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RESUME

Les transports posent des défis significatifs pour la santé humaine en raison de leurs externalités
négatives, en particulier pour les enfants. Le danger lié au trafic, qui englobe les risques associés
aux véhicules a l'intérieur et a I'extérieur, est un probleme de santé majeur, causant environ 1,19
million de déces par an dans le monde. Malgré les avancées en matiére de sécurité des véhicules,
les décés de piétons, y compris ceux des enfants, augmentent. L'environnement bati joue un réle
crucial dans la santé et le bien-étre des enfants, influencant leur activité physique, leurs

interactions sociales et leur sécurité.

Les évaluations précédentes des dangers liés au trafic se basent principalement sur les données
d'accidents et négligent souvent les interactions entre les différents facteurs influencant ces
dangers. Ces études peuvent identifier les lieux sensibles en termes de nombre et de type de
collisions, mais elles n'évaluent pas de maniére exhaustive les dangers liés au trafic en raison des
différents facteurs concernés. De plus, les perspectives des enfants et des parents sont
fréquemment négligees dans ces évaluations. Les méthodologies existantes ne tiennent pas
suffisamment compte des impacts complexes et inégaux des différentes variables sur le danger lié
au trafic. Les méthodes d'évaluation courantes, telles que les analyses statistiques passives et les
modeles de simulation active, ne parviennent pas a intégrer efficacement les contributions des
divers acteurs. Il manque donc des outils complets capables d'évaluer les dangers liés au trafic a
un niveau granulaire, rue par rue, en se concentrant particulierement sur les usagers vulnérables

tels que les enfants.

Pour remédier a ces problemes, cette thése propose une méthode complete pour évaluer en détail
les dangers liés au trafic, avec un accent particulier sur la protection des usagers vulnérables tels
que les piétons et les enfants. En utilisant une approche d’analyse multicritéere de décision
(AMCD), spécifiguement la méthode MACBETH, cette étude integre diverses sources de

données et perspectives des acteurs pour fournir un indice détaillé de danger lié au trafic.

La AMCD offre un cadre structuré pour intégrer diverses sources de données et prendre en compte
plusieurs objectifs conflictuels, ce qui la rend particulierement adaptée a I'évaluation des dangers
liés au trafic. La méthode MACBETH, utilisée dans cette étude, facilite une évaluation complete
des divers facteurs influencant la sécurité routiere en intégrant les perspectives des acteurs et en

geérant les relations complexes. Cette approche permet une évaluation détaillée et granulaire des
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dangers liés au trafic, fournissant des informations précieuses pour des interventions ciblées. En

utilisant cette méthode, le score global de danger du trafic peut étre calculé.

La recherche utilise un cadre complet de AMCD structuré en trois phases : structuration,
évaluation et validation. La phase de structuration implique la définition du probléme de décision
et I'identification des variables pertinentes par le biais de discussions de groupe avec des experts,
des parents et des enfants. La phase d'évaluation utilise la méthode MACBETH pour La phase
d'évaluation utilise la méthode MACBETH pour construire la fonction de valeur et pour
échelonner les constantes. La phase finale consiste a valider le modele en comparant son
classement des intersections avec les classements fournis par les participants et en affinant le

modele en fonction des retours.

L'outil développé a été appliqué aux segments de rue et aux intersections de la ville de Montréal,
avec une considération particuliére pour les enfants en tant que groupe vulnérable. Les résultats
mettent en évidence des préoccupations de securité critiques et fournissent des informations
exploitables pour les urbanistes et les décideurs politiques visant a éliminer tous les déces et les
blessures graves. L'outil permet d'extraire les critéres clés en fonction de leur influence sur le

danger lié au trafic, conduisant a une évaluation plus précise et compléte.

Cette recherche fait progresser de maniére significative le discours sur la sécurité routiére des
enfants en introduisant un nouvel outil d'évaluation des dangers lies au trafic qui intégre les
perspectives des acteurs et tient compte des relations complexes et non linéaires entre les
variables. Deux modeéles distincts ont été développés pour les segments de rue et les intersections,
reflétant différents criteres et leur importance basée sur les contributions des acteurs. Le résultat
est un score global de danger du trafic attribué a chaque segment de rue et intersection.

Cet outil aide les décideurs et les urbanistes a identifier les zones nécessitant une intervention
urgente, en assurant la priorité des besoins des groupes vulnérables et en favorisant des

environnements urbains plus sdrs et plus inclusifs.
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ABSTRACT

Transport poses significant challenges to human health due to its negative externalities,
particularly for children. Traffic danger, which encompasses risks associated with vehicles both
inside and outside, is a major health issue, globally causing approximately 1.19 million deaths per
year. Despite advances in vehicle safety, pedestrian fatalities, including those of children, are
rising. The built environment plays a crucial role in shaping children's health and well-being,

influencing their physical activity, social interactions, and safety.

Previous assessments of traffic danger primarily relied on crash data and often neglected
interactions among various factors influencing traffic danger. These studies can identify locations
sensitive in terms of the number and type of collisions but do not comprehensively assess traffic
danger due to the different factors related to traffic danger. These studies can identify locations
sensitive in terms of the number and type of collisions but do not comprehensively assess traffic
danger due to various factors. Their biggest failing is that they often ignore areas so dangerous
that pedestrians and cyclists avoid them, resulting in no recorded collisions, yet these areas cannot
be considered safe. Moreover, these current models focus on collision trends and do not provide
a comprehensive consideration of all influences, often excluding the input of vulnerable groups.

Children's and parents’ perspectives are frequently overlooked in traffic danger assessments.

Existing methodologies do not adequately account for the complex and unequal impacts of
different variables on traffic danger. Common assessment methods, such as statistical analyses
and observational models, fail to integrate diverse stakeholder inputs effectively. For instance,
simulators used with children tend to focus on training them to adjust to traffic danger rather than
understanding traffic danger from the children’s perspective, reflecting a rather adult-centric
viewpoint. Therefore, there is a lack of comprehensive tools that can assess traffic danger at a

granular street-by-street level, particularly focusing on vulnerable road users like children.

To address these issues, this thesis proposes a comprehensive method for assessing traffic danger
in detail, with a particular focus on protecting vulnerable road users such as pedestrians and
children. By employing a Multi-Criteria Decision Analysis (MCDA) approach, specifically the
MACBETH method, this study integrates diverse data sources and stakeholder perspectives to

provide a detailed traffic danger index.
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MCDA offers a structured framework for integrating diverse data sources and considering
multiple conflicting objectives, making it particularly suitable for traffic danger assessment. The
MACBETH method, used in this study, facilitates a comprehensive evaluation of various factors
influencing traffic safety by incorporating stakeholder perspectives and handling complex
relationships. This approach allows for a detailed and granular assessment of traffic danger,
providing valuable insights for targeted interventions. Using this method, the global traffic danger

score can be calculated.

The research employs a comprehensive MCDA framework structured in three phases: structuring,
evaluation, and validation. The structuring phase involves defining the decision problem and
identifying relevant variables through focus group discussions with experts, parents, and children.
The evaluation phase utilizes the MACBETH method to construct the value function and to scale
the constants. The final phase involves validating the model by comparing its ranking of

intersections with the rankings provided by participants and refining the model based on feedback.

The developed tool was applied to street segments and intersections within the city of Montreal,
with special consideration for children as a vulnerable group. The findings highlight critical safety
concerns and provide actionable insights for urban planners and policymakers aiming to eliminate
all fatalities and severe injuries. The tool allows for the extraction of key criteria based on their

influence on traffic danger, leading to a more accurate and comprehensive assessment.

This research significantly advances the discourse on child road safety by introducing a tool for
traffic danger assessment that integrates stakeholder perspectives and accommodates complex,
and in some cases nonlinear, relationships among variables. Two distinct models were developed
for street segments and intersections, reflecting different criteria and their importance based on
stakeholder input. The outcome is a comprehensive traffic danger score assigned to each street
segment and intersection. This tool aids policymakers and urban planners in identifying areas
requiring urgent intervention, ensuring the prioritization of vulnerable groups' needs and fostering

safer, more inclusive urban environments.
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MACBETH TERMINOLOGY

MACBETH (Measuring Attractiveness by a Categorical Based Evaluation Technique): A
multi-criteria decision analysis method that uses qualitative judgments to evaluate and rank

options based on their attractiveness across multiple criteria.

Attractiveness: The desirability or preference of an option within a specific criterion.

MACBETH measures the attractiveness to rank options.

Qualitative Judgments: Comparisons between two options or performance levels using a
predefined scale, expressed as "no difference,” "very weak," "weak," "moderate," "strong," "very

strong,” or "extreme" differences in attractiveness.

Semantic Categories: The seven levels of difference in attractiveness used in MACBETH,

ranging from "no difference" to "extreme difference."

Consistency Verification: MACBETH's process of checking the logical consistency of

qualitative judgments. If inconsistencies arise, the software suggests ways to resolve them.

Value Scale: A numerical scale derived from qualitative judgments that quantifies the

attractiveness of options for each criterion.

Criteria Weighting: The process of assigning weights to criteria based on their relative
importance, using qualitative judgments of overall attractiveness differences.

Options: The potential actions or alternatives being evaluated in a MACBETH model.

Performance Levels: The qualitative or quantitative descriptions of how an option performs with

respect to a criterion. These are converted into numerical scores in the evaluation process.

Value Tree: A structured model that visually organizes criteria and options, allowing for a clear

understanding of the decision-making framework.

Judgment Matrix: A matrix where qualitative comparisons between performance levels are

entered and stored for constructing value scales.

Hierarchical Weighting: A process where criteria are weighted at different levels of a hierarchy

using fictitious alternatives, enabling more complex and structured decision models.
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Reference levels: A reference point used in hierarchical weighting, representing the upper and

lower bounds of performance for a criterion.

Interval Scale: A numerical scale where equal intervals represent consistent differences in
attractiveness. In MACBETH, qualitative judgments are transformed into interval scales for

precise comparisons.

Cardinal data: Cardinal data refers to data that not only indicates order but also the magnitude
of difference between the data points. In contrast to ordinal data, which only shows rank (e.g., 1st,

2nd, 3rd), cardinal data allows for meaningful comparison of the differences between values.
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CHAPTER 1 INTRODUCTION

The built environment plays a crucial role in shaping children's health and well-being (Waygood,
Friman, Olsson, & Taniguchi, 2017). Elements such as sidewalks, parks, recreational areas, safe
pedestrian crossings, and bike lanes are essential for promoting active lifestyles, social
interactions, and outdoor play. A well-designed urban environment encourages physical activity,
reduces the risk of chronic diseases, and supports mental health by providing safe and engaging
spaces for children to explore and socialize. However, traffic has various direct and indirect
negative impacts on children's well-being, and transport-related research highlights many
contributing factors (Waygood et al., 2019). Individual transport choices and environmental
exposures that result from different built environment patterns indirectly affect public health. The
choices we make (such as using a car or walking between destinations) and the exposures we
experience (such as noise from traffic) influence our health (Marmot, 2012). Therefore, due to the
built environment's important role in traffic exposure and health outcomes, alternative practices

offer opportunities for both improved health and reduced exposure.

Transport poses a significant challenge to human health due to its negative externalities on society
today. The adverse impacts of transportation on children's health and well-being are particularly
concerning. One major health issue related to transportation is traffic danger, which encompasses
the risks associated with cars both inside and outside the vehicle. These risks include the potential
for collisions, injuries, and fatalities, as well as exposure to hazardous driving conditions and
behaviors. Traffic crashes kill about 1.4 million people every year, making them the eighth
leading cause of death worldwide (WHO, 2023a). Despite technological advances in safety
features and designs that have made cars safer for occupants, pedestrian fatalities are increasing
more rapidly than car driver and passenger deaths. According to the National Highway Traffic
Safety Administration (NHTSA), pedestrian deaths now account for 18% of all traffic-related
deaths In the US (NHTSA, 2024). In addition, exposure to transportation crashes was the most
common type of potentially traumatic event (refers to collisions that disrupts psychological well-
being and physical health, often leading to reduced quality of life and extended work absenteeism)
in 2023, affecting 31% of those surveyed in a study in Canada between 2018 t0 2020 (Pei et al.,
2023). We decided to focus on traffic danger because it is a major threat to children's (and others’)
lives and is a significant limiting factor on independent travel (R. Mitra, 2013). Reducing traffic



danger is crucial for ensuring that children can safely engage in independent travel and benefit
from the well-being advantages associated with it (Waygood, Friman, Olsson, Taniguchi, et al.,
2017).

Children are particularly vulnerable to traffic danger due to their reduced experience, ability, and
visibility, as well as their smaller size, which increases their risk for injury severity, head injuries,
and fatalities (Cloutier et al., 2021). In Canada, motor vehicle traffic fatalities are the third leading
cause of death among children aged 1 to 19 (Schwartz et al., 2022). Additionally, the
psychological impact of traffic collisions can lead to long-term mental health issues such as
anxiety, depression, and post-traumatic stress disorder, especially if left untreated (Yule et al.,
2015). Therefore, improving road safety measures and providing adequate post-crash care are

crucial to safeguarding children's health and well-being.

Addressing traffic danger requires a comprehensive approach that includes examining the
relationship between behavioral factors, traffic and built environment characteristics, and their
impact on pedestrian or cyclist collisions or injuries. Previous literature offers various methods
for assessing traffic danger using different data such as collision rates which are often assessed
through collision hotspots. For example , Bil et al. (2019) examined crash hotspots and their
relationship with built environment variables. In some cases, researchers have used questionnaire
data to assess perception of traffic danger such as (Rothman, Buliung, et al., 2015), where the
parents perception of traffic danger is investigated. Another method is observational methods
such as conflict analysis which are detailed in different research (Zheng et al., 2021). While these
methods are valuable for collision analysis and considering behavioral factors, they do not provide
a comprehensive assessment of traffic danger by considering all aspects. Firstly, these methods
often overlook the interactions among different factors influencing traffic danger. For example,
in some statistical analyses, researchers attempted to assess the importance of traffic speed and
its relationship to traffic danger. However, these analyses overlooked the influence of other
factors, such as traffic volume and the presence of traffic calming measures, which are also crucial
in understanding the relationship between speed and traffic danger. In some cases, they ignore
the importance of incorporating the perspectives of various stakeholders in traffic danger
assessments. Also, while these analyses can identify collision hotspots, they often overlook streets
or intersections that are so dangerous that no one dares to use them, resulting in no recorded

collisions. Consequently, the absence of collisions does not necessarily indicate safety; on the



contrary, these places can be extremely hazardous. To effectively address traffic danger issues
across various living environments, it is essential to move beyond focusing solely on specific
crash sites and instead accurately measure and assess the level of traffic danger at a street-by-
street level. Using detailed approach enables a comprehensive understanding of the numerous
factors contributing to traffic danger in different areas, providing a clearer picture of the risk
landscape. Emphasizing the protection of vulnerable road users, such as pedestrians and children,

is critical in this assessment.

In the context of traffic danger assessment in urban areas, integrating both social and technical
factors is crucial for addressing traffic hazards (Auvinen & Tuominen, 2014). This perspective
recognizes that traffic systems are complex socio-technical systems where human behaviors,
technological components, and organizational structures interact dynamically (Ebner et al., 2019).
By addressing these interrelated components, such approaches aim to create better and more
accurate traffic danger analysis. A key aspect of this approach is considering human factors, such
as driver behavior, pedestrian interactions, and community input, alongside technological
elements like traffic signals, road design, and vehicle safety features. By applying this approach
to traffic danger assessment, we can enhance our ability to design safer road systems by

considering the broader context in which traffic interactions occur.

Stakeholder engagement is crucial in the assessment of children's traffic danger because it brings
diverse perspectives and expertise to the table, fostering more comprehensive and effective
solutions (Luyet et al., 2012). Involving stakeholders such as parents, educators, urban planners,
policymakers, and community members ensures a more holistic understanding and that the unique
needs and vulnerabilities of children are adequately addressed. Engaging parents and children in
the assessment process provides invaluable insights into the daily challenges and perceived risks
associated with walking or cycling to school, which can be overlooked by professionals. The
participation of stakeholders can reveal specific contextual factors that contribute to traffic
danger, such as high-speed zones near playgrounds or inadequate crosswalks, which might not be
evident through statistical analysis alone. The participation of stakeholders also promotes a sense
of ownership and commitment to implementing safety measures, as they are more likely to
support and advocate for changes, they have helped to shape (Luyet et al., 2012). Engaging
stakeholders ensures that interventions are not only technically sound but also socially acceptable

and sustainable, ultimately leading to safer environments for children.
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Given these discussions and limitations, Multi-Criteria Decision Analysis (MCDA) approaches
provide a structured framework for integrating diverse data sources and conflicting objectives
(Abi-Zeid et al., 2023). Such a tool provides a structured framework for integrating diverse data
sources and considering multiple conflicting objectives, making them particularly suitable for
traffic danger assessment. This involves a wide range of stakeholders, including road users and
professionals. These methods can accommodate the complex, nonlinear relationships between
various traffic danger variables, such as traffic volume, speed, and crash rates, and how they
interact with each other. By incorporating these interactions and stakeholder perspectives, MCDA
approaches like MACBETH provide a more comprehensive and accurate assessment of traffic
safety risks, enabling better-informed decision-making and more effective interventions.

Based on the above discussion, the main objective of this thesis is to develop a tool to better assess
traffic danger with special consideration of children's health as a vulnerable group, using a multi-
criteria decision-aiding (MCDA\) approach. Specifically, this research aims to: firstly, explore the
varied pathways between the built environment and children's health with a particular focus on
transport externalities, secondly, examine the specific factors that contribute to traffic danger for
children based on the insights of different stakeholder groups, and establish a comprehensive
definition of traffic danger; and thirdly, develop an MCDA tool to assess traffic danger on the

road network, with special emphasis on protecting vulnerable road users such as children.

It should be noted that the objectives of this thesis align closely with the principles of Child-
Friendly Cities and the UN Convention on the Rights of the Child. The UN Convention
emphasizes every child's right to live in a safe and supportive environment, which includes safe
travel opportunities (Articles 31 and 27) (Tobin, 2019). By focusing on traffic danger assessment,
this research aims to prioritize children's health and safety in urban planning and transportation
systems. This approach not only aligns with Sustainable Development Goals (SDGs) such as
Good Health and Well-Being (SDG 3), Reduced Inequalities (SDG 10), and Sustainable Cities
and Communities (SDG 11) but also supports the broader vision of creating inclusive, safe, and
accessible urban environments for all children (Waygood, Forthcoming). Furthermore, this
research incorporates children's voices in the traffic danger assessment process, recognizing them
as citizens of our cities and nations, and the future for which we are building our society. Such
engagement aligns with the goals of the Child-Friendly Cities Initiative, which advocates for the

direct involvement of children in the planning process to ensure their needs and perspectives are
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considered (Waygood et al., 2019). In the next section, the background of the problem, previous
research, the research objectives, and the research approach will be discussed in detail.



CHAPTER 2 CRITICAL OVERVIEW OF THE LITERATURE AND RESEARCH
NEEDS

Before delving into the comprehensive analysis of transport and children’s well-being or traffic
danger, it is important to note that this chapter does not provide an exhaustive review of these
topics. These subjects are thoroughly covered in the research articles presented in the later
chapters of this thesis. The purpose of this section is to critically assess the literature and highlight
some of the main issues that this doctoral research project aims to address. Specifically, this
section will identify the definition of traffic danger, the overlooked interactions between various
factors influencing traffic danger, the exclusion of children's perspectives in traditional traffic
assessments, and the need for a more integrated approach to evaluating traffic danger that

incorporates diverse stakeholder inputs.

Focusing on traffic danger, one of the crucial issues is defining traffic danger and distinguishing
it from collision rates and crash risk. Different literature sometimes uses these terms
interchangeably, leading to biased conclusions. Collision rate refers to the frequency of collisions
over a specific time period and includes various types of collisions (e.g., severe collisions,
fatalities) (Edwards & Leonard, 2022) or collisions involving different users (e.g., pedestrians,

cyclists, different age groups, or vulnerable groups) (Cloutier et al., 2021).

Traffic danger, on the other hand, pertains to the threat of danger- the likelihood of harm or injury
resulting from traffic-related incidents, such as collisions, injuries, fatalities, or behavioral threats
- and considers various factors that can increase or decrease these hazards. Traffic danger refers
to the inherent risk present in the roadway environment, influenced by factors such as road design,
traffic volume, vehicle speeds, and driver behavior (Widener & Hatzopoulou, 2016). In this
definition, collision rate is not an appropriate approach since there can be locations so dangerous
that certain groups do not cross or walk in them, resulting in no collisions. However, this does not
imply that these streets or intersections are safe; in fact, they are extremely dangerous. Unlike
places marked with “caution - danger!” signs that acknowledge their inherent danger, such as
private construction or industrial sites, roads are public spaces used by everyone in society.

Simply avoiding them is not an appropriate solution, as they are essential for our daily lives.

Crash risk, on the other hand, is the probability of a crash occurring and is influenced by both the
collision rate and the exposure of road users to these dangers (Merlin et al., 2020). It is typically



measured in probabilistic terms, such as the number of crashes per population size or per amount
of travel (e.g., road fatalities per billion vehicle kilometers traveled) (OECD, 2014). This
distinction is crucial because analyzing crash data alone can be misleading—high danger areas

might show few crashes simply due to low exposure, rather than an absence of risk.

Analysing traffic danger, urban and road design can significantly increase potential risk for
children. High traffic volumes, excessive speeds, and the lack of safe crossing points can lead to
a higher incidence of traffic collisions involving young pedestrians and cyclists (Rothman,
Buliung, et al., 2014). Such dangers not only pose immediate physical risks but also contribute to
psychological stress and anxiety about traveling through these areas (Yule et al., 2015). Fear of
collision can deter children from engaging in outdoor activities, leading to sedentary lifestyles
and associated health problems such as obesity and cardiovascular diseases (Alonso et al., 2017).
Ensuring a built environment that prioritizes traffic safety is crucial for protecting children from

these dangers and promoting their overall health and well-being.

Traffic danger is also one of the most significant barriers to children's independent travel (R.
Mitra, 2013). High traffic volumes, speeding vehicles, and poorly designed streets create a hostile
environment that hinders children's ability to travel freely and safely (Buliung et al., 2017). This
leads parents and guardians to restrict children's outdoor activities, limiting their opportunities for
physical exercise, social interactions, and experiential learning (Ikeda et al., 2018). Such a
response can result in a loss of confidence and reduced spatial awareness in children, further
diminishing their ability to navigate their neighborhoods independently. The constant threat of
traffic collisions not only poses immediate physical risks but also fosters an atmosphere of fear
and anxiety that can undermine the overall well-being and development of young pedestrians and
cyclists (Jones et al., 2021). Thus, addressing traffic danger is crucial to enhancing children's

independent mobility, ensuring they can explore their surroundings with confidence and safety.

Researchers have focused on the built environment's role in shaping traffic danger, highlighting
factors such as street design, traffic features, and active transportation infrastructure (R. Ewing &
E. Dumbaugh, 2009; R. Mitra, 2013; Rothman, Macarthur, et al., 2014). Furthermore, the
perceptions of safety by parents and children in relation to the built environment are critical in
understanding and mitigating traffic danger (Amiour, Waygood, & van den Berg, 2022; Cloutier
et al., 2021). This holistic view underscores the importance of not only improving the built



environment to reduce inherent dangers but also addressing exposure levels to decrease the overall

crash risk.

Background of traffic danger assessment

Traffic danger assessment encompasses various methodologies aimed at identifying, analyzing,
and mitigating hazards associated with road use (Sheykhfard et al., 2021). Most of these
approaches focus on crash analysis or consider the crash rate as the main variable. Each approach
offers unique strengths and insights, contributing to a comprehensive understanding of traffic
danger. Overall, traffic safety assessment can be classified into three main groups: examining the
causes of crashes (traditional assessment), simulation or observational assessment, and

stakeholder engagement methods, which will be explained in detail below.

Research on traffic danger that examines the causes of crashes often utilize crash databases or
surveying the community (Lakim & Ghani, 2022). One commonly used safety analysis approach
is identifying crash-prone sites by analyzing crash databases using statistical models (Bil et al.,
2019; Harirforoush & Bellalite, 2019; Zahran et al., 2021). However, this method's accuracy
heavily relies on the quality and completeness of data recorded in crash reports by police officers
and experts. Inaccuracies or omissions in these reports, whether unintentional or deliberate, can
lead to flawed results in crash prediction models (Chung & Chang, 2015). An example of this
approach is hotspot analysis, a widely used method in traffic safety research that focuses on
identifying specific locations with a high incidence of traffic crashes. By analyzing historical
crash data, this approach highlights areas where interventions are most needed. For instance,
Zahran et al. (2021) evaluated traffic crash hotspots using historical crash data on a section of a
road, and Harirforoush and Bellalite (2019) identified traffic collision hotspots on a roadway

network using network kernel density estimation.

Another approach within this group is using questionnaire data for traffic danger analysis.
Questionnaires and surveys are widely used in traffic safety research to gather data on road user
attitudes, behaviors, and perceptions related to safety (Buliung et al., 2017; Papadimitriou et al.,
2013; Rankavat & Tiwari, 2016). This approach involves designing structured questionnaires and
administering them to a sample of road users, such as drivers, pedestrians, or cyclists (Lakim &

Ghani, 2022). The questionnaire data can provide valuable insights into factors influencing road



user decisions, risk-taking behaviors, and safety concerns (Cordellieri et al., 2016). By analyzing
the responses, researchers can identify prevalent safety issues, risky behaviors, and potential
interventions to improve road user awareness. For example, Using questionnaire, Rankavat and
Tiwari (2020) tried to find an interrelationship among pedestrians’ risk perception, road crossing
preferences and actual crash risk However, the reliability of questionnaire data depends on factors
like sample representativeness, response rates, and the validity of self-reported information
(Brener et al., 2003).

Another traffic danger analysis approach focusing on behavioral factors is post-crash analysis.
This type of research deploys monitoring teams to observe road users at crash-prone sites,
gathering comprehensive data on driver and pedestrian behaviors and road conditions
(Sheykhfard et al., 2021). Additionally, these studies focus on understanding the causes of risky
behavior in different road users and their relationship with the surrounding built environment. For
example, a study in Brazil analyzed pedestrian and driver behavior at mid-block locations with
different traffic calming measures and concluded that the presence of mechanisms facilitating
pedestrian crossings, such as raised crosswalks or traffic signals, significantly reduced the number
of aggressive or risky crossings (Torres et al., 2020). Overall, this method allows researchers to
better understand the factors contributing to crashes and develop targeted interventions to improve

road safety.

While statistical approaches provide comprehensive data collection, allowing researchers to
investigate crash causes by considering human, environmental/road, and traffic factors (Zahran et
al., 2021), they also face limitations. These include the non-availability of certain crash data
(Anastasopoulos & Mannering, 2009), underreporting, long intervals required for data
assessment, and biases in self-reported survey data due to social desirability (Kawulich, 2012).
Additionally, the high costs and logistical challenges of post-crash field observations can limit
their scope and statistical significance. Most of the traditional approaches analyzed collision rate
in different situation. Given these limitations, researchers have increasingly adopted observational
approaches to study crashes and near-miss events, aiming to provide more precise and actionable

insights for enhancing road safety.
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One effective approach to traffic danger assessment involves recognizing the behavioral
differences among road users, including drivers and pedestrians. This can be done using methods

like driving simulators and videography analysis.

A common technique for evaluating pedestrian and driver behaviors is installing cameras at crash-
prone sites or locations where vehicle-pedestrian collisions are likely to occur. It is possible to
collect detailed traffic microdata, such as completed maneuvers, flow direction, and the
kinematics of road users at various moments, through videography analysis. Fixed videography
allows for the examination of several variables, including time to collision (Kathuria & Vedagiri,
2020), pedestrian characteristics (Zhang et al., 2019), driver behavior (Wu et al., 2018), and traffic
flow conditions (Serag, 2014). Another type of videography studies use in-motion cameras try to
analyze the behavior and performance of drivers and other road users as they interact with one
another. Some variables such as Vehicle speed and stopping distance to the pedestrian (Sun et al.,
2015), Drivers and pedestrians' behavior (Sheykhfard & Haghighi, 2018), and driver reaction

times to pedestrian crossings (Jurecki & Stanczyk, 2018) have been examined.

Driving simulator studies are another way for understanding road user behavior (Mollu et al.,
2018). While on-road tests are limited due to their high cost and hardware requirements,
simulation has been widely used to study behavioral factors in traffic danger. These studies
examine attitudes and behaviors in various traffic situations, providing insights into decision-
making without physical risk (Sheykhfard et al., 2021). They also assess issues like distraction
and hazard perception by creating specific scenarios, allowing researchers to observe reactions
and determine risks using models such as pedestrian gap acceptance and driver yielding behavior
(Yoshizawa & Iwasaki, 2017). Some of the variables analyzed using driving simulators in
previous studies include the driver's response process (Dozza et al., 2020), collision likelihood
(Kutela & Teng, 2021), and driver distraction (Kutela & Teng, 2021).

Although all discussed traffic danger assessment methods offer significant insights, they come
with notable limitations. Driving simulators, for instance, struggle with authenticity and validity,
as the real world cannot be fully replicated, leading drivers to exhibit less caution in simulations
than in real-life scenarios (De Winter et al., 2012). This discrepancy can affect the reliability of
the data. Additionally, driving simulators involve high initial costs for setup, running, and

maintenance, particularly for complex research-grade simulators. Another issue is simulator
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sickness, which occurs because users experience visual interactions without corresponding
physical sensations, leading to psychological stress and symptoms ranging from mild dizziness to
severe nausea (Brooks et al., 2010). Fixed-camera videography also has limitations, such as
failing to capture behavior variations of road users at different road sections, inability to evaluate
events from the driver's perspective, and lack of access to detailed driver behaviors (Knoefel et
al., 2018).

Furthermore, crash databases and survey data often face challenges related to data completeness
and accuracy. These methods can struggle with the non-availability of certain crash data,
underreporting, long intervals required for data assessment, and biases in self-reported survey
data due to social desirability (Sheykhfard et al., 2021). They also do not adequately address the
varying impact of different traffic danger measures and variables, such as the nonlinear
relationship between different levels of variables and traffic danger (e.g., a speed increase from
40 km/h to 50 km/h significantly increases traffic danger compared to an increase from 20 km/h
to 30 km/h). Additionally, ignoring different stakeholders' (users or professionals) views in the
assessment process can lead to incomplete or biased results, as it fails to capture the full range of

experiences and insights related to traffic safety.

Overall, these assessment methods primarily focus on limited aspects of traffic danger, such as
behavioral factors or crash analysis. They lack a detailed analysis of traffic danger that considers
all influencing factors, including built environment factors, traffic characteristics and behavioral
factors. Observational research excels at examining near misses as a measure of conflict in many
cases, objectively measuring important traffic characteristics such as speed, which are related to
design and other contextual factors, and providing an objective view of space usage. However,
our aim is to utilize the outcomes of these studies to propose the likely danger levels of streets.
Streets at various levels of danger could be further identified, and these tools could be employed
to assess whether the estimated danger aligns with objective measures, with adjustments made as
necessary. Moreover, the input from different stakeholders has often been ignored, and their
perspectives have not been considered as key inputs in the assessment process. These challenges
highlight the need for another assessment approach that incorporate stakeholder engagement and
correctly aggregate the different variables based on a sound methodological basis. One such

approach is multi-criteria decision aiding (MCDA).
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MCDA is a family of methods that help individuals and groups explore decisions that matter by
explicitly taking into account multiple criteria (Banville et al., 1998). In traffic danger assessment,
MCDA approaches provide a structured framework for integrating diverse data sources and
conflicting objectives, making them valuable tools for prioritizing road safety interventions and
resource allocation decisions in transportation planning and management (Torretta et al., 2017).
Several studies have explored the use of MCDA methods like the Analytic Hierarchy Process
(AHP) (Mohammad Azlan & Naharudin, 2020), Technique for Order of Preference by Similarity
to Ideal Solution (TOPSIS) (Kanj & Abi-Char, 2019), and Preference Ranking Organization
Method for Enrichment of Evaluations (PROMETHEE) for evaluating traffic safety risks and
identifying hazardous road segments or intersections (Trivedi et al., 2023).

The AHP, developed by Saaty (1980), is the most common MCDA method used in transport
sector decision problems. AHP's basic characteristic is the use of pairwise comparisons to
compare options with respect to various criteria and to estimate criteria weights (Mohammad
Azlan & Naharudin, 2020). However, AHP suffers from a major limitation: its inability to
effectively model and solve complex real-world problems with interdependencies between
criteria and alternatives. AHP normalizes values to unity, assuming linear relationships between
criteria, which may not accurately reflect real-world complexities (Munier et al., 2021). For
example, a small increase in vehicle speed can have a non-linear impact on traffic danger. Further,
AHP can only assess a limited number of alternatives which may have problem in urban scale
traffic danger analysis with high number of street segments or intersections. Overall, AHP's
limitations in handling complexity, dynamic changes, and interdependencies make it less effective
for comprehensive traffic danger analysis.

TOPSIS, another MCDA technique used in traffic danger assessment, helps in ranking and
selecting from a set of alternatives based on their distance from an ideal solution (Sarraf &
McGuire, 2020). For instance, Mirmohammadi et al. (2013) used TOPSIS to prioritize factors
affecting collision rates and severity reduction in Iran. Another study assessed the impact of
vehicle technical condition on road safety using fuzzy TOPSIS. Although TOPSIS is useful for
ranking different variables, it has limitations for traffic danger assessment. The main problem
with TOPSIS is that it requires working only with cardinal criteria, which means that the data
must be expressed in numerical form and measured on a continuous scale (Celikbilek & Tuystz,

2020). TOPSIS calculates the distance to the ideal and anti-ideal solutions linearly, does not
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provide any formal guidelines regarding the weighting of criteria and as a result the interpretation
of the results in unclear (Dhurkari, 2022).

Given these limitations, there is a need for a method that considers the interaction among traffic
danger variables and in some cases their nonlinear relationship with traffic danger. MACBETH
(Measuring Attractiveness by a Categorical Based Evaluation Technique) is a less common
MCDA method in transportation planning, but it offers a novel approach to traffic danger
assessment. MACBETH allows for the creation of interval-level scales for criteria, whether
qualitative or quantitative, to derive criteria weights and obtain an aggregated score for each
alternative (Bana e Costa & Beinat, 2005). This method helps participants reach a consensus by
minimizing conflicts during workshops and can rank a large set of alternatives using the user-
friendly M-MACBETH software (Donais et al., 2019b). MACBETH has been used in various
applications to assess project sustainability, but its application to traffic danger assessment is
novel. | chose MACBETH to obtain an aggregated score for each intersection and street segment,
allowing for detailed traffic danger assessment of high number of segments and intersections at

the urban level.

Stakeholder engagement

Children and parents' perceptions of traffic danger play a vital role in traffic danger assessment
(Fusco et al., 2012). Including these perspectives is crucial because they offer unique insights that
can significantly enhance the understanding of traffic safety issues. Children, as direct road users,
often encounter hazards that adults might overlook, such as dangerous intersections, inadequate
pedestrian crossings, or high-speed traffic areas near schools and playgrounds (Christie et al.,
2007). Their firsthand experiences and observations can help identify specific risk areas that need
targeted interventions. Parents' perceptions are equally important as they influence their children's
transportation choices and safety behaviors (Lam, 2001). Parents’ views on traffic danger and
neighborhood conditions shape their decisions on whether to allow their children to walk or cycle
to school, play outdoors, or engage in other forms of independent mobility (Mitra et al., 2014).
Understanding these perceptions can help identify broader community concerns and areas where

safety improvements are needed.

Despite their importance, children's and parents' perspectives are often neglected in the traffic

danger assessment process. This neglect can be attributed to several factors. Firstly, traditional



14

traffic safety assessments have primarily focused on quantitative data such as traffic volumes,
speed, and crash statistics, often overlooking qualitative insights from road users. Secondly, there
can be challenges in gathering and analyzing input from children and parents, including additional
work for acquiring access to them and gaining consent along with the need for appropriate
methodologies and tools to capture their views accurately (Smeds et al., 2023). Lastly, there may
be an underlying assumption that adults’ perspectives and expert analyses are sufficient to address
traffic safety issues, leading to a dismissal of the unique and valuable insights that children and
parents can provide. Including children and parents in traffic danger assessment offers several
benefits. First, it ensures that safety interventions are designed to address the actual experiences
and needs of those most vulnerable, leading to more effective and practical solutions. Second, it
helps build community trust and engagement, as parents are more likely to support and adhere to
safety measures when their concerns are acknowledged and addressed. Third, involving children
in the assessment process educates them about traffic danger, fostering safer behaviors and a sense
of responsibility from a young age.
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CHAPTER 3 OVERALL RESEARCH APPROACH

The aim of this research is to develop a tool to better assess traffic danger with special
consideration of children's health as a vulnerable group, using a multi-criteria decision-aiding
(MCDA) approach. The built environment can affect children's health and well-being in various
ways. Previous studies have mainly focused on specific aspects of children's health in relation to
the built environment, such as the relationship between active transport or walkability and the
built environment, or how changes in the built environment can promote children's physical
activity. However, the comprehensive consideration of all aspects of children's health (physical,
social, and mental) in relation to the built environment has been neglected. Different transport
externalities can affect children's health in various ways and built environment design can directly
influence these externalities. However, the interaction between these negative aspects of transport,
the built environment, and children's health simultaneously has been overlooked.

Stakeholder engagement is also crucial in traffic danger assessment as it incorporates diverse
perspectives from children, parents, civil servants, and community organizations, helping to
identify safety issues not evident in statistical analyses. Engaging stakeholders ensures that the
assessment process is informed by real-world experiences, leading to more effective and accepted

safety interventions.

Finally, assessing traffic danger is a complex issue that requires consideration of multiple factors,
each of which interacts with others and has varying levels of influence on traffic safety.
Developing an assessment method that comprehensively incorporates these aspects is a key

objective of this thesis.
Contributions of the study
This study makes several key contributions:

1. Comprehensive Analysis of Built Environment, Transport, and Children's Health:
The research offers an overview of the relationship between the built environment,

transport, and children's health. It considers the interactions among various
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variables and externalities simultaneously, addressing gaps in previous research that
focused narrowly on specific health aspects or isolated factors.

Inclusion of Children and Stakeholders' Perspectives: The study incorporates the
opinions of children, parents, and various experts, which have often been overlooked
in previous traffic danger assessments. Including these perspectives enhances the
accuracy, acceptability, and usability of traffic danger assessments, as it ensures that
safety interventions are informed by real-world experiences and concerns.
Advanced MCDA Approach in Traffic Danger Assessment: By employing the
MACBETH method, this research considers the complex nature of traffic danger
and the interaction among different variables. This comprehensive approach
develops an aggregate index to assess all streets and intersections in the study area
with respect to traffic danger. This provides policymakers and urban planners with

accurate information to identify areas needing urgent intervention.

Objective of the Thesis

This chapter presents the overall approach to the research and explain how the articles and

following chapters relate to the overall objectives. To address the issues presented in the previous

chapters, the overall objectives of this thesis are to:

1.

Explore the varied pathways between the built environment and children’s health,
with specific consideration of transport externalities.

Examine the specific factors that contribute to traffic danger for children based on
the insights of different stakeholder groups.

Develop an MCDA tool to assess traffic danger with special consideration of children

as a vulnerable group at both street segment and intersection level.

An overview of how each article relates to the overall objective and each sub-objective is shown

in Figure 3.1.



Problem The relationship between built environment, transport and children's
health is very complex

Children and their parent have been neglected in the process of traffic
danger assessment
There is a need for comprehensive tools to consider all variables influencing
traffic danger, accounting for their sometimes unequal and nonlinear
relationships.

&

Statistical and observational analysis are the most common methods

Ga p in assessing traffic danger
They mainly use crash data as a The interaction among different They measure behavior rather than
main source of danger variables has been neglected identifying hazards

b

Built environment relates to children's health indirectly through its influence on transport externalities and
general behavior

Contribution traffic danger identification rather than collision prediction
l— MCDA approach can be applied to assess traffic danger —l
Using thematic analysis and MACBETH method constructs
systematically organizing data to interval-level scales from
themes, insights from different participants' preferences and
groups of stakeholders about determines weights and generates
traffic danger has been gained aggregated scores for alternatives
Key result
ez Eneiile betw_ee.n e 2 Developing a transparent and Developing a transparent and Developing useful tools that
- transport characteristics and . . . .
" o validated assessment tool of validated assessment tool of consider the perspectives of
children’s health-related N 7 " " o
traffic danger on segments traffic danger at intersections children, parents, experts

behavior and health outcomes

Figure 3.1 The dissertation flowchart

The following chapters include two accepted research articles, one chapter that is ready to submit
as a research paper, and one chapter that will be modified to be submitted. Each of those chapters
contributes to specific steps towards the overall objectives of this dissertation. Chapter 4 reviews
the relationship between the built environment and children's health, with a special focus on
transport externalities, particularly traffic danger. Chapter 5 uses thematic analysis and insights
from different stakeholders about traffic danger to systematically organize the main themes,
which were then used to structure the problem and construct the main criteria in the following
chapters. In Chapters 6 and 7, two different MCDA models for assessing traffic danger at street
segment and intersection levels are presented. Additionally, the specific and practical

implementation of these approaches is discussed. Notably, the first test of assessing traffic danger,
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emphasizing the multi-criteria nature of traffic danger and its importance in children's
accessibility, is detailed in Appendix G.
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CHAPTER 4 ARTICLE 1: AN OVERVIEW OF HOW THE BUILT ENVIRONMENT
RELATES TO CHILDREN’S HEALTH

In this chapter, the first objective of this dissertation is investigated. That is, a review of
relationship between built environment and children’s physical, social and mental health with
specific consideration of transport externalities. This chapter has been published in “Current
Environmental Health Reports” on 28.07. 2023.

This article can be found here: https://doi.org/10.1007/s40572-023-00405-8
The co-authors of this study are:
Owen Waygood, Professor at Polytechnique Montreal, Canada.

Marie-Soleil Cloutier, Professor at Centre Urbanisation Culture Société, Institut National de La

Recherche Scientifique.

Zeinab Aliyas, Researcher at Centre Urbanisation Culture Sociéte, Institut National de La

Recherche Scientifique.


https://doi.org/10.1007/s40572-023-00405-8
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Abstract

Purpose: Explore the varied pathways between the built environment and children's health. The
review begins by describing how the built environment and transport infrastructure relate to
conditions that lead to health outcomes. The review examines emissions, noise, and traffic dangers

in relation to children's physical, mental, and social health.

Recent findings: Evidence is increasing for walkable neighborhoods and health-related behavior
such as physical activity. However, diverse land-uses (often supporting walkability) were also
found to increase traffic injuries. Cognitive impacts of motorways on children at schools was

found. Finally, the relationships between social activities and built environment is beginning.

Summary: The built environment’s influence on various physical health outcomes is increasingly
clear and is often through a transport pathway. However, the links with mental and social health
are less developed, though recent findings show significant results. Having accessible child-

relevant destinations is an important consideration for children’s health.

Keywords: Built environment, Children's health, Travel behaviour, Exposure, Emissions,
Noise, Traffic danger
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Introduction

This chapter will give a general overview of how the built environment relates to children’s health.
The built environment refers to any man-made change to the natural environment including
buildings and transport infrastructure. In our review of the literature, | primarily considered
studies that examined people aged under 18 (Assembly & Directorate, 1991; Lansdown & Vaghri,
2022), though the age of majority varies up to 21. The Convention on the Rights of the Child uses
18 (Assembly & Directorate, 1991), though adolescence is defined as up to 19 by the WHO
(WHO, 2023b). Finally, for health | will take the World Health Organization’s definition that
includes physical, psychological, and social health outcomes (WHO, 2023b).

Several characteristics of the built environment influence children’s health. A major influence on
the impacts of the built environment relate to transport as a source of pollution and danger, but
also children’s travel options and activity patterns (Frank et al., 2019). It is important to remember
that a child's physical environment can affect their health in a number of ways (Christian et al.,
2015; Gascon et al., 2016) some environments promote active living (McGrath et al., 2015),while
others lead people to have a sedentary lifestyle that can negatively impact their health. The built
environment’s influence on children’s health also extends to mental health (Alderton et al., 2019)
and evidence is mounting on its relationships with social wellbeing. Therefore, it is crucial to
understand the pathways between the built environment, transport, and children’s health and

wellbeing (Figure 4.1).
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Figure 4.1 General framework of how the built environment affects children’s health (Source:
Authors’ own work).

The built environment can impact children’s health indirectly in a number of ways (Figure 4.1 -
Built Environment). The two main components are land-use and transport infrastructure. Some
authors distinguish pedestrian environments and greenspaces separately (Frank et al., 2019), but
I consider those as part of transport infrastructure and land-use respectively. Land-use will
determine what activities are possible through diversity which can relate to what children can do,
but also whether there are sources of local pollution or environments that reduce pollutants. As
density increases it is possible to support a greater diversity of activities, but it also increases
development intensity that could limit certain activities including natural spaces. Design can
influence not only whether air pollutants and noise are dissipated, but also a number of social
determinants of health. Transport infrastructure will play a strong role in what modes are possible
which will impact local air pollution, noise, and traffic danger. Greater detail on transport is

discussed next.

Transport can influence children’s health and wellbeing in many ways (Waygood et al., 2019).
The two primary components here are externalities from traffic and how children travel (Figure
4.1 — Travel Behavior). For traffic, the amount (or volume) of traffic can influence the quantity
of air borne pollutants. Speed relates strongly to traffic danger, but also traffic noise. The type of
traffic is also important as differences exist between public transport (rail and road), private
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vehicles (size and motor type), and active modes such as walking, cycling, and scooting. As well,
how children travel (e.g., the mode used) can impact their health. Active and independent travel
are associated with physical activity during travel, but also relate to different psychological and
social measures of health. It should be noted however, that children’s independence varies by age

and culture (e.g., (Shaw et al., 2015)).

The built environment and travel behavior thus create various conditions that relate to health
(Figure 4.1 — Exposures and Behavior). The primary conditions that have been examined in the
literature that examine the built environment and transport’s influence on health can be grouped
into externalities and behavior. Externalities include air quality, noise, and traffic danger
mentioned above (Calvente et al., 2016; Glazener et al., 2021). Behavior relates to what types of
behavior are associated with different built environments and transport systems. These include
physical activities and social activities that impact a child’s physical, social, and psychological

health.

Finally, many health outcomes are associated with those exposures and behavior (Figure 4.1-
Health Outcomes) and those outcomes can be grouped as measures of physical, mental, or social
health. Too many outcomes exist to list them all here, but examples of physical health include
obesity and respiratory problems. Mental health measures examined in the literature include stress
and life satisfaction. For social health, examples include social capital and community cohesion
(Cicognani, 2014).

This chapter will give a general overview of how the built environment affects children’s health.
While the built environment and transport play an important role in health, studies have primarily
examined the built environments’ impacts on adults, but less frequently on children. There is an
obvious research gap in this area because built environment measures are linked to children’s
health via different pathways. Moreover, it is important to note that strategies to promote health
along one pathway may have adverse consequences on the other(Frank et al., 2019). In order to
develop more effective health promotion strategies and to avoid unintended adverse health
consequences, it is necessary to understand how they interact. As an example, travelling by active
means can reduce traffic and air pollution at a regional level (Sugiyama et al., 2012), but if
adequate walking and cycling infrastructure is lacking, active forms of transportation

may increase the risk of injury.
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Our focus in this chapter is on the relationship between the built environment’s determinants and
children’s health. As the built environment influences travel behavior, much focus will be on the
negative health outcomes of transport externalities — traffic danger, noise pollution, and air
pollution — along with the positive health outcomes, such as physical activity, social interaction,
and well-being. Then, on the basis of recent studies, | consider a few changes to the built
environment that can improve the health of children.

Literature review

Several searches were conducted primarily with Web of Science Core Collection during the
month of January 2023. The search protocol included variations of the terms “child” (e.g., child*,
adolescent, youth), “built environment” (e.g., “physical environment”, “urban environment”), and
the primary health dimensions (e.g., “mental health”, “physical health”, “social health”). The
objective of this overview is not a systematic review and as such, some relationships may be
missed. The results reported focus on summarizing findings from various reviews and
supplementing where new results exist or where gaps in those reviews are evident. The full search

logic can be found in the Appendix A.

4.1.1 The built environment and behavior

This section examines how the built environment relates to physical and social behavior (Fig. 1 —
Exposures and Behavior). It can affect what options children have in terms of where to go and
whether they can get there by themselves. Accessibility to child-relevant destinations is variously
linked to physical activity and active travel but is also linked to various measures of health
outcomes (Christian et al., 2015). The presence of parks within 250 m, walkability, and
intersection density have been linked to lower obesity (Malacarne et al., 2022a), likely through
their capacity to facilitate physical activity including active travel. However, the evidence of a
direct link between active travel with obesity is unclear (Schoeppe et al., 2013). Access to nature
and open space are positively linked to mental health in early childhood [9], and for children aged
6-12 (Liu & Green, 2023), and one other systematic review on children aged 0-18 found positive
associations (McCormick, 2017). However, a more in-depth review found that the results were
mixed depending on the measure of mental health (Tillmann et al., 2018) and another on
adolescents found inconclusive results for causal associations (Fleckney & Bentley, 2021). One
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review (Tillmann et al., 2018) suggested that it was not only important to consider the type of
mental health measure, but also the type of interaction: accessibility, exposure, or engagement.
That recommendation makes a distinction between the indirect effect of land-use and the
behavior. However, all reviews suggest that on the whole, natural spaces are correlated with some
better mental health outcomes such as stress reduction. (Ye et al., 2022) proposed that greenspaces
can help promote health by facilitating