate to children
traveling alone (independent mobility) or children travelling on their own bike with parents
(AST). This means that while this research outlined a broad set of factors which impacted
parents’ perceived traffic safety, it was not always able to distinguish which factors prevented
AST, and which prevented independent mobility.

Due to the scope of this study, it assumed a consistent social biking context across all cities.
Though, in interviews parents differentiated between cities. Consequently, this assumption was
likely too general, and cities probably experience significant differences in factors which
influence traffic safety. However, this research did not have enough participants from the
different cities to see if the variation truly stemmed from the city context or from personal

differences.

Lastly, by assuming that factors which influence parents’ perceived safety will also directly
impact AST the research simplified a very complex choice process. The PASTA model and
other behavioral models showed that mode and route choice is a complex interplay between
many factors. This research delved into parents’ perception of traffic safety, which in past
research was linked to mobility choice. However, the impact of perception is moderated by a
multitude of other dimensions. Consequently, while understanding how parents’ perceived
traffic safety is formed is important, mobility choice is a more complex interaction, thus making
the link to AST more involved.

5.7 Future Research

This research was exploratory and therefore provided a summary of different factors which
influenced parents’ traffic perception and presented several new ideas about the formation of
parents’ perceived traffic safety to consider. Future research should capitalize on the various
ideas highlighted to confirm and understand their importance.

Due to the qualitative nature of the research, it was unable to comment on the relative
importance of different factors to parents’ perceived traffic risk. However, when designing or
developing an area it is essential to know what interventions would have the most impact, due

to limited resources. Thus, future research should consider using quantitative research methods
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to understand which of the factors mentioned are more or less important to parents’ perceived
traffic safety.

The responses in this research indicated that there were interactions between different route
factors which reinforced parents’ perceived traffic risk. However, for traffic design to maximize
the impact on parents’ perceived safety it is important to understand all the interactions.
Otherwise, planners risk setting up interventions which only cater to surface level factors and
do not address the underlying concerns. Consequently, future research should focus on forming
a complete network analysis of the different factors influencing parents’ perceived traffic safety

and how they reinforce each other.

Another angle which could be interesting to pursue is understanding the impact of local
variation. Though not a focus point of this study it seems that parents trust in infrastructure
elements differs between cities. Consequently, local context could play a role in parents’
perceived traffic safety. Future research should consider explicitly comparing different local
contexts to each other, to see if there are significant variations.

Moreover, it seems that parents’ personal characteristics and children’s characteristics play a
role in the impact of other factors. Future research should dive deeper into this relationship and
confirm to what extent these elements do influence perceived traffic safety. It could also be
interesting to consider whether the variations in parents’ and children’s characteristics could be
used to understand overarching groupings with specific influence on parents’ perceived traffic
safety.

Lastly, this research used mental mapping as a way of engaging the participants and giving a
common reference point in interviews. However, due to the limited and spatially diverse
sample, this research was unable to use mental maps in a quantitative manner. Further research
should build on the current methodology with a larger sample to assess the feasibility of using
mental maps as a quantitative data collection method.
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6 Conclusion

Overall, this research aimed to identify what factors formed parents’ perceived safety in a bike-
oriented context like the Netherlands. The research focused particularly on parents’ experiences
along the routes to school. The overreaching goal was to provide a better understanding of
parents’ perceived traffic risk, to eventually inform current design/planning approaches to

ultimately promote more AST amongst children.

Initially this research showed that a multitude of both built environment factors (physical
infrastructure) and interaction factors (interactions with other road users) informed parents’
perceived traffic safety along their commutes with their children. These factors included, but
were not limited to, complex crossings, high speed, high traffic volume, type of bike path, type
of crossing, and accidents along the route. The research also highlighted that children’s
characteristics (biking skills and navigation skills) and parents’ approach to risk (teaching or
avoiding) mitigated parents’ perception of traffic safety.

Notably, this research demonstrated that the interplay of factors in one location was important
to parents’ overall perceived traffic risk along the route. Often a single factor (e.g. cars present)
was not the main concern, but the fact that it co-occurred with other factors (e.g. high speed and
low visibility crossing).

The results found in this research largely overlapped with those described in the literature, with
some important new insights. These can predominantly be attributed to the use of interviews,
focus on individual experiences, and the bike-oriented context of this study. They include
additional details on type of biking infrastructure needed, as well as the reason specific factors
felt unsafe/safe.

Most importantly, the results of this research indicated that parents underlying goal was to
minimize uncertainty along their route to improve their risk perception. Hence, infrastructure
should minimize the potential for mistakes, while the behavior in and expectations of a space
should align.

Thus, traffic planning should focus on aligning the behavior with the built environment to create
an environment where behavior matches the expectations infrastructure set. Moreover, any
urban planner which aims to improve traffic safety should actively understand the local context
and network of factors they are designing for.

Considering the small sample and underlying assumptions of this research, future research
should build on the current results to confirm the different new insights provided.
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Appendix C  Systematic Literature Review Netherlands: Selection

SCOPUS PubMED

Search
term

Number
Articles 96 (24 overlap) 27 (24 overlap)

Exclude ‘ ‘
w/title
Exclude
w/abstract
After
Filtering
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Appendix D  Systematic Literature Review Netherlands: Final List

Data Collection

Author Method

Factors affecting parental safety
perception, satisfaction with school
travel and mood in primary school
children in the Netherlands

van den Berg, P., Waygood,
E.O.D.,van de Craats, 1., &
Kemperman, A.

10.1016/.
Survey Questionnaire | jth.2020.1
00837

Parental Active Transportation
Van Kann, D.H.H., Routines (PATRns) as a Moderator of
Kremers, S.P.J., de Vries, the Association Between
S.I.,de Vries, NK., & Neighborhood Characteristics and
Jansen, M.W J. Parental Influences and Active School
Transportation

10.1177/0
Survey Questionnaire | 01391651
5574548
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Appendix E  Semi-structured Interviews: 7s CARS-SID

Seven Steps to Conducting, Analyzing, and Reporting Semi-structured Interview Data Based
on the table pp. 1359-1360 (Adeoye-Olatunde & Olenik, 2021)

Step Number Details Comment for Research

2. Sampling 2a. How to sample? Sample is parents in Dutch urban
technique and 2b. How to recruit? areas for similar experiences. Parents
Recm}tmg should have children which are in an
participants age group where they still travel with

their parents.

Recruitment happens through parents
WhatsApp groups, school newsletters
and snowballing from previously
interviewed parents.

4. Conduct 4a. Preparation and training Storage and transcription processes
interview, 4b. Interview and recording were ensured to be safe through the
transcribe and consideration ethical approval process and data
store data 4c. Transcription and checking management plan.

4d. Securely storing and transmitting | The interview was tried with several
the data non-participants to ensure flow and
time management.

Drawing Analysis was conducted through

conclusion Atlas.ti to draw well-grounded
conclusions.

Page | 83



Appendix F  All Codes
Color codes

Accidents: Purple, Interaction: Blue, Built Environment: ' !l0w, Childs Feature: Red, Parents’
Typology: Pink, Other: White

This table shows all the codes used/developed in the coding process.

© Bad maintenance

_ © Unclear/changing guiding-lines for bike path

T [ Cuumonerimgrond |
_ e Dangerous/illegal behavior by other road users

o Complex crossing

T e overvewlowvisbiliy
T Many lanes arcrossing

ks
S

¢ Hleonibikes

’—
. eFabkes
_
_
7’—
- |eT@n

T Bothdiretions insame ke
T Nopathavailable
e Crime in neighborhood

T Cross waffcon ke ane
. High cuaised bike puh

o No cross-traffic bike lane
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v mlconbikelne

e Kids feature

. Chldws il obiking
e Commuicatonwihchid

© Material used

- Coblesoe
e

o Other factors

e
T e
e

e Others along route

< Nouwnwows

- Aedmaors

o Positive factors

[ Camblow e
e Otes tunkaong

T Seaurchafecsing

© Road features

| c-Mergeomocarroad
7’—
| -Liglcbikeparkig
_

e
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o Travel by car

- hkefme
T incamated bike path drawn on oad
T Sepmatadised bike path

© Unsafe crossing

| Tamclgiuke o
T woulisofomosig

© w/ Zebra crossing
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Appendix G Frequency and Number of Interviews Mentioning Code

Color categories: Accidents: Purple, Interaction: Blue, Built Environment: V' c!lovw, Childs
Feature: Red, Parents’ Typology: Pink, Other: White

The table shows all the codes possible, how many times they were mentioned in total, and the
number of interviews the code was mentioned in.

Code

Frequency Number of
Total Interviews

path

_ |eCutwmemerngrod | 3 2

| | |
I el ) )
‘ users ‘ ‘

17
| | |

|- Litleovervewlowvisibity | s4, 15
| | |

| cMaylmesatoossing | 18, 7
| |

T ey
ems _w

I Y- S R BT
I 7 S E—
I ™ ] E—
I Y7 T — T —
I Y ) E—

eSeootes s 3
~ Jemww . 3 1
| |
| -Bothdircctionsinsamelaie | 0 0
| | |
| -Nopathaalabe | 3 2
|

o Cross traffic on bike lane 10 5
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| | |
| -Highcublmisedbikepah | 4 4

| | |

| -Nocwsstufficbikelane | 3 1
| | |

| cTwowawuwnffconbikelne | 6 4
| |

| Commmicatonwitais | 1] s

T B 1 I 1
Maeralwed o
I Y- S — E— —
I S | E—

T S R | I |
T b a4

R | |
e w| w
I 1 T E—

| | |
S R
I T ) E—
(e Teachsitiation 3 15
o Positive factors 135
o Ability tokeeprighttum 6 3
| eCamsowwaffc | 8| 17|
__!
I Y v E—

| | |
_ Lackofpadkingforear 11

© Merge onto car road 3 1
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I Py —— — E—
I T ————
I T ———
I Y —— —
T ——— —
YT T ———
Y —— —
—=

| -w/Oulinesofcrossing | 39 14
| | |

© w/ Zebra crossing 12 5
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Appendix H Co-Occurrence Matrix

The co-occurrence matrix shows how often two codes were mentioned together in one location or phrase in the interviews/mental maps.

The following table shows some of the main co-occurrences also used within this thesis.
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uo uMei() yped Mg
pajeadanuy :yred ig adA L,
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sdnoao yynox

:9)n0Yy 3uo[y SIYIO
dwInjoA YSIH
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SI8)) (SIPOIN
120 WIM PIFU0)

sng :SIPOJA
2P0 YN PIFU0D

SaYIg :SIPOIN
1290 WIM PIFU0)

Suissoa)) je souer|
Auep :3uissoa) xapdwo)

KIIGISIA MOTT/MIIAAQ
My :3urssoax) xapdwo)

el Jo Mofq
agaer :3uissox) xopdwo)

SI9S() peoy YO Aq
J01ARYDY [B3D[[I/Snordueq

PI1INII(Q JUIPIIY

Code Label

Accident Occurred

Dangerous/Illegal Behavior by Other

Road Users

Complex Crossing: Large Flow of

Complex Crossing: Little

Complex Crossing: Many Lanes at

Overview/Low Visibility
Crossing

Conflict With Other Modes: Bikes

Conflict With Other Modes: Bus

Conflict With Other Modes: Cars

Conflict With Other Modes: Fat

Conflict With Other Modes: Large

Vehicles

Conflict With Other Modes: Many
Different Modes Congregate

Design Bike/Walk Path: Narrow Bike
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Others Along Route: Youth Groups

Positive Factors: Secure/Safe
Crossing

Road Features: Narrow Road

Speed Related Issues: High Speed

Type Bike Path: Integrated Bike Path
(Drawn on Road)

Type Bike Path: No Bike/Walk Path ‘

Type Bike Path: Separated/Raised
Bike Path

Unsafe Crossing: W/ Outlines of
Crossing

Unsafe Crossing: W/ Traffic Light
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Appendix I Al Statement
During the process of creating and writing this master thesis very little AI was used.

The main use of Al was Word’s own transcription software, which was used to transcribe the
various interviews. After using this tool, I reviewed and edited all transcribed interviews to
ensure that all content was accurate, and any mistakes made were corrected. I take full
responsibility for the content of the publication.

The research also used ChatGPT occasionally in the writing for very specific phrasings to find
simpler or more direct language. One example being changing ‘others thinking along in traffic’
to ‘anticipating needs in traffic’. This was only done a handful of times. I reviewed any wording
changes before adopting or rejecting. I take full responsibility for the content of the publication.
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