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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 vehicules a l'intérieur et a I'extérieur, est tobfgme de santé majeur, causant environ 1,19
million de décés 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 anté et le biemtre 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 sensiblesmeestele nombre et de type de
collisions, mais elles n'évaluent pas de maniere exhaustive les dangers liés au trafic en raison des
différents facteurs concernés. De plus, les perspectives des enfants et des parents sont
frequemment négligées dans ces éuauna. 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
modéles 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 particulidreardas usagers vulnérables

tels que les enfants.

Pour remédier a ces problemes, cette these propose une méthode compléte pour évaluer en détail
les dangers liés au trafic, avec un accent particulier sur la protection des usagers vulnérables tels
gue les piétons et les enfants. En utilisant une appr@&a§eD QDO\VH PXOWLFULWQqUH
(AMCD), spécifiguement la méthode MACBETH, cette étude intégre diverses sources de

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

LaAMCD 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 étudditéaghe évaluation compléte

des divers facteurs influencant la sécurité routiere en intégrant les perspectives des acteurs et en

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

La recherche utilise un cadre complet ABICD structuré en trois phases : structuration,
évaluation et validatiori.a phase de structuration implique la définition du probleme de décision

et l'identification des variables pertinentes par le biais de discussions de groupe avec des experts,
des parents et des enfanta phase d'évaluation utilise la méthode MACBETH pauphase
d'évaluation utilise la méthode MACBETH pour construire la fonction de valeur et pour
échelonner les constasteLa phase finale osiste a valider le modéle 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 vulhé&sbésultats

mettent en évidence des préoccupations de sécurité critiques et fournissent des informations
exploitables pour les urbanistes et les décideurs politiques visant & éliminer tous les déceés et les
blessuregraves.L'outil permet d'extraire les criteres clés en fonction de leur influence sur le

danger lié au traficGonduisant 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 liés au trafic qui integre les
perspectives des acteurs et tient compte des relations complexes et non linéaires entre les
variables. Deux modeles distincts ont été développés pour les segments de rue et les intersections,
reflétant différents critéres et leur importance basée supfldshutions des acteurkse 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 childrenTraffic 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 thosklm@nclare

rising. The built environment plays a crucial role in shaping children's health andeire|,

influencing their physical activity, social interactions, and safety.

Previous assessments of traffic danger primariljedebn crash data and often negett
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 traffieggs. 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 fact. 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 trendsrerigbbvide

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 observationamodels, fail to integrate diverse stakeholder inputs effectivaly.instance,

simulators used with children tend to focus on training them to adjust to traffic danger rather than
XQGHUVWDQGLQJ WUDIILF GDQJHU IURP WKH FKte®t®UHQTYTV S
viewpoint. Thereforgthere is adck of comprehensive tools that can assess traffic danger at a

granular streeby-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 MuHCriteria Decision Analysis (MCDRAapproach, 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 comprehensiveai@h 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 intentions.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 wiéress parents, and children.

The evaluation phase utilizes the MACBETH methodadostruct the value function @to scale

the congants The final phase involves validating the model by comparing its ranking of

intersections with the rankings providedgarticipants 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 ptaram policymakeraiming toeliminate

all fatalities and severe injurie$he 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 case®nlineay relationships among variables. Two distinct models were developed

for street segments and intersections, reflecting different criteria and their importance based on
stakeholdeinput. The outcome is a comprehensive traffic danger score assigned to each street
segment and intersectiorThis 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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TOPSIS Technique for Order of Preference by Similarity to Ideal Solution

UN: United Nations

VOC: Volatile Organic Components

VMT: Vehicle Miles Traveled
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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 decisionaking 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 levelsA 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 elifées between values.
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CHAPTER 1 INTRODUCTION

The built environment plays a crucial role in shaping children's health antiewedj(\WWaygood,
Friman, Olsson, & Taniguchi, 2017 lements such as sidewalks, parks, recreational areas, safe
pedestrian crossings, and bike lanes are essential for promoting active lifestyles, social
interactions, and outdoor play. A welésigned urban environment encourages physical activity,
reduceshe risk of chronic diseases, and supports mental health by providing safe and engaging
spaces for children to explore and socialidewever traffic has various direct and indirect
negative impacts on children's welleing, and transpertlated resealc highlights many
contributing factorqWaygood 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 (sth as noise from traffic) influence our hedharmot, 2012) Thereforedue 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 arlbeimgllare particularly
concerning. One major health issue related to transjortiattraffic danger, which encompasses

the risks associated with cars both inside and outside the vétiekse risks include the potential

for collisions, injuries, and fatalities, as well as exposure to hazardous driving conditions and
behaviors. Trdfc crashes kill about 1.4 million people every year, making them the eighth
leading cause of death worldwideVvHO, 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 AdministrationNHTSA), pedestrian deaths now account f8%4lof all traffic-related
deathsin the US(NHTSA, 2024) In addition, exposure to transportation crashes was the most
common type of potentially traumatic evérdfers 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 surveyiad study inCanadéetween 2018 t0 202®ei et al.,

2023) We decided to focus on traffic danger because it is a major threat to children's (and others')
lives andis a significant limiting factor on independent tra@@l Mitra, 2013) Reducing traffic
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danger is crucial for ensuring that children can safely engage in independent travel and benefit
from the wellbeing advantages associated witbMaygood, 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 fatalitiegCloutier et al., 2021)n Canada, motor vehicle traffic fatalities are the third leading
cause of death among children aged 1 to ($Bhwartz et al., 2022)Additionally, the
psychological impact of traffic collisions can lead to ldegn mental health issues such as
anxiety, depression, and pdsiumatic stress disorder, especially if left untregdde et al.,

2015) Therefore, improving road safety measures and providing adequatergsistcare are

crucial to safeguarding children's health and aeelhg.

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 injuriBsevious literature offers various methods

for assessing traffic danger using different data such as collision rates which are often assessed
through collision hotspots. For exampl&il 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 sudRathman, Buliung, et al., 201,5)here the

parents perception of traffic danger is investiga#dother method isobservationamethods

such as conflict analysighich are detailed in different reseaf@eng 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 agjrsths. these methods

often overlook the interactions among different factors influencing traffic daRgeexample,

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, suclas traffic volume and the presence of traffic calming measures, which are also crucial

in understanding the relationship between speed and traffic dalmgsome caseghey ignore

the importance of incorporating the perspectives of various stakeholders in traffic danger
assessmentalso, 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 absencecollisions does not necessarily indicate safety; on the
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contrary, these places can be extremely hazardousff@ctively 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 diya street
street levelUsing 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 praiec 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 haza¢dsivinen & Tuominen, 2014)This perspective
recognizes that traffic systems are complex stewbnical systems where human behaviors,
technological components, and organizational structures interact dynarfidaibr 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 ,irglahgside 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 whichffic 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 assesment 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 factorsceiméiibute to traffic

danger, such as higdpeed 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 implentieg safety measures, as they are more likely to
support and advocate for changes, they have helped to @hapt 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, Mdtiteria 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, includingeoadnd
professionals. These methods can accommodate the complex, nonlinear relationships between
various traffic danger variables, such as traffic volume, speedc¢rastirates, and how they
interact with each other. By incorporating these interactodsstakeholder perspectives, MCDA
approaches like MACBETH provide a more comprehensive and accurate assessment of traffic
safety risks, enabling bettarformed decisiormaking and more effective interventions.

Based on the above discussion,rti@nobjective of this thesiis to develop a tool to better assess
traffic danger with special consideration of children's health as a vulnerable group, using a multi
criteria decisiormaiding (MCDA) approach. Specifically, this research aims to: firstly, explore the
varied pathways betwea 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 groupsestatilisha comprehensive
definition of traffic danger; and thirdly, develop an MCDA tool to assess traffic damgtre

road networkwith special emphasis on protecting vulnerable road users such as children.

It should be noted thahe objectives of this thesis align closely with the principles of €hild
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 2Mobin, 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 WeBeing (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 childi@daygood, 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 tHel@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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consideredWaygood et al., 2019)n 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

%HIRUH GHOYLQJ LQWR WKH FRPSUHKHQVL Y-being Qrixraiic/ LV RI1 W
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 resedicles presented in the later

chapters of this thesis. The purpose of this sectioncistically assess the literatuamdhighlight

some of the maimssuesthat thisdoctoralresearchprojectaims 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 tineed 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 rates teféne frequency of collisions

over a specific time period and includes various types of collisions (e.g., severe collisions,
fatalities) (Edwards & Leonard, 2022)r collisions involving different users (e.g., pedestrians,

cyclists, different age groups, or vulnerable gro@$jutier et al., 2021)

Traffic danger, on the other hand, pertainghtethreat of dangetthe likelihood of harm or injury

resulting from traffierelated 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 behaydidener & Hatzopoulou, 2016) In this
definition, collision rate is nan appropriate approasince 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 WW K 3FD&WQ RIQU thavdckr@Medge their inherent dangsuch as

private construction or industrial sites, roads are public spaces used by everyone in society.

Simply avoidirg 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 rateand the exposure of road users to these dafiglendin et al., 2020)It is typically
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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 travel@lrCD, 2014) This
distinction is crucial because analyzing crash data alone can be miskeadjngdanger 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 potesktifdr
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 cy¢ksithman,
Buliung, et al., 2014)Such dangers not only pose immediate physical risks but@hsobute to
psychological stress and anxiety about traveling through these(3tdaset 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 /idease<t al., 2017)
Ensuring a built environment that prioritizes traffic safety is crucial for protecting children from

these dangers and promoting their overall health andbeeil.

Traffic danger is also one of the most significant barriers to children's independentRavel
Mitra, 2013) High traffic volumes, speeding vehicles, and poorly designed streets create a hostile
environment that hinders children's ability to travel freely and sélijung et al., 2017)This

leads parents and guardians to restrict children's outdoor activities, limiting their opportunities for
physical exercise, social interactions, and experiential learfikagla 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 physicaksibut also fosters an atmosphere of fear

and anxiety that can undermine the overall ¥weiing and development of young pedestrians and
cyclists (Jones et al., 2021 hus, 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 infras(RicEweng &

E. Dumbaugh, 2009; R. Mitra, 2013; Rothman, Macarthur, et al., 2C;Ldjhermore, the
perceptions of safety by parents and children in relation to the built environment are critical in
understanding and mitigating traffic dang&miour, Waygood, & van den Berg, 2022; Cloutier

et al., 2021) This holistic view underscores the importance of not only improving the built



8

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 hazardsassociated with road ug&heykhfard et al., 2021 Most of these
approacksfocus on crash analysis consider the crash rate as the main variddehapproach

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 crashedrdditional assessment), simulation abservational assessment, and

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

Researclon traffic dangethat examines the causes of crashes aftdize crash databases or
surveying the communitfL.akim & Ghani, 2022)One commonly used safety analysis approach

is identifying craskprone sites by analyzing crash databasssgstatistical model¢Bil et al.,

2019; Harirforoush & Bellalite, 2019; Zahran et al., 20Hywever, 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 resultsnicrash prediction mode(€hung & Chang, 2015An example of this
approach is hotspanalysis,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. (202lgvaluatedraffic crash hotspotasinghistorical crash data on a section of a
road, andHarirforoush and Bellalite (2019)entified 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 s@etyung et al., 2017; Papadimitriou et al.,

2013; Rankavat & Tiwari, 2016This approach involves designing structured questionnaires and
administering them to a sample of road users, such as drivers, pedestrians, orcgklist&

Ghani, 2022)The questionnairdata can provide valuable insights into factors influencing road



9

user decisions, ristaking behaviors, and safety concef@srdellieri et al., 2016)By analyzing

the responses, researchers can identify prevalent safety issues, risky behaviors, and potential
interventions to improve road user awareness. For exatdpieg questionnairdRankavat and

Tiwari (20200WULHG WR ILQG DQ LQWHUUHODWLRQVKLS DPRQJ SHC
preferences and actual crash kibkwever, theeliability of questionnaire data deperatsfactors

like sample representativeness, response rates, and the validity -cfpsetéd information

(Brener et al., 2003)

Anothertraffic dangeranalysis approach focusing on behavioral factors isqgrash analysis.

This type of research deploys monitoring teams to observe road users gprorastsites,
gathering comprehensive data on driver and pedestrian behaviors and road conditions
(Sheykhfard et al., 2021Additionally, these studies focus on understanding the causes of risky
behaviorin different road userandtheir relationship with the surrounding built environment. For
example, a study in Brazil analyzed pedestrian and driver behavior dtiauldlocations 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 crossin@Borres et al., 2020)0verall, this method allows researchers to
better understantie factors contributing to crashes aedelop targeted interventions to improve

road safety.

While statistical approachegprovide comprehensive data collection, allowing researchers to
investigate crash causes by considering human, environmental/road, and traffiqZattcas et

al., 2021) they also face limitations. These include the-awailability of certain crash data
(Anastasopoulos & Mannering, 2009underreporting, long intervals required for data
assessment, and biases in-sefforted survey data due to sodakirability (Kawulich, 2012)
Additionally, the high costs and logistical challenges of uwash field observations can limit
their scope and statistical significant&ost of the traditional approaebanalyzed collision rate

in different situationGiven these limitations, researchers have increasingly adoipsedvational
approacheto study crashes and neariss 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 vehipledestrian collisions are liketyp occur It is possible to

collect detailed traffic microdata, such asmpleted maneuverdlow 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 coll{§athuria & Vedagiri,

2020) pedestrian characteristi@zhang et al., 2019¥river behaviofWu et al., 2018)and traffic

flow conditions(Serag, 2014)Another type of videography studies usemnotion 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 pEfiesteical.,

2015) Drivers and pedestrians' behavi@heykhfard & Haghighi, 2018and driver reaction

times to pedestrian crossingsXUHFNL 6 W D h&aJja been examined.

Driving simulator studiesre another wayfor understanding road user behavidtollu et al.,

2018) While onroad tests are limited due to their high cost and hardware requirements,
simulationhas beerwidely used to studyehavioral factors irraffic danger. These studies
examine attitudes and behaviors in various traffic situations, providing insights into decision
making without physical riskSheykhfard et al., 2021Theyalsoassess issues like distraction
and hazard perception by creating spedfienarios, allowingesearchers to observe reactions
and determine riskssingmodels 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 prd@aszza et al., 2020)ollision likelihood
(Kutela & Teng, 2021)and driver distractiofKutela & Teng, 2021)

Although all discussed traffidanger 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 cautiomulat®ns

than in realife scenariogDe 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 reseagchde 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 nausegBrooks et al., 2010)Fixedcamera videographglso 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 befifavoafe! et

al., 2018)

Furthermore, crash databases and survey data often face challenges related to data completeness
and accuracy. These methods can struggle with theawairability of certain crash data,
underreporting, long intervals required for data assessment, and lnasgfreported survey

data due to social desirabili¢heykhfard et al., 2021They 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 signifantly 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 captiirarige bf

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 ladetiledanalysis of traffic danger that considers

all influencing factors, including built environment factors, traffi@racteristicend behavioral
factors.Observational research excels at examining near misses as a measure ofrcamdligt
casesobjectively measuring important traffic characteristics such as speed, which are related to
design and otherontextual 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
necessaryMoreover, the input from different stakeholders has often been ignored, and their
perspectives have not been considered as keysmp the assessment procédsesechallenges
highlight the need foanotherassessment approach that incorporate stakeholder engagement and
correctly aggregate the different variables based on a sound methodologicaOn&sisuch

approach is mukcriteria 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 criter{@anville 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 trpogation planning and manageménorretta et al., 2017)
Several studies have explored the use of MCDA methods like the Analytic Hierarchy Process
(AHP) (Mohammad Azlan & Naharudin, 2020)echnique for Order of Preference by Similarity

to ldeal 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 intersec{idnigedi et al., 2023)

The AHP, developed b$aaty (198Q)is the most commoMCDA 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 wivgtiammad

Azlan & Naharudin, 2020)However, AHP suffers from a major limitation: its inability to
effectively model and solve complex rembrid problems with interdependencies between
criteria and alternative®HP normalizes values to unity, assuming linear relationships between
criteria, which may not accurately reflect readrld complexities(Munier et al., 2021)For
example, a small increase in vehicle speed can havelaeanimpact on traffic dangdfurther,

AHP canonly assess limited number of alternativewhich may have problem in urban scale
traffic dangeranalysis with high number of street segments or intersectiherall, 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 s¢Batroaf &
McGuire, 2020) For instanceMirmohammadi et al. (2013)sed 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 assessmieatmain 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 continuou§stiitalek & Tuysulz,

2020) TOPSIS calculates the distance to the ideal andidadl solutions linearlydoes not
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provide any formal guidelines regarding the weighting of critendas a result the interpretation
of the resultsn unclear(Dhurkari, 2022)

Given these limitations, there is a need for a method that considers the interaction among traffic
dangervariables andn some casetheir nonlinearelationship with traffic dangeMACBETH
(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 inteleaél scalesfor criteria, whether
qualitative or quantitative, to derive criteria weights and obtain an aggregated score for each
alternative(Bana e Costa & Beinat, 2009)his method helpparticipantsreach 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.l chose MACBETH to obtain an aggregated score for each intersection and street segment,
allowing for detailed traffic danger assessmanhigh numbeiof segmentand intersectionat

theurban level

Stakeholder engagement

Children and parents' perceptions of traffic danger play a vital role in traffic danger assessment
(Fusco et al., 2012)ncluding 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 dangeersedtions, inadequate
pedestrian crossings, or higpeed traffic areas near schools and playgro(@tsstie 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 behavibem, 2001) 3DUHQWV Y Y LdadgéraRdQ WUDIIL
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 méliiita 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
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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 froldrehiand parents, includiragiditional

work for acquiring access to them and gaining consent along thithneed for appropriate
methodologies and tools to capture their views accurgdeheds et al., 2023) astly, there may
EHDQ XQGHUO\LQJ DVVXPSWLRQ WKDW DGXOWVY SHUVSHFWL
traffic safety issues, leading to a dismissal of the unique and valuable insights that children and
parents can provide. Including chish 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. iSecond,
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 aboutdeafies fostering safer behaviors and a sense

of responsibility from a young age.
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CHAPTER 3 OVERALL RESEARCH APPROACH

The aim of thisresearch is to develop a tool to better assess traffic danger with special
consideration of children's health as a vulnerable group, using aamtdtia decisioraiding
(MCDA) approach. The built environment can affect children's health anebwiely n 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 @amiment 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 adfct 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 beenakestlo

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. Engatakgholders ensures that the
assessment process is informed by-veadld 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 assessmemiethod that comprehensively incorporates these aspects is a key

objectiveof 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 a 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.

2. 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 realworld experiences and concerns.

3. Advanced MCDA Approach in Traffic Danger Assessment:By employing the
MACBETH method, this research considers the complexature of traffic danger
and the interaction among different variables. This comprehensive approach
develops an aggregate index tassessll streets and intersections in the study area
with respect totraffic danger. This provides policymakers and urban planners with

accurate information to identify areas needing urgent intervention.

Objective of the Thesis

This chapter presenithe overall approach to the research and explain how the articles and
following chapters relate to the overall objectivEs.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.

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

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

as a vulnerable groupat both street segment and intersection level.

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

in Figure 3.1.
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W 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

'
gre S a eecad ol Comprenc Ve 100 O CO aer an vanaple ae g

traffic danger, accounting for their sometimes unequal and nonlinear

Statistical and observational analysis are the most common methods
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

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

traffic danger identification rather than collision prediction

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
Making the links between the BE
- transport characteristics and
children’s health-related
behavior and health outcomes

Developing a transparent and Developing a transparent and Developing useful tools that
validated assessment tool of validated assessment tool of consider the perspectives of
traffic danger on segments traffic danger at intersections children, parents, experts

Figure3.1 Thedissertation flowchart

The following chapters include two accepted research artmheshapteithat is ready to submit

as a research papand onehapter that will be modifietb be submitted. &hof those chapters
contributedo specific steps towardbe 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 insight
from different stakholders 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 dasgeeia
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 mulgriteria nature of traffic danger and its importance in children's
accessibility, is detailed in Append
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CHAPTER 4 ARTICLE 1: AN OVERVIEW OF HOW THE BUILT ENVIRONMENT
5(/$7(6 72 &+,/'5(116 +($/7+

In this chapter,the first objective of this dissertation is investigat@tat is, a review of

relationship beveen EXLOW HQYLURQPHQW DQG FKLOGUHQYV SK\VLFD
specific consideration diransport externalitiesThis chapter has been published durrent
Environmental Health Reporten 28.07.2023.

This article can be found hefgttps://doi.org/10.1007/s4054023-004058
The ceauthors of this studgre:
Owen Waygood, Professor at Polytechnique Montreal, Canada.

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

Recherché&cientifique.

Zeinab Aliyss, Researcher at Centre Urbanisation CultBaiété, 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 emissionsandisaffic dangers

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

Recent findings:Evidence is increasing for walkable neighborhoods and hestited behavior
such as physical activity. However, diverse larsgs (often supporting walkability) were also
found to increase traffic injuries. Cognitive impacts of motorways on childrechabls was

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

Summary: 7KH EXLOW HQYLURQPHQWYIV LQIOXHQFH RQ YDULRXV S
clear and is often through a transport pathway. However, the links with mental and social health

are less developed, though recent findings show significant resultgigHascessible child
UHOHYDQW GHVWLQDWLRQV LV DQ LPSRUWDQW FRQVLGHUDW

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

7KLV FKDSWHU ZLOO JLYH D JHQHUDO RYHUYLHZ RI KRZ WKH E
The built environment refers to any marade change to the natural environment including
buildings and transport infrastructure. In our review of theditee,| primarily considered

studies that examined people aged undéA$8embly & 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}hough adolescence is defined as up to 19 by the WHO

(WHO, 2023b) Finally, for healthh ZLOO WDNH WKH :RUOG +HDOWK 2UJDQL
includes physical, psychological, and social health outc@wetO, 2023b)

6HYHUDO FKDUDFWHULVWLFV RI WKH EXLOW HQYLURQPHQW L
the impacts of the built environment relate to transport as a source of pollution and danger, but
DOVR FKLOGUHQTV WUDY HQFr&\At BIR Z2D10)DIKirGpditénitd rgrhambes D W W H L
that a child's physical environment can affect their health in a number of(@asistian et al.,

2015; Gascon et al., 201€)me environments promote active livicGrath et al., 2015 hile

others lead people to have a sedentary lifestyle that can negatively impact their health. The built
HQYLURQPHQWYV LQIOXHQFH RQ métabhealiftAiQeftun KtidIDZDY9K DOV R |
and evidence is mounting on its relationships with social wellbeing. Therefore, it is crucial to
XQGHUVWDQG WKH SDWKzZD\V EHWZHHQ WKH EXLOW HQVYLUR
wellbeing (Figuret.l).
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Built Environment
Land-Use

Diversity

Travel Behavior

Exposures and Behavior

exrmalies
|| (Y (T

Health Outcomes

C

Figure4l *HQHUDO IUDPHZRUN RI KRZ WKH EXLOW HQYLURQPHQ\
$XWKRUVY RZQ ZRUN

7KH EXLOW HQYLURQPHQW FDQ LPSDFW FKLOGUHQMLY KHDOW: k
Built Environment). The two main components are fasd and transport infrastructure. Some
authors distinguish pedestrian environments and greenspaces sefaratéyet al., 2019)put

| consider those as part of transport infrastructure anduaadrespectively. Landse 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 erigats 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 \Wether 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 detairansport is

discussed next.

7UDQVSRUW FDQ LQIOXHQFH FKLOGUH Q(MydgobtDeOadly) RO G ZH O C
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 betweenlipukansport (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 edéate to different psychological and
VRFLDO PHDVXUHV RI KHDOWK W VKRXOG EH QRWHG KRZHYH
and culture (e.g(Shaw et al., 201%)

The built environment and travel behavior thus create various conditions that relate to health
(Figure 4.1 tExposures and Behavior). The primary conditions that have been examined in the
OLWHUDWXUH WKDW H[DPLQH WKH E Kde@mhenltf dah beRg@pBedQ W D Q C
into externalities and behavior. Externalities include air quality, noise, and traffic danger
mentioned abovgCalvente et al., 2016; Glazener et al., 20BBhavior relates to what types of

behavior are associated with different built environments and transport systems. These include
SK\VLFDO DFWLYLWLHY DQG VRFLDO DFWLYLWLHY WKDW LPS
health.

Finally, many health outcomes are associated with those exposures and behavior4(Eigure
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 examthediterature include stress

and life satisfaction. For social health, examples include social capital and community cohesion
(Cicognani, 2014)

7KLV FKDSWHU ZLOO JLYH D JHQHUDO RYHUYLHZ RI KRZ WKH
While the built environment and transport play an important role in health, studies have primarily
H[DPLQHG WKH EXLOW HQYLUR Q PBHeyuemly on e dén\WierRi@al G X O W \
REYLRXV UHVHDUFK JDS LQ WKLY DUHD EHFDXVH EXLOW HQY
health via different pathways. Moreover, it is important to note that strategies to promote health

along one pathway may hawadverse consequences on the @tnank 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 cameduce traffic and air pollution at a regional ley8ugiyama et al., 2012ut if

adequate walking and cycling infrastructure is lacking, active forms of transportation

mayincreaseherisk of injury.
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2XU IRFXV LQ WKLV FKDSWHU LV RQ WKH UHODWLRQVKLS EHW
FKLOGUHQYY KHDOWK $V WKH EXLOW HQYLURQPHQW LQIOXH(
negative health outcomes of transport externalitigsaffic danger, noise pollution, and air

pollution *along with the positive health outcomes, such as physical activity, social interaction,

and weltbeing. Then, on the basis of recent studlespnsider a few changes to the built
environment that can improviee health of children

Literature review

Several searches were conducted primarily with Web of Science Core Collection during the
PRQWK RI -DQXDU\ 7KH VHDUFK SURWRFRO LQFOXGHG YD
DGROHVFHQW \RXWK B32EXLOW HQYLURQOGRHEMN HRYLUBRPHGEW
WKH SULPDU\ KHDOWK GLPHQVLRQV H J SPHQWDO KHDOWK
objective of this overview is not a systematic review and as such, some relationships may be
missed. The results reported focus ammmarizing 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-dgdant 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 obgsitglacarne et al., 20224d)kely through

their capacity to facilitate physical activity including active travel. However, the evidence of a
direct link between active travel with obesity is uncl&uohoeppe et al., 2013)ccess 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 ag&# fdund positive
associationgMcCormick, 2017) However, a more Hepth review found that the results were
mixed depending on the measure of mental he@litmann et al., 2018)and another on
adolescents found inconclusive results for causal associgkitatkney & Bentley, 2021)0One
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review (Tillmann et al., 2018puggested 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 olidandnd the
behavor. However, all reviews suggest that on the whole, natural spaces are correlated with some
better mental health outcomes such as stress redudteat al., 2022proposed that greenspaces

can help promote health by facilitating physical and social activities and also through restorative

experiences and stress reduction

4.1.2 The built environment on physical activity and active travel

The importance of physical activity for the wellbeing and health of humans cannot be overstated
(WHO, 2010) A number of previous studies have demonstrated that regular physical activity can
reduce the health risks associated with childhood obesity and chronic d{$&ases al., 2018)
Childhood obesity increases the risk of diabetes, cardiovascular diseasetahdlic syndrome

as an adul{Mannocci et al., 2020)urthermore, there has been increased research on physical
activity and children's mental health, including depression,-es¢dfem, and cognitive
development. Depression and cognitive functioning appear to be causally related to outdoor
physical activiy in children(Shen, 2022)A study conducted in the US with over 35,000 children
aged 6+17 (R. Ewing & R. Cervero, 201Gpund that a few built environment measures such as
having a recreational center or library were positively associated with a lower mental health index
(higher means more problems reported), but the key finding was related more to participation in
activities. A similar result was found in Norway with a study of over 23,000 -giggwolds,

where participation in activities (leisure PA, organized activities) were positively associated with
positive mood and feelings, but that the built environment measireearby parks and
playgrounds were negatively associated. However, those same built environment variables were
positively associated with the activities. Such results imply that it is not just enough to have the
locations nearby (indirect effect of laide), but to conduct activities (behavior).

The relationships between the built environment and physical activity (Table 4.1) can be
explained in part by land use and transporta(lerank et al., 2019)The land use pattern

influences one's activity spaces, as well as the quality and availability of transportation options

(R. Ewing & R. J. J. 0. t. A. p. a. Cervero, 201@arious reviews have examined how the built
HQYLURQPHQW UHODWHV WR FKGaEB®dd¢l Q.1 018;KMaCGrafDeDalD FW LY L
2015; Ortegorbanchez et al., 202(ping et al., 2011)McGrath et al. (2015)onducted a review
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of objectiveof built environment measures with modertderzigorous physical activity and found

either trivial or small associations. They also found that most activities were conducted in urban
space and streets rather than green sp&aesson et al. (2016pund that the links of PA with

green spaces was mixed, though leaning to the positive side. No clear relationship with housing
density, street connectivity, or walkability was found in that review. However, a more recent
review(OrtegonSanchez et al., 202i5ing a broader approach found ten different relationships
between the built environment and total physical activity, including active travel. In that review,
positive relationships were found for numerous built environment components: residential
density landuse diversity, walkability, pedestrian infrastructure, access and proximity to
facilities, and availability and proximity to green or public open spaces. Traffic danger was found
to have a negative influence, while social environment consideratichsas personal safety and
social support had positive relationships. One new avenue of study is examining how streets can
be used again for places of play. A systematic review of Play Streets, where traffic is forbidden
for a period of time, found thavelence is limited but suggests an increase in physical activity
(Umstattd Meyer et al., 2019Finally, a review of intervention&Smith, Hosking, Woodward,
Witten, MacMillan, Field, Baas, Mackie, et al., 201W&hich helps determine causality, found

that improving walkability, the quality of parks and playgrounds, and active travel infrastructure

were all associated with better PA outcomes.

Street connectivity was a built environment measure that was found to be inconsistently
associated with physical activity in a couple of revi¢@ascon et al., 2016; Orteg&@anchez et

al., 2021) However, inOrtegonSanchez et al. (2021hey highlight that objective measures of

PA were associated with greater connectivity while-sgtbrted PA was associated with lower
connectivity. Higher connectivity was associated with more active travel, but the lower
connectivity is often relatea tcontrolling traffic through cutle-sacs or traffic calming. As such,
LOQWHUVHFWLRQ GHQVLW\TV LQIOXHQFH PD\ EH PRGHUDWHG E

Numerous research studies have examined the relationship between children's transportation
behavior, physical activity levels, and physical hedlfing et al., 2011; Larouche, 2018;
Waygood, Friman, et al., 2020)Valking, cycling, and scooting are all forms of active travel
where children move themselves by using their muscles, though most research has focused on
walking and less on cycling. According to studies, children who use active travel (predominantly
walking) are more active than those who use other transportation if®aesppe et al., 2013)
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For example, previous research has shown that walking or biking to school can increase children's
physical activity, even after school and in the everflrayouche et al., 2020}t appears that

active travel does not substitute for other physical activities and is generally in addition to other
PA (Panik et al., 2019)Further, active and independent travel has been found to help children
develop their physical, psychological and social health, as well as their cognitive skills as they
accumulate physical activity, interact with friends, and explore their surroun@ivigyggood,

Friman, Olsson, & Taniguchi, 201 inally, most active travel is walking, though some evidence
suggests that those who cycle are more likely to meet health guid@iotset al., 2012and

reduce psychosomatic complai(iideszczewska et al., 2020)

Moreover, better transport infrastructure can encourage active transportation by improving
convenience and comfort for pedestrians and cyclists. For example, a systematic review of the
literature has indicated that environments that are more walkable tfeoge that facilitate
walking by improving destination accessibility, street connectivity, active transportation
infrastructure availability) are associated with greater physical activity for chi|Brerce et al.,

2022) When it comes to density, it is positively correlated to active transport since in dense cities,
housing is closer to a range of destinations, increasing children's accessibility and active transport
rates (lkeda et al., 2018)In addition, a positive association between safe active transport
infrastructure and physical activity was also observed for childewrey & BatistaFerrer,

2015)

Conversely, environments can also discourage physical activity. Based on a revieanyet
al. (2019) sprawling development patterns are oftena#énted because key destinations are
difficult to reach on foot. The level of active transportation for children was lower in
neighborhoods with fewer recreational open spaces, lower residential density,tiaffie

density, and fewer sidewalkBuncan et al., 2014)
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Table4-1 Summary of relationships between the built environment and physical activity and
health outcomes.

BUILT BEHAVIORS
ENVIRONMENT

HEALTH OUTCOMES

Articles Physical Social Physical Mental = Social

Walkability

Safe AT
infrastructure

Connectivity

Green space

Streets

Child-relevant
destinations

Parks closeby

Dense, mixed
environments

(R. Ewing & R.

Cervero, 2010%

(McGrath et al.,
2015¥, (Malacarne et

al., 2022a&,

(OrtegonSanchez et
al., 20213, (Umstattd
Meyer et al., 2019)

(Christian et al., 2015;
R. Ewing & R.
Cervero, 2010)
(Umstattd Meyer et
al., 20197,

(R. Ewing & R.
Cervero, 2010)
(Kleszczewska et al.,
2020}, (Prince et al.,
2022)

(Christian et al., 2015;
McCormick, 2017}
(Tillmann et al.,
2018y,
(Kleszczewska et al.,
2020)]

(R. Ewing & R.
Cervero, 2010)

(Schoeppe et al.,
2013; Waygood et al.,
2019)* (Christian et
al., 2015y, ,
(Kleszczewska et al.,
2020)]

(Malacarne et al.,
2022a¥, (McGrath et
al., 2015%]

(Christian et al.,
2015) (R. Ewing & R.
Cervero, 2010)
(OrtegonSanchez et
al., 20213, (Umstattd
Meyer et al., 2019)

Incr.

PA

incr.

PA

incr.

PA

incr.

PA

incr.

PA

AT

Better

Obesity

Incr.
PA

Mental
health

Better Bette
r

Some @ Some
evd. evd.

+ Overview(Detailed summary of research studylReview(Synthesizes and critically evaluates

findings from multiple studies)
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4.1.3 The built environment on socialactivity

Physical activity is more often studied and various reviews exist. The majority of the results in
this section on children are not based on reviews and require further research to build support or
refute. Social activity is related to social wellbeing nueas such as social cohesion and social
networks(Cicognani, 2014)Along with being important for wellbeingGrossManos, 2017;
Helliwell & Putnam, 2004)and mortality risk(Holt-Lunstad et al., 2010)various social
FRQGLWLRQV RI RQHTV OLYLQJ HQYLUR(Qrego@Sanddéz@WH WR F
2021) As such, social activities relate to social wellbeing which influences health outcomes and
resilience. Participating in social activities was found to be positively associated with mood and
feelings in a study of over 23,000 eiglgarolds in Norway(Nordbg et al., 2020)ut the built
environment measure of having nearby playgrounds was negatively associated to the mental
health measure, but positively with the social activity. As above, this implies that doing the

activity (behavior) is essential, though facilitatingdirect landuse) is an important part.

Child development is a consequence of a variety of influences, such as those of immediate family
members, neighbors, and larger cultural and societal influ¢Btesmkoff et al., 2012)Studies

have shown that built environment features such as residential density and the presence of
playgrounds are positively associated with social and emotional domains of early childhood
developmeniBell et al., 2020) In addition, a child's ability to socialize is influenced by the
physical form of the environment in which they liflereeman & Tranter, 2012)t may be the

case that children who live in the same family structure, but who live in completely different
locations (such as rural and inner city areas) will have different social exper{Eneesian &
Tranter, 2012)In some studies, having chitdlevant destinations, neighborhood safety measures
(from traffic and crime) and parental perceptions of safety affect children's social development
(Christian et al., 2015) 6LPLODUO\ SDUHQWVY SHUFHSWLRQV RI QHI
associated with prosocial behavi@&dwards & Bromfield, 2009)There is also evidence that
traffic risk, stranger danger, and car dependency restrict children's autonomy and social skills
developmen{Murphy & Murtagh, 2010JGleeson & Sipe, 2006)

7TKH EXLOW HQYLURQPHQW FDQ LPSDFW FKLOGA4H BEUGhVRFLDO
many are through its relationship with transport. The built environment relates to what

destinations are available within a reasonable walking distance for children. Other research has
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VKRZQ WKDW FKLOGUHQ DUH PRUH OLNHO\WaRyobdj Gll¥som) W TULHC
et al., 20203)highlighting the importance of proximity. This is important as other research has
shown that children meet up with friends most often on(iatygood et al., 202X¥p destinations

that are within walking distance influence the likelihood of social interaction.

As children are generally found to use more active and independent travel in denser, mixed
environments, the built environment indirectly influences outcomes such as higher occurrences
of incidental social interactiofWwaygood & Friman, 2015; Waygood, Friman, Olsson, Taniguchi,

et al., 2017)knowing and interacting with neighboi@Vvaygood et al., 2021yocial activities

with friends (Pacilli et al., 2013; Waygood, Olsson, et al., 202@nd a sense of community
(Pacilli et al., 2013) Those in turn are related to mental health measures such as decreased
lonelinesgPacilli et al., 2013and wellbeingHelliwell & Putnam, 2004)In various studies (e.qg.,
(Kamruzzaman et al., 2014; Mikkelsen & Christensen, 2088)dren report that active travel is
enjoyable and a means of socializing with friends.

6RFLDO H[FOXVLRQ KDV EHHQ IRXQG WR EH D EHWWHU H[SOD
being than measures of material wadiing (GrossManos, 2017) However, the relationship
between social exclusion and the built environment for children does not appear to have been
studied. The measure of social exclusion used contains factors which relate to the built

environment through accessibility and activiggrticipation. This is another avenue for future
research.

Table4-2 Summary of relationships between the built environment and social activities and
health outcomes.

BUILT BEHAVIORS HEALTH OUTCOMES
ENVIRONMENT . . . .
Articles Social Physical Mental Social
Higher density, | (Gleesor& Sipe, Local social Sense of
mixed 2006; Pacilli et interactions community
al., 2013)
Child-relevant (Christian et al., Develop Develop Development
destinations 2015¥F ment ment
Control/limit motor (Freeman & Local social Social skills
vehicles Tranter, interactions development
2012)(Edwards
& Bromfield,
2009)(Waygood,
Olsson, et al.,
2020a)
Residential density; (Nordbg et al., Social activities Emotional
playgrounds 2020)
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4.1.4 The built environment and externalities

&KLOGUHQTV KHDOWK LV LQGLUHFWO\ DIIHFWHG E\ WKH EXL
choices and environmental exposures resulting fidfarent built environment patterrigrank

etal., 2019) 3aDWKzD\V RI KRZ JUHHQVSDFH LQ SDUWLFXODU FDQ L
here (Ye et al.,, 2022) They include mostly positive pathways affecting both mental (e.g.,
psychological restoration) and physical health (e.qg., physical activity, mitigating air pollution and

noise). That paper discusses various other potentially positive impacts of greghspabe

studies are too limited in number.

While the built environment can provide positive health outcomes, particularly for physical
activity and active transportation, it can also pose significant health risks. In addition to road
crashes, transportatioelated air pollution is conservativelgtanated to result in nearly 200,000
premature deaths each year, and transportation noise is associated with a burden of disease similar
to seconehand smok&Glazener et al., 20215everal epidemiological studies have linked air
pollution exposure to children's respiratory heé@hen et al., 2019)ung function(Favarato et

al., 2014) and childhood cancer rigpycher et al., 2015}t has been found that children under

five years old living within 100 meters of highways are more at risk of leukemia due to high levels
of emissiongSpycher et al., 2015)n addition to its effects on physical health, traffic exposure

can also have a negative impact on mental health. Children's mental health can be directly affected
by environmental properties such as spatial layout, traffic intensity, noise, and pdRititer

Wollman et al., 2018)with positive correlations found for quality urban environments and green
spaces, though questions remgtteckney & Bentley, 2021)in urban areas, traffic noise and
traffic danger are the most significant factors affecting the mental health of children negatively,
but traffic emissions are also a concéatansfeld & Clark, 2015)Among children exposed to

traffic, sleep disturbance, cognitive development problems, and behavioral problems are some of

the most common mental health problgiBasner et al., 2018; Gupta et al., 2018)

Throughout this chaptet, aim mainly to synthesize literature linking the built environment
determinants to health via exposure pathways. Most research has focused on air quality, noise,
and traffic danger. However, other pathways with the adult population have been identtied suc
as urban heat islands, contamination, climate change, limitations on access to natural

environments, and electromagnetic fie{@azener et al., 2021Yo0 begin, research on natural



32

environments will be summarized as a component of the living environment (i.e., both natural

and built environments).
X Built environment and air quality

Children are especially susceptible to health problems related to air quality due to various reasons
including their developing lungs. A detailed discussion of this topic can be foBdathe &

Baldauf, 2020) Air quality can relate to traffic, home heating, and cooking. The focus here will

be on traffic as a major source of ambient air quality, particularly ultrafine paedc@s/eira et

al., 2019) Pollutants created by traffic can be attributed to three main mechanisms: tailpipe
exhaust, abrasion of tires, brakes, and pavement, and resuspermoinctes(\Waygood et al.,

2019) Amongthe many pollutants emitted by road traffic, particulates with a diameter under 10m
(PM10) and 2.5m (PM2.5), ozone (O3), and nitrogen oxides (NOx) are considered to be the key
indicatorsfor health effectgKhreis, 2020)Other considerations include carbon monoxide and
volatile organic components (VOC&oothe & Baldauf, 2020)Air quality is more commonly
associated with respiratory problems such as astBowthe & Baldauf, 202Q0YutMalacarne et

al. (2022bffV UHYLHZ RI WKH OLQN EHWZHHQ WKH EXLOW HQYLURQ
evidence that trafficelated air pollutants (NO2 and NOx) were related to obesity. Other areas of
research have demonstrated links with childhood cancers, autismgeesdeabirth outcomes
(Boothe & Baldauf, 2020)

The built environment can affect how people travel, which impacts transport emi$siamis et

al., 20199 DQG WKH LPSDFWV RQ FKLOGUHQYY KHDOWK 7DEOH
the relationship between the built environment and traffic emissions. These studies have indicated
that sprawling development results in more vehicles being usetdaf®portation, leading to
higher levels of emissions and air polluti&wing & Hamidi, 2015; Khreis, 2020)n addition,
mixed-use developments with high densities combined with opportunities to reduce car use like
public transit, active transportation, and greenery can help reduce-teddfied pollutio(Boothe

& Baldauf, 2020) Street connectivity, a measure of transport network design, is negatively related
to emissiongXu et al., 2018and multimodal streets such as complete streets support the use of
alternative modes, such as walking and cycling, and traffic calming reduces car use and emission
levels(Liu et al., 2023)
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When focusing on children's exposure to traffic emissions, it is important to take into account
their lifestyle, particularly the time they spend at different locations. The results of a Dutch study
found that children attending schools near motorways wigreficantly more exposed to soot

and PM2.5 than children attending schools in urban settays Roosbroeck et al., 200Th a
UHYLHZ RI WKH LPSDFW RI XOWUD (& QlideiatAM20EIDPHII tHRIQ FKLOG
children attending schools with high exposure had substantially smaller growth in all cognitive
measures. It has been suggested that active transport such as biking and walking could
significantly reduce vehicle miles traveled (VMT) and trafitated pollution emissior(®ark et

al., 2017) However, while cycling or walking children may be closer to vehicle emissions and
ventilate more, this may cause them to be more exposed to-tedffied pollutionGao et al.,

2022)

Table4-3 Summary of relationships between the built environment and emissions and health

outcomes.

BUILT EXPOSURE HEALTH OUTCOMES
ENVIRONMENT Articles Emissions Physical Mental
Low density, (Ewing & Air Respiratory
sprawl, Hamidi, pollution problems; cancer;
motorways 2015y, obesity

(Witten &

Field, 2020)
Motorways near (Spycheretal., Air Smaller growth in
schools 2015)(Park et pollution cognitive

al., measures
2017)(Cloutier

et al., 2021)
Proximity to Air
traffic (Gao etal, pollution

2022; Park et
al., 2017)
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Table 43 Summary of relationships between the built environment and emissions and health
outcomegcontinued).

Presence of Air
green space (Mikkelsen & pollution
Christensen,
2009Y,(Lee
et al.,
2008)(Witten
& Field,
2020)
Mixed land (Wu et al., Air
use 2019) (Lam pollution
et al., 2021)
AT (Witten & Air
infrastructure  Field, 2020) pollution
* Review

X Built environment and traffic danger

Traffic danger is one critical direct negative effect of transportation on human (@altier et

al., 2021) There are risks associated with cars both inside and outside the vehicle with the
majority of children in wealthy countries being killed as passen@ermRothman et al., 2020)
Traffic crashes kill about 1.4 million people every year, making them the eighth leading cause of
death worldwide(Organization, 2015a)Since schoedged children are among the most
vulnerable groups to traffic injuries, many efforts have been made to enhance traffic safety for

them. A summary of the findings is shown in Tabl 4.

There have been a number of studies investigating the impact of the built environment on
children’'s traffic collisiongCloutier et al., 2021; Rothman et al., 202Ir) terms of diverse land

use, a positive relationship was found between mixed and diverse land use and injuries among
children [80]. Generally, mixed land use includes all types of land usage, including residential,
commercial, institutional, and industl (Cloutier et al., 2021)In one study, mixed and non
residential land use effects on children's traffic safety at intersections adudackdcrossings
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ZHUH H[DPLQHG $W LQWHUVHFWLRQV PL[HG ODQG XVH QHJD
at midblock crossings, it did not appear to have a substantial gfstnet et al., 2015)
5HIJDUGLQJ FKLOGUHQYY GHVWLQDWLRQV VFKRRO ORFDWLRC
schools are the center of daily activities for sckhangd children (5 to 12 years old). It has been

found that schools are higisk crash locationgBennet et al., 2015)ikely because they are
convergence points for children and traffic (including parents driving their children). However,

many childfriendly destinations remain unexplored with respect to traffic safety. For instance,

the result of one study confirmedtithild pedestrians are at greater risk of collision in areas near

parks and school$-erenchak & Marshall, 2017)

Regarding design characteristics, how streets are designed have important health impacts as they
influence traffic speed and voluméBennet et al., 2015; Cloutier et al., 202l) previous
research, a variety of aspects related to road infrastructure and design were considered, such as
the type of road, the road class, the number of lanes, the street width, walking and cycling
LQIUDVWUXFWXUH HWF |, OQficCcollisibisl. thazficvlunkekwa@oand HoCbgY W UD |
positively correlated with child collision frequency and injury {&teiour, Waygood, & van den

Berg, 2022) Other results have shown that child pedestrian collisions are more likely on large
and straight roads with high traffic voluméRothman, Buliung, et al., 2014Related to
controlling speed, several studi{@ennet et al., 2015; Cloutier et al., 2021; Rothman et al., 2021)
have found that speed humps reduced the number of pedestrian collisions and pedestrian injuries.
Moreover, a study found that children within their neighborhoods and in front of their schools
were less likely to be injured when speed bumps were présames et al., 2020)According to

a systematic review, sidewalks around schools are associated with fewer collisions with children
than roads without sidewalkRothman, Buliung, et al., 2014)nother study indicated that there

is a greater likelihood of scheaged children being involved in pedestrian collisions on streets

with a high proportion of missing sidewal{@ennet et al., 2015)

&KLOGUHQYV WUDIILF VDIHW\ LV KLJKO\ LQtwelirhQEendiy E\ SRS’
based on previous resear&othman, Buliung, et al. (2014und that high multifamily density

decreases the risk of child pedestrian collisions. In addition, children's injuries are negatively
correlated with population density in several studiBsnnet et al., 2015)However, high

population density may increase walking proportions in areas around elementary schools and such

areas were found to be linked to higbk exposuréAmiour, Waygood, & van den Berg, 2022)
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Table4-4 Summary of relationships between the built environment and traffic danger and health

outcomes.
BUILT EXPOSURE HEALTH
ENVIRONMENT OUTCOMES
Articles Traffic danger Physical
Schools, parks (L. Rothman et More collisions More injuries
al., 2020)

Wide roads

Many lanes

Speed bumps

Sidewalks

Multi -family
dwellings

Traffic calming

(Organization,
2015b; Rothman,
Macarthur, et al.,

2014y

(Rothman,
Macarthur, et al.,
2014y

(Rothman,
Macarthur, et al.,
2014y

(L. Rothman et
al., 2020)

(L. Rothman et
al.,
2020Y, (Rothman,
Macarthur, et al.,
2014y

(Linda Rothman
etal.,
2020Y, (Rothman,
Macarthur, et al.,

Incr. speed

Incr. traffic

reduce collisions

Fewer collisions

Fewer collisions

Reducecollisions

Incr. death

Injury rate

reduce ped. injury

2014)
Lighting (Rothman et al., Visibility
2021)
* Review

X Built environment and Noise

Noise pollution occurs from a variety of sources, such as industrialization, social events,
transportation, construction activities, and household actiiBasner et al., 2018)n recent

years, noise pollution from road traffic has increasingly been shown to be a threat to urban
UHVLGH Q \(WinfzeKetd BILO2WXKL)The term noise pollution refers to any sound that is
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unwelcome, unwanted, or too loud to cause or be capable of causing disturbance or irritation
(Gupta et al., 2018According to the WHO's published guideline on the burden of disease caused
by environmental nois@erglund et al., 1999Juture epidemiological noise research must focus

on vulnerable groups, of which children are ¢Basner et al., 2018; Pirrera et al., 2010; Tiesler

et al., 2013)

In comparison with air pollution emitted by motor vehicles, the relationship between urban
environment and traffic noise (Tableb) is likely more complicated. Based on previous studies,
traffic, population density, urban form elements, and urban morphology, including open space,
building facades, shapes, and positions, can have significant impacts on urban noi§érbaels

et al., 2019; Silva et al., 2014)rban sprawl, for instance, increases total noise emissions since
the number of vehicle KMs driven (VKM) and speed increases; however, noise sources are
distributed over a larger area, so they are generally located at greater distance from people
(Salomons et al., 2012intil they enter more urbanized spaces. Transportation noise (including
from airplanes) has been linked to sleep problems in various s{#isser et al., 2018put

have also been linked to behavioral and emotional prolbf€msler et al., 2013)

The amount of noise in urban areas is also strongly influenced by lar{lingeet al., 2012;

Zhou et al., 2017)One study on urban land use and noise found that the level of noise is
significantly higher in mixed land use areas as compared to residential neighborhoods [94], likely
as a result of a concentration of activities. Furthermoheu et al. (2017jound that different

types of residential blocks displayed different traffic noise distributions and generally, detached,
semidetached, and terraced houses experience low levels of noise. Sirhdanlgt al. (2013)

found that areas with high density of buildings and roads are more likely to suffer from noise
pollution. The density of construction also plays a significant role in determining the level of noise
pollution. Based orn(Guedes et al., 2011)oise propagation from street and road traffic is
attenuated in neighborhoods with more construction density because buildings act as obstructions
to its free propagation. In urban settings, green spaces, especially vegetation, such as trees,
plantings, ad green belts, can also reduce noise effectidiggberg et al., 2017)An important

issue here is that (as mentioned above), low density suburban development styles are often a major
source of traffic noise in urban settings. As such, there is a feedback problem where those who

create more noise pollution are not sufferiingt pollution.
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In terms of street desighee et al. (20083oncluded that narrow roads, dense road networks and
complex intersections decreased traffic volumes, and therefore noise pollution. In a simulation of
traffic noise, narrow roads (less than 10 m wide), complex road networks, and a high density of
intersetions all resulted in a lower volume of passenger cars and motorcycles. In general, as
traffic volumes decrease, noise pollution decrea@emg et al., 2007) As such, built

environments that limit traffic volumes or better control it should have lower noise pollution.

Table4-5 Summary of relationships between the built environment and noise and health

outcomes.
BUILT EXPOSURE HEALTH OUTCOMES
ENVIRONMENT Articles Noise Mental
Spatial layout, (Ewing & Hamidi, 2015) More noise Sleep disturbance, cognitive
facilitate traffic development, behavioral
problems

Mixed landuse (R. Ewing & R. Cervero, 2010) More noise
Traffic density (Tiesler et al., 2013) More noise Stress (blood pressure)
Green space (Mikkelsen & Christensen, 2009)  Less noise

(Lee et al., 2008)S. A. Richmond

et al., 2022)
Presence of (S. A. Richmond et al., 2022)

noise barrier

* Review

3RWHQWLDO EXLOW HQYLURQPHQW LQWHUYHQWLRQ\

$ YDULHW\ RI OLWHUDWXUH H[LVWV UHJDUGLQJ WKH XVH RI
health(Choi et al., 2017; Wu et al., 2019hough most literature mainly focuses on adults. In
general, the main objective is to reduce exposure and encourage people to use active
transportation more often so as to reduce externalities related to transport and benefit from
positive influences ohealth related to such daily activities. Overall, in the short term, reducing
traffic-related pollutants and improving physical activity may be most effective by focusing on
existing infrastructure and vehiclds. the longterm, it is also crucial to coiter land use

planning to improve children's health by implementing built environment changes.

Among the key conclusions from previous studies in terms of reducing traffic emissions is the
following: higher densities, a mix of uses, and walkable neighborhoods contribute to lower

vehicle distances and less energy consum@mioi et al., 2017; Kumar et al., 2021r) addition,
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various built environment interventions have been proposed to reduce traffic noise, including
platform barriers, green barriers, and land use zofliam et al., 2021)Sound barriers around
high-speed roads are consistently used in countries such as Japan to limit noise pollution in urban
areas. Often, it is not feasible or practical to control noise at its source, such as moving vehicles,

SO noise barriers are a higldffective solutior(Lam et al., 2021)

Regarding children's traffic safety, the majority of safety measures have focused on traffic speed
and volume as primary sources of dan@@boutier et al., 2021; S. A. Richmond et al., 2022;
Rothman et al., 20215everal changes can be made as part of environmental and infrastructure
interventions, such as speed management and enforcement, better visibility and lighting, road
markings, sidewalk improvements, driver information alerts, traffic signs, and traffrang
systemgS. A. Richmond et al., 2022Jraffic calming measures aim to reduce traffic speed and

volume and have consequently been found to reduce child coll{§otisman et al., 2021)

The second group of built environment changes focuses on improving physical activity,
particularly active transportation. Due to the fact that both clean air and active transportation are
functions of mobility, they overlap considerabllazener & Khreis, 2019)Even though
previous studies have not focused enough on children, the built environment changes that can
improve their physical health can be classified into three groups: (i) increasing accessibility and
connectivity of an area or route; (ii) improvisgfety from traffic; and (iii) improving walking

and cycling experiencg®anter et al., 2019)or example, a study found that in a-oaented
environment or one with poor walking and cycling conditions, new infrastructure for safe active
travel can encourage children to walk and cy@f&ten & Field, 2020) One metaanalysis found

that increasing the connectivity of childlevant destinations improved walking and cycling and,

where infrastructure was well utilized, walking and cycling incre@iéedia et al., 2018)

Future directions

First, asmentioned, the age of a child is different depending on what source is used. In general,

the human brain does not stop developing until the mid to lat€S20g/er et al., 2018As such,
IXWXUH VWXGLHVY VKRXOG FRQVLGHU H[SDQGLQJ WKH DJH RI
an important influence, future research might consider relationships by age and level of
independence. In a number of reviews on how the built@mment impacts healttChristian et

al., 2015; Frank et al., 2019)ansport infrastructure and behavior were highlighted as key
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FRPSRQHQWY &RPELQHG ZLWK WKH HIWHUQDOLWLHYV SURSHL
independent and active travel. However, without access to-réiddant destinations, they are
VWXFN LQ D QRZKHUH WR JR’ V Lrlexaniedtir@tiorssHs- irhpovtanE L O L W\
(Christian et al., 2015; Smith, Hosking, Woodward, Witten, MacMillan, Field, Baas, & Mackie,

2017) but the quality should be considered as well. As such, urban planning tools that measure
quality of parkqMears et al., 2019nd other important destinations will help improve cities for

children. The study of transport and health is growing with reviews of the literature for the general
population (Glazener et al., 2021and childrerspecifically (Waygood, Friman, Olsson, &

Taniguchi, 2017)existing. A previous review on transport and heg#thways highlighted

increasing evidence on climate change, contamination, and electromagnetic fields for adults
(Glazener et al., 2021Yhough electromagnetic fields has also been linked to cognitive and

behavioral development problems with bdg¢salvente et al., 2016)

Numerous reviews were found for topics such as physical activity, active travel, and traffic
GDQJHU +RZHYHU WKH UHODWLRQVKLS EHWZHHQ WKH EXLO
(though nature/greenspace and mental health is an exception, whialswasted byOrtegon

Sanchez et al. (202and social lives appears to be less well studied. For behavior, in this review

| covered physical and social activities, but psychological activities are less evident. Conceptual
frameworks for both practitioners and researchers were put for{Baitthzzoni et al., 2022)

where social and mental measures of health are evident. Further consideration on this is needed.
Beyond walking in natural environments for restorative purp@dessen et al., 2017what

might such behaviors be? Regarding social health, it should be noted that even though children’'s
social health is related to built environment features, there is not enough evidence available to
answer how much different such features can affetdreim's social healtht may be due to the

lack of measures of social health among childFem.example, physical health can be assessed
based on Body Mass Index (BMI) or respiratory problems, while mental health can be assessed
based on stress or dep®Es within the home environment for childrdinis importantto give

more attention to social health measures such as social capital and social cohesion in order to

improve our understanding of that relationship.

New research is connecting transport with various healdted conditions and outcomes.
However, even though the built environment influences transport behavior, the influence of the

built environment is not always examined. A recent study with ninelyriéstopean countries
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found that active travel was more associated with psychological (e.g., depression, bad moods,
problems sleeping) rather than somatic (e.g., headaches, back pain, dizziness) complaints.
Although that study found differences between countries, the infludrtbe built environment

was not directly examined. However, the study did mention that part of what might explain more
cycling (which was the most associated with lower psychosomatic complaints) was that wealthier
European countries had good bicycle isfracture. As such, one recommendation is that in future
VWXGLHVY RI WUDQVSRUWY{V LPSDFWV RQ KHDOWK WKH SRWH

be examined.

Conclusion

7KLY FKDSWHU JDYH DQ RYHUYLHZ RI UHODWLRQVKLSV EHW.
health. The topic is complex and evolving, and not all possible relationships are necessarily
mentioned. This overview highlighted how the built environment indve®@\ DIIHFWV FKLOG
health through its influences on transport and general health behaviors. Direct influences relate to
what types of activities are possible at a local level. These can be positive such as spaces for play,
restoration, and social intstion, but also negative if it allows for local pollution sources. A

major source of local pollution can come from transport, which is influenced by the built
environment through what transport infrastructure exists (and thus what it permits), buealso th
density, diversity, and design of the built environment. The main negative influences that have
EHHQ VWXGLHG RQ FKLOGUHQYY KHDOWK KDYH EHHQ WUDIIL
intrinsically linked to transport externalities. Those exadities are associated with a vast array

of negative health outcomes, but transport is also positively associated with better health outcomes
WKURXJK FKLOGUHQTY DFWLYH DQG LQGHSHQGHQW WUDYHO
environments thafacilitate such travel and a potential concentration of traffic conflicts, air

quality, and noise if higlspeed and highiolume traffic are prioritized. Fortunately, denser, mixed
environments can also better support hgbbility alternatives to personeghicle travel such as

public transport with high service levels. The key message is that a built environment that limits
motortraffic and supports active travel will likely result in better health outcomes for children.
Whether there is a threshold effdo this (e.g., too dense) is not clear. As well, it is likely
important through the built environment and transport to facilitate access to nature, as various
mental health benefits are evident. More research on psychological and social health irapacts ar

especially needed.
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CHAPTER 5 ARTICLE 2: UNDERSTANDING THE FACTORS AFFECTING
TRAFFIC DANGER FOR CHILDREN: INSIGHTS FROM FOCUS GROUP
DISCUSSIONS

In this chapter] address the second objective of this dissertation: to understand stakeholders'
opinions on the definition of traffic danger and to identify the factors that influence it. Utilizing
focus group discussions and thematic analysasmn to capture and analyze these perspectives
comprehensively. The insights gained from this chapter will serve as the foundation for
subsequent steps in traffic danger assessment. Additionally, this chapter aims to achieve the

objective of stakeholder gagementvithin the traffic danger assessment process

This chapter waaccepted for publicatiom the M RXUQDO RI S8U D B.BAM@OYQLQJIY
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Abstract

Children's safety on urban roads is a critical concern, with young pedestrians and cyclists being
among the most vulnerable groups to trafétated dangers. The prioritization of motor vehicle
traffic in road infrastructure poses significant risks tddcpedestrians and cyclists navigating

city streets. Furthermore, children's independent mobility has been restricted due to traffic danger
and their parents' concerns about it. Given the important implications of this issue, a serious gap
was identified m thatin many traffic danger assessments, attempts have been made to measure
traffic danger using proxies such as collision ratdentifying factors contributing to traffic
danger and how they interaghd impact traffic are imperative to identify where mitigation is
needed to address these problems. This article delves into the complexities of traffic risks for
children, focusing on intersections and streets. Six focus groups, including experts érer®}s p
(n=2), and children aged 8 to 12 (n=1), weomducted to gather insights on factors impacting
traffic danger. Thematic analysis revealed eight key themes, highlighting the importance of
addressing traffic volume, speed, vehicle size, road design, driver behavior, visibility, and land
use. These fiings contribute to a comprehensive framework for understanding traffic danger for
children. Additionally, the article examines how stakeholders' perspectives align with standard

measures of traffic danger in the literature.
Keywords

Children, Traffic danger, Focus group, qualitative analysis.
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Introduction

& K L O Grdffic@dfaty is of great importance as traffic fatalities continue to be a primary cause

of death(WHO, 2023a) Young pedestrians and cyclists are particularly vulnerable to traffic
danger, so all factors contributing to the problem need to be exa(@iwedier et al., 2021)it is
important to note that generally two types of research have been conducted on traffic danger for
children(Amiour, Waygood, & van den Berg, 202#)e first examines the relationship between
traffic, context (including road characteristics, laumgk, etc.)andchild pedestrian and bicycle
collisions (objective safety); the second examines the perception of damgeehis and children

for active transportation (subjective/perceived danger) which often limits their right to
independent travel. However, although associations between various factors and outcomes of
traffic danger (e.g., collisions, injuries, death)sexno measure of traffic danger existsaffic

danger refers to the inherent risk in roadway environment Influenced by different factors such as
road design, traffic volume, speeds, driver behaWbthout a measure of the problem, we must

rely on (thakfully) undesirable and infrequent occurrences such as collisions as a proxy. This is
akin to measuring weight gain (an outcome), but not having a measure that relates to what causes
it (e.g., calories, physical activity). Further, it relies on exposutkanif children are removed

from such dangerous locations that a collision cannot happen, it is not the street or intersection is
VDIH EXW WKDW LW LV VR GDQJHURXV WKDW FKLOGUHQTYV

arguments can be seenHillman (1990)work.

Research on traffic danger primarily focuses on adult safety and neglects children's needs and
particular characteristics. In previous studies, the primary focus has been on experts' perspectives
regarding traffic danger, often neglecting the viewpoihthddren and theiparents This article
presents the perspective of experts and the perceptions of parents and children on traffic danger
in order to identify criteria that should be considered when developing a measure of traffic danger.
A gualitativeapproach is taken to better understand the complexities of traffic danger for children.
The insights derived from focus group discussions are used here to unravel the complexities
surrounding this issue and to better understand the traffic danger tiskitdeen face on a day
to-day basis. It should be noted that this research is part of a larger project that will develop a
multi-criteriadecisionaiding tool for assessing traffic danger in cities that considers children as

residents with the right tmdependent travel.
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Lit erature review

Traffic danger is a significant concern for public health, @itmillion of fatalities globally each

year with children particularly vulnerablén Canada, it resulted in 1,768 deaths in 2021
(TransportCanada, 2021 Among these fatalities, 15.8% were pedestrians, and 6.7% were youths
aged 419. Besides physical harm, traffic danger also restricts children's independent mobility,
impacting their societal participatigR. Mitra, 2013) Understanding the factors that create traffic
danger is crucialXu et al., 2020)

There are several factors that influence traffic danger within the built environment, infrastructure
design and traffic characteristics. These factors include traffic volume, speed, and presence of
conflict points resulting from street desiff@mith et al., 2020)Recent reviews have shown that

the built environment significantly influences children's collision (i8kdollahi et al., 2023;
Amiour, Waygood, & van den Berg, 2022; Cloutier et al., 2021; S. Richmond et al., E&2&)rs

such as pedestrian density, road density, crossing major roads, and mixed land use all affect injury
frequency. Additionally, the design of intersections, the presence of pedestrian crossings, and the
availability of safe footpaths are cruciatelents that impact children's traffic safety. For instance,

S. Richmond et al. (202Zpncluded that road features like traffic calming measures, adequate

lighting, and proper signage can significantly mitigate traffic danger for children.

Many studies in the field of child pedestrian safety have overlooked the perspectives of children
themselves concerning their own safety. Including children's perspectives in safety research is
important, as their unique viewpoints can contribute to a momgrehensive understanding of
traffic safety and hazard identificatigMeir et al., 2015)

Studies indicate that children's active mobility is shaped by parental views on traffic safety and
neighborhood condition@litra et al., 2014)In Australia, focus group discussions with children

and parents underscored the importance of family routines, neighborhood characteristics, social
norms, and safety in shaping independent mobility experi¢Geaws/iford et al., 2017)Although

WUDIILF GDQJHU LV RIWHQ JLYHQ DV D UHDVRQ WR UHVWUL

parental perceptions of traffic danger remain inadequately explored. Research has identified
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disparities between objective traffic danger measures and the perceptions of parents and children,
revealing a gap in understandi@@miour, Waygood, & van den Berg, 2022)

The complexity of traffic danger assessment is evident in the lite(@aceet al., 2012; Fancello

et al., 2019; Yannis et al., 202@ao et al. (2012pnsidered the mutbbjective characteristics

of traffic danger indicatorsyannis et al. (2020PHQWLRQHG WKH LPSRUWDQFH RI
opinion in traffic danger. This complexity stems from the intricate interplay of various factors. As

we discussed previously, different variallesuch as road design, driver behavior, and condition

of traffic 2 affect traffic danger, each with a complex relationship to the overall risk.

+RZHYHU NQRZOHGJH RQ FKLOGUHQYV DQG SDUHQWVYT SHU'
danger without much nuance. Further, studies on traffic danger focus on the outcomes such as
collisions, but not on what creates traffic danger. When examiningasuidsue it is important

to include the individual directly impacted, especially if they are a vulnerable group. To get at the
complexity of traffic danger multiple perspectives will be gathered including those of experts,
parents, and children. The studyRXIKW WR JDLQ XQGHUVWDQGLQJ RI SDU
experiences in relation to traffic dang€hildren as vulnerable users, parents as adults attuned to

the dangers imposed on children, and traffic experts as adults with specialized knowledge.

In order to understand the details of traffic danger for children, a number of perspectives must be
explored. These perspectives include different groups of stakeholders: children are a key
vulnerable user, parents are the adults most likely attuned gemafor children, and traffic
experts have professional experience and knowledge on the subject. The perspectives of these
groups are sought through focus groups as qualitative methods are an appropriate means to
investigate individual and group attitugddseliefs, and perceptioriStewart & Shamdasani,

2014) Focus groups are a powerful tool for gaining insight into the nuances of traffic danger for
children (Agran et al., 2004; Stewart & Shamdasani, 20Ed¥fus groups are open in nature,
allowing unknown opinions to emerge, both from individuals and from grdupsaffic safety

studies, focus group discussions have proven to be a valuable tool for gaining insights from these
different stakeholder@@dler et al., 2019)The use of focus groups is an effective and convenient
way to collect data about the perceptions, attitudes, and beliefs of children, youths, and parents
(Adler et al., 2019)
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The objectives of this paper are a) to identify the specific factors that contribute to traffic danger
for children, as identified by children, their parents, and traffic experts, b) to explore the
differences and similarities among these key stakeholaempg, and c) to examine how their

understanding of traffic danger aligns with or diverges from the established knowledge base.

Methodology

Structuredocus groupsvereconducted separately with 8 experts of a variety of backgrounds, 14
children between the ages of 8 and 12, and 12 parents. Children-a8edeBe chosen as this is
often the ages in North America when many children begin to do independe(AiiipeEvesato

& E. O. D. Waygood, 2019)making their experience with traffic more pertinent as parents likely
judge traffic when escorting them when they are youngéren children are younger, parents
typically assess and monitor the traffic environment closelyaluating factors like traffic speed,
visibility, and potential hazardsto ensure their children's safety. Foay®ups serve as a
valuable qualitative method to gather these perspectives, allowing for the emergence of unknown
opinions(Adler et al., 2019)They offer a convenient means to collect data on the perceptions,
attitudes, and beliefs of children, parents, and experts, providing detailed insights into the
phenomenon under study. The qualitative analysis process was divided into four steps,

summarzed in Figures. 1.
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Design

Refine the research question Meeting structure Interview guide strategies

Recruitment and participants

Seeking the participants Questioning strategies Timing

Conducting focus group

Role of facilitators Presentation and arrangement Summarizing the results

Data analysis

Review and define
themes

Data familiarization Extracting initial codes Search for themes

Figure5.1 Overview of the methodology

5.1.1 Design

Focus groups were conducted across three participant categories: experts, parents, and children.
Each was queried about factors impacting children's traffic safety, with faliowuestions

designed to delve into the interactions between these factorsti@pmg strategies tailored to

each group helped elucidate these influences. The experts began with general inquiries following

an introductory overview, while parents received a presentation on objectives, transitioning from

broad questions to more lozad concerns about theweighborhoods. Th&ea KLOGUHQTV VHVYV
involved a childfriendly presentationand concrete questions simplified from pilot testing
feedback, progressing from general to specific to better identify traffic danger elements, supported

by examples.

7KUHH GLIITHUHQW TXHVWLRQLQJ VWUDWHJILHY DQG LQWHUYL
groups started with an introduction to the team, the objectives, the method, and a summary of the

project. Then, two main questions were asked:

x 3,Q JHQHUDO ZKDW DUH WKH LPSRUWDQW IDFWRUV Wi
FKLOGUHQ"’
x 3$UH WKHUH RWKHU IDFWRUV WKDW VSBRUKHBEDOO\ DIIHF)
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JRU WKH SDUH Q WI\pfeparel 4 ¢imple Rresemation (both in French and English)
containing: an introduction of the team, an explanation of the objectives, and a list of questions.
The questions for the focus groups with parents and children were tested in pilots with parents
and children not involved in the study. Our approach started with more general questions, then
more specific questions were asked related to their neighborhood and surrounding area to help

them focus on concrete examplebeTguestions were as follows:

X What are the key factors that influence traffic danger for children? That question
was asked to first gather general ideas of what contributes to creating traffic danger.

x What about crossing that street? Are there any factors that can prevent your
children from crossing a specific street? This question was asked to focus individuals
on traffic danger in the street as children will enter streets whether to cross or fetch
an item.

x Do you know any dangerous streets in your neighborhood? This was asked to focus
parents on a concrete example that they are familiar with to facilitate the next
question.

x Are there any changes that can be made to make that street safer? This was asked to
both help identify issues not previously identified, but also to know what parents
thought would make streets safer.

x Imagine a safe street WITHOUT sidewalks. Tell us what can make this street safe
enough for your child to walk there without an adult? This question was asked to

further focus the parents on traffic danger in that public space.

For children] prepared a presentation for children and tested it with children. Following the test,
adjustments were made to better explain the objectives and elicit diverse responses. The questions

were concrete, specific, and easy to understand (according to thewchil

X Are there streets you avoid in your neighborhood? Or streets that yoare not
allowed to use? Tell us about that street. This approach was used to focus the children
on a concrete example they would be familiar with.

X Imagine a street that there would be no worries if you walked on it. Tell us about
that street. This question was used to elicit responses of what a safe street was from

the perspective of the children.
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x Now, imagine if there is no sidewalk. Tell us about that street. This question was

asked to encourage the children to think about the traffic danger on the street.

It should be noted that ethical approval was granted by the Research ethics committee of
Polytechnique Montréal (Application No.CER2363-D).

5.1.2 Recruitment and participants

Variousrecruitment methods were tailored for each stakeholder group. Experts were invited via

online platforms like X and mailing lists of transport professionals. Parents of children-aged 7

and children aged-83 were specifically recruited for their respeetfocus groups. At the age of

8-13, children start to gain a better understanding of road safety and can realistically estimate risks
& L H O D. This age range is critical as children begin traveling independently and face unique

traffic safety challengeSchoeppe et al., 2014)focused on this narrower age group to capture

children's direct experiences as pedestrians. Conversetyuded parents of children aged 4

to provide insights across a broader developmental range. This allows us to understand the safety

concerns and developmental considerations of both younger, more dependent children and older,

more independent childne In Montreal, recruitment involved posting flyers in English and

French on neighborhood Facebook pages and distributing paper flyers with Q& foode

registration in public areas. An incentive of $30 was offered to each participant, both parents and

children.

The focus groups were held online using the Zoom applicéfioom, 2024 petween May and

June 2023. In total, 6 focus groups were held: 3 with experts (n=8 experts primarily in English as
they were from various areas of North America), 2 with parents (one in French n=9, one in English
n=3), and 1 with children (in French, tdeminant language in Montreal n=14). A total of 8 boys

and 6 girls were in the children group, with 5 age@l & aged 141, and 2 aged 123. Parent

groups involved three men and nine women across two sessions. As for experts, they came from
different fields including engineering, education, planning, public health, andjomeernmental
organizations (NGO). The duration of the discussions was: 1 hour for children; 1.5 hours for

parents; and 3 hours for the experts.
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5.1.3 Conducting the focus groups

Focusgroups were led by the first author with assistance from a native speaker of French and
senior researchers who provided guidance. Participants were informed about recording, and an
assistant took notes to mitigate technological issues. An online whitelahrtsticky-notes”

via MIRO (MIRO, 2023)was utilized to foster diverse opinions. Once the participants became
accustomed to using stickotes, they were prompted to respond in "private mode" to minimize
the influence of others' answers initially. After this initial phase, all responses vezesl sind
discussed openly, and any ambiguities were addressed (i.e., why did they think it influenced traffic
danger? Is it a positive or negative influence?). Following this, another round was conducted to
incorporate missed points, potentially sparkedoliyers' contributions. An illustration of the

online whiteboard can be found in Fig&2. Different colors are related to different participants.
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5.1.4 Data Analysis

Considering our emphasis on uncovering themes concerning traffic danger for children, a
thematic analysis is one method for analyzing focus groupAltit@matic analysis is the process
of identifying patterns or themes within qualitative informaf{iplaguire & Delahunt, 20170ur

methodology comprised four steps that are described next.
x Familiarization with the data

Initially, audio recordings were transcribed and meticulously reread to ensure that we understood
the information completely. As a result of this immersion, participants' perspectives were better

understood, paving the way for future analysis.
x Development of initial codes

Data were organized into meaningful segments, reducing extensive information into manageable
FKXQNV 3DUWLFLSDQWVY LQSXWY DQG GLVFXVVLRQV ZHUH F
well as which stakeholder groups (parerdkildren or experts) mentioned it. This step is

illustrated in Figuré.3. Having a positive sign in front of a keyword means that it increases traffic
danger, while having a negative sign means that it decreases traffic danger. The use of these

keywords as codes helped thédwing themes identification.
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Figure5.3 Keyword identification by stakeholder type

x Search for themes

Eleven main themes emerged from the focus group discussions, with their impacts on traffic
danger assessed as positive, negative, or both. Codes were grouped into themes based on
similarities; for instance, codes related to traffic volume and vehicle speredcombined into a

theme named "traffic characteristics."” Figbré illustrates the classification of these preliminary

themes and subthemes.
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X Review and definingthemes

Step 4 involves a detailed review and refinement of themes identified in Step 3. Each theme's
codes are closely examined to ensure they're categorized correctly, with special attention to
overlaps. For example, if a code fits multiple themes, its placemseatefully considered. This

phase may also uncover new insights, such as design characteristics that impact children's traffic
safety, prompting the creation of new themes to address previously unnoticed connections. This
step defines the final themesin Step 3 findings, considering the relationships between classes.
For example, interconnected factors like speed and traffic volume are combined into a single
theme. The objective is to establish a coherent and meaningful thematic structure that captures
the complexities of the research topic. Fig&:® shows final themes as follows: traffic
characteristics, infrastructure/design characteristics, vehicle characteristics, behavioral

characteristics, visibility, land use, seasonal effect, and exposure.

[ Risk injury J

[ e |
[—]

[ Exposure ]

==
/ Children traffic danger \

Traffic characteristics
Vehicletype
Traffic volume
Speed
e Land use
Activity type
Children
destination
e [ —

(8 Ld

[ Seasonal effect ]

Figure5.5 Themes and Suthemes Highlighted During Workshops on traffic Danger for
Children

Based on discussions with our participants, particularly the expert group, several key reasons
related to exposure have been highlighted. This theme is mainly associated with crash risk,

indicating that a higher number of child pedestrians can incregsejury. Additionally, it's
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critical to note that traffic danger, exposure, and seasonal effects are all significant factors

influencing the risk of injury in childrebased on the idea of focus group participants

Exposure directly impacts crash likelihood. A higher number of child pedestrians in an area
correlates with an increased risk of injuries. Injuries are significantly affected by traffic danger,
which consists of several components. Seasonal effects ajsa ptucial role in shaping the risk
profile for child pedestrians. Seasonal variations impact all aspects of traffic danger and exposure,
with changes in weather conditions, daylight hours, and seasonal activities altering the risk
profile. Understandinghe interplay between these eleménexposure, traffic danger, and
seasonal effeckis essential for developing effective strategies to enhance child pedestrian

safety.

Results

In this section| outline themes discussed by each stakeholder group in the focus groups, offering
selected responses to illustrate their perspectives. The results of the focus group discussion are
summarized in Tablé.1. It should be noted that Consensus variables are those on which all
stakeholder groups have the same opinion. Conflicting variables are those on which stakeholders

have differing views or are mentioned by only one of the stakeholder groups.

Table5-1 Summarized results

Theme Consensus Variables Conflicting variables (no
perceived to influence consensus on their influence on
children traffic danger children traffic danger)

Traffic Traffic volume Importance of traffic volume at

characteristics Speed intersection

Importance of speed in stree
segment
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Table5-1 Summarized resultgontinued)

Infrastructure Street width
Design . ,
L Intersection design

Characteristics g

Traffic calming

Traffic control

Active transport

infrastructure
Vehicle Presence of trucks Autonomous vehicle
characteristics
Behavioral '"ULYHUYYV EHKDYI Children behavior
characteristics
Visibility Position of vehicle Importance of street design
Land use Relevance ofchool zone Other destinations
Seasonal effect Daylight hours in the winter
Exposure Pedestrian volume

5.1.5 Traffic characteristics

Participants in all focus groups agreed that speed and traffic volume are the most important

factors regardingraffic danger for children:

"The biggest effect is traffic speed and volume. Other factors might just be an additional factor,
EXW , ZRXOGQTW FRQVLG H Uexpeit,heblib veahispecrIBl) Q IDFWRU

"To reduce the consequences of the collision, it is necessary to ensure that the speed is reduced.”
(Father of three children)

,WITV GDQJHURXV WR FURVV EHFDXVH SHRSOH GULYLQJ RQ \
yearsold)

Some experts argued that traffic volume and speed vary based on location: vehicle speed is seen
as crucial between intersections (street segments), while traffic volume is what primarily

determines traffic danger at intersections.
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5.1.6 Infrastructure Design Characteristics

There are many stihemes in this theme and numerous street and intersection design were
discussed, especially in the expert meetings, including street width, number of lanes, street class
at intersections, type of traffic control, presence of traffic cajnrmeasures and bike path, and
oneway streets. Intersections and street segments were dealt with in separate meetings with the

experts.

" For a child crossing a twavay street, it might be difficult to assess gaps. At the same time, two

way streets may encourage slower sped@xpert NGO representative)

"Adding a median [also known as a traffic island] on a street is effective because it reduces
roadway width. Any measure that reduces road width is effective [to reduce traffic danger]."

(Expert engineer).
Experts also noted the differenoetween traffic control measures as a crucial factor:

3)XQGDPHQWDOO\ D WUDIILF OLJKW DOORZV IRU KDOI WKH W
one of its key purposes. Whereas with a stop sign, all vehicles should come to a stop or near stop.
'"HDWK LV PRUH OLNHO\ DW @xpert) éngineer)OLJKW DV D UHVXOW ~

According to parents, characteristics of the intersection are important: street width, type of traffic
control, and presence of pedestrian crossings. Parents talked about the difference between
SHGHVWULDQ VLJQDOVY SURWHFWHG SKDVH DQG RWKHU VLW

3:KDW LV GDQJHURXV LV ZKHQ WKH SHGHVWULDQ OLJKW LV D\
The pedestrian light should have priority........ and cars cannot turn on the pedestrian light. This

was not the cadeefore and it was verglangerous @other of two children)

Finally, children mentioned a variety of design characteristics, such as street class, traffic control
measures, and active transportation infrastructure. They also often compare how different design

affects traffic volume and speed:

"When it's small streets and there are stop signs, it feels like it's safe. There are fewer cars that

pass quickly. (Girl, 8-yearsold)

"l prefer onelane streets. Because felane streets are often highways, and there, cars go much
faster."(Boy, 112 yearsold)
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5.1.7 Vehicle characteristics

According to all participants, the presence of bigger vehicles and trucks increases the danger level
for children on the street and at intersections. All participants, but especially parents and children

strongly believe trucks are more dangerous tharr otfacles:

"Due to vehicle size increases, SUVs have larger blind spots that can block pedestrian vision.

The measures that work today may not work in the fut(Esgert, urban planner)

"If the child is still small, perhaps if it's a truck or a vehicle that's higher, he [the driver] won't

be able to see the childMother of 8yearold boy)"
"This is what scares me most: trucks passing (itl, 10-yearsold)
36RPH FDUV DUH YHU\ ELJ DQG FDQI\GiNgdarsoW)HYHQ LI WKHUH

Experts also brought up electric vehicles as part of this theme. According to them, given their
quiet operation, children may be less likely to notice their presence, posing a potential safety
concern. Additionally, experts expressed concerns primarilytatbbe safety and reliability of
autonomous vehicles, highlighting potential issues in their ability to navigate complex traffic

situations and respond to unpredictable human behavior.

5.1.8 Behavioral Characteristics

Despite many design characteristics being mentioned by all focus group participants, discussions
about traffic danger led to comments about driver and child behavior, particularly at the parents'
DQG FKLOGUHQTYV IRFXV JURXSYV né&bed ®@&Made @wdre of &y W KD W
GDQJHU WKURXJK HGXFDWLRQ 'XULQJ WKH SDUHQWVY DQG |
importance of drivers observing road safety rules, especially traffic lights, stop signs and speed

limits.

"There is a crossing guard next to my school. But it's still dangertas big street in Montreal

and cars that run red lights(Girl, 11-yearold)

The experts did not mention behavioral factors other than the influence of active transport users
RQ GULYHUYV EHKDYLRU

37KH SUHVHQFH RI RWKHU DFWLYH WUDQVSRUW XVHUV WHD
PDNHV GULY H U V(ERgRIt) NGD Zepresentative)
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5.1.9 Visibility

Another theme mentioned mainly by experts was (a lack of) visibility. For street segments
visibility should be lower, narrowing how far a driver can see to naturally lead them to drive
slower. However, at intersections, it was argued that children areidése to drivers because

of their height, especially when obstacles are present like trees and parked vehicles in the street.

"Buildings and trees can make pedestrians less visi{t@pert, engineer)

Visibility concerns by parents are mainly explained by the size and positioning of vehicles, as
well as how parked vehicles can obscure the visibility of their children to other drivers. They, as
well as experts, mentioned the importance of changing tniiciare to improve visibility,

especially for smaller children:

"Where the crosswalk was elevated, it allows the child to be higher d®lseerat that time."
(Mother of 8yearold boy)

"Youcan also design intersections so that crossings are level with sidewalks. This will increase
pedestrian visibility.'(Expert, urban planner)

5.1.10 Land use

Land use was cited by experts as a factor affecting traffic danger for children. Since school is a
primary destination for children, it was much discussed. Several opposing views were expressed
about how school presence affects traffic danger for children:

"Land use plays a role. Presence of schools and more commercial areas cause more pedestrian
use and a mismatch between land use and road design can be dn(Espert, urban planner)

"In the commercial area, the danger is more about the maneuvers of vehicles thamtierof
pedestrians” (Expert, engineer)

Parents and children did not explicitly mention the influence of land use, but parents discussed
the relevance of school zones:

"The school zones are so small! A child walks more than a school zone to go to school. School
]JRQHY DUH OLNH PHWHUV EHIRUH VFKRRO LWY{V XVHOHVV
She crosses areas of 50 [km/h[Mother of two children)
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5.1.11 Seasonal effect

Another factor mentioned mainly by parents is the seasonal effect. The main issue is related to
sidewalk maintenance in winter and changing visibility due to fewer daylight hours in the winter.
Furthermore, some participants in the expert group emphabkz@dportance of renewing street

markings quickly after the winter. This factor was not mentioned by children.

",Q ZLQWHU WKH ELJIJHVW FRQFHUQ LV KRZ GDUN LW LV <R
FKLOGUHQ JRLQJ WR VFKRRO L'QEXpEHINaDpkNNneff KDWYV D ELJ LV

5.1.12 Exposure

Parents argued that more children walking in the neighborhood might enhance safety, while
experts debated exposure, acknowledging its technical complexities with respect to traffic

danger:

"The amount of exposure (to cars) and the amount of walking is a factor when you think about
the risk of injury." (Expert, public health specialist)

5.1.13 Interactions

Another key outcome of this research is that the influences of the various factors are not always
linear and often interact, meaning that they should not be considered in isolation. For example,
3'RHV PRUH WUDIILF DOZD\V LQFUHDWHUMHYBRON 6 ZQYHL'R 7 KO
traffic moving slowly does not create the same risk of injury or death as less traffic moving
quickly. As such, traffic volume and speed should be considered together. Other examples were

that speed limits and the numloétanes should be considered together, as more lanes (and wider

lanes) can facilitate higher speeds.

Discussion

This study explored the multifaceted factors that influence traffic danger for children through
separate focus group discussions involving experts, parents, and cl8kdiezholder groups all

agreed that traffic volume and speed play a crucial role in contributing to traffic danger for
children.This result is supported by previous literature demonstrating the critical importance of
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addressing these variables to mitigate children's road safetyCisksier et al., 2021 However,

despite agreeing on this issue, discussions among experts revealed divergent views on the
importance of speed depending on if onecagisidering intersectionsr street segments

previous studies, speed had a great impact on children's traffic d&igatier et al., 2021,
Rothman, Buliung, et al., 2014but occasionally their results differed at intersections. As an
example, a study bgennet and Yiannakoulias (201f6)nd no relationship between pedestrian
motor vehicle collisions and speed at intersections. Various viewpoints highlight the complexities
of the issue, which emphasizes the multifaceted relationship between road design and traffic

behavior.

All focus groups recognized the safety hazard posed by larger vehicles such as SUVs and trucks
for children. Recent research supports this concern, highlighting the role of vehicle design in
traffic danger(Cloutier et al., 2021)These larger vehicles often have substantial blind spots,
affecting whether those outside the vehicle are visible to the driver. As children are smaller, this
can mean that such vehicles are endangering children more. Other studies connect larger vehicle
with children injury severityRothman, Buliung, et al., 2014) holistic approach that integrates
considerations for those outside the vehicle into vehicle design is nieedddress the danger

for pedestrians, particularly children. Implementing greater restrictions, such as speed modulators
and sensors for larger vehicles is necessary to mitigate thePreskiousstudies recommend
equipping large vehicles with pedestrian/cyclist detection systems, side underrun guards, and
blind spot cameras/sensors to improve saf&@gladover, 2021)Intelligent transportation
systems that use sensors and cameras to detect pedestrians and automatically apply brakes have

also shown promise in reducing collision rigkdadimeji et al., 2023)

$FFRUGLQJ WR RXU SDUWLFLSDQWY VWUHHW DQG LQWHUVH
traffic dangerSeveral factors were considered, including street widths, intersection designs,

traffic control measures, as well as infrastructure that suppotige transportationWhile

previous studies have found a correlation between road/intersection design characteristics and
traffic dangefS. A. Richmond et al., 2022pur study highlights the importance of evaluating

this relationship along with traffic characteristics like speed and volume. For instance, to evaluate

the impact of street width on safety risks, it is necessary to consider the speed and volume of
traffic on that street simultaneously. There may be significant differences in the safety

implications of a wider street based on whether vehicles are traveling at high speeds in heavy
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traffic versus at lower speeds in light traffic. Using this mdilthensional approach allows a
deeper understanding of the risk factors and allows the development of more contextually

relevant solutions when compared with viewing design elements indsolat

Experts highlighted visibility concerns caused by parked vehicles and other obstructions, like
buildings, which can obstruct drivers' view of children at intersections. Studies show that barriers
to children's visibility at intersections decrease safethofer et al., 1995However, the experts

also noted that limiting driver visibility on road segments could potentially reduce traffic danger
by decreasing speeds and focusing the driver's attention closer. While better visibility at
intersections may improve safety, widpen roads can encourage speeding. It is clear that
visibility is crucial in design and planning, but its impact on safety varies depending on whether

one is assessing a road segment or an intersection.

Both driver and child behavior were emphasized as key factors contributing to traffic danger in
WKH GLVFRXUVH +RZHYHU LW ZDV FOHDU WKDW FKLOGUHQT
driver behavior created traffic danger and greater Tibls illustrates the inherent relationship
between road users' actions and children's sa@éijdren highlighted how driver behavior was

scary and dangerous when they disobeyed rules, drove quickly, and operated large vehicles.
Parents also discussed drivermmiance to road rules and speed limits as important, but also
talked about teaching children about road safétythat latter point, a review of educational
interventions for pedestrians (14/15 were for children) found no improvement on safety
(Duperrex et al., 2002)n fact, research does not show that children's educational interventions
reduce actual traffic dangéhkbari et al., 2021)In addition, children's perspectives on drivers

who do not adhere to rules highlight the importance of reorienting the conversation towards the
danger imposed rather than just the danger suffered. Oweratinsensus with Vision Zero (a

traffic safetyvision that aims for no deaths or severe injuries), the focus should be on designing
safe systems rather than blaming individuy&sn et al., 2017) especially those who are not

creating the danger.

While previous studies have demonstrated the influence of land use types on traffic danger
(Abdollahi et al., 2023; R. Ewing & E. Dumbaugh, 2008)r study suggests evaluating the
relationship through the lens of pedestriaghicle interactions and levels of exposure. Certain

land uses like schools or commercial areas can directly increase the number of pedestrians on
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surrounding streets, heightening their exposure to vehicles and potential conflicts. A more
detailed study would be necessary to fully understand how specific land use contexts affect
pedestrian behavior, traffic patterns, and the nature of their interacvith vehicles and
ultimately affecting risks of injury or death.

Limitations and Future Research

A significant challenge in this research was securing reliable participants for the parents and
children's groups, each available for several hours. The initial approach led to undesirable
outcomes; in the parents' group, about half showed interest oaljodbe incentive and were

not actively engaged. In the children's group, despite prior instructions for camera activation to
verify participants' ages, reluctance to do so caused uncertainties, resulting in the session's
cancellation. This problem was s#mt in the French groups, which included participants
previously involved in related research. To address these idsaeggest avoiding upfront
incentives and instead expressing gratitude-pasicipation to ensure genuine interest in the
research. Furthermore, scheduling conflicts prevented the participation of key experts like police
officers and policymakers, affe€@dJ WKH VWXG\TV RXWFRPHV

A strength of this research was the direct involvement of children and parents and the ability to
gather information from them about traffic safety. However, only one focus group was carried
out with children who were primarily based in Montreal, so itas known how generalizable

the results might be. The context of smaller urban centers or different driving cultures might elicit
new or contrasting opinions. Furthermore, the random selection of participants and the mixed
gender makeaip of the groups mdyave had an impact on how participants answered focus group
guestions. Including individuals of different genders in the discussions likely introduced a diverse
range of perspectives, experiences, and communication styles, which could have influenced the
dynamics of the conversatiofhe researchers, however, tried to promote athoeatening,
confidential atmosphere that encouraged open dialogue among participants in the focus groups.
Our study focuses on understanding the factors that influence traiffiged based on the
perspectives of stakeholders. The primary objective is to develop a comprehensive methodology
for assessing traffic danger at strbgistreet level, enabling cities to identify areas where traffic
danger may be limiting children's indeplence. While we recognize that new technologies, such

as interactive applications and simulations, can play a significant role in educating children about
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traffic danger, our primary results are derived from discussions among participants. These
technologies were not within the scope of our focus group discussions. However, other research
has explored how to better prepare children to handle traffic damgeigh such technologies
7TULIXQRYLU HW fdue study could specifically examine the impact of these
technologies on children's perception and response to traffic danger, potentially incorporating

advanced simulations in focus groups to provide deepights.

Conclusion

This paper examined the intricate factors influencing traffic danger for children, using insights
from experts, parents, and children gathered through focus group discussions. Thematic analysis
revealed underlying patterns regarding traffic danger fordaml Several themes were
consistently discussed by all three stakeholder groups: traffic speed, traffic volucksg,and

large vehicles, and how road design can increase or mitigate traffic danger. Other potential
influencing factors such as land uséucation, seasonal effects, and exposure were mentioned

but not felt to have the same level of influence.

Each stakeholder group contributed uniquely to the outcomes. Children expressed more concerns
about driver behavior and traffic, highlighting larger streets as more dangerous and adults' actions
in vehicles as a source of danger. They often relied on ensotib articulate their experiences.
Parents provided insights on reduced visibility from inside vehicles, the size limitations of school
zones, and the illegal or dangerous behavior of other parents driving their children to school.
Experts delved into bBroader range of influences, focusing on how street design can exacerbate
or mitigate dangerous conditions. They also discussed contextual factors like land use, seen as
related more to exposure than increased danger. Another key také&awayocus group
discussionwas that many factors had ntinear impacts and interact with other factors so they

should not be considered in isolation.

The results support contegpecific design interventions, emphasizing how human behavior and
road design are interconnected and impact traffic danger and recalling the need for tailored
interventions in areas frequented by children, especially outsidmlszbnes. This research
contributes to the ongoing discourse on child road safety and helps guide future efforts to create
safer and more chifffiendly urban environments. To ensure child safety in transportation,

physical design and human behavior nhesintegrated. A collaborative approach is essential to
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ensuring a safe and sustainable road environment, prioritizing children's safety over drivers'
efficiency preferences. Due to the multifaceted nature of this problem and the potential
interactions between different factors, future research should explese tynamics and
prioritize these key themes. Adopting a mualiteria evaluation approach could enhance the
assessment of traffic danger. In addition, evaluating interventions through discussions with

vulnerable users and evidergased policymaking a@ucial.

The findings from this study can be directly applied to enhance urban planning and traffic safety
measures. Urban planners and policymakers can use these insights to design safer street
environments that prioritize child safety. For instance, implemetrifiic calming measures

the areas frequently used by childrenproving visibility at intersectionsy adjusting sightlines

to account for children's shorter heiglind ensuring safe crossing points near schools can
significantly reduce traffic dangefor children. Moreover, this research underscores the
importance of involving diverse stakeholders, including children and parents, in planning and
decisionmaking processes to ensure that the implemented solutions address -therlckal

concerns and expiences of the most vulnerable road users.



67

CHAPTER 6 SAFE STREET FOR THE KIDS: EVALUATING TRAFFIC DANGER
IN THE CITY OF MONTREAL THROUGH A MULTI -CRITERIA DECISION -
AIDING APPROACH

In this chapter| investigate the third objective of this dissertation: the development of a tool to
assess traffic danger using the Mu@iiteria Decision Analysis (MCDA) approach in street
segment level. Building on the insights from stakeholders presented in theupretiapter|

define the problem, evaluate the factors influencing traffic danger, and ultimately assess the
effectiveness of the developed model.

Ensuring road safety and minimizing traffic danger is a critical concern for urban planners,
engineerstransportation officials, and municipal authorities. Traffic crashes can result in loss of
life, injuries, property damage, and significant economic costs for all road users, including
SHGHVWULDQV F\FOLVWV DQG PRWRULWMOY GlghalHStated) OG +HELC
Report on Road Safety indicates that road traffic injuries claim the lives of more than 1.19 million
people each year, making it thimmth leading cause of death for people of all d§&d0, 2023a)
Pedestrians and cyclists account for more than half of all fatalities. If a street environment
prioritizes the safety needs of vulnerable road users, it is likely to also provide a high degree of
protection for other age groups with respect to traffingga (Constant & Lagarde, 2010)
Children are particularly vulnerable due to their reduced experience, physical and mental
abilities, as well as their smaller size, which not only impacts their ability to be seen or to see,
but also increases their risk of injury severity, head injuaed fatalitiegAbdollahi et al., 2023;

Cloutier et al., 2021)In Canadagenerallymotor vehicle traffic fatalities are the third leading
cause of death among children between the ages of 1 af@rdri®sportCanada, 2021Jo
effectively address traffic danger issues across living environments and not only where a crash
happens to occur, it is crucial to accurately measure and assess the level of traffic danger at a
granular, streeby-street level, with a particular emgig on protecting vulnerable road users.

By prioritizing their needs through urban design, municipalities can create safe systems that

account for the limitations of all street users while minimizing exposure to high traffic risks.

Existing studies on traffic danger have primarily relied on analyses of historical crash data, traffic
engineering techniques (such as road geometry modifications, speed limit enforcement), and

observational studies. As an exampghagrirforoush and Bellalite (2019onsider the crash
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hotspot to find the problematic traffic danger location. Historical crash data can only examine
where a crash (the outcome of traffic danger, not the source) occurred. A crash between a vehicle
and a pedestrian is highly unlikely if no (or very few) peopklk there because of the traffic
danger. As a result, traffic danger of streets cannot be accurately mebhasset on this
approach. Observational approaches that include near misses can better highlight danger that did
not result in a crash, but alsaffer from the problem previously mentioned that a lack of users
does not mean that traffic danger is low, though it might mean that risk is low. As such, a means
of estimating traffic danger is needed to help inform interventions to improve not cetly, faift

also accessibility.

Some of the previousaffic danger assessment methods are often based upon biased assumptions
that neglect or ignore sonigmensions because they overlook a variety of stakeholders during
the assessment process thereby excluding their experience and views about traffic danger. In
many cases, such approaches also fail to recognize the interaction between different factors
relaed to traffic danger om some casethe nonlinear nature of theseelationships Such
approaches also fail to recognize the interaction between different factors in relation to traffic
danger or that the relationships are #iaear. A more holistic ashmultidisciplinary approach is
required to develop a framework that assesses traffic danger more accurately. In such cases,
multicriteria decision aiding (MCDA) can be beneficial. This is a collection of methods designed
to help individuals or groups makiecisions that matter by taking into account multiple criteria
(Belton & Stewart, 2002)Like all other decision aiding approaches, the MCDA process is there

to support rather than replace decision makers.

This study aims to addreske limitation of previous approadby proposing a multicriteria
decision aid (MCDA) framework to assess traffic danger. It was developed through numerous
workshops, on a consensual basis, among different groups of stakeholders who participated in
the project. The evaluation model is ob&drusing the MACBETH methofBana e Costa &
Beinat, 2005)By engaging stakeholders, including experts, parents, and children, through focus
groups and workshops, the study constructs cardinal (indewel) scales and weights for
various criteria influencing traffic danger on street segments. The MACBETHcnitatia

method is employed, coupled with GIS software for visual representation, to generate aggregated

traffic danger scores for street segments in the City of Montreal.
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Literature R eview

x Traffic danger definition

Due to the lack of distinction between traffic danger, exposure and crash risk in the literature on
traffic danger, and because risk and exposure may have independent effects on crash incidence,
it is necessary to begin this review by clarifying these sefimaffic danger refers to the inherent

risk present in the roadway environment due to factors related to the built environment (such as
road design, traffic volume, and vehicle speeds) and personal characteristics such as driver
behavior(Widener & Hatzopoulou, 2016Exposure quantifies the amount of time or distance

that road users spend in potentially hazardous conditions, such as the number of pedestrians
crossing a busy intersection or cyclists riding on a particular street. Previous studies have
primarily consiered the influence of exposure on the frequency and severity of collisions, with
varying results. For exampléGropp et al., 2013)eported significant positive associations
between exposure to traffic and child pedestrian collisions, WRi¢hman, Macarthur, et al.,

2014)found no relation between pedestrian exposure and the number of collisions.

Crash risk is the probability of a crash occurring, influenced by bothditision rateand the
exposure of road users to these dangers. In other words, risk relates to the likelihood of a crash
event occurringMerlin et al., 2020) It is often measured irateterms, such as the number of
crashes per population size (e.g., road fatalities per 100,000 inhabitants) or per amount of travel
(e.g., road fatalities per billion vehicle kilometers travel@IECD, 2014) To sum up, while

traffic danger focuses on the hazardous conditions themselves, exposure highlights the extent to
which road users interact with these conditions. Crash risk combines both aspects to estimate the
likelihood of an actual crash. By distinghing these concepts, it becomes clear why merely
analyzing crash data can be misleaditggh danger areas might show few crashes simply due

to low exposure, rather than an absence of risk. Therefore, a comprehensive approach is necessary

to effectively @sess and address traffic danger.

Traffic danger has been addressed in a variety of ways. For crashes involving vulnerable users,
researchers have focused on two distinct avenues of inquiry: the relationship between traffic and
built environment characteristics and pedestrian/cycliststofis or injuries, and the perceptions

of active transport safety by parents and children in relation to the built enviro(meiotr,
Waygood, & van den Berg, 2022; Cloutier et al., 2021; Rothman, Buliung, et al., Z8&3)uilt
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environment plays a crucial role in shaping the traffic danger, with factors such as street design,
traffic features, and active transportation infrastructure exerting significant infl(ien&aving
& E. Dumbaugh, 2009; R. Mitra, 2013; Rothman, Macarthur, et al., 2014)

The impact of built environment features on crash risks in urban areas has been extensively
studied(Asadi et al., 2022; R. Ewing & E. Dumbaugh, 2009; MiraMtaeno, Morency, & El
Geneidy, 2011)Street desigissuessuch as visibility problems, pedestrian facilities shortages,

and lack of traffic calming measures were frequently linked to higher number of crashes.
Researchers have found that road characteristics such as street width, lanes, and lighting
conditions plg a large role in pedestrian crash rafémo et al., 2024)as well as pedestrian
exposurgAsadi et al., 2022)Street width, lanes and lighting conditions all relate to traffic danger
while pedestrians using that street relate to vulnerable user exposure. The two combine to create
crash risk.

Various factors impact traffic danger. Traffic volume is often considered the most significant,
with higher volumes linked to increased collision frequefinow often collisions occur within a

given time or areagnd injury severityKim et al., 2022; Mirand&loreno, Morency, & El

Geneidy, 2011)For example, street segments and intersections with higher traffic volumes see
more pedestrianehicle collisions and fatalitieMirandaMoreno, Morency, & ElGeneidy,

2011; Ukkusuri et al., 20125tudies also explore the relationship between pedestrian volume
and collisions. Some suggest that more pedestrians reduce vehicle speeds and thus traffic danger
(Thakur & Biswas, 2019While others are inconclusive about whether this is a causal relationship

or a statistical correlatiofElvik & Bjgrnskau, 2017)However, accurate pedestrian volume data

is often unavailable at the road level, leading researchers to use alternative measures like

population densityCloutier et al., 2021)

High vehicle speeds are a significant risk, with lower speed limits on residential roads resulting
in fewer collisions and less severe injur{@&heykhfard et al., 2021ppeed and traffic volume
interact, with increased volume initially maintaining but eventually reducing speeds, which

complicates the understanding of their combined effect on q&f&tyg et al., 2013)

Land use also influences traffic danger. Commercial areas may increase motorpethesiian
interactions, raising crash numbé&@ifton & KreamerFults, 2007)while residential areas often

provide a protective effect, particularly for child pedestri@issanayake et al., 200%jowever,
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areas with schools and parks generally have higher injury (theegproportion of injuries that

occur relative to the number obllisiong (Bennet & Yiannakoulias, 2015)

Vehicle design contributes to traffic danger, with light trucks and SUVs posing greater risks due

to their mass and height, leading to more severe pedestrian injukieB JRYLU HW DO

Driver behavior, such as aggressive driving, significantly increases crash rates. Reckless driving
behaviors like speeding and failing to yield to pedestrians are major factors in pedestrian crashes
(zafri et al., 2022)Previousstudies highlight that aggressive driving styles are closely linked to
crash risks(Jun, 2006)arious factors can impact crash risk. Accordimghe majority of

traffic safety literature, traffic volume is the masgnificantfactor affecting collision frequency

and injury severityfAmiour, Waygood, & van den Berg, 2022; Ziakopoulos et al., 20269
example, ilMorency et al. (2015apedestriarvehicle collisions and fatalities were more likely

at intersections with higher traffic volumes. In addition, there have been a number of studies
investigating the relationship between pedestrian volume and collision frequency and severity
(Cloutier et al., 2021; Elvik & Bjgrnskau, 2017; Thakur & Biswas, 20¥#hile some studies

have concluded that it remains uncertain whether the safeiymbers effect is a causal
relationship or merely a statistical correlation with the frequency of traffic dqidak &
Bjagrnskau, 2017)others have found that an increase in pedestrian numbers and movement results
in reduced vehicle speeds, thereby decreasing traffic dafggtur & Biswas, 2019However,

due to the lack of readily available pedestrian volume data at the roadl thisetlata is typically
available at a larger scaeorevious studies have often not considered it or have used alternative
measures such as population deng@outier et al.,, 2021)Another study found that child
pedestrian collisions are more likely on large and straight roadshigithraffic volumes
(Rothman, Buliung, et al., 2014jowever, the frequency of collisions should not be the only
focus as the severity is a critical consideration. High vehicle speeds pose a significant risk to
pedestrian safety since they increase the risk of injury or déalleykhfard et al.,

2021) Researchers found a 28% reduction in pedestnator vehicle collisions when speed
limits were lowered on Toronto's residential roads from 40km/h to 30kRridiman et al.,

2020) High speeds are associated with a higher likelihood of severe injuries and fatalities in the
event of a crasfElvik et al., 2004; Ukkusuri et al., 201 2yhich implies higher traffic danger.
However, as confirmed by various studies, changes in speed levels are related to changes in traffic

volume. According tdWang et al., 2013)when traffic volume increases, speed initially stays
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the same and then decreases. Therefore, accurately considering the relationship between traffic
volume and speed is crucial for understanding traffic danger, as the interaction between these two

factors can significantly impact safety.

The presence of different land uses is another built environment factor related to traffic danger.
Various studies have considered the impacts of different land uses on traffic danger, with mixed
findings (Amiour, Waygood, & van den Berg, 2022; R. Ewing & E. Dumbaugh, 2008
important factor discussed in previous literature is commercial areas. Some research shows that
commercial land use is not related to traffic darf{athman, Buliung, et al., 201,4yhile other

studies explain that commercial land uses may generate more interactions between motor vehicles
and pedestrians, increasing the number of crashes within a specific buffer along each street
segment(Clifton & KreamerFults, 2007) Additionally, arterial roads, often associated with
commercial land uses, can increase the level of traffic d4@géf. Yu, 2015)

For residential land use, studies have shown a negative relationship with injuries among
pedestrians, particularly children. Areas with high residential land use tend to have a protective
influence, making them safer places for walkipgssanayake et al., 2009ther land uses, such

as schools and parks, are generally associated with higher injury rates and increased traffic danger
levels (Bennet & Yiannakoulias, 2015However, there is no significant relation between the

presence of industrial zones and traffic darf{@ifton & KreamerFults, 2007)

In addition to street design factors, vehicle design has been acknowledged as part of the problem
when it comes to traffic dangeiBespite a lack of specific information regarding vehgpecific

risks for child pedestrians, previous studies have shbatright trucks and sport utility vehicles
(SUVs) present a greater risk to adult pedestrians than conventional vehicles because their mass
makes braking more difficult, and their height causes more upper body iff[desspriya et al.,

2010; Hu & Klinich, 2015)

Another critical factor that increases traffic danger is driver behavior and attitudes towards traffic
safety. In particular, aggressive driving habits such as speeding, rapid acceleration/braking, and
failure to pay attention to pedestrians correlatengfisowith higher crash ratg&llison et al.,

2015) According to(Zafri et al., 2022) 90% of pedestrian crashes occurred due to reckless
driving behavior by motorists with no intention to yield to pedestrians. Researchers have

consistently concluded that the failure to follow crossing and yielding laws are strongly
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associated with crashes involving pedestr{aheberg & Rundmo, 2003Yun (2006xamined
patterns of speeding, acceleration, and braking usinghitle GPS and diagnostic data to
predict crash involvement. These individual behavioral measures correctly predicted 68% of
crashinvolved drivers and 87% of nesrashinvolved drivers, fghlighting the link between
aggressive driving styles and crash risks. If driver yielding behavior does not align with
pedestrian expectations, it results in an unsafe crossing situation that can lead to collisions and
injuries (Ulleberg & Rundmo, 2003)

To better understand traffic dangassessmenit is essential to define it accurately. Traffic
danger refers to the hazards associated with road traffic that can potentially cause harm, injury,
or loss to road usel®Videner & Hatzopoulou, 2016)n this study, traffic danger assessment
involves identifying the factors thabontribute to traffic danger and determining the relative
importance of these factoféie assessment of traffic danger can identify tnigk areas, evaluate

safety interventions, and prioritize resources to improve road safety

Previous studies primarily assess traffic danger by evaluating the probability of collisions and
calculating the likelihood of different types of collisions, such as fatalities and severe collisions.
These assessments typically focus on quantifying thkeofiscrasheqcollision rate)and the
potential severity of their outcomes¢lLakim & Ghani, 2022) The assessment of traffic danger

can identify highrisk areas, evaluate safety interventions, and prioritize resources to improve
road safetyfArun et al., 2021)The literature contains many methods for assessing traffic danger.

In somecases, predictive and simulation modeling are used with a variety of sofbaiina &

Ghani, 2022) By using statistical, mathematical, or machine learning techniques, proponents
propose that these techniques can predict future crashes and identify locations with elevated risk
levels(Zheng & Sayed, 2020Y o predict crash frequencies and decide where to invest in safety,
models like Safety Performance Functions (SPFs), Empirical Bayesian methods, and machine
learning algorithms are used. These models analyze crash data, road features, traffic volume, and
other factors(Li, 2020). Archer and Young (201@nalyzed and predicteik of collisionbased

on three two proximal indicators: timie-accident, timeo-collision, and posencroachment. In
another studySobhani et al. (2013)sed a micro simulation model to evaluate the performance

of roads in terms of dangéy estimating the number and the severity of confliétsother
assessment method involves physical observation on site or video observation at the office. In

Ambros et al. (20143tudy, observers spotted conflicts at a selected intersection and classified
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them by conflict type and severityhile these studies are useful and advanced in assessing the
risk of collisions, they fail to consider in depth what causes traffic danger and what factors can
exactly influence traffic danger. As a result, the definition of traffic danger is directtgdeta

the incidence of collisionand analysis of possible conflici&/hile these methods are valuable,
they often rely heavily on historical crash datad results ofimulation models. These models
may fail to capturethe multifaceted nature of traffic danger, particularly re@ases and
unreported crashes. These methods are also often regsaiertgve and may not provide a
comprehensive view of the interactions between various risk factddslitionally, focusing

solely on crash statistics ignores titherimpact of traffic danger that leads to stress and limits
users' rights to move around safely. It is essential to recognize that no crashes between pedestrians
and vehicles would occur if streets were so dangetbat no pedestrian would walk there.
Moreover,these methaglalso avoid considering the perspectives of various stakeholders, such
as local communities, traffic planners, and policymakers, along with perceptions of safety among

road users, which can greatly impact traffic dangeasurement

Considering these limitations, there is a pressing need to develop more comprehensive
methodologies for measuring traffic danger. Multicriteria decision aiding (MCDA) is emerging
as a promising alternative to determining safety measures by considermgs\aiteria(\Wang

et al., 2009)

Recently, incorporating stakeholders' opinions has become increasingly popular in transport
planning(Donais et al., 2019b; Macharis & Bernardini, 2015; Marleau Donais et al.,.2019)
traffic danger assessment, several studies have employed MCDA techniques, most notably using
the Analytic Hierarchy Process (AHBpproachFor examplePano (2018developed a traffic

safety model for Saudi Arabia based on expaded questionnaire surveys and Analytic
Hierarchy Process (AHRD rank a set ofoad safety variablelsy incorporatingpolicymakers'
preferencesTOPSIS methodology was similarly used to assess traffic danger by comparing
alternatives to ideal and worsase scenarios. The TOPSRSR methodology was developed by
(Chen et al., 2015n order to evaluate the road safety risk based on traffic danger indicators
derived from various literature reviews. Prior studies ignored the relationships between several
factors that influence traffic danger and sometimes did not accouttiforarying impact of
different intervals within each factor. For example, a change in speed from 20 to 30 km/h may

have a different effect on traffic danger compared to a change from 30 to 40 km/h, yet this
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distinction was not always consideré&dirther, indicators used to determine traffic danger were
mostly based on literature, without considering stakeholders' experience and views. Furthermore,
Regarding most common MCDA methods in traffic danger , TOPSIS is appropriate for
guantitativeandcardinal data and cannot take into account qualitative ({getikbilek & Tuysliz,

2020) As for AHP, although very popular and widely used, it suffers from many shortcomings
(Munier et al., 2021¥uch as assuming criteria independeaicé their limitation in evaluating

large number of alternativeExisting MCDA studies often overlook fundamental aspects, such

as considering the interactions among different variables and defining the scales for various levels
of criteria, emphasizing the need for more comprehensive approaches. This paper proposes a

approach to respond to this issue.

The purpose of this study is to address the complexity of assessing traffic danger through
methodologically sound MCDA techniques. Our goal is to develop an evitiaseel tool that
accurately assesses traffic danger with focus on children as a vulrgg@ipeby examining the

views of stakeholders.
Methodology

6.1.1 Framework

Our multicriteria danger evaluation model is built using the MACBETH multicriteria method
Costa & Vansnick, 1994xoupled with GIS software ArcGIS Pro 3.@QEsri, 2022)for visual
representation. MACBETH constructs inteAedel scales from participant judgments,
determining weights and generating aggregated scores for alternatives. This established method
employs a constructivist approach, engaging stakeholders thmeadéshops to minimize
conflicts and achieve consensus. Although MACBETH has been used in a variety of applications
to assess transport related projébisnais et al., 2019bjt has not been applied to traffic danger

and its use in classifying street segments according to traffic danger is ursgose to use
MACBETH primarily due to the complexity of measuring traffic danger. Given the numerous
variables that influence traffic danger, and their unequal andimeer effects, MACBETH
effectively accounts for all these aspectdACBETH makes it pssible to calculate an
aggregated danger score based on a weighted mean for each street segrit (Abial.,

2023). The reearch framework comprisése phases: (1) problem structuring, (2) constructing

local danger scales for each criterion, (3) weighting criteria, (4) generating a global geographical
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traffic danger index mapsnd (5) validation. Each phase involves multiple steps, detailed in

Figure6.1 which will be described below.

(1) Problem structuring: defining evaluation considerations

Focus group discussion with the stakeholders Identifying vanablez;ilsag:d to children traffic

I,

(2) Constructing danger scales: determining criteria levels and thresholds

Constructing the criteria

.. . . L. L. Defining the difference in danger for criteria performance
Determining the danger direction Determining the reference levels for criteria ~ oyels

I,

(3) Weighing criteria: assessing importance

Comparing pairs of fictitious alternatives Defining the difference in danger level among fictitious alternatives

I

(4) Generating geographical traffic danger index maps

Computing the aggregation and visualizing the children traffic danger

Visualizing the danger level of streets per criteria .
index

I

(5) Validation: comparing model estimations to expert rankings

Ranking set of street segments Comparing the new ranking with model ranking

Figure6.1 Overview of frameworK inspired by(Donais et al., 2019b)
6.1.2 Application

The framework was applied through online group and subgroup workshops involving three key
stakeholder types: experts, parents, and children. These workshops were conducted via Zoom
(Zoom, 2024)etween May and June 2023, accommodating participants' schedules. A total of
six focus groups were held: three with experts (primarily in English, given their diverse North
American locations), two with parents (one in French, one in English), and dnehilitren (in

French, the dominant language of Montreal). The expert group included public health
professionals, engineers, city officials, and urban planners. The resesmrchserved as
facilitators during the workshops, without attempting to influetheedecisionsTheir purpose

was to clarify the process and facilitate the discussion process.
X Structuring the problem

The MCDA process starts with problem structuring (seeurgigol), involving problem
identification, criteria construction, and scale establishment through collaborative group
workshops. Participants in focus group workshops were queried about their views on traffic

danger, exploring influencing factors and their tielaships. A unique questioning strategy and
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interview guide was developed for each stakeholder group based on their unique characteristics.
A detailed account of the focus groups can be found in Abdollahi et al. (submitted). The two key

guestions for the focus groups were essentially:

1) "What are the mostimportant factors affecting traffic danger?"

2) "Are there other factors that specifically affect children's traffic danger?"

Using thematic analysis, nine categories were identified from the focus group discussions:
Vehicle characteristics, Traffic characteristics, Active transport infrastructure, Visibility, Traffic
calming, Street design, Land use, Behavior, and Seasondbkefiexn the discussions, several

of the categories were combined as they interact with each other to create six criteria to assess

traffic danger (5 qualitative criteria and one quantitative)

Next, we defined the performance levels of each criterion im&ukshops and with the experts

in the research team. It should be noted that the significance of different levels of criteria was
identified through focus group discussions. For examplecjgannts stated that as vehicle speeds
exceed 30 km/h, their contribution to traffic danger increases significantly. As a result, we

highlighted this speed threshold in combination with other relevant variables within this criterion.

These were often a combination of measurements related to one or more indicator. As an
example,| used the indicators number of street lanes and the presence of trees to determine the
ordinal performance levels of Driver's visibility. As a result, the following three performances

defined the scale for this criterion:

Low visibility: one lane with trees or two lanes with trees,

Medium visibility: 3 lanes with trees, or 1 or 2 lanes without trees.

High visibility: 4 or5 lanes with trees or 3 or 4 or 5 or6 lanes without trees.

AppendixB contains details of the performance levels of all the critéable6.1 presents the

criteria and the performance levels.

x Constructing cardinal danger scales

In this phase of the analysisXVH WKH 0%$&%(7+ PHWKRG LQ RUGHU WR W
performance levels into danger levels based on participants perceptions, experience and

knowledge.l conducted subgroup meetings with experts to build the danger scales for each
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criterion by asking participants: (1) first, to specify the danger direction (meaning whether a
smaller or a larger value on the criterion makes the danger higher), (2) defining performance
levels of criteria, (3) defining a reference level of traffic dang WKDW LV 3ORZHU ™ DQG
RUGHU WR GHILQH D FULWHULRQYfV XQLW DQG HI[SUHVVL!
between two performances, necessary for constructing an interval scale. As an example, Figure

7.2 shows the danger scale buith the participants foPointsof interest and commercial area

size As is almost always the case, the built interval scale is not lineaZ@\iet al., 2023).

Figure6.2 Constructed danger scale for Presence of points of interest & commercial area size

Figure6.2 shows different performance level on thaxts and the MACBETH scale on the y

axis. It should be noted that the measure combines the number of Points of Interest (POI) and the

size of commercial areas (categorized as small, medium, and large). All possible performance
variations within the study area have been considérextder to define a unit for each criterion,

reference levels must be provided) RU WKLV FULWHULRQ D 3KLJKHU” UHIH
dangerous, refers to a street segment that participants would consider dangerous (it could be said
that at that poinparticipants &rt getting concerned about the traffic danger created by this
criteria).In the case of the "lower" (neutral) reference level, acceptable, relates to a level that is

at the lower limit of dangeAt this level, the criteria is considered neither safe,damgerous.

By convention, the lower level is assigned a value of 0 and the higher level a value of 100. The
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danger scales are open, meaning that it is possible to have negative danger values or values higher
than 100. So, a unit is 1/100 of the difference between the danger of the higher reference and that

of the lower reference. Tab&el presents the lower and higher reference level of all criteria.

Table6-1 Criteria Reference Level

Criteria

Lower level

Higher level

Traffic-design

Acceptable (e.g., speed limi

characteristics =30 km/h, traffic volume =| speed limit = 40 km/h, traffic
low, two-way street one |volume= low, onevay
lane) street, 2 lanes)

Somewhat dangerous (e.g.

Traffic calming

Very good effect(e.g., a
street with a bollard and ar
in-street sign)

Some effect (e.g., a stree
with an instreet sign)

Point of Interest (POI) and
Commercial Size

Acceptable (e.g., 3 POI with
small size commercial area)

Somewhat dangerous (e.g.
4 POl with medium size
commercial area)

'ULYHUTV %HKDY

Acceptable (e.g., adequat
respect to speed limit ang
stop sign and moderatg
disrespect to traffic signal)

Somewhat dangerous (e.g.
moderate disrespect to spee
limit and adequate respect t
stop sign and traffic signal)

'ULYHUTV 9LVLEL|Lowvisibility (e.g., twelane | Medium visibility (e.g.,
street with trees) threelane street without
trees)

Heavy vehicle

characteristics

50 veh/day (one vehicle
every 20 minutes)

300 veh/day (one vehicle
every 3minutes)

In addition, participants rated the perceived differences in danger between each performance level
based on a-point semantic scale: null, very weak, weak, moderate, strong, very strong or
extreme by comparing each pair of performance lefedach criteriaThis information is crucial

in order to construct an interval scale that will allow us to aggregate local criteria danger levels

into a global score using a weighted sum.
x Details of criteria
Traffic -design characteristics

This criterion defines segment performance based on four factors: street segment direction, speed
limit, traffic volume, and number of lanes for each segnidme.data for speed limit and direction

were extracted from Open Data Montr@@penDataMontreal, 2023)he volume of traffic was
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estimated based on Average Annual Daily Traffic (AADFor the Average Annual Daily
Traffic (AADT), since this data is not available for all street segments in the study area, we
utilized the results from a previously developed simulation model at Polytechnique Montréal.
Open Street Map data was used for the number of ldhasng the workshop with the research
team, a Traffic design characteristics criterion wegeloped with five performances: 1.) Safe;

2.) Acceptable; 3.) Somewhat DangerousPahgerous; and 5) Very dangerouis.terms of the
direction of the criterion, if everything else is equal, the higher the level, the more dangerous the
street segmenAs part of our model,also placed "acceptablasthe lower level and "somewhat
dangerousasthe upper levelAs a reminder, the lower level is the point at which criteria is
neither safe nor dangerous. The upper level is where one begins to get coabeuteuaffic

danger
Traffic calming

Using this criterion, segments are ranked according to whether they have traffic calming
measures and, if so, how many and what types of traffic calming measures they have (see Table
2). Based on the data provided by the City of Montreal, the followinggodaes have been
defined: 1) segments without traffic calming measures; 2) segments with very little traffic
calming effect; 3) segments with some traffic calming effect; and 4) segments with very good
traffic calming effect. Additionally, streets with yegood traffic calming effects were placed at

the lower reference level, whereas those with some effects were at the upper reference level.
Assuming other factors are equal, a higher traffic calming value will result in lower traffic danger

levels.
Point of interest and commercial size

In order to illustrate the influence of land use near a segment, the participants decided to use
points of interest. Points of interest (POI) are special places or areas within urban environments

that are unique, important, or relevant to the commyRisyllidis et al., 2022)in the case of the

&LW\ RI ORQWUHDOYfYVY RSHQ GDWD WKH OLVW RI 32,V LV H[W
facilities, transport hubs, healthcare facilities, etc. In focus group discussions with participants,
commercial areas were of far more cem than any other POIs, especially when the commercial

land use is larger, since this can increase pedesteiaicle interaction. Thud, decided to

separate the commercial from the other POIs and measure their area as a factor in this analysis.
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First, | spatially extracted the commercial areas from the other Points of Interest (POIs). Then,
after calculating the area of eadhspatially joined each commercial area to the nearest street
segment. To be more precideglassified the commercial areas into three categories: small,
medium, and large. As for the other PAlgounted the number of POIs near the street and
classified the result as low, medium, or high. With respect to traffic danger, four main levels were
identified: 1) Safe, 2) Acceptée, 3) Somewhat dangerous, and 4) Dangerous. As a result, level

2 (Acceptable) was the lower reference level and level 3 (Somewhat dangerous) was the upper
reference level. When all other things are equal, streets with the higher level of this cnteria ha

a greater level of traffic danger.
'"ULYHUTV %HKDYLRU

Drivers' behavior can affect traffic danger in many wgiseykhfard et al., 2021yVhile there

are many factors to consider when developing this regulation, based on the results of the focus
group discussiond,decided to focus on drivers' respect for traffic control and speed limits. In
order to gather this informatiohdesigned a survey and distributed it to residents on the island

of Montreal asking different questions regarding the behavior of drivers. The questions related to
these three key behaviours: speed limit respect, stop sign respect, and traffic sigoal Aespe
detailed descriptive analysis of the sunasyd thesurveyfV . SDUWLFLSD Q yuastiBisDUD FWH
can be found in Appendi€ and Appendix D respectivelyNext, | introduced four different

scales to facilitate creating the performance level: strongly respect, adequately respect,
moderately disrespect, and strongly disrespect. At the meeting of the subgroup, the following
levels were constructed based on combinatmfithe scales for the three key behaviors: 1) Safe,

2) Acceptable, 3) Somewhat dangerous, 4)deanus for this criterion. According to these levels,
'‘Acceptable’ is defined as a lower level, while 'Somewhat dangerous' is defined as an upper level.
When all other factors are equal, higher levels result in more traffic dangers.

Visibility

Another factor that participants mentioned during focus group workshops was driver visibility,
which can be influenced by architectural features or obstructions. Participants stated that limiting
driver visibility could reduce traffic danger by concentrgtiheir attention more closely and

reducing their speed at the segment level. In order to evaluate this critelearded to combine

two factors: the number of lanes on each street segment and the presence of trees on the street
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segment. Using the data available, three performance levels were defined: 1) low visibility, 2)
medium visibility, and 3) high visibility. It was decided that the lower level would have low
visibility and the upper level would have medium visibility foistbalculation. All other criteria

are equal, higher visibility levels resulted in greater traffic risk.
Heavy vehicle characteristics

All focus groups recognized the dangers associated with larger vehicles, such as SUVs and trucks.
Larger vehicles have larger blind spots, which can obscure pedestrian visibility, particularly for
children (Edwards & Leonard, 2022)n order to create this criteriohused a measure of the
number of trucks (lighsuch agelivery trucksand heavy) and buses that pass along each street
segment. Due to the lack of data for all street segments in the city of Moh&stinated the

heavy vehicle volume with the help of the built environment and the design characteristics of the
segments using Light Gradient Boosting Machine (LGBWjch is similar to the LGBM model

used byNaseri et al. (2022) use this criterion as the only quantitative criteria in our model. In
terms of the reference levels, 50 vehicles per day was the lower level and 300 vehicles per day

was the upper level. There is a greater danger of traffic when the heavy vehicle wtughei.
X Weighting criteria: deriving scaling constants

In order to determine the weighted aggregated average for each alternative (street segment), the
weights (scaling constants) of the criteria must be determined through input from the participants.
The weights are elicited by comparing pairs of fictitioltieraatives. The alternatives are built in

such a way that all criteria are at the "lower" reference level except for one criterion with an
"upper" reference level. The number of fictitious alternat{geenariokis as great as the number

of criteria (6in our case) plus one alternative where all criteria are scored with the "lower" score.

For this step, two separate meetings with 8xperts were organized. As this process requires
more discussion and takes time, smaller groups were preferred. The experts were asked to
compare each pair of fictitious alternatives. For each pair, the gtmge che segment they
believed was mordangerous andualified the difference in danger level using the MACBETH
semantic scale (starting from no difference to extremely different). In the example presented in
Figure 3, the group decided that segment Anaiheavy vehicle volume of 300 vehicles per day

and low visibility was more dangerous than segment B, which had a heavy vehicle volume of 50

vehicles per day and medium visibility. All other criteria were at the lower limit and assuming
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additive difference independence, do not influence the assessment of danger (Dyer, 2016). Next,
the group came to the consensus that the difference in danger between the two alternatives was
"moderatestrong".In total, we conducted 15 comparisons of fictitious alternatives to determine

the weights of the criteria. Figuée3 illustrates an example of this step.

— Select the most attractive option
( ; \ Cancel
Heavy vehicle Visibility ;
Heavy vehicle Visibility :
Other criteria
A
lower reference Difference
300 Low
\- J
-~ . 5 ~
Heavy vehicle Visibility i u
Heavy vehicle Visibility r
‘ Other criteria
B
lower reference
50 Medium
\ /

Figure6.3 Example of an analysis of two fictitious segments
x Producing Traffic Danger Score maps
Data

This study relies on primary data obtained from Montreal, sourced from shapefiles on the Open

Data Montreal portalOpenDataMontreal, 2023J he dataset includes geolocated criteiach

includes the measurement of each criteDiatails of data and measurement can be found in
Appendix H. 7R DGGUHVV GULYHUYV EHKDYLRU D VXUYH\ WDLOI
conducted. Its important to note that #&study's analysis is confined to some neighborhoods of

the City of Montreal due to a scarcity of comprehensive data on traffic safety measures and

destinations, despite the existence of other municipalities on Montreal Island.

This phase combines MCDA with GIS to process data, incorporate spatial information, assess
street segments, and arrive at the final ranking. During this process, maps are produced to better

visualize participants' views and the results. In order to irerfae MACBETH model with
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ARCGIS, a software for automatic data processing and transfer wagMisedls, 2021) This
software was recently expanded into an application called Othello, available as open source on
Github athttps://github.com/ulavais/othello In addition, it allows decision makers to gain a
broader perspective on a large amount of data. It is important to note that three functions are
performed in the procedure for spatial multicriteria problems: finding the most accurate measure

based on thavailable data, aggregating the spatial data, and aggregating the multicriteria data
x Validation

Validating the constructed models is essential to ensure they reflect the knowledge of the
participants. This was accomplished by comparing a model's rankigstsEet segments (three

for eachdangerclassthe street with lowest danger score and the street with highest danggr score
with ad hoc rankings provided by participants. A random set of alternéteadstreet segments

in the study areayvas selected for the purpose of representing a wide range of contexts and
included two fictitious alternates, namely, an all "lower" alternative and an all "upper”
alternative. In order to facilitate the ranking procdssategorised the street segments into 5
categories from safe to very dangerous, without explicitly naming them. A list of random streets
was presented to the group during the meeting, and then they were asked to assign the alternatives
to one of 5 categaes based on their opinions. Whenever there was a difference of view about a
street segment, they were asked to explai@ut. model was Malated since more than 80% of

segmentsl(4 segments) areategorizedn the same order as the MCDA model.

Following thatvalidation processwebbased interactive maps of the study area were prepared
and sent to expertsho werefamiliar with the City of Montrealto test for any issuedJpon

clicking a street, the street danger score and level were displayed, as well as the street name and
segment ID. Experts were asked to check the streets, with which they are more familiar with and

see if their expectation of danger level matchesahking produced by the model.
Results
There are more than 41,000 street segments in the City of Montreal. Analysis was limited to the

segments of the selectédrough for almost 27,000 street segments. Due to data missing for

many criteria, segments outside the study area were excluded. &@jsh®ws the study area.


https://github.com/ulaval-rs/othello
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Figure6.4 Study area

The results are presented as maps depicting street networks for each of the six critega (Fig

6.5). The color scale indicates the degree of danger from safe to very dangerous. In between these
two extremes, street segments in class 2 near the lower reference level take on blue shade, and
those near the upper reference level take oraageshade. In addition, the black segments are
segments that weren't studied. Criteria maps reveal that the performance values for a segment can
vary significantly deperidg on the criteria used. In some criteria maps, street or segment
measurements are different based on a smaller scale (e.g.-Oesi@gmn characteristics), but in

others, the measures appear to be taken at a broader scale, particularly within areas that
encompass more than one street or segment (e.g. the presence of commercial areas and points of

interest).



86

Drivers' visibility

Traffic characteristics

— Safe —— Low visibility
Acceptable Medium visibility
Somewhat dangerous — High visibility

~—— Dangerous

— Very dangerous

0 25 5km

Drivers' behaviour
POl-commercial area

— Safe
Acceptable Safe
—— Somewhat dangerous Acceptable
—— Dangerous —— Somewhat dangerous
—— Dangerous

5km
Skm [ —

Figure6.5 Segment criteriecontinued)
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Traffic calming
Good effect
Some effect
Very little effect
—— No traffic calming

Heavy vehicle scale

Low

283
LR L X
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Figure6.5 Segment criterigcontinued)

Using aggregated results, Traffic danger scores can be compared between different streets in the
study area. Figuré.6 shows the 'Traffic Danger Score' (TDS) Using natural breaks inlGIS,

classified the dangerous scale into five different groups: Safe, Acceptable, Somewhat Dangerous,

Dangerous, and Very Dangerodhe numerical traffic danger scores were grouped to make

comparisons between different streets more understanddidenatural breaks method was

chosen because it identifies the best arrangemenalues into classes by minimizing the

variance within each class and maximizing the variance between classes, ensuring a more

accurate and meaningful categorization of traffic danger leVéls. grouping was validated
through workshops with expergsdditionally, they are presented at theroughlevelin the study
area
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Traffic Danger Score
— Safe
Acceptable
Somewhat dangerous
—— Dangerous
—— Very dangerous

Figure6.6 Traffic Danger Score

In addition, the frequency of each traffic danger categoojty levelcan be seen in Figufe?.
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Frequency
9000
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3000
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1000

Figure6.7 Frequency of different danger clgds Safe, 2: Acceptable, 3: Somewhat dangerous,
4: Dangerous, 5: Very dangerous)

Apart from comparing traffic danger between neighborhobdshose to analyze segments
relative to other segments within that neighborhood. As a first approacbmpare the
proportion of different danger classbg neighborhood are shown in neighborhoods. The
frequency of different street dandevel isshown inFigure6.8. The propation of the two most
dangerous segmecditegorievary fromjust over 25 %n to nearly 50 %A potentialinteresting
comparison is found in the center with oberough(Outremon} having a relatively small
proportion ofthose top two while its neighboring area has nearly 5R&semont La petite
patrie)
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e [ Neiahborhood
;,-k,’?;}lf m Safe
I} B  Acceptable

Somewhat dangerous
W Dangerous

Figure6.8 Percentage of different street danger class at neighborhood level

Discussion

The purpose of this study is to assess traffic danger with special consideration for children. In our
assessment model, LQFRUSRUDWHG GLIITHUHQW VWDNHKROGHUVY St
technical MCDA process to selected boroughs in the City of Montreal. To our knowledge, this is

the first instance of a measure of traffic daregeopposed to the risk of collisiand further one

in which children and parents have been included in the assessment process and their opinions
have been considered as key input to the model. Through our participatory appveasdlso

able to improve communication among stakeholders andtie@t danger scales and weight

different criteria.

The process was able to identify interactions between factors of traffic danger and create criteria
based on those. As an example, the trafisign characteristics criterion led to classifications

of different traffic and design characteristics. Eargsearch has highlighted the impact of speed,
traffic volume, and street directions on traffic dan@drdollahi et al., 2023; Cloutier et al., 2021,

S. A. Richmond et al., 2022; Rothman, Buliung, et al., 20i4f)the majority of existing studies

have examined these variables independently without taking into account their interrelationships.
According to our knowledgejone ofthe reviewed papers explored the intricate connections
between these variables in relation to traffic danger. In light of this significant gap in the literature
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and the results of our focus group discussiamasable through our model structuring phase to

identify these interrelationship and develop appropriate criteria

Previous approaches have considered general ¥YsketH PHDV XUHV VXFK DV VLPSO\
SFRPPHUFLDO" RU 3LQVWLVWWet & RDAR;" LagXxeFd., P0Y6;\RBtkRaR,0 V
Macarthur, et al., 2014)Those features are likely related to exposure, acting as generators or
points of attraction. However, in this research, the focus was on traffic dangexabbaeviteria

impacted traffic danger. In such a process, the use of buildings immediately adjacent to the street
segments were identified as influencing traffic dan@amsidering the presence of different

points of interest (POI) near one street (e.g., both healthcare centers and schools) can increase the
probability of interactions between drivensd pedestriartzased on the results of our focus group
discussion consequently increasing the traffic danges.such, this research went further than

previous approaches to connect how urban activities might influence traffic danger.

Previous research has either not considered traffic calming or in a binary fashion (present or not)
(Distefano & Leonardi, 2019; Rothman, Macpherson, eR@ll5a; Zalewski & Kempa, 2019)
However, not all traffic calming features impact traffic danger to the same extent. As such, the
Traffic calming criteria developed here estimates the influence on traffic danger to the number
and the type of measures. Thus, this research distinguisiffes ¢alming interventions by both

guantity and quality.

Speeding and disregard for traffic contveére identified as criticgboint of driver behaviar

factors influencing the dynamic between pedestrianslaners A street might have very similar
GHVLJQ FKDUDFWHULVWLFV EXW IRU VRPH UHDVRQ WKH GUL
worse than other similar conditions. One possibility to measure driver behaviour waolasee
infractions. However, police are not uniformly distributed across the network. Complaints from
citizens might depend omhether they are sufficiently motivated to report the problem and their
belief that doing so will have an impact. In this research, a population representative survey by
the FSA area was used to gather a-witye measure. Using a survey to understandieess’
perception of driver behavidrfound that most participants were unsatisfied with drivers' respect
for traffic control and speed limits. This finding itself likely highlights the problem of traffic
danger and that the culture of driving in thgio& tends towards dangerous behavsuch as

speeding, aggressive driving, or failure to follow traffic rules, which in turn increases the
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likelihood of traffic related injuriegvan Haperen et al., 2019)hese findings align with earlier
research indicating that speeding and disregard for traffic control are crucial factors in the
pedestriardriver dynamicconflict.(van Haperen et al., 2019¢hen et al., 2016; Sucha et al.,
2017)

This study represents a significant step forward in evaluating traffic danger in urban
environments. However, it is essential to acknowledge its limitations to guide future research and
practice. Some of these limitations are similaith the previous MCDA and stakeholder
engagement processes, as highlightedAbiZeid et al. (2023)such as the complexities of
integrating multiple perspectives into decisimaking frameworks and challenges in the
recruitment process. However, this research also faces its own specific limit@iwnsf the
primary limitations is the reliance on available data from public sources and surveys, which may
not fully capture the street design such as lane width. Traffic charactevistiables arenot
available for every street such as practiced speed (versus legal gp&Bd), the number of

large persnal vehicles such as piekp trucks and SUVs, or the number of large and heavy
vehicles. The study gave particular attention to children as they are a large part of the population
who are more likely to walk than others, they have different charactessiot as being shorter,

may have different cognitive competence to adults, and are developing their experience with
traveling autonomously. However, some parts of the population may require additional
consideration such as some elderly who have physiahlcagnitive issues that impact their
ability to be autonomougBeauchamp et al., 2022y people with disabilitiegRoss, 2020;
Routhier et al., 2024)

As for the parent and child groups, it was difficultfittd someproblemsarose with respect to
finding reliable participants who could participate for a few houirsitially targeted the general
public through online advertising on social media and physical announcements in some
neighbourhoods in Montreal. Due likely to online advertising and hosting the focus groups online,
some participants were not active or weid the right stakeholders, and one meeting with
children was canceled as it was not possible to confirm that the participants were in fact
children.After contacting different communities, found reliable participants who actively
participated becauseatfic danger was a concern. One recommendation for similar future work
is to not advertise a financial incentive, but to reward those who are internally motivated by the

problem (and not by money) after they have volunteered.
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Themethodology applied in this reseatwds different challenges than is likely experienced when
estimating the likelihood of a collisios key challenge ighe time required t@achieve the
objective.All the participants were new to multriteria workshops,so each session required

time to explain the procedure and for the participanfislipunderstand the tasks my opinion,

the most challenging part of the process was determining the weight of each criterion. To get a
more holistic view of traffi danger, intentionally experts with different expentigee recruited

As a result of these different expertise and perspectives, they were often required to discuss the
criteria based on their experience and knowledge before reaching a consensus. In ddition,
processis a timeconsuming activity for professionals to develop danger scales in a group
workshop setting, especially for qualitative scales that had to be created from scratch. It is
difficult to find times that more than four or five professals were available at the same time.

As a result, most steps of the process involved two separate discgissips,and the results

had to be consolidated after. In one case, a discussion had to be reopened as the two groups had

nortcompatible decisions. Nonetheless, a consensus was subsequently achieved.

7KH S UR el duvatiov is another challenge for thype ofresearch. This research took
nearly a year including ethics approval, recruiting stakeholders, conducting focus groups,
interpreting the results, developing material for the next step, organizing meetings, and repeating
these last four steps multiple timdaurther, many of the criteria required identifying adequate
data, extensive data treatment, in some cases simulations to determine values not available on all

streets (such as traffic vahes, truck volumes), and computer programming.

Data availability is another important limitation. Adid not have data for all boroughs in
Montreal, some boroughs had to be excluded from our study. In addition, due to the lack of what

| WHUPHG 3LGHDO GDWD’ ~ ZKDsdmetiResDas th Gskl praxiés irkdrdove V H G
the accuracy of our toolyas to prepare a lisif the criteria with both ideal measurements and
possible measuremerdad on the basis @fvailable datal started measuring eachteria One
example is a lack of true speed data (ideal) versus using the posted speed limit (proxy). Whenever
| could access better dataypdated the criteria measurement and scale. Furthermore, the study
does not account for temporal variations in traffic danger, such as differences between weekdays

and weekends or seasonal changes that could impact traffic danger.
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The proposed model was specifically developed for Montreal. However, it can be ekgelyed

be appliedo another city with some adjustments. It is important to note that the criteria selected
here are related to traffic danger in this context, which may differ from other cities. Some of the
criteria may be the same (for example, factors related to tchfdiacteristics and traffic calming
measures), but group workshops would be needed to set up the scales and scaling constants in
order to establish csensus among stakeholders and to determine parameters for assessing traffic
danger.An example might b& location with considerable topography variatnich could

influence traffic dangeFurther, data availability differs between contexts and adjustments due
those factors would require modificatonHowever, the process outlined here would be

essentially the same.

Conclusion

This study developed a muttriteria model for evaluating traffic dangam streetsegmentsThis

study assessed more than 27,000 street segments in selected Montreal boroughs based on traffic
danger with special consideration given to children as autonomous users. A key part of our
approach was to consider expérparentsand children's opinions abouthat createsraffic

dangers and incorporate their suggestmarspectivesmto the model. Based on the MACBETH
approach, a constructivist MCDA methdaolgy, the modelwas built based on stakeholders'
preferences, values, and concerfise model was developexh theexpertV] H[SHULHQFH DC
group's expertise, knowledge, and goals, criteria and parameters. A number of scales and scaling
constants were elicited from the professicgglertsin order to demonstrate how they interpret

the criteria andheir relativeinfluence on traffic dangeirhe study demonstrates the value of an
inclusive MCDAGIS framework for comprehensively evaluating urban traffic danger through

stakeholder engagement.

Future research should aim to incorporate-tiga¢ data analysis and consider the temporal
dimension to provide a more comprehensive understanding of traffic démgedition, titure
research could include developing a tool that could be applied in situations of less data
availability, tools that focus on distinct vulnerable populations such as those with disabilities or
focusing on specific periods of the day or particular seasgOne application of this tool would

be to the creation of a prioritizingpol to determine where safety interventions need to be
implemented. To accomplish this goal, a MCDA approach could be used to consider the diverse
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considerations (traffic danger, exposure, equity, etc.) when deciding the priority of safety
interventions. Such a tool would allow for the development of a transparent and consistent means

of helping with such important decisions.
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CHAPTER 7 ARTICLE 3: A COMPREHENSIVE MULTI -CRITERIA DECISION
ANALYSIS (MCDA) TOOL FOR ASSESSING TRAFFIC DANGER AT URBAN
INTERSECTIONS

As discussed in the previous chapter and baseldeatiscussions with stakeholdetsdentified

that the factors influencing traffic danger differ between segments and intersections. Both the
type and importance of these factors vary. Building on the previous chapter, this chapter continues
to investigate the third objective of this digagion at the intersection level and explores the
practical implementation of this model. The results suggest that a-@titkria Decision
Analysis (MCDA) method can be effectively utilized to incorporate stakeholders' insights as
crucial inputs in trdfc danger assessments. Implementing MCDA allows for the inclusion of the
relative importance and, in some instances, the-linear nature of variables in these
assessments. While some studies on trd#iiigethave employed MCDA methodélemdar et

al., 2020; Mirmohammadi et al., 2013)ese studies often did not directly consider the input of
vulnerable stakeholders. Furthermore, they primarily focused on prioritizing a limited number of
streets, employing methods that constrained the ability to comprehensively examine a larger
netwok of streets.

This chapter wasubmittedL Q WrKndpqt Research Boardfconferenceon 31.07.2024.
The coauthors 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, Montréal, Canada

Irene AbiZeid, Professor at Laval University, Quebec City, Canada
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Abstract

Traffic danger is of paramount concern for urban planners and transport authorities as it threatens
people and limits their autonomy. Intersections are critical points in urban transport networks
where traffic flows converge, giving rise to potential @ins and posing great risks to road
users. Ensuring intersection safety is particularly critical in densely populated cities, where
vulnerable groups are at heightened risk. Traffic danger at intersections involves a complex
interplay of factors. Also, is evident that these variables do not have an equal or linear impact
on traffic danger, requiring a sophisticated approach to assess it. Input from diverse stakeholders,
such as urban planners, traffic engineers, community groups, and policymaketessaneto

get a holistic perspective.

The purpose of this study is to develop a comprehensive tool to assess traffic danger at
intersections using a MulCriteria Decision Analysis (MCDA) method. The tool aims to provide
a rigorous evaluation framework by integrating diverse stakeholdergotikgs and developing

a transparent and trustworthy assessment tool.

Children as a group are more likely to walk than others to reach their destinations and various
characteristics such as height and a lack of experience can put them at greater risk. As such, input
from children, parents, and experts were sought to idekéfyfactors of traffic dangerThe

factors were then systematically analyzed by experts which led to the construction of evaluation
criteria, both qualitative and quantitative. Our approach allows for detailed assessments of traffic
danger, reflecting #ncomplex interplay between various factors. The model, implemented in a
geographic information system, was validated with experts as a final step. It was applied to
intersections within the city of Montreal, with special consideration to children aserahle

group. The findings highlight critical safety concerns and provide actionable insights for urban
planners and policymakers aiming to achieve Vision Zero objectives. It is meant to be used as a

decision support system to help implement traffic dang&gation measures.

Keywords: Traffic danger, Intersection, Built environment, Stakeholders, Criteria, MCDA
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Introduction

Intersections pose unique safety challenges due to the convergence of multiple traffic streams,
resulting in greater complexity and rigBennet & Yiannakoulias, 2015While segments

primarily involve linear traffic movement, intersections present drivers, pedestrians, and cyclists

with conflicting decisions within tight spatial and temporal constraints, increasing the likelihood

of collisions. Nearly half of all injy~related traffic crashes occur at intersections, highlighting

the need for comprehensive tools to assess and prioritize theseskigineagMorency et al.,

2015a) 'DWD IURP WKH 6RFLpWp GH OY$VVXUDQFH $XWRPRELOH
were 392 deaths on Québec roads in 2022, 38 of them related to the city of Montreal (SAAQ,
2023). This value represents an increase of 29.3% for Montreal over the penodC(fid to

2021.

Addressing intersection safety requires a more comprehensive approaeth#taas beeithe
typical appoach Previous assessments of traffic danger can be classifietia®nal(statistical
analysis using historical crash data or questionnairesplasetvationa(driving simulators and
videography analysisjSheykhfard et al., 2021)hesetraffic danger assessment methods
provide valuable insights but have notable limitatiddsing driving simulatorsdespite their
usefulness, lack authenticity and validity as they cannot fully replicatevoeld conditions,
causing drivers to be less cautious and affecting data relighgikym & Ghani, 2022)They are
also costly and can cause simulator sickness due to the mismatch between visual stimuli and
physical sensatior{§hen et al., 2023)n addition, they fail to capture behavior variations across
different road sections, driver perspectives, and detailed behaViaditional methods face
issues with data completeness, accuracy, underreportingetimdportingbiases(Sheykhfard

et al., 2021) They often overlook the varying impact of differéetel of variables(causespn

traffic danger and stakeholders' views, leading to incomplete or biased results.

Various factors influence traffic danger at intersections, including design charact¢Nstats

al., 2016) street attributes leading to the intersec{iBonela & Kadali, 2022)and the type of
traffic control implementedMorency et al., 2015a)lhese variables have often been analyzed
independently, without considering their interactions. Moreover, the relationships between
different types and levels of these factors and traffic danger are typically regjttanor linear.

Additionally, these factors do not have eqwaightconcerning traffic danger. Therefore, there
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is a need for a tool that considers all these issues in the assessment to provide a comprehensive

evaluation of traffic danger at intersections

How traffic danger is understood or assessed can vary between stakeholders tsaffit as
engineers, urban planners, police officers, children, and their parents. Each group has their
specific and sometimes conflicting views on traffic danGensideringhese key opinions could
increase the accuracy and acceptability of the assessmestakeholders are more likely to
support and implement traffic safety measures that reflect their concerns and viewgoltis
Criteria Decision Analysis (MCDA) providea framework that allows for the integration of a
variety of factors based on their importance with respespézific problem (Donais et al.,
2019b) Consideringthe characteristics of MCDA, itan be an appropriate method to assess

traffic dangemwith input from winerable users such as children.

This research fills a critical gap in existing traffic danger assessment methodologies by
integrating the perspectives of different stakeholder groups, such as children and their parents, as
well as various experts. Their viewpoints on intersection safatticularly concerning children's

routes to their destinations and residential areas, reveal their unique vulnerabilities. A further
benefit of this tool is that it explicitly identifies intersections with high risk based on interactions

among multiple gteria. It also reveals how different factors contribute to these risks.

To demonstrate the applicability of the MCDA model to urban planning and traffic safety
projects, realvorld examples are used. As a result, the report makes several actionable
recommendations to improve the safety of children at intersections, whicinvlin, enhance

the safety of other demographic groups. Intersections that are safe for children are likely to be
safe for the majority of road users. Ultimately, this tool provides policymakers with a resource

that helps them align with Vision Zero peiples to build a safer, more inclusive city.

Background on traffic danger assessment

In traffic danger assessment literature, the term "traffic danger” is often used in a broad sense,
primarily referring to crash rate analysis or collision r{sterlin et al., 2020) This traditional
definition of traffic danger is closely related to collision risk, which is based on the combination
of crash rates and exposure, typically measured by the number of vehicles or people crossing
each intersectiofMerlin et al., 202Q)For this research, traffic danger refers to the risk of harm

or injury that road users, especially vulnerable groups like pedestrians and cyclists, face in traffic
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environments andhich isinfluencel by different factors such dke built environmenttraffic
characteristics, and behavidarious methodologies have been developed to identify, analyze,
and mitigate risks associated with road use. For exaioghkén and Ghani (2022)efine traffic

danger assessment as encompassing a range of methodologies aimed at understanding and
reducing the risks inherent in road usage. In another exarmmpfc danger assessment
methodologies categorizethto two main groups: passive analysis and active analysis
(Sheykhfard et al., 2021Passive analysis typically involves the examination of historical crash
data to identify patterns and trematssurveying communities about perceptadriraffic danger

thereby informing safety improvements. In contrast, active analysis includesreahonitoring

and proactive measures to prevealisionsbefore they occu¢Sheykhfard et al., 2021Pne
commonly used methaod passive groufs identifying craskprone sites through analysis of crash
databases anabplyingstatistical model¢Coll et al., 2013) However, this method's accuracy

relies on the quality and completeness of crash reports. Inaccuracies or omissions can lead to
flawed resultgThakur & Biswas, 2019)For example, hotspot analysis identifies locations with

high traffic crash incidences and highlights areas needing intervé@adnan et al., 20219nd
confirmedsomeunreliable results because of the lack of collision.ddfaiestionnaire data is
another approach within this group, involving surveys to gather data on road user attitudes,
behaviors, and perceptions related to safety. This data provides insights into factors influencing
road user decisions and risky behavidierency et al., 2015a) Using questionnaird&Rankavat

and Tiwari (20200WULHG WR ILQG DQ LQWHUUHODWLRQVKLS DPRQJ
crossing preferences and actual crash ddthough questionnaires are useful for evaluating
events such as conflicts and can provide researchers with valuable information on issues that
increase the potential for crashes, they often suffer from insufficient data on road conditions or
road usersimportant information on crash situations is frequently lost due to various factors,

such as inaccuracies in reports or incomplete mébion

Another recenapproaches include simulation studsmnflict analysisndobservational studies
(Sheykhfard et al., 2021Priving simulatorscreate virtual environments to study road user
behaviors and predict the impact of various conditi@abhani et al., 2013; Zhou & Huang,
2013) Zhou and Huang (2013j)sedsimulatorsto pre-evaluate intersection safety, finding that
lower speed limits improved safety. Pedestrian simulators have also been used to study risky

behaviors in childreiizafri et al., 2022) Conflict analysiss another approach in traffic danger
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assessment whicktudies neamiss incidents as proxies for crastl@®ugh videograph{Zheng

et al., 2021) Fixedcamera videography captures natural road user behaviors and used video
based data to evaluate safety at pedestrian crossings and in mixed traffic flows, respectively
(Sheykhfard & Haghighi, 2020)Although these approaches provide the opportunity to examine
the interactions of road users with each other, there are several problemssinghdriving
simulators. One major issue is that the real world cannot be fully simulated in every detail.

Additionally, these methods tend to be very costly

The discussed approaches all have their benefits, but none of them are primarily focused on traffic
danger assessment, but rather on collision risk assessment. Furthermore, the perspectives of
different stakeholders have been largely ignored during thesseent processtakeholder
engagement incorporates diverse perspectives into traffic danger assessmeictitishiati
decision aiding (MCDA) methods, like the Analytic Hierarchy Process (AHP), TOPSIS, and
PROMETHEE, provide structured frameworks for greging data and objectivés previous
literature(Alemdar et al., 2020)AHP, developed b$aaty (198Q)uses pairwise comparisons to
estimate criteria weights. However, AHP assumes criteria independence, oversimplifying
complex decision problem®lunier et al., 2021) Also, it is limited to manageable number of
alternatives. TOPSIS ranks alternatives based on their distance from an ideal solution.
Mirmohammadi et al. (2013ised TOPSIS to prioritize factors affectealisionrates. However,
TOPSIS assumes criteria independence, which may not refleetvoddl scenarios with
correlated criteria(Macharis & Bernardini, 2015)Another approach in MCDA tools is
MACBETH (Measuring Attractiveness by a Categorical Based Evaluation Techmgid) is

novel in traffic danger assessmeMtACBETH creates intervdkevel scales for criteria, whether
qualitative or quantitative, deriving criteria weights and obtaining aggregated scores for
alternativegBana e Costa & Beinat, 2009}his method helps stakeholders reach consensus and
ranks alternatives usingMACBETH software(Donais et al., 2019bYhough less common in
transportation planning, MACBETHould be used to develop detailed traffic danger

assessment.

Although some research has applied Mdltiteria Decision Analysis (MCDA) to traffic danger,
our work advances this field in several significant ways. Previous studies have applied MCDA,
but they have certain limitations, as discussed earlier. For iestaadier research has focused

on a limited number of segmenfglartins & Garcez, 20219r specific types of intersections
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(Ammanatidou et al.)While these studies are valuable, our work identifies the differences
between segments and intersections as a crucial factor. Consequermtiyeloped models for

both segments and intersections.

Additionally, our goal is to achieve a global traffic danger score for all intersections in a city.
Traditional MCDA approaches like AHP or TOPSIS are not suitable for this purpose. Therefore,

| have explored alternative methods to address this challenge effectivetys Ipaper, the
definition of traffic danger relates to hazards and injuries caused by traffic. Based on this, traffic
danger assessment involves considering the causes and various influences of traffic danger and
determining their importamc | also aim to incorporate information from all stakeholders to
provide a comprehensive and detailed view of the factors influencing traffic d&@aped on

that the model proposed in this paper attempts to address the issue of the previous approach in
assessing traffic danger using MACBETH. According to our knowledge, this project is the first

application of MACBETH to assess the danger of traffic at intersectio

Methodology

MCDA encourages direct participation from all parties involved in discussions and dialogues,
fostering group learningBanville et al., 1998) This method enhances decisimaking by
involving individuals with expertise in the problem or those affected.byhese interactions

help identify all variables and criteria, which are then weighted and incorporated into the decision
problem(e Costa & Oliveira, 2012MACBETH is aMCDA method designed to assist decision
makers in quantifying the attractiveness of various options using qualitative judgments about
differences in attractivene¢Bana e Costa & Beinat, 2009)his approach employs an iterative
guestioning procedure that involves pairwise comparisons, during which the decéden is

asked to provide qualitative preference judgmevitsCBETH helps in assessing a large number

of intersections, which is a limitation of other MCDA methods, using different criteria and
aggregating these criteria based on their importance while considering their intervaFsgates.

7.1 illustrates the conceptual framework of the MCDA approach. The deersaiimg process
within this framework comprises three main phases: structuring, evaluation, and validation and
recommendations. Although these phases are distinct, they are interconnected and should be
analyzed collectively to avoid any gaps that might impair the final resultsproperly influence

the decisiormaking process.
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Structuring

(

Evaluation

- Validation
¢ Criteria Interval scale
e Criteria Weight

* Global traffic danger
score

* Focus group
¢ Thematic analysis
¢ Criteria construction

* Expert
ranking

Figure7.1 MCDA framework

To illustrate the applicability and effectiveness of our MGltiteria Decision Analysis (MCDA)
tool, weconducted a case study focusing on the city of Montreal. Momgra@alensely populated
urban area with a diverse range of intersection types and traffic condA®misich i provides

an ideal setting for evaluating intersection safety.

7.1.1 Structuring phase

The structuring phase defines the decision problem and identifies relevant variables. Focus group
discussions were used in this phase as they are an effective qualitative method to gather diverse
perspectives, allowing for the emergence of unknown opirfiddier et al., 2019)Focus groups

are valuable for collecting data on the perceptions, attitudes, and belstékefiolderg¢Adler

et al., 2019)They are recognized as an effective tool for participatory research.

Due to geographical constraints, the focus group discussions were held Dméifecus groups
wereled by the first authounder the supervision of senior research&ngfocus groups were
recordedvith consent from the participangsssistants who were native speakers of either French

or English were hired to take notescase of any technological problems online whiteboard

with "sticky notes" via MIRQMIRO, 2023)was used to foster diverse opinions. Each meeting
began with a short presentation of the study and its main objectives, followed by a brief
explanation of the methodology. Participants were then asked, "What factors can influence traffic
danger?" This pmopted an exchange of experiences and opinions, forming the basis for
sensemaking. Variables were identified through this intense idea exchange. After the focus
groups, the recordings were transcribed, and the notes were summarized. A thematic analysis was
conducted to finalize the list of criteria. This involved clustering variables based on their

relationships. The detailed steps of this process are discusseapiers.
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The subsequent steps involved defining measures for each criterion. Initially, measures discussed
during the meetings were considered. For example, participants mentioned obstacles such as
parked vehicles when discussing the importance of visibility arsattions. Measures not
identified in the discussions were derived from the literature. Available data were then searched
to find possible measures, and spatial analysis via GIS was used to finalize them. All criteria for
this model are qualitative, andrae, like intersection design, involve complex spatial analysis

and validation for accuracy. Additionally, the segment traffic danger criterie result of

another MCDA model for calculating the traffic danger index at the street segment level, detailed
in another paper. The explanation of criteria, their measurement and levels can be seen in

AppendixE. A description of eachbriterionis given next.
Segment danger index

This criterion defines the level of danger for each segment reaching an intersection. The
preference for this criterion was determined based on the results of a previous study our research
team conducted at the street segment level based on the MCDA (redethapte6). The
performance level of this critemwas determined bgonsidering thelanger levels of all streets

at intersectionsThen,discussing irthe subgroup workshopassigned different combination of
danger levels in five different performance levelartsng safe to very dangero(seeAppendix

E). The results of this workshop were validated by all experts during a meeting.

Following consideration of possible options in the study area,|dweswere constructed for
evaluating an intersection on this criterion: 1) Safe 2) Acceptable 3) Somewhat Dangerous 4)

Dangerous and 5) Very Dangerous.
Intersection design

The criterion ntersection desigoonsiderghe type of street and the shape of the intersection. It
also considers the class of streets at each intersetianmain typesof intersections were
consideredthreeway and foutway. To classify street$,used the main classification of streets

for the city of Montreal which consists of nine clas$ewate streets and highways were removed

since they are not accessilbdethe publicor pedestriangn the case of highway3he remaining

classes were divided into three groups: local, collector, and arterial. A total of four performance
levels have been defined for the study area based on the possible options: safe, acceptable,

somewhat dangerous, and dangerous.
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Traffic calming

Using this criterion, intersections are classified according to whether traffic calming measures
are in place and, if so, what type and how many they comftaiexample of traffic calming at
intersection is elevated intersection (See AppendiAEBgries of categoriesasdefined based

on data provided by the City of Montreal: 1) intersections without traffic calming measures 2)
intersections with very little traffic calming effect 3) intersections with some traffic calming

effect, and 4) intersections thivery good traffic calming effects.
Traffic control

The type of traffic controlvas identified as another criteriofll stakeholders agreed that traffic
control plays a significant role in determining the degree of danger at intersections. Our study
areacontainsfive different types of traffic control: all ways stop signs, traffic signals with
pedestrian signals, traffic signals without pedestrian signals, stop signs in one direction without

traffic control in the other direction, and no traffic control at irgeti®ns
Intersection visibility

Participants also discussed the importance of pedestrian and child visibility at intersections during
their discussion. Drivers can make safer driving decisions when they can clearly see pedestrians,
such as yielding the right of way or slowing down. Iderto evaluate this critem, | decided

to check whether there is a possibility of parking near the intersekctiseds-meter buffer zone

from the intersectiohbecause, according to previous research, parked vehicles significantly
obstruct visibility within that distano@gurek & Macioszek, 2021)

Based on the available data, all options were classified into three categories: low v{silbility
lanes allow parking)medium visibility(some, but not all lanes allow parkinghd high visibility

(no parked cars allowed
Presence of point of interest and commercial area

This criterion representhe impact of land use on traffic dangéne stakeholdemiscussed how
different land uses are not equally important. For instance, the presence of &asledifferent
impact on traffic danger thahe presence of a library. As a resatinsideration was given not
simply to the number of points of interests present, but also theTthipesize of the commercial

areawas also identified as being anportantconsideration for traffic dangemhe difference
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between a small local shop with no patkiot does not have the same impaettraffic danger

as a larger onwith a parking lo{and thata shop with a few parking spaces is not the same as a
large retailer with a massive lofjhese twdactors(points of interest, commercial siza)d the
resulting combinations evideint the study areeesulted irfour different performance levels: 1)
safe(e.g.,residentiabrea with no commercial are?) acceptabléresence ofommunity center

and small commercial arg&) somewhat dangero(aresence of transport hub and medium size

commercial areajand 4) dangeroypresencef big commerciabrea)
Bicycle infrastructure design

Bicycle infrastuctureis consideredor its impact on the stré# traffic danger and special
consideration is given to its impact padestrian safety.he impact of bicycle infrastructure on
cyclist safety is nbwhat is being measured hefée different types dbicycle infrastructurean
potentiallyact as traffic calming measures at intersections sind¢kee case of Montreghey can
narrow the street anithcrease visibily. The key consideratiors the impact of the bicycle
infrastructure on the likelihood of death from traféithough collisionsnvolving cyclists and
pedestrians can occur, the likelihood of death is lower than if it wexa/8UV/truck etc Based
on this,| defined the performance level based onithpact on traffic danger by the different
bicycleinfrastructure typesrThis resulted in defining three leveddated to their impact on traffic

danger no effect (o bicycle infrastructure)little effect, and some effect

7.1.2 Evaluation phase

The evaluation phase began with selecting an appropriate MCDA model based on the criteria.
Considering the need for an interval scale and the requirement to weight the criteria relative to
each other| chose MACBETH. This interactive process constructs numerical interval scales to
guantify differences in the attractiveness of it§Bana e Costa & Beinat, 2005Additionally,
MACBETH helps derive criteria weights or scaling constants and obtain an aggregated score for

each alternativéDonais et al., 2019b)

A subgroup of research team experts identified the direction and reference levels for each
criterion. Two reference levels were needed: a lower level, which is neither safe nor dangerous,
and a higher level, which marks the starting point of traffic damgacern.Next, wsing
MACBETH, the perceived differences between pairs of performdres been definedsiven

thatthe study area includes over 16,000 intersections and considering all possible criteria options
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in Montreal, | aggregated these options into fewer gro(gee Appendix E) For example,
visibility was categorized into three levels: Low, Medium, and High. For visibility, the lower
level is high, and the higher level is medium visibilifiable7.1 illustrates the reference levels

for all criteria.

Table7-1 Criteria reference level

Criteria Lower level Upper level

Segment danger level Acceptable Somewhat dangerous

Intersection design Medium High

Traffic control All way stop sign Traffic signal with pedestrian signa
Bike path design Some effect Little effect

POI & Commercial area size Medium High

Traffic calming Good effect Some effect

Intersection visibility High visibility Medium visibility

Participants expressed perceived differenceshé impacts on traffic dangdretweeneach

performance level (e.gor Intersection visibilityLessVisible, Somewha¥isible, and Visible)

on a 7point semantic scale: null, very weak, weak, moderate, strong, very strong, or extreme.
Figure7 GLVSOD\V WKH YDOXH MXGJHPHQWY IURP WKH SDQHOY
an exampleAs shown in Figure 7.2, threlative difference on traffic danger between Less Visible

and Somewhat Visibleras judged to be moderate, whereas the difference between Less Visible

and Visible was judged to be very strombis step was conducted with a smaller group of experts

and validated in the main expert workshops. The matrix of value judgments and the scales were
obtained using the NMACBETH software (www.mmacbeth.com/)Appendix Fincludes the

value judgements for all criteria.
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Figure7.2 Value judgementfor the criterionintersection visibility

Another crucial part of the evaluation phase involved determining the weight of criteria. This
required workshops withhe traffic dangerexperts.l created severalictious intersection
scenarios, each focusing on one factor at the "higher" level while others were at the "lower" level.
This approach, essentiakbays "all other criteria arat thelower, non-problematidevel, but this

one criterion is at thievel where traffic danger starts to become a contérfictious example

was made for eaatriterion(Table8-1) where that level was at the uppbe¢oming a problem)

level.

| invited different expedto two meetings to make this process manageable. In these meetings,
experts compared pairs of these mageintersection scenarios. For each pair, thest
individually chose which scenario they thought was more dangelfodigferences in opinion
existed, thegroup would debate until a consensus was achieved. €aeh participant used the
7-point semanticscale torate how much more dangerous it was on a scale from "no difference”
to "extremely different.” Thgroup would hen discuss until a consensus was achieved for the
relative mportance on traffic dangerhis is a challenging mental tagkkound that one effective
approach was to first present a scenario where an intersection was generally fine (lower level)
except for two criteria, which were at a somewhat problematic level (higher letheth asked
participants which of these two criteria they would change to gonaslematic level to reduce

traffic danger. This method helped to identify which scenario wasipeccas more dangeraus

For example, considan intersectionvherehas three way (sets)oeingall collectors andthere
is a bike langnot separated but jusharked on the streetWould you change thdesign of
intersection and street type (e.ghangng the streets ttocal) or changing the bike lanmto

separatedane? Experts debated and decided that improumersection desigmould reduce
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danger more. The difference betwetiesefirst scenarios wasudged tobe moderatelyto

stronglymore dangerous thatenariawo. Figure7.3 shows this outcome.

— Select the most attractive option

(

Intersection design
Intersection design

Some-what dangerous

o
~

e

Intersection design
Intersection design

Acceptable

. OK |
\ Cancel
Bike path design
Bike path design
Other criteria
lower reference Difference
Some effect
/
~
Bike path design I
Bike path design r
Other criteria
lower reference
Little effect
/

[ A and B equally attractive

Figure7.3 Comparison of traffic control and traffic calming criteria

This exercise was repeated for all scenario combinations, and the experts' ratings were used to
calculate the weights for each factor.

These evaluations were used to calculate an overall traffic danger score for each intersection
using the weighted sum formulaequation 1

where:

S is the weighted sum,

n is the total number of criteria,

Sgis the weight of criterion i,

Equationl

a
5L 1
.
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Tgs the scale associated with criterion i.

By combining MCDA with GIS to process the dataanked the danger levels of intersections

and created maps to visualize the outputs.

7.1.3 Validation and recommendation phase

Validating the models is essential to ensure that the model's estimates accurately reflect
participants' knowledge. Our model was validated by comparing its ranking of 23 intersections
with the rankings provided by participants. These intersections irvalvede range of contexts

and two fictitious alternatives (all "lower" and all "upper"). Each expert categorizes the examples
independently into five levels of danger. Whenever there was disagreement between experts, the
opposing viewpoints explained theeasoning until consensus was reached. Following that, the
experts' consensus was compared to the model's estimatiemsome adjustmentg has been

found more than 90% of the experts' rankings correlated with the model (24ultersections

out of 23 intersections)

This phase also involved discussing possible options and changes to increase the model's
accuracy. During the validation phase and discussions with the expert group, several
recommendations were made to enhance the model's accuracy. In this contexhyamgal in
performance levels were identified for the model to be improved. For example, during the
validation meeting and discussion with experts regarding traffic control at intersedtions,
identified an issue where intersections with stop signs onlh@minor road were incorrectly
categorized as aWay stop intersections in the model. This misclassification typically led to
higher traffic risks on streets without proper cont@bnsequently| added one performance

level to the traffic control criteria, though the reference level remained unchanged.

Results

Table7-2 Weighting matrixfor the seven criteriased to determinghe traffic danger at
intersections.

Bike
Traffic Intersection |Intersection Traffic PO} path Current | Semantic
Criteria segment calming visibility design control Commercial | design |all lower | Scale |judgement




Table 7.2 Weighting matrix for the seven criteria used to determine the traffic danger at

intersectiongcontinued).
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positiv
[segment] |no e 31.34 |Extreme
[Traffic weak- positiv \Very
calming] moderate |no e 22.39 |strong
[Int- weak- moderat positiv
visibility]  |moderate e no e 17.91 |[Strong
[Intersecti moderat positiv Moderat
on design] |moderate [e moderate |no e 13.43 |e
[Traffic moderat |weak- positiv
control] strong e mod moderate [no e 8.96 |Weak
[POF
Commerci moderat moderat positiv \Very
al] strong e moderate |moderate |e no e 4.48 |weak
[Bike path weak- mod- moderat positiv
design] vstrg-extr |mod moderate |strong e no no e 1.49 |No

positiv

[all lower] |positive  [positive [positive positive positive  |positive e no 0

Due to data limitations some areas of Montreaur analysis focused on b8roughsas shown

in Figure7.4. Approximately 16,500 intersections were evaluated usingrpnosed model.

Figure7.4 Study areaf the island of Montreal.
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The results are presented at two levels: initially, intersection maps for eachset/émeriteria
are shown in Figuré.5. These maps use a color gradient to represent danger levels ranging from

safe to very dangerous. It is evident from theseria maps that performance values can vary
significantly from one intersection to another.

Bike path
Some effect
@ Very little effect
*® Noeffect
[_] Neighborhood

Traffic control
Safe
Acceptable
® Somewhat dangerous
® Dangerous

® Very dangerous
[_] Neighborhood

Figure7.5 Criteria interval scales on the island of Montreal
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Figure7.5 Criteria interval scales on the island of Mont(eahtinued)
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Figure7.6 Criteria interval scakon the island of Montreal.

For the aggregated results across the entire study area, the overall traffic danger was classified
using the Natural Breaks method in GTRis method ensures minimal variance within each class

and maximizes variance between classes, highlighting the differences in dangerTleigels.
classification distinctly delineates the traffic danger levels into five claBs@snining example
intersectionsfor each class thewere then termedSafe, Acceptable, Somewhat dangerous,
Dangerous, and Very dangeroudowever, since the natural breaks did not always align with

the descriptive labels assigned to each group, the traffic danger score ranges were adjusted
following a validation process with the experts. The final classifications are presented in Figure
7.6. During the workshop, we evaluated the traffic danger scores for each group, and after
thorough discussion and reaching a consensus with the experts, adjusterentsadeo the

score ranges, particularly for the 'safe’ and 'very dangerous' categoriegrtcefiett the group's

assessments
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Figure7.7 Traffic Dangerclassifications of intersectioms Montreal.

A higher proportion of intersections fall into the dangerous and very dangerous categaries
arterial roadsAs shown in Figuré@.8, the most common classificatios Acceptable, whereas
very dangerous intersections #ne leasfrequent.
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Figure7.8 Frequency of traffic dangetfassification of intersections in Montreal.

Analyzing the results at the neighborhood scale allows us to determine which areas are more
sensitive to traffic danger at the intersection level. Figi@élustrate the distribution of different

danger classes across twougls.
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Figure7.9 Proportion of traffic danger class in different neighborhood

Discussion

This project represents a novel application of MGltiteria Decision Analysis (MCDA) to assess
traffic danger at the intersection level. By utilizing the MACBETH approhaftegrated both

the elements often overlooked in traditional assessments, providing crucial insights for policy
formulation. The analysis is designed to assist decisiakers,but also the public, thave a
transparent tool that is validateghd that considers a vast number of intersections. The
information could be used to helgth decisions on where interventions might be needed, but

other decision criteria such as exposure would need ¢orsdered.

Our approach pioneered the use of spatial MCDA for assessing traffic danger at intersections
across a cityMCDA is characterized by its ability to engage participants in a shared learning
process. As meetings progressed, stakeholders developed a unified understanding of the project's

objectives and the multicriteria methods used. Consistent with findings from gitidies
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(Donais et al., 2019a; Donais et al., 2019bis learning process enabled stakeholders to refine
or revise their opinions. The deliberative aspect of the multicriteria process enhanced their
understanding of the decision problem and outcomes, facilitating more effective communication
(Macharis & Bernardini, 2015) Additionally, the use of MACBETH allowed for a
comprehensive analysis of various aspects of the profBama e Costa & Beinat, 2005)his
included uncertainty, imprecision, interactions among criteria, and the selection of appropriate

measurement scales.

This project's results are grounded in timelerstanding of traffic dangef diverse stakeholder

groups including children Their inclusion provided valuable insights into the unique
vulnerabilities and experiences of younger road users, which helped ensure that the assessment
captured a more comprehensive picture of traffic danger. Involving children and other
stakeholders atscontributed to more targeted and effective safety measures, making the results
more relevant and actionabl€his highlights thémportance ofliversestakeholder involvement.
Children possess unique characteristics that increase their vulnerability to traffic danger, which
is frequently cited as a reason to restrict their freedom to travel. Therefore, it is crucial to consider
their perspectives. Future research could appéyaproach to other vulnerable groups, such as

the elderly and individuals with disabilitids.Montreal, the quantified measures of traffic danger
could aid policymakers in prioritizing interventions at intersections. These interventions range
from mina adjustments to complete redesigns based on the severity of the assessed danger and
the potential for mitigating negative impacts.

While our model introduces innovative criteria, it also aligns with established factors identified

in the literature, such as visibility, traffic control, and calming meas|Bennet &
Yiannakoulias, 2015; Harwood et al., 2003; Miradareno, Morency, ElGeneidy, et al., 2011,

Rankavat & Tiwari, 2016)These similarities confirm a broad consensus on several aspects of
WUDIILF GDQJHU UHLQIRUFLQJ WKH PRGHOWVhesel SQuUdi¥sDQFH W
highlighted the importance of various factors, but they did not consider the significance of
different types and levels of these criteria. For example, they did not explore the differences
between various types of traffic control or traff@lming measures in relation to traffic danger.

Previous studies often focused on identifying the igglahip between these various variables

and collision rates, rather than examining the broader concept of traffic dang@&owvelty in
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this research is the comprehensive and detailed consideration of these factors by examining

different types and levels of them.

However, the project also faced limitations. Organizing focus groups with chilslrerore

difficult than with adults because of th@re stringenethics requirement aritie need tdirst

get the permission of parenfss the meetings were online and there was a compensation offered,

| found that some adults weirging to participate in place of childreBuch barriers might deter
practitioners and researchefdJ RP VHHNLQJ FK pdadeGtidil @fovind. Q&rXvalid
concerns and perspectivésitiativessuch asMunicipal FKLOGUHQ®V FHRXQHM XpEHF &LV
Conceil municipal des enfants) is potentially one method to help overcomebaudrs to
including vulnerable parts of the populatidrhe initial involvement of experts unfamiliar with

the MCDA process presented additional challenges, particularly in weighting criteria. This
sometimes led to fatigue and potential biksr example, since the participants were unfamiliar
with the process, it was initially challenging for them to compare scenarios for weighting the
criteria. Sometimes, the research team needed to remind them to consider all criteria for each
scenarioTo mitigate these issudszonducted weighting in smaller groups and validated interval
scales in subgroup meetings before broader expert review.

Data availability posed significant challenges, necessitating the removal of some neighborhoods
from the studyl prepared two types of data lists for each criterion: ideal data for the most accurate
measurements (e.g., street width) and optional proxy measures (e.g., street classification) that
could be used when ideal data were not available. This dual approasiedafior continual
refinement of criteria measurements as more accurate data became available. This ensured that

our evaluations remained agpise and relevant as possible under varying data conditions.

The proposed model is adaptable to various contexts, though it may require adjustments to criteria
or performance levels based on local conditidite toolwould require greater adjustments if
appliedoutside of North America whergher intersection control devicage more populauch

as roundaboutsThe approach would be appropriate anywhieogvever Assessing intersections

based on their traffic danger levels helps identify areas needing urgent interventions, particularly
for vulnerable groups likehildren and pedestrianBrioritizing interventions at intersections
would require considering additional factors such as pedestrian exposure, sociodemographic

variables, and infrastructure quality. The process involves a comprehensive multicriteria
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approach, engaging stakeholders in defining criteria, evaluating them, and selecting appropriate

MCDA methods, such as the potential o§eutrankingmethods

Conclusion

This chapterpresents a comprehensive Muliiiteria Decision Analysis (MCDA) tool for
assessing traffic danger at urban intersections, with a special focus on children's unique
vulnerabilities. By integrating diverse stakeholders' perspectives and accountingctangsiex,
nonlinear relationships among various factors, this tool offers a robust framework for evaluating
intersection safety. To address different urban levels of safety concerns, two different street
segment and intersection models were tgpad and implemented.

Based on the MCDA model application in Montreal, urban planners and policymakers can gain
insight into critical safety issues. With this tool, intersectibas haveconsiderable traffic danger

can be identified anthe contributing factors understo@d the criteri@calesare available. This
information would permit interventions taddress thoseriteria that contribute the mosthe

focus on traffic danger is relevant to approaches such as Vision Zero that differentiate between
the severity of collision outcomeBhe inclusion of children's perspectives ensures that the needs
of vulnerable groups are not only considered but prioritized, fostering the creation of safer, more

inclusive urban environments.

Overall, this research contributes significantly to the field of traffic safety by introducing a novel,
participatory tool that enhances the accuracy and acceptability of traffic danger assessments. The
application of the MACBETH method within a geographiormation system (GIS) framework
demonstrates the potential of combining advanced analytical techniques witlorieatlata to

inform effective policy and urban planning decisions. This tool serves as a decision support
system that guides the implematidn of targeted traffic danger mitigation measures. This

contributes to safer streets for all road users.
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CHAPTER 8 GENERAL DISCUSSION

The objective of this chapter is to provide a comprehensive discussion of the research conducted
in this Ph.D. project. First, this chapter outlines the overall objectives of the project and how these
objectives have been addressed throughasitésearch. Next, it summarizes the research gaps
identified in previous chapters and explains how this study contributes to filling those gaps. The
chapter then highlights the advancements made by this research in relation to the existing body
of knowledge illustrating what was known before and what new insights have been gained.
Finally, the chapter concludes with a discussion of the dissertation's limitations and suggestions

for future research direction

Addressing Research Gaps Through Targeted Contributions

7UDQVSRUW LQIOXHQFHYV H&igp@riatiyQifaugk taifioametnditgSantiH O O
travel behavior. Based on that, the first objective of this dissertat@s to provide a
comprehensive analysis of the relationship between the built environment, transport, and
children's health. This includeexamining the interactions among various variables and
externalities simultaneously, highlighting the multiple ways in which the built environment and
transport infrastructure can influence childre@alth. The existing literature revealed significant
gaps in understanding the relationship between the built environment and children's health and
well-being, particularly regarding mental and social health impacts. While there was evidence
that walkable mighborhoods and lanase diversity positively affect physical activity, the effects

on children's mental and social health remain underexplored. Current research focused primarily
on physical activity, leaving the relationships between the built envinohsecial activity, and

health unclear. Additionally, inadequate urban design, high traffic volumes, excessive speeds,
and a lack of safe crossing points contributed to pedestrian and cyclist collisions, posing physical
risks and psychological stress. Téavas also a challenge in integrating the various components

of the built environment into a cohesive understanding of their impact on children's health, given

the complexity and variety of influencing factors.

This research made a significant contribution by addressing these gaps and providing a
comprehensive analysis of the relationship between the built environment, transport, and

children's health. It explored how the built environment influences childrep&agal, mental,
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and social health by considering factors such as emissions, noise, traffic danger, transport
infrastructure, and land use as independent variables. A holistic and interdisciplinary approach
synthesized findings from numerous studies, offering a cleareirgicf the built environment's
impact on children's health.

The research also proposed a conceptual framework linking the built environment to health
outcomes through transport and general health behaviors. This framework guided future research
and informed policymaking efforts to create supportive environments dbildren. Some
conceptsdiscussedincluded enhancing walkability, reducing traffielated pollution, and
providing access to green spaces, offering actionable insights for urban planners and
policymakers to create healthier environments for children. However, as the research progressed,
it became clear, traffic danger was particularly complex due to the various factors contributing to
it. Additionally, traffic danger directly impacts children's active mobility and accessibility, which,

in turn, affects their independence in transport. Assallt, measuring traffic danger can help
identify streets and intersections that act as barriers to children's mobility, enabling more

accurately targeted interventions to improve children's health andberety.

Focusing on traffic danger, a comprehensive definition of traffic danger that specifically
addresses the unique vulnerabilities and experiences of chiddsdacking. Firstly, there was a
significant gap in the definition of traffic danger. A lot of previous literature has conflated traffic
danger with collision rates and crash risk, but these terms have different definitions and
calculations (see chapter 2).To address this issue, this research aimed to establish a
comprehensiveneasureof traffic dange. Before starting the traffic danger analysis process,
workshop participants, including both technical experts and general stakeholders (parents and
children), were consulted to provide their perspectives on traffic danger. This approach ensured
that thedefinition incorporated both expert technical terms and the broader views of parents and

children. This resulted in a more inclusive and accurate understanding of traffic danger.

Previous research has predominantly focused on either objective safety outcomes (such as
collisions and injuries) or subjective perceptions of danger by parents and children, without
integrating these aspects into a cohesive definition. Furthermore, ijetttiee and subjective
measures of traffic danger identified independent variables that influence traffic danger.

Interactions among these factors and their relative importance must be understthey, as
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interact and influence each other with respect to traffic danger. It is also crucial to incorporate
people's perspectives, as conflicts between perceptions and objective measures often arise. For
example, data might show that collisions are more frequamieasections with crossing guards,
leading some peopleto the conclusion thatrossing guards create dangerous conditions
However, parents might perceive these intersections as safer due to the presence of crossing
guards.The crossing guard might aelly reduce danger, but they are put in place at more
dangerous intersections so a statistical analysis would identify them as positively correlated with
more collisions. This is an example of how the approach applied here could potentially build a
more acurate reflection of the impact of features on traffic dangereover, different groups

can highlight factors that may be overlooked by the literature. People's ideas and experiences
about traffic danger have the potential to add new perspectivesfiodeafger assessment. This
discrepancy highlights the importance of considering both objective data and community insights

to ensure interventions are both effective and aligned with public perceptions.

Children and their parents have often been overlooked in favor of expert opinions, leading to a
gap in understanding their lived experiences and perceived risks. Effective traffic danger
assessment requires input from different groups of experts suchffas @ngineers, urban
planners, police officers, as well as children, and their parents as their experience of traffic
conditions will not necessarily be the same. However, existing approaches frequently fail to
integrate these diverse perspectives, tegulin assessments that may not fully reflect the
concerns and needs of all affected parties. To address this, structured focus group discussions
with traffic safety experts, parents, and children were conducted. By incorporating these diverse
perspective, this research captured a more comprehensive understanding of the factors
contributing to traffic danger. The thematic analysis identified key themes influencing traffic
danger for children. Incorporating and comparing the perspectives of childrentspaueah
experts allows for a holistic view of traffic danger. This comprehensive approach ensures that
solutions are informed by the lived experiences of those most affected by traffic danger,

increasing the acceptability of future results.

Most existing traffic danger assessments do not sufficiently consider the unique risks faced by
children. Children are particularly vulnerable due to their physical and cognitive limitations, yet
their specific needs are often overlooked in safety evals{Cloutier et al., 2021)This gap

results in safety measures that may not effectively protect this vulnerable group, highlighting the
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necessity for assessment tools that prioritize children's safety and incorporate their specific
vulnerabilities. This research emphasized the importance of focusing on children as vulnerable
road users with distinct neethy considering factors such as their judgement for speed and
distance, their smaller stature which affects visibility, and their higher likelihood of being present
in specific land uses such as schools and pBrkgrioritizing children's safety, the results can

support planning that ainme protect vulnerable populations.

Previous literature on traffic danger has been limited by its tendency to consider only the direct
relationships between individual factors and traffic danger, without accounting for the complex
interactions among these factors. For instance, the relaijobstween traffic speed and volume

or the combined effect of road design and visibility has often been examined in isolation. This
approach overlooks the multifaceted nature of traffic danger, leading to incomplete or inaccurate
assessments. This thesiddressed this gap by applying a thematic analysis to uncover key
factors, and developing a comprehensive framework tailored to assessing traffic danger
specifically for children. The approach helped the understanding of traffic danger criteria and
providal actionable insights for improving urban road safety, particularly for young road users.
Each theme, derived through thematic analysis of focus group discussions considering interaction
among different factoruring the focus groups with various stakieleo groups, we discussed

and identified the interactions among different factors contributing to traffic danger. After listing
all the relevant factors, we asked the participants how each specific factor influenced traffic
danger. When participants respled with "it depends,” we recognized that there might be
interactions at play. We then continued the discussion to identify the other factors involved in
these interactions. (For more details, see the description of criteria in Appendices B &nd E).
offered a detailed understanding of how these factors contribute to traffic danger. By highlighting
these themes, the framework provides a structured method to analyze and address traffic safety

issues specific to children.

Current traffic danger assessment methods, have notable limitations. Traditional methods, such
as analyzing historical crash data, often suffer from issues like data completeness, accuracy, and
underreporting biases. These methods tend to overlook thegaryd in some cases rbnear

impacts of different traffic danger measures and stakeholder views, resulting in incomplete or
biased results. In addition, simulation analyses provide valuable insights but face limitations in

accurately replicating reaborld conditions. These methods can be costly and may cause
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simulator sickness, reducing their practicality for extensive use. Furthermidemgraphy
analysisoften fails to capture behavior variations across different road sections and detailed

behaviors of road users, limiting their effectiveness in comprehensive traffic danger assessments.

The application of MultCriteria Decision Analysis (MCDA) methods offers a promising
solution to these gaps. MCDA allows for the integration of various factors and stakeholder
perspectives, providing a more holistic and accurate assessment of traféc. démgever, the

use of MCDA in traffic danger assessment is still in its nascent stages and requires further
development and validation. In addition, not all MCDA methods are appropriate for traffic
danger. Previous approaches such as AHP have shortreuwip as neglecting the possibility

of nonlinear relationships between different variables and their limitation in assessment of high
number of alternatives (see chapter 2). Therefore, it is crucial to choose appropriate methods to
design a more accueatool for traffic danger assessment. Considering the complexity of traffic
danger assessment in the urban area level, MACBETH method was chosen. Entpeying
MACBETH method and Geographic Information Systems (GIS), | evaluated traffic danger at a
grandar streetsegment level. This comprehensive approach took into consideration a number of
guantitative and qualitative criteria that had been constreotesideringhe relationships among

different variables. This allows for a more accurate and nuanced assessment of traffic danger.

Previous studies usually used simple and straightforward measures for different variables for
traffic danger assessment. For example, when considering the importance of land use in traffic
danger, they utilized the presence of specific land use suchchsa@ sr park as a measure. In
reality, all different types of land use need to be considered since they may have different
influences on traffic danger. Some land uses need to be considered in depth using their physical
features (e.g., area) because thbirsical aspects also affect their relationship with traffic danger.

In some cases, different data and built environment features must be combined to measure one
criterion. For example, measuring intersection design not only relates to the shape of the
intersection but also to the types of streets reaching the intersection when considering traffic
danger. Moreover, when aggregating different factors to assess traffic danger, previous studies
often used equal weights for all factors, which does not acturaféect reality. Some factors

may have more severe implications for traffic danger than others, and these differences should
be scientifically defined by comparing various situations. In our approach, | addressed this by

defining the importance of eadniterion through comparisons of different fictitious scenarios
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and collaborating with experts from diverse fields. This method ensures a more accurate and

realistic assessment of traffic danger

Previous literature has mainly focused on specific aspects of traffic danger, such as ranking
different types of traffic control, or it has been limited to a small number of streets or
intersections. This research addressed these limitations by applgingQBA model to over

25,000 street segmerasd 16000 intersectioms selected neighborhoods of Montreal, providing

D GHWDLOHG VSDWLDO DQDO\VLV RI WUDIILF GDQJHU 7KLV
identifying highrisk areas and informintargeted safety improvements. Integration with GIS

allowed for the creation of visual traffic danger maps, making results accessible and interpretable

for decisioamakers and the public. This visual representation facilitated better communication

of the findings and supported dadaiven policy decisions.

Finally, the factors that influence traffic danger can vary between different locations, such as
midblock and intersections. Previous literature has confirmed that traffic danger levels may differ
between intersections and street segments, and in sons ddfeFent variables are used for
traffic danger assessments in these locations. One of our contributions, stemming from
discussions with experts, is the development of two distinct models for intersections and street
segments. | conducted separate wos with experts to develop these models, resulting in
some differences in criteria. For criteria that remained the same, their weights differed between
intersections and segments. For example, while traffic calming measures are a common criterion,

theirimportance is greater at intersections than at midblock.

Limitations

As can be expected, this study had its limitations. In the first analysis of this dissertation presented
in chapter 4, The nefvameworkin considering the relationship between built environment and
children health has been developed. The review primarily focuses on the built environment's
impact on children's health through transport pathways, with less emphasis on mental and social
health connections, which are less developed. Most studies reviewed are fronmdoghe,
Englishspeaking countries, limitqnthe generalizability of findings. Definitions of "child" vary
across studies, affecting consistency and comparability. The paper does not account for
longitudinal changes in the built environment's impact on health, and inconsistencies in

measurement améporting make drawing definitive conclusions challenging. Many relationships
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discussed are correlational, lacking strong causal evidence, particularly for mental and social

health outcomes.

Previous research has primarily focuseegative externalities such as traffic danger, air
pollution, and noise, while positive aspects like physical activity and social interactions are not
as thoroughly exploredlthough the links with such outcomes are often investigaktealeare

limited intervention studies examining changes to the built environment and their direct impact
on children's health, highlighting a need for more research. The integration of findings from
different disciplines is limited, gientially hindering a comprehensive understanding. Lalstly,
tried to outline potential interventions but does not deeply explore the feasibility, implementation,

and policy implications of these recommendations.

In Chapter 5] illustrated the use of focus groups with different stakeholders to define traffic
danger and identify factors that can influence its level. During this stuhgountered several
limitations. Firstly, securing reliable participants for the parents' and children's groups posed a
challenge, as some patrticipants showed intgrasiarily due to the incentive rather than genuine
engagementonfirming the participation of actual children in one focus group was difficult,
resulting in its cancellation.Additionally, scheduling conflicts prevented key experts, such as
police officers and policymakers, from participating, which may have affected the

comprehensiveness of the study's outcomes.

Moreover, while the study directly involved children and parents, only one focus group was
conducted with children, primarily based in Montreal. This raises questions about the
generalizability of the results to other contexts, such as smaller urbarsaardéferent driving

cultures. The random selection of participants and the rgeeder composition of the groups

might have influenced the dynamics and responses within the focus g psZHOO SHRSOH]
experience is limited to their liveskperiencewhich is likely to bethe same country, if not the

same city. As such, the ability tamow how truly different conditions or street designs might

impact traffic danger is limited.

Another limitation is the absence of using new technology in the focus group process, especially
with children. Interactive applications and simulations could offer children engaging ways to
share theirdeaabout traffic danger. Using advanced simulations in focus groups could provide

deeper insights into how children and parents perceive and respond to various traffic situations.
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This study relies on data from public sources and surveys. These data may not fully capture
essential street design details, such as lane width and traffic characteristics like practiced speed
and the number of large personal vehicles. Additionally, dulat@ limitations, some Montreal
boroughs were excluded from the study. In addition, recruiting reliable participants, especially
parents and children, for the focus groups was challenging. Initial attempts through online
advertising were not always sucsks, leading to the need for more targeted recruitment
methods. All participants were firitne attendees to multiriteria workshops, requiring
extensive time and consideration at various steps. Determining the weight of each criterion was
particularlychallenging due to the differing expertise and perspectives of the participants. This

necessitated lengthy discussions to reach consensus.

Thefocus group workshopseretime-consuming, taking nearly a year to complete. It involved
multiple steps, including ethics approval, recruiting stakeholders, conducting focus groups,

interpreting results, developing materials, organizing meetings, and extensive data treatment.

The study does not account for temporal variations in traffic danger, such as differences between
weekdays and weekends or seasonal changes. Incorporatingmesadlata analysis and
considering the temporal dimension would provide a more comprehensieestamdling of

traffic danger. Moreover, the study focused on children as a vulnerable group but did not account
for other populations requiring additional consideration, such as the elderly or people with

disabilities.
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CHAPTER 9 CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE STUDIES

This chapter presents the conclusions of this Ph.D. project and offers recommendations for future
research. It begins with the presentation ofdbeclusions, followed by several suggestions for

future studies. The chapter concludes with a summary of the entire Ph.D. project.

Conclusions

This Ph.D. projecaimed to develop tools that can help planners better understand the impacts of
transport on children. Within this broad aimgentified traffic danger as a critical problem due

to its direct impact on children's safety, mobility, and overall sweihg. Through our
examination of this issud, recognized several shortcomings in the current approaches to
assessing traffic danger, such as the lack of comprehensive consideration of various factors and
the discrepancy between objective meas and public perceptions. To address these limitations,

| identified Multi-Criteria Decision Analysis (MCDA) as a potential method. MCDA allows for

a more nuanced evaluation by integrating multiple factors and perspectives, thereby providing a

more holistic and accurate assessment of traffic danger.

A new approach using the MACBETH method integtatarious stakeholder perspectivies
assess traffic dangelt employedGIS-MCDA techniques to spatially analyze and visualize
traffic danger at intersections and street segments;@mideredhe interconnections between

the built environment, transportation, and children's health. These developments contribute

significantly to improving future analyses of urban traffic danger and children's mobility.

Thekey contributions of this Ph.D. research enhanced understanding of three critical urban safety
guestions:proposing an integrated framework to understand how the built environment and
transport affect children's health and wellbeing, building upon and advancing previous jreviews
developing more holistic tools to measure traffic danger (as opposed to collision probability) that
can be applied to thousands of streets and intersections

The MACBETH method effectively integratediverse stakeholder perspectives, enabling a
comprehensive assessment of traffic danger. The research highlighted the importance of
considering the interactions between different variables, noting that not all relationships with
traffic danger are lineasome are complex and ndinear. This insight is crucial for enhancing
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urban safety, especially for children. Additionally, the application of-KCDA techniques
providel detailed visualizations of traffic dangandhelpedto present resudtin anaccurate and

interactive manner.

A new GISbased tool was developed to present the traffic danger index. This tool allows users
to filter and view various layers, display aggregated data by neighborhood, and visualize traffic
danger details by clicking on intersections and segmiedismonstrated strong potential for user

engagement and effectively conveying complex spatial data

The research better integrated the various ways that different built environment characteristics
might influence traffic dangeFactors such the street segment level, the type of traffic control,
and traffic calming measurese somevariablesrelated to built environmengnsuring child

safety equates to enhancing safety for the general public.

The advancements in feature integration, stakeholder engagement, and interactive visualization
developed in this Ph.D. project will enhance future traffic safety assessments and support the
creation of safer urban environments for all road users, particidalnerable groups like

children.

Recommendations for future studies

Thetraffic danger assessment tawhs applied and validated tioe road networkn the City of
Montreal To understand the generalizability dimditations of the toqlit is recommended to
apply the tool andhethod in different urban contexts. Thesearchs essential to assetbe tools
applicability and effectiveness in cities with varying traffi@nger related¢onditions,whether

that beinfrastructure,traffic characteristicsdemographicsor considerations that were not
pertinent in this contexDifferent contexts may have differefactors to considewhich need to

be considered in collaboration with their stakeholders, but the approach and framework can

remain the same.

The current study successfully integrated stakeholder perspectives in the traffic danger
assessment. Future research should incorporate broader stakeholder engagement, including more
diverse groups such as local residents, cyclists, police officers, lzgrd tt gain a broader view

of traffic danger assessment. This broader engagement will ensure a more comprehensive

understanding of traffic danger from multiple viewpoints.
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In future studies, exploring fage-face interviews with children could offer an interactive and
engaging environment. Additionally, incorporating serious games could be a valuable tool for
engaging young participants. Serious games would allow childreactively participate in
simulated traffic scenarios, making it easier for them to express their perceptions of traffic danger
in a more playful and natural manner. This approach could enhance data richness and lead to
deeper insights into traffic safeWJ RP D FKLOGYfV SHUVSHFWLYH

Focusing more on vulnerable populations such as elderly pedestrians and cyclists in future studies
is crucial. Tailored safety measurasad traffic danger assessments should be developed to
address the unique challenges faced by these groups. Conducting longitudinal studies to observe
the impact of implemented safety measures based on the traffic danger index over time will
provide insights into théong-term effectiveness of various interventions and help refine the

assessment models.

To improve the accuracy and relevance of the traffic danger index, it is also recommended to
incorporate realime data sources such as live traffic feaddweatherconditions. Thiglynamic
approach will provide wpo-date insights and help in the timely implementation of safety
measures. Additionally, integrating the developed interactive platform, such as Maphel,

based mapping tool that allows to create and customize interactigse, withexisting urban
planning tools and Geographic Informatioys&ms (GIS) used by city planners is recommended.
This integration will facilitate the seamless use of the traffic danger index in urban development

projects and policynaking processes.

In this tool, we used the insights from participants in the focus group discussions to identify the
interactions among different variables influencing traffic danger. One method would be through
integrating MYRIAD, a method designed to address complexsidecproblems by considering

the interactions between multiple variables. The combination with  MACBETH could
significantly enhance the evaluation process. By integrating MYRIAD into the MACBETH
framework, we could account for both the qualitative evalnatibfactors and the dynamic
LOWHUDFWLRQVY EHWZHHQ YDULDEOHV 0<5,%$'fV DELOLW\ WR
that the model reflects rewmlorld dynamics more accurately.

As part of future research, we plan to expand the validation process of the MCDA tool. While

the initial validation was carried out through expert workshops using randomly selected street
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segments and intersections (as detailed in Chapters 6 and 7), a more comprehensive approach
will involve a second round of validation. This will include distributing interactive maps to
experts, enabling them to assess a broader range of streets aedtintegsAdditionally, orsite

visits and random observations will be conducted to ensure the accuracy of both the data and the
tool within the specific context of the study area. This extended validation will provide deeper

insights and further enhanceettobustness of the tool.

Investigating the impact and interaction of environmental factors such as air quality, noise
pollution, and urban heat islands with traffic danger is another critical area for future research.
Understanding these interactions can lead to more holistitegiga that address multiple

dimensions of urban health and wiedling.

In addition, prioritizing street segments and intersections with respect to traffic danger requires
more investigation into different factors and related variables. Examples of these variables
include exposure (number of pedestrians crossing each stietdreection), sociodemographic
variables, and the quality of available infrastructure. It is crucial to explore these variables in
collaboration with different groups of stakeholders to structure the problem and aggregate
different variables based on thenteractions and importance to have an accurate prioritization
index. Based on that, future research can develop another MCDA tool to prioritize them

accurately to find the most sensitive places for intervention.

Finally, not all interventions are appropriate for different sensitive intersections and streets.
Various factors influence the choice of intervention. Discussing these factors with stakeholders
and aggregating and ranking different intervention scenasmg different MCDA techniques

need to be done to be effective and acceptable for all groups.

By addressing these recommendations and exploring the suggested future research directions, the
comprehensive assessment and mitigation of traffic danger can be significantly enhanced, leading

to safer and more sustainable urban environments.



133

REFERENCES

AbdelAty, M., Chundi, S. S., & Lee, C. J. J. 0. s. 1. (2007). Geatial and logdinear analysis
of pedestrian and bicyclist crashes involving sckag®d children38(5), 571579.

Abdollahi, S., Waygood, E. O. D., Aliyas, Z., & Cloutier,-8. J. C. e. h. r. (2023). An Overview
Rl +RZ WKH %XLOW (QYLURQPHQWOBHZBEMHY WR &KLOGUH

Abi-Zeid, I., Marleau Donais, F., & Cerultti, J. (2023). Mutlicriteria Decision Aiding: Challenges
in ReatLife Interventions. InMulticriteria Decision Aiding Interventions: Applications
for Analystgpp. 162186). Springer.

Adler, K., Salantera, S., & Zumste®haha, M. (2019). Focus group interviews in child, youth,
and parent research: An integrative literature revieternational Journal of Qualitative
Methods 18, 1609406919887274.

Agran, P. F., Anderson, C. L., & Winn, D. G. (2004). Violators of a child passenger safety law.
Pediatrics 114(1), 109115.

Akbari, M., K, B. L., Heydari, S. T., Motevalian, S. A., Tabrizi, R., & M, J. M. S. (2021). Is
driver education contributing towards road safety? a systematic review of systematic
reviews.J Inj Violence Resl3(1), 69-80. https://doi.org/10.5249/jivr.v13i1.1592

Al Shammas, T., Escobar, F. J. I. j. 0. e. r., & health, p. (2019). Comfort anased
walkability index design: A Gl$®ased proposal6(16), 2850.

$OGHUWRQ $ O9LOODQXHYD . 2Y&RQQRU 0 %RXODQJp &
inequities in early childhood mental health: How might the neighborhood built
environment help close the gap? A systematic search and critical réwiemational
journal of environmental research and public heatt(9), 1516.

Alemdar, K. D., Kaya, O., & Codur, M. Y. (2020). GIS and microsimulatiofpased MCDA
approach for evaluation of pedestrian crossidgsident Analysis & Preventioi48
105771 https://doi.org/https://doi.org/10.1016/j.aap.2020.105771

Aliyas, Z. (2022). The role of subjective and objective indicators of neighbourhood safety on
children's  physical activity level. Security Journal 352), 29%316.
https://doi.org/10.1057/s412820-002788

Alonso, F., Esteban, C., Tortosa, F., & Useche, S. J. A. J. 0. E. R. (2017). Perception of road
VDIHW\ LQ FKLOGUSBR A2 YLURQPHQW

Ambros, R. T., Paukrt, J., Ambros, J., Turek, R., & Paukrt, J. (2014). Road safety evaluation
using traffic conflicts: pilot comparison of micsimulation and observatienL t
International Conference on Traffic and Transport EnginedBigrade,

Amiour, Y., Waygood, E., & van den Berg, P. E. (2022). Objective and perceived traffic safety
for children: a systematic literature review of traffic and built environment characteristics
related to safe traventernational journal of environmental research and public health
19(5), 2641.

Amiour, Y., Waygood, E., van den Berg, P. E. J. . j. 0. e. r., & health, p. (2022). Objective and
perceived traffic safety for children: a systematic literature review of traffic and built
environment characteristics related to safe traM¥b), 2641.


https://doi.org/10.5249/jivr.v13i1.1592
https://doi.org/https:/doi.org/10.1016/j.aap.2020.105771
https://doi.org/10.1057/s41284-020-00278-8

134

Ammanatidou, P., Palantzas, G., & Nalmpantis, D. (2020). Selection between signalized traffic
light junction and roundabout with the use of maliteria decision analysis (MCDA).

Anastasopoulos, P. C., & Mannering, F. L. (2009). A note on modeling vehicle accident
frequencies with randosparameters count modeléccident Analysis & Prevention
41(1), 153159.

Archer, J., & Young, W. (2010). The measurement and modelling of proximal safety measures.
Proceedings of the Institution of Civil Enginedmansport,

Arun, A., Haque, M. M., Bhaskar, A., Washington, S., & Sayed, T. (2021). A systematic mapping
review of surrogate safety assessment using traffic conflict technijc@dent Analysis
& Prevention 153 106016.

Asadi, M., Ulak, M. B., Geurs, K. T., Weijermars, W., & Schepers, P. (2022). A comprehensive
analysis of the relationships between the built environment and traffic safety in the Dutch
urban areasAccident Analysis & Preventioti72, 106683.

Assembly, U. N. G., & Directorate, C. H. R. (199Cpnvention on the Rights of the Child
Human Rights Directorate.

Audrey, S., & Batistderrer, H. (2015). Healthy urban environments for children and young
people: A systematic review of intervention studiekealth & Place 36, 97-117.
https://doi.org/https://doi.org/10.1016/j.healthplace.2015.09.004

Auvinen, H., & Tuominen, A. (2014). Future transport systems:-teng visions and socio
technical transition€European Transport Research Revién343354.

%DEE & 20DUX ' &XUWLV & B5REHUWVRQ ' - 7 E VRF]
local activity spaces and wellbeing: A case study in Perth, 9vV81-94.

Badland, H., Donovan, P., Mavoa, S., Oliver, M., Chaudhury, M., Witten, K. J. E., Planning, P.
B., & Design. (2015). Assessing neighbourhood destination access for children:
development of the NDAC audit tool.42(6), 11481160.

Bana e Costa, C. A., & Beinat, E. (200Mlodetstructuring in public decisiomiding.
Operational Research Group, Department of Management, London School of

Banville, C., Landry, M., Martel, J. M., Boulaire, C. J. S. R., & Science, B. (1998). A stakeholder
approach to MCDA15(1), 1532.

Bao, Q., Ruan, D., Shen, Y., Hermans, E., & Janssens, D. (2012). Improved hierarchical fuzzy
TOPSIS for road safety performance evaluatitmowledgebased system32, 84-90.

Basner, M., McGuire, S. J. . . 0. e. r., & health, p. (2018). WHO environmental noise guidelines
for the European region: a systematic review on environmental noise and effects on sleep.
15(3), 5109.

Beauchamp, E., Saunier, N., & Cloutier,-BL.(2022). Study of automated shuttle interactions in
city traffic using surrogate measures of safétansportation research part C: emerging
technologies135 103465 https://doi.org/https://doi.org/10.1016/j.trc.2021.103465

Bell, C. A. J. P. J. 0. E. (2009). All choices created equal? The role of choice sets in the selection
of schools84(2), 192208.


https://doi.org/https:/doi.org/10.1016/j.healthplace.2015.09.004
https://doi.org/https:/doi.org/10.1016/j.trc.2021.103465

135

Bell, M. F., Turrell, G., Beesley, B., Boruff, B., Trapp, G., Zubrick, S. R., & Christian, H. E.
&KLOGUHQTV QHLIJKERXUKRRG SK\WLFDO HQYLURQ
individual child level linked data study.Epidemiol Community Healt@4(4), 321329.

Belton, V., & Stewart, T. (2002Multiple criteria decision analysis: an integrated approach
Springer Science & Business Media.

Bennet, S. A., & Yiannakoulias, N. (2015). Motaehicle collisions involving child pedestrians
at intersection and miblock locations.Accident Analysis & Preventioi’8, 94103.
https://doi.org/https://doi.org/10.1016/j.aap.2015.03.001

Bennet, S. A., Yiannakoulias, N. J. A. A., & Prevention. (2015). Mué&bricle collisions
involving child pedestrians at intersection and 4lidck locations78, 94-103.

Berglund, B., Lindvall, T., Schwela, D. H., & Organization, W. H. (1999). Guidelines for
community noise.

%tO 0 $QGUIALN 5 6HGRQtN - $ GHWDLOHG VSDWL
hotspotsApplied geographyl07, 82-90.

Blazquez, C. A., Celis, M. S. J. A. A., & Prevention. (2013). A spatial and temporal analysis of
child pedestrian crashes in Santiago, Chi(2.304311.

Boisjoly, G., & EFGeneidy, A. M. J. J. 0. T. G. (2017). The insider: A planners' perspective on
accessibility 64, 33-43.

Bonela, S. R., & Kadali, B. R. (2022). Review of traffic safety evaluationiateFsections using
surrogate safety measures in developing countries cold&S Researcd6(3), 307
321.https://doi.org/https://doi.org/10.1016/j.iatssr.2022.03.001

Boothe, V. L., & Baldauf, R. W. (2020). Traffic emission impacts on child health andeiel).
In Transport and Children's Wellbeir{gp. 119142). Elsevier.

Brener, N. D., Billy, J. O., & Grady, W. R. (2003). Assessment of factors affecting the validity
of selfreported healthlisk behavior among adolescents: evidence from the scientific
literature.Journal of adolescent healtB3(6), 436457.

Brooks, J. O., Goodenough, R. R., Crisler, M. C., Klein, N. D., Alley, R. L., Koon, B. L., Logan
Jr, W. C., Ogle, J. H., Tyrrell, R. A., & Wills, R. F. (2010). Simulator sickness during
driving simulation studiesAccident Analysis & Preventipi2(3), 788796.

%XOLXQJ 5 1 /I DUVHQ . J)DXONQHU * 5RVV 7 &KL
the City of Toronto, Canada.Travel Behaviour and Society9, 5869.
https://doi.org/https://doi.org/10.1016/j.tbs.2017.06.001

Buttazzoni, A., Doherty, S., & Minaker, L. (2022). How Do Urban Environments Affect Young
People's Mental Health? A Novel Conceptual Framework to Bridge Public Health,
Planning, and Neurourbanism. Public Health Rep 1371), 4861.
https://doi.org/10.1177/0033354920982088

&DOYHQWH , 3pUH](/REDWR 5 1~xH] O , 5DPRV 5 *X[H
Fernandez, M. F. (2016). Does exposure to environmental radiofrequency
HOHFWURPDJQHWLF ILHOGV FDXVH FRJQLWLYH DQG EHI
Bioelectromagnetics87(1), 2536.


https://doi.org/https:/doi.org/10.1016/j.aap.2015.03.001
https://doi.org/https:/doi.org/10.1016/j.iatssr.2022.03.001
https://doi.org/https:/doi.org/10.1016/j.tbs.2017.06.001
https://doi.org/10.1177/0033354920982088

136

Celikbilek, Y., & Tlysuz, F. (2020). An idepth review of theory of the TOPSIS method: An
experimental analysidournal of Management Analytic2), 281300.

&HUYHVDWR $ :D\JRRG ( 2 &KLOGUHQTV LQGHS!
weekends: case study of Québec Citansportation research record6734), 907916.
&HUYHVDWR $ :D\JRRG ( 2 ' - 7 U U &KLOGUHQT\

and weekends: case study of Québec Qiby.34), 907916.

Chen, F., Wang, J., & Deng, Y. (2015). Road safety risk evaluation by means of improved entropy
TOPSISRSR. Safety Scienge 79, 3954,
https://doi.org/https://doi.org/10.1016/j.ssci.2015.05.006

Chen, P., Wu, C., & Zhu, S. (2016). Interaction between vehicles and pedestrians at uncontrolled
mid-block crosswalks. Safety Scienge 82, 68-76.
https://doi.org/https://doi.org/10.1016/j.ssci.2015.09.016

Chen, Z., Cui, L., Cui, X., Li, X., Yu, K., Yue, K., Dai, Z., Zhou, J., Jia, G., & Zhang, J. (2019).
The association between high ambient air pollution exposure and respiratory health of
young children: A cross sectional study in Jinan, Clcéence of the Total Environment
656, 740749.https://doi.org/https://doi.org/10.1016/j.scitotenv.2018.11.368

Choi, K., Zhang, M. J. T. R. P. D. T., & Environment. (2017). The net effects of the built
environment on household vehicle emissions: A case study of Austib0I X54268.

Christian, H., Zubrick, S. R., Foster, S., Gileerti, B., Bull, F., Wood, L., Knuiman, M.,
Brinkman, S., Houghton, S., & Boruff, B. (2015). The influence of the neighborhood
physical environment on early child health and development: A review and call fo
researchHealth & Place 33, 25-36.

Christie, N., Ward, H., Kimberlee, R., Towner, E., & Sleney, J. J. I. P. (2007). Understanding
high traffic injury risks for children in low socioeconomic areas: a qualitative study of
SDUHQW Y36)Y3okDT

Chung, Y., & Chang, I. (2015). How accurate is accident data in road safety research? An
application of vehicle black box data regarding pedestogaxi accidents in Korea.
Accident Analysis & Preventio84, 1-8.

Cicognani, E. (2014). Social well being. Encyclopedia of Quality of Life and Well being
Research{pp. 61936197). Springer Science+ Business Media.

&LH OD O ORGHUQ XUEDQ WUDQVSRUW LQIUDVWUXFW
children as pedestrians and cyclistdrastructures 6(7), 102.

Clifton, K. J., & KreameiFults, K. (2007). An examination of the environmental attributes
associated with pedestriarehicular crashes near public schodscident Analysis &
Prevention39(4), 708715.

Cloutier, M-S., Apparicio, P., & Thouez, P. J. A. G. (2007). GFpased spatial analysis of
child pedestrian accidents near primary schools in Montréal, Ca3{ddlal-18.

Cloutier, M-S., Beaulieu, E., Fridman, L., Macpherson, A. K., Hagel, B. E., Howard, A. W.,
Churchill, T., Fuselli, P., Macarthur, C., & Rothman, L. J. I. p. (2021). Statiee-art


https://doi.org/https:/doi.org/10.1016/j.ssci.2015.05.006
https://doi.org/https:/doi.org/10.1016/j.ssci.2015.09.016
https://doi.org/https:/doi.org/10.1016/j.scitotenv.2018.11.368

137

review: preventing child and youth pedestrian motor vehicle collisions: critical issues and
future directions27(1), 7784.

Coll, B., Moutari, S., & Marshall, A. H. (2013). Hotspots identification and ranking for road
safety improvement: An alternative approaghcident Analysis & Preventips9, 604
617.https://doi.org/https://doi.org/10.1016/j.aap.2013.07.012

Constant, A., & Lagarde, E. (2010). Protecting vulnerable road users from iRjuo$ Med
7(3), €1000228Nhttps://doi.org/10.1371/journal.pmed.1000228

Cordellieri, P., Baralla, F., Ferlazzo, F., Sgalla, R., Piccardi, L., & Giannini, A. M. (2016). Gender
effects in young road users on road safety attitudes, behaviors and risk perception.
Frontiers in psychology7, 213861.

Crawford, S. B., Bennetts, S., Hackworth, N. J., Green, J., Graesser, H., Cooklin, A., Matthews,
- 6WUD]GLQV / =XEULFN 6 5 'fHVSRVLWR )
neighborhoods and knowing people: a qualitative study with children and parents
regarding children's independent mobiliealth & place 45, 131-139.

Dano, U. L. (2018). Improving traffic safety towards sustainable built environment in Dammam
City, Saudi Arabia. IOP conference series: Earth and Environmental Science,

De Winter, J., van Leeuwen, P. M., & Happee, R. (2012). Advantages and disadvantages of
driving simulators: A discussion. Proceedings of measuring behavior,

Desapriya, E., Subzwari, S., Sasges, D., Basic, A., Alidina, A., Turcotte, K., & Pike, I. (2010).
Do light truck vehicles (LTV) impose greater risk of pedestrian injury than passenger
cars? A metanalysis and systematic revieWaffic injury prevention11(1), 4856.

Desjardins, E., Tavakoli, Z., Paez, A., Waygood, E. O. D. J. |. j. 0. e. r., & health, p. (2022).
&KLOGUHQTV $SEhddl DedtihatiohRIgy Active or Independent Travel: A
Scoping Reviewl9(19), 12345.

Dhurkari, R. K. (2022). MCDM methods: Practical difficulties and future directions for
improvementRAIRGOperations Resear¢ch6(4), 22212233.

Ding, D., Sallis, J. F., Kerr, J., Lee, S., & Rosenberg, D. E. (2011). Neighborhood environment
and physical activity among youth: a reviedmerican journal of preventive medicjne
41(4), 442455.

Dissanayake, D., Aryaija, J., & Wedagama, D. P. (2009). Modelling the effects of land use and
temporal factors on child pedestrian casualtfexident Analysis & Preventipd1(5),
10161024.

Distefano, N., & Leonardi, S. (2019). Evaluation of the benefits of traffic calming on vehicle
speed reductiorCivil Engineering and Architecturg(4), 206214.

Donais, F. M., AbiZeid, I., Waygood, E. O., & Lavoie, R. J. E. J. 0. D. P. (2019a). A review of
costbenefit analysis and multicriteria decision analysis from the perspective of
sustainable transport in project evaluatig3-4), 32#358.

Donais, F. M., AbiZeid, |., Waygood, E. O. D., & Lavoie, R. (2019b). Assessing and ranking
the potential of a street to be redesigned as a Complete Street: Amtetia decision
aiding approachlransportation Research Part A: Policy and Practit24, 1-19.


https://doi.org/https:/doi.org/10.1016/j.aap.2013.07.012
https://doi.org/10.1371/journal.pmed.1000228

138

Dozza, M., Boda, GN., Jaber, L., Thalya, P., & Lubbe, N. (2020). How do drivers negotiate
intersections with pedestrians? The importance of pedestriantdtareival and
visibility. Accident Analysis & Preventioh41, 105524.

'"UDJRYLO ' .UNOMH& O 6ODYNRYLUOU % S$OHNVLUO - 5DGDN
+DVDQEHJRYLU ( - $ 6 $ /LW H-Bd3&d XoddIs5dl YLHZ R
Walkability Evaluation13(7), 4408.

Duncan, D. T., Sharifi, M., Melly, S. J., Marshall, R., Sequist, T. D., F8fashan, S. L., &
Taveras, E. M. (2014). Characteristics of walkable built environments and Bitires
in children: evidence from a large electronic health record datdbageonmental health
perspectivesl22(12), 13591365.

Duperrex, O., Bunn, F., & Roberts, I. (2002). Safety education of pedestrians for injury
prevention: a systematic review of randomised controlled tBatg.324(7346), 1129.

e Costa, C. A. B., & Oliveira, M. D. (2012). A multicriteria decision analysis model for faculty
evaluationOmega40(4), 424436.

e Costa, C. A. B., & Vansnick,-E. (1994). MACBETH An interactive path towards the
construction of cardinal value functionfnternational transactions in operational
Researchl(4), 489500.

e Oliveira, J. R. d. C., Base, L. H., de Abreu, L. C., Ferreira Filho, C., Ferreira, C., & Morawska,
/ - 3 U U 8OWUDILQH SDUWLFOHY DRGHEHKLOGUHQ

Ebner, K., Mattes, P., & Smolnik, S. (2019). Are you responsible for traffic congestion? A
systematic review of the soetechnical perspective of smart mobility services.

Edwards, B., & Bromfield, L. M. (2009). Neighborhood influences on young children's conduct
problems and prgocial behavior: Evidence from an Australian national sar@igdren
and Youth Services Revie3i(3), 317324.

Edwards, M., & Leonard, D. (2022). Effects of large vehicles on pedestrian and pedalcyclist
injury severity.Journal of Safety Researd®, 275282.

Ellison, A. B., Greaves, S. P., & Bliemer, M. C. J. (2015). Driver behaviour profiles for road
safety  analysis. Accident  Analysis & Prevention 76, 118132.
https://doi.org/https://doi.org/10.1016/j.aap.2015.01.009

Elvik, R., & Bjgrnskau, T. (2017). Safety-numbers: A systematic review and matalysis of
evidence. Safety Scienge 92, 274282.
https://doi.org/https://doi.org/10.1016/j.ssci.2015.07.017

Elvik, R., Christensen, P., & Amundsen, A. H. (2004). Speed and road accidents: an evaluation
of the Power Model.

Esri. (2022). https://www.esri.com/emnis/home

Ewing, R., & Cervero, R. (2010). Travel and the built environment: A +aetdysisJournal of
the American planning associatiore(3), 265294.

Ewing, R., & Cervero, R. J. J. 0. t. A. p. a. (2010). Travel and the built environment: A meta
analysis.76(3), 265294.


https://doi.org/https:/doi.org/10.1016/j.aap.2015.01.009
https://doi.org/https:/doi.org/10.1016/j.ssci.2015.07.017
https://www.esri.com/en-us/home

139

Ewing, R., & Dumbaugh, E. (2009). The built environment and traffic safety: a review of
empirical evidencelournal of Planning Literature23(4), 347367.

Ewing, R., & Dumbaugh, E. J. J. 0. P. L. (2009). The built environment and traffic safety: a
review of empirical evidenc@3(4), 347367.

Ewing, R., & Hamidi, S. J. J. o. P. L. (2015). Compactness versus sprawl: A review of recent
evidence from the United Stat&§4), 413432.

Fancello, G., Carta, M., & Fadda, P. (2019). Road intersections ranking for road safety
improvement: Comparative analysis of mualtiteria decision making methods.
Transport policy80, 188196.

Favarato, G., Anderson, H. R., Atkinson, R., Fuller, G., Mills, I., Walton, H. J. A. Q.,
Atmosphere, & Health. (2014). Traffrelated pollution and asthma prevalence in
children. Quantification of associations with nitrogen dioxi{é), 459466.

Ferenchak, N. N., & Marshall, W. E. J. I. p. (2017). Redefining the child pedestrian safety
paradigm: identifying high fatality concentrations in urban ar2%s$,), 364369.

Fleckney, P., & Bentley, R. (2021). The urban public realm and adolescent mental health and
wellbeing: A systematic revieviiocial science & medicin284, 114242.

Frank, L. D., lrozElardo, N., MacLeod, K. E., Hong, A. J. J. 0. T., & Health. (2019). Pathways
from built environment to health: A conceptual framework linking behavior and
exposurebased impactd2, 319335.

Freeman, C., & Tranter, P. (201Zhildren and their urban environment: Changing worlds
Routledge.

Fridman, L., Ling, R., Rothman, L., Cloutier, M. S., Macarthur, C., Hagel, B., & Howard, A.
(2020). Effect of reducing the posted speed limit to 30 km per hour on pedestrian motor
vehicle collisions in Toronto, Canadaquasi experimental, ppost studyBMC public
health 20(1), 1-8.

Fusco, C., Moola, F., Faulkner, G., Buliung, R., & Richichi, V. (2012). Toward an understanding
RI FKLOGUHQYY SHUFHSWLRQV RI WKHLU WUDQVSRUW Jt
visual representations of the built environmdoiurnal of Transport Geographg0(1),
62-70. https://doi.org/https://doi.org/10.1016/j.jtrange0.2011.07.001

Fyhri, A., Hjorthol, R., Mackett, R. L., Fotel, T. N., & Kytta, M. J. T. p. (2011). Children's active
travel and independent mobility in four countries: Development, social contributing
trends and measures3(5), 703710.

*DR - 4LX = &KHQJ : *DR + 2 &KLOGUHQTV H[SR
and respiratory tract deposits during commuting trips to schgmtoxicology and
Environmental Safety 232 113253.

https://doi.org/https://doi.org/10.1016/j.ecoenv.2022.113253

Gao, Z., Chen, S., Sun, H., Wen, X., & Xiang, P. (2018). Physical activity in children's health
and cognitionBioMed research internationa2018


https://doi.org/https:/doi.org/10.1016/j.jtrangeo.2011.07.001
https://doi.org/https:/doi.org/10.1016/j.ecoenv.2022.113253

140

Gascon, M., Vrijheid, M., & Nieuwenhuijsen, M. J. (2016). The built environment and child
health: an overview of current evidenCrrent Environmental Health Repoy& 250
257.

Geurs, K. T., & Van Wee, B. J. J. 0. T. g. (2004). Accessibility evaluation ofusacand
transport strategies: review and research directid{g), 127140.

Giles-Corti, B., Bull, F., Knuiman, M., McCormack, G., Van Niel, K., Timperio, A., Christian,
H., Foster, S., Divitini, M., Middleton, N., & Boruff, B. (2013). The influence of urban
design on neighbourhood walking following residential relocation: lodoigd results
from the RESIDE study. Soc Sci Med 77, 20-30.
https://doi.org/10.1016/j.socscimed.2012.10.016

Glazener, A., & Khreis, H. (2019). Transforming Our Cities: Best Practices Towards Clean Air
and Active TransportationCurrent Environmental Health Report$(1), 2237.
https://doi.org/10.1007/s405421.9-0228 1

Glazener, A., Sanchez, K., Ramani, T., Zietsman, J., Nieuwenhuijsen, M. J., Mindell, J. S., Fox,
M., & Khreis, H. (2021). Fourteen pathways between urban transportation and health: A
conceptual model and literature revielwurnal of Transport & Health21, 101070.

Gleeson, B., & Sipe, N. (2006}reating child friendly citiesRoutledge London.

Gropp, K., Janssen, |., & Pickett, W. (2013). Active transportation to school in Canadian youth:
should injury be a concertfjury prevention19(1), 6467.

GrossManos, D. (2017). Material webleing and social exclusion association with children's
subjective Wellbeing: Crosshational analysis of 14 countrie€hildren and Youth
Services Reviev30, 116128.

Guedes, I. C. M., Bertoli, S. R., & Zannin, P. H. J. S. 0. t. T. E. (2011). Influence of urban shapes
on environmental noise: a case study in Araédpuazil. 412, 66-76.

Gupta, A., Gupta, A., Jain, K., & Gupta, S. J. T. I. J. 0. P. (2018). Noise pollution and impact on
children health85(4), 300306.

Hansen, M. M., Jones, R., & Tocchini, K. (2017). Shi¥x¥mku (Forest Bathing) and Nature
Therapy: A Stat®f-the-Art Review. Int J Environ Res Public Health14(8).
https://doi.org/10.3390/ijerph14080851

Harirforoush, H., & Bellalite, L. (2019). A new integrated &i&sed analysis to detect hotspots:
A case study of the city of Sherbrookiccident Analysis & Preventiopi30, 6274.
https://doi.org/https://doi.org/10.1016/j.aap.2016.08.015

Harwood, D. W., Bauer, K. M., Potts, I. B., Torbic, D. J., Richard, K. R., Rabbani, E. R., Hauer,
E., Elefteriadou, L., & Griffith, M. S. J. T. R. R. (2003). Safety effectiveness of
intersection lefiand rightturn lanes184Q1), 131139.

Helliwell, J. F., & Putnam, R. D. (2004). The social context of waing. Philosophical
Transactions of the Royal Society of London. Series B: Biological Sci&»&k449),
14351446.

Hillman, M. (1990). One false move: a study of children's independent moBidiligy Studies
Institute XLV


https://doi.org/10.1016/j.socscimed.2012.10.016
https://doi.org/10.1007/s40572-019-0228-1
https://doi.org/10.3390/ijerph14080851
https://doi.org/https:/doi.org/10.1016/j.aap.2016.08.015

141

Hillman, M., Adams, J., & Whitelegg, J. J. L. P. S. I. (1990). One false move.

Holt-Lunstad, J., Smith, T. B., & Layton, J. B. (2010). Social relationships and mortality risk: a
metaanalytic reviewPLo0S medicing/(7), e1000316.

Hu, J., & Klinich, K. D. (2015). Toward designing pedestdgiendly vehicles.International
journal of vehicle safety8(1), 2254.

Huguenin5LFKDUG ) /ID PRELOLWp GHV HQIDQWYV J OfpSl
OIDPpQDIJHPHQW GH JRQHYV V X EnfafzesX FamillesRP SR U W |
Générationgl2), 6687.

Hwang, J., Joh, K., Woo, A. J. J. 0. t., & health. (2017). Social inequalities in child pedestrian
traffic injuries: Differences in neighborhood built environments near schools in Austin,
TX, USA. 6, 40-49.

Ilkeda, E., Stewart, T., Garrett, N., Egli, V., Mandic, S., Hosking, J., Witten, K., Hawley, G.,
Tautolo, E. S., & Rodda, J. (2018). Built environment associates of active school travel
in New Zealand children and youth: A systematic maetalysis using inglidual
participant dataJournal of Transport & Healtho, 117131.

Jones, S., Tyson, S., Yorke, J., & Davis, N. J. C. r. (2021). The impact of injury: The experiences
RI FKLOGUHQ DQG IDPLOLHV DBRBH4),818626KLOGYYV WUDXPDW

Jun, J. (2006)Potential crash exposure measures based on-@#8rved driving behavior
activity metricgVol. 68).

-XUHFNL 5 6 6WD FJ\N 7 / $QDO\]ILQJ GULYHU Ul
intrusions in crasfimminent situations. 2018 XI| International SciefiGechnical
Conference Automotive Safety,

Kamruzzaman, M., Wood, L., Hine, J., Currie, G., Gilasti, B., & Turrell, G. (2014). Patterns
of social capital associated with transit oriented developnidenitnal of Transport
Geography35, 144 155. https://doi.org/https://doi.org/10.1016/j.jtrangeo.2014.02.003

Kanj, H., & Abi-Char, P. E. (2019). A new FuzayOPSIS based risk decision making framework
for dangerous good transportation. 2019 IEEE 21st International Conference on High
Performance Computing and Communications; IEEE 17th International Conference on
Smart City; IEEE 5th International Conference on Data Science and Systems
(HPCC/SmartCity/DSS),

Kathuria, A., & Vedagiri, P. (2020). Evaluating pedestrian vehicle interaction dynamics at un
signalized intersections: A proactive approach for safety anaistsdent Analysis &
Prevention 134, 105316.

Kawulich, B. (2012). Collecting data through observatiDoing social research: A global
context 6(12), 150160.

Khreis, H. (2020). Traffic, air pollution, and health. Advances in transportation and health
(pp. 59104). Elsevier.

Kim, E., Muennig, P., & Rosen, Z. (2017). Vision zero: a toolkit for road safety in the modern
era.lnjury epidemiology4, 1-9.


https://doi.org/https:/doi.org/10.1016/j.jtrangeo.2014.02.003

142

Kim, H., Jang, J., & Choi, Y. (2022). Spatial analysis of collision risk of child pedestfiaase
of urban elementary school districts in Busan, Kofeavel behaviour and societ29,
165175.

King, G., RolaneMieszkowski, M., Jason, T., & Rainham, D. G. J. J. 0. U. H. (2012). Noise
levels associated with urban land 8€%6), 10171030.

Kleszczewska, D., Mazur, J., Bucksch, J., Dzielska, A., Brindley, C., & Michalska, A. (2020).
Active transport to school may reduce psychosomatic symptoms in s hildren:
data from nine countriesnternational journal of environmental research and public
health 17(23), 8709.

Klingberg, J., Broberg, M., Strandberg, B., Thorsson, P., & Pleijel, H. J. S. o. t. T. E. (2017).
Influence of urban vegetation on air pollution and noise expasucase study in
Gothenburg, Swedeb99, 17281739.

Knoefel, F., Wallace, B., Goubran, R., & Marshall, S. (2018). Naturalistic driving: a framework
and advances in using big da&eriatrics 3(2), 16.

Kumar, P. G., Lekhana, P., Tejaswi, M., & Chandrakala, S. J. M. T. P. (2021). Effects of vehicular
emissions on the urban environmangtate of the ardt5, 63146320.

Kurek, A., & Macioszek, E. (2021). Impact of parking maneuvers on the capacity of the inlets of
intersections with traffic lights for road traffic conditions in Polg®dstainability 14(1),
432.

Kutela, B., & Teng, H. (2021). Exploring the associated factors for multipéats and near
miss incidents at signalized midblock crosswalksurnal of Transportation Safety &
Security 13(4), 414435.

Lakim, L. L., & Ghani, N. A. (2022). A review of road traffic hazard and risk analysis assessment.
Environment7(27), 29#309.

Lam, B., Gan, WS., Shi, D., Nishimura, M., & Elliott, S. (2021)en questions concerning
active noise control in the built environmeBuilding and Environmen200, 107928.
https://doi.org/https://doi.org/10.1016/j.buildenv.2021.107928

Lam, K-C., Ma, W., Chan, P. K., Hui, W. C., Chung, K. L., Chung{.YT., Wong, C. Y., Lin,
H. J. E. m., & assessment. (2013). Relationship between road traffic noisescape and urban
form in Hong Kong18%12), 96839695.

Lam, L. T.J.J.o.s.r.(200Barental risk perceptions of childhood pedestrian road s&%4),
465-478.

Lansdown, G., & Vaghri, Z. (2022). Article 1: Definition of a child. Monitoring state compliance
with the UN Convention on the Rights of the Child: An analysis of attributes,

Larouche, R. (2018). Last child walkinggPrevalence and trends in active transportation. In
Children's active transportatiofpp. 5375). Elsevier.

Larouche, R., Charles Rodriguez, U., Nayakarathna, R., & Scott, D. R. J. S. (2020). Effect of
major life events on travel behaviours: a scoping revigi24), 10392.


https://doi.org/https:/doi.org/10.1016/j.buildenv.2021.107928

143

Lee, G., Park, Y., Kim, J., Cho, {Bl. J. A. A., & Prevention. (2016). Association between
intersection characteristics and perceived crash risk among s childrend7, 111
121.

Lee, S:W., Chang, S. I., & Park, YM. J. A. A. (2008). Utilizing noise mapping for
environmental impact assessment in a downtown redevelopment area of Seoul, Korea.
69(8), 704714.

Levinson, D., Wu, H. J. J. 0. T., & Use, L. (2020). Towards a general theory of acg@ss.
129158.

Li, X. (2020).A machine learning model for vehicle crash type predidtiaiversity of lllinois
at UrbanaChampaign].

ILX - *UHHQ 5 - 7KH HIITHFW RI H[SRVXUH WR QDWXL
being: A systematic review of the literatutdcban Forestry & Urban Greening81l,
127846.

Liu, J., Li, J., Chen, Y., Lian, S., Zeng, J., Geng, M., Zheng, S., Dong, Y., He, Y., Huang, P.,
Zhao, Z., Yan, X., Hu, Q., Wang, L., Yang, D., Zhu, Z., Sun, Y., Shang, W., Wang, D., .
.. Chen, X. (2023). Muliscale urban passenger transportation CO2%an calculation
platform for smart mobility managementApplied Energy 331, 120407.
https://doi.org/https://doi.org/10.1016/j.apenergy.2022.120407

Luyet, V., Schlaepfer, R., Parlange, M. B., & Buttler, A. J. J. 0. e. m. (2012). A framework to
implement stakeholder participation in environmental projédis.213219.

Macharis, C., & Bernardini, A. (2015). Reviewing the use of Maliteria Decision Analysis
for the evaluation of transport projects: Time for a madtior approachTransport
Policy, 37, 177186.https://doi.org/https://doi.org/10.1016/j.tranpol.2014.11.002

Maguire, M., & Delahunt, B. (2017). Doing a thematic analysis: A practicakistegep guide
for learning and teaching schola#gl Ireland journal of higher educatiqr®(3).

Malacarne, D., Handakas, E., Robinson, O., Pineda, E., Saez, M., Chatzi, L., & Fecht, D. (2022a).
The built environment as determinant of childhood obesity: a systematic literature review.
Obesity Review23, €13385.

Malacarne, D., Handakas, E., Robinson, O., Pineda, E., Saez, M., Chatzi, L., & Fecht, D. J. O. R.
(2022b). The built environment as determinant of childhood obesity: A systematic
literature review23, e13385.

ODQQRFFL $ '"Yf(JLGLR 9 %DFNKDXV , )YHGHULFL $ ©6LQR:
P., & La Torre, G. (2020)re there effective interventions to increase physical activity
in children and young people? An umbrella revielmternational journal of
environmental research and public healtfi(10), 3528.

Marais, A. (2021). A Method to Identify, Characterize and Engage Relevant Stakeholders in
Decision Processes,Q )DFXOWp GHV VFLHQFHV GH OYDGPLQLV
Québec, Canada.

Marleau Donais, F., AlZeid, I., Waygood, E. O., & Lavoie, R. (2019)review of costbenefit
analysis and multicriteria decision analysis from the perspective of sustainable transport


https://doi.org/https:/doi.org/10.1016/j.apenergy.2022.120407
https://doi.org/https:/doi.org/10.1016/j.tranpol.2014.11.002

144

in project evaluation. EURO Journal on Decision Processe3(3), 32%358.
https://doi.org/https://doi.org/10.1007/s4000109-00098 1

Marmot, M. (2012). Health and the Built Environment: A Review.

Marten, N., Olds, T. J. A., & health, N. Z. j. 0. p. (2004). Physical activity: patterns of active
transport in 11.2 year old Australian childre@8(2), 167172.

Martins, M. A., & Garcez, T. V. (2021). A multidimensional and mp#riod analysis of safety
on roads. Accident Analysis & Preventiopn 162 106401.
https://doi.org/https://doi.org/10.1016/j.aap.2021.106401

McCormick, R. (2017). Does access to green space impact the mentheimgllof children: A
systematic reviewdournal of pediatric nursing37, 3-7.

McGrath, L. J., Hopkins, W. G., & Hinckson, E. A. (2015). Associations of objectively measured
built-environment attributes with youth moderatigorous physical activity: a systematic
review and metanalysis Sports medicinel5, 841-865.

Mears, M., Brindley, P., Maheswaran, R., & Jorgensen, A. (2019). Understanding the
socioeconomic equity of publicly accessible greenspace distribution: The example of
Sheffield, UK. Geoforum 103 126137.
https://doi.org/https://doi.org/10.1016/j.geoforum.2019.04.016

Mecredy, G., Janssen, |., & Pickett, W. (2012). Neighbourhood street connectivity and injury in
youth: a national study of built environments in Canagjary Prevention18(2), 81-87.
https://doi.org/10.1136/injurypre2011-040011

Meir, A., OronGilad, T., & Parmet, Y. (2015). Are childedestrians able to identify hazardous
traffic situations? Measuring their abilities in a virtual reality environngatdiety Science
80, 33-40. https://doi.org/https://doi.org/10.1016/j.ss¢i.2015.07.007

Merlin, L. A., Guerra, E., & Dumbaugh, E. (202@rash risk, crash exposure, and the built
environment: A conceptual reviewAccident Analysis & Preventiorl34, 105244.
https://doi.org/https://doi.org/10.1016/j.aap.2019.07.020

Mikkelsen, M. R., & Christensen, P. (2009). Is Children's Independent Mobility Really
Independent? A Study of Children's Mobility Combining Ethnography and GPS/Mobile
Phone Technologiesl. Mobilities, 4(1), 3758.
https://doi.org/10.1080/17450100802657954

MirandaMoreno, L. F., Morency, P., & Ebeneidy, A. M. (2011). The link between built
environment, pedestrian activity and pedestti@hicle collision occurrence at signalized
intersectionsAccident Analysis & Preventioa3(5), 16241634.

MirandaMoreno, L. F., Morency, P., Ebeneidy, A. M. J. A. A., & Prevention. (2011). The link
between built environment, pedestrian activity and pedestrdmicle collision
occurrence at signalized intersectiofi¥(5), 16241634.

Mirmohammadi, F., Khorasani, G., Tatari, A., Yadollahi, A., Taherian, H., Motamed, H.,
Fazelpour, S., Khorasani, M., & Maleki Verki, M. (2013). Investigation of road accidents
and casualties factors with MCDM methods in Irdournal of American Scienc8(7),
11-20.


https://doi.org/https:/doi.org/10.1007/s40070-019-00098-1
https://doi.org/https:/doi.org/10.1016/j.aap.2021.106401
https://doi.org/https:/doi.org/10.1016/j.geoforum.2019.04.016
https://doi.org/10.1136/injuryprev-2011-040011
https://doi.org/https:/doi.org/10.1016/j.ssci.2015.07.007
https://doi.org/https:/doi.org/10.1016/j.aap.2019.07.020
https://doi.org/10.1080/17450100802657954

145

MIRO. (2023). https://miro.com/

Mitra, R. (2013). Independent mobility and mode choice for school transportation: A review and
framework for future researchiransport reviews33(1), 21-43.

Mitra, R., Faulkner, G. E., Buliung, R. N., & Stone, M. R. J. U. S. (2014). Do parental perceptions
RI WKH QHLJKERXUKRRG HQYLURQPHQW LQIOXHQFH FKLO
from Toronto, Canad&1(16), 34013419.

Mitra, R. J. T. r. (2013). Independent mobility and mode choice for school transportation: a
review and framework for future resear83(1), 21-43.

Mohammad Azlan, A. I, & Naharudin, N. J. B. E. J. (2020). Measuring safety index for
pedestrian path by using AHBIS. 17(3), 6775.

Mollu, K., Cornu, J., Brijs, K., Pirdavani, A., & Brijs, T. (201&riving simulator study on the
influence of digital illuminated billboards near pedestrian crossimgsnsportation
research part F: traffic psychology and behavich®, 45-56.

Morency, P., Archambault, J., Cloutier,484., Tremblay, M., & Plante, C. (2015a). Major urban
road characteristics and injured pedestrians: A representative survey of intersections in
Montréal, QuebedCanadian journal of public healti06 e388e394.

Morency, P., Archambault, J., Cloutier,48., Tremblay, M., & Plante, C. J. C. . 0. p. h. (2015b).
Major urban road characteristics and injured pedestrians: A representative survey of
intersections in Montréal, Quebd®6(6), e388e394.

Morency, P., Gauvin, L., Tessier, F., MiraAdi@reno, L., Cloutier, M:S., & Morency, C. J. C.
d. g.d. Q. (2011)Analyse désagrégée des facteurs environnementaux associés au nombre
GIHQIDQWYV EOHVVpV SDU XQ Y pKisaxp MUBRWHXU HQ PLC

Munier, N., Hontoria, E., Munier, N., & Hontoria, E. (2021). Shortcomings of the AHP Method.
Uses and Limitations of the AHP Method: A Ndathematical and Rational Analysis
41-90.

Minzel, T., Sgrensen, M., & Daiber, A. J. N. R. C. (2021). Transportation noise pollution and
cardiovascular diseast3(9), 619636.

Murphy, A., & Murtagh, B. (2010)Children, policy and the built environment

Naseri, H., Waygood, E. O. D., Wang, B., & Patterson, Z. (2022). Application of Machine
Learning to Child Mode Choice with a Novel Technique to Optimize Hyperparameters.
Int J Environ Res Public Health9(24), 16844.

NHTSA. (2024).Traffic safety facts

Ni, Y., Wang, M., Sun, J., & Li, K. (2016Evaluation of pedestrian safety at intersections: A
theoretical framework based on pedestnahicle interaction patterndccident Analysis
& Prevention 96, 118129.https://doi.org/https://doi.org/10.1016/j.aap.2016.07.030

Nordbg, E. C. A., Raanaas, R. K., Nordh, H., & Aamodt, G. (2020). Disentangling how the built
environment relates to children's wbking: Participation in leisure activities as a
mediating pathway amongyg&arolds based on the Norwegian Mother and C@itdhort
Study.Health & Place 64, 102360.

OECD. (2014)Road Safety Annual Report. International Transport Forum


https://miro.com/
https://doi.org/https:/doi.org/10.1016/j.aap.2016.07.030

146

Oladimeji, D., Gupta, K., Kose, N. A., Gundogan, K., Ge, L., & Liang, F. (2023). Smart
transportation: an overview of technologies and applicat®eissors23(8), 3880.

Oliver, L. N., Schuurman, N., & Hall, A. W. J. I. j. 0. h. g. (2007). Comparing circular and
network buffers to examine the influence of land use on walking for leisure and errands.
6(1), 1-11.

OpenDataMontreal. (2023ttps://donnees.montreal.ca

Organization, W. H. (2015a)Global status report on road safety 201®orld Health
Organization.

Organization, W. H. (2015byorld health statistics 201%Vorld Health Organization.

OrtegonSanchez, A., McEachan, R. R., Albert, A., Cartwright, C., Christie, N., Dhanani, A,
Islam, S., Ucci, M., & Vaughan, L. (2021). Measuring the built environment in studies of
child healtt? a metanarrative review of associationdnternational journal of
environmental research and public healt8(20), 10741.

Pabayo, R., Maximova, K., Spence, J. C., Vander Ploeg, K., Wu, B., & Veugelers, P. J. J. P. m.
(2012). The importance of Active Transportation to and from school for daily physical
activity among children55(3), 196200.

Pacilli, M. G., Giovannelli, 1., Prezza, M., & Augimeri, M. L. (2018hildren and the public
realm: antecedents and consequences of independent mobility in a groufi djdar
old Italian children.  Children's Geographies  11(4), 37%393.
https://doi.org/10.1080/14733285.2013.812277

Panik, R. T., Morris, E. A., & Voulgaris, C. T. (2019). Does walking and bicycling more mean
exercising less? Evidence from the US and the Netherldodsnal of Transport &
Health, 15, 100590.

Panter, J., Guell, C., Humphreys, D., & Ogilvie, D. (2019). Title: Can changing the physical
environment promote walking and cycling? A systematic review of what works and how.
Health & Place 58, 102161.
https://doi.org/https://doi.org/10.1016/j.healthplace.2019.102161

Papadimitriou, E., Theofilatos, A., & Yannis, G. (2013). Patterns of pedestrian attitudes,
perceptions and behaviour in EuropeSafety Scienge 53, 114122.
https://doi.org/https://doi.org/10.1016/j.ssci.2012.09.008

Park, H:Y., Gilbreath, S., & Barakatt, E. J. E. H. (2017). Respiratmricomes of ultrafine
particulate matter (UFPM) as a surrogate measure ofroadway exposures among
bicyclists.16(1), 1-7.

Pei, L. X., Chan, H., Shum, L. K., Jae, L., Staples, J. A., Taylor, J. A., Harris, D. R., & Brubacher,
J. R. (2023). Demographic and clinical profile of an inception cohort of road trauma
survivors.BMC Public Health23(1), 1534.

Pinter :ROOPDQ 1 -HOLUO $ :HOOV 1 0 - 3 7 R W 5 6
the built environment on health behaviours and disease transmission in social systems.
373(1753), 20170245.

%


https://donnees.montreal.ca/
https://doi.org/10.1080/14733285.2013.812277
https://doi.org/https:/doi.org/10.1016/j.healthplace.2019.102161
https://doi.org/https:/doi.org/10.1016/j.ssci.2012.09.008

147

Pirrera, S., De Valck, E., & Cluydts, R. (2010). Nocturnal road traffic noise: A review on its
assessment and consequences on sleep and Eeaitonment InternationaB6(5), 492
498.https://doi.org/https://doi.org/10.1016/j.envint.2010.03.007

Pollard, E. L., & Lee, P. D. J. S. i. r. (2008)hild well-being: A systematic review of the
literature.61(1), 59-78.

Prince, S. A., Lancione, S., Lang, J. J., Amankwah, N., de Groh, M., Garcia, A. J., Merucci, K.,
& Geneau, R. (2022Examining the state, quality and strength of the evidence in the
research on built environments and physical activity among children and youth: An
overview of reviews from high income countrietealth & Place 76, 102828.

Psyllidis, A., Gao, S., Hu, Y., Kim, K., McKenzie, G., Purves, R., Yuan, M., & Andris, C.
(2022). Points of Interest (POI): a commentary on the state of the art, challenges, and
prospects for the future. Computational Urban Science 2(1), 20.
https://doi.org/10.1007/s437822-0004 7w

Rankavat, S., & Tiwari, G. (2016). Pedestrians risk perception of traffic crash and built
environment  features * Delhi, India. Safety Science 87, 1-7.
https://doi.org/https://doi.org/10.1016/j.ssci.2016.03.009

Rankavat, S., & Tiwari, G. (2020). Influence of actual and perceived risks in selecting crossing
facilities by pedestrianSravel behaviour and societ®1, 1-9.

5LD]JL 1 $ J)DXONQHU * &KLOGU EBlgidreh'sLagtived SHQ G H C
transportation(pp. 7791). Elsevier.

Richmond, S., Buchan, C., Pitt, T. M., Medeiros, A., Pike, I., Hagel, B. E., Rothman, L.,
Macarthur, C., & Macpherson, A. K. (2022). The effectiveness of built environment
interventions embedded in road safety policies in urban municipalities in Canada: An
environmental scan and scoping reviglwurnal of Transport & Health27, 101494.
https://doi.org/https://doi.org/10.1016/}.jth.2022.101494

Richmond, S. A., Buchan, C., Pitt, T. M., Medeiros, A., Pike, I., Hagel, B. E., Rothman, L.,
Macarthur, C., Macpherson, A. K. J. J. 0. T., & Health. (2022). The effectiveness of built
environment interventions embedded in road safety policies in urbarcipalities in
Canada: an environmental scan and scoping reviéw.01494.

Ross, T. (2020). Inclusive research design: Accounting for childhood disability in school
transportation research. Tmansport and Children's Wellbeir{gp. 273293). Elsevier.

Roth, M. A., Millett, C. J., & Mindell, J. S. (2012). The contribution of active travel (walking and
cycling) in children to overall physical activity levels: a national cross sectional study.
Preventive medicin®4(2), 134139.

Rothman, L., Buliung, R., Macarthur, C., To, T., & Howard, A. J. . p. (2014). Walking and child
pedestrian injury: a systematic review of built environment correlates of safe walking.
20(1), 41:49.

Rothman, L., Buliung, R., To, T., Macarthur, C., Macpherson, A., & Howard, A. (2015).
Associations between parefferception of traffic danger, the built environment and
walking to schoolJournal of Transport & Health2(3), 327%335.


https://doi.org/https:/doi.org/10.1016/j.envint.2010.03.007
https://doi.org/10.1007/s43762-022-00047-w
https://doi.org/https:/doi.org/10.1016/j.ssci.2016.03.009
https://doi.org/https:/doi.org/10.1016/j.jth.2022.101494

148

Rothman, L., Cloutier, MS., Manaugh, K., Howard, A. W., Macpherson, A. K., & Macarthur,
C. J. I. P. (2020). Spatial distribution of roadway environment features related to child
pedestrian safety by census tract income in Toronto, CaR@@j, 229233.

Rothman, L., Cloutier, M. S., Manaugh, K., Howard, A. W., Macpherson, A. K., & Macarthur,
C. (2020). Spatial distribution of roadway environment features related to child pedestrian
safety by census tract income in Toronto, Canadary Prevention 26(3), 229233.
https://doi.org/10.1136/injurypre2018043125

Rothman, L., Fridman, L., Cloutier, A&., Manaugh, K., & Howard, A. (2019). Impact of road
traffic and speed on children: Injuries, social inequities, and active transport. In E. O. D.
Waygood, M. Friman, L. E. Olsson, & M. Raktim (Eds)UDQVSRUWDWLRQ DQG &
Wellbeing(pp. 103118). Elsevier.

Rothman, L., Hagel, B., Howard, A., Cloutier, M. S., Macpherson, A., Aguirre, A. N.,
McCormack, G. R., Fuselli, P., Buliung, R., & HubkaRao, T. J. P. m. (2021). Active
school transportation and the built environment across Canadian cities: findingsdrom th
child active transportation safety and the environment (CHASE) sidéy106470.

Rothman, L., Howard, A., Buliung, R., Macarthur, C., Richmond, S. A., Macpherson, A. J. A.
A., & Prevention. (2017). School environments and social risk factors for child
pedestriarmotor vehicle collisions: A cassontrol study98, 252258.

Rothman, L., Macarthur, C., To, T., Buliung, R., & Howard, A. (2014). Motor vejpietiestrian
collisions and walking to school: the role of the built environmBetiatrics 1335),
776784,

Rothman, L., Macpherson, A., Buliung, R., Macarthur, C., To, T., Larsen, K., & Howard, A.
(2015a). Installation of speed humps and pedestnator vehicle collisions in Toronto,
Canada: a quasixperimental studyBMC Public Health15, 1-7.

Rothman, L., Macpherson, A., Buliung, R., Macarthur, C., To, T., Larsen, K., & Howard, A. J.
B. P. H. (2015b). Installation of speed humps and pedestraaar vehicle collisions in
Toronto, Canada: a quaskxperimental studyl%(1), 1-7.

Routhier, F., Lettre, J., Pigeon, C., Fiset, D., Martel, V., Binet, R., Vézina, V., Collomb d
H(\UDPHV 2 :D\JRRG ( 2 ORVWDIDYL 0 % (YDOX>
phasing with audible pedestrian signals configurations in Quebec Cityad&anan
HISORUDWRU\ VWXG\ RI EOLQG RU YLVXDOO\ LPSDLUHG S
expectationsDisability and rehabilitation46(8), 15341546.

Saaty, T. L. (1980). The analytic hierarchy process (AHRE Journal of the Operational
Research Societ¢#1(11), 10731076.

Salomons, E. M., Pont, M. B. J. L., & Planning, U. (2012). Urban traffic noise and the relation to
urban density, form, and traffic elastici081), 2-16.

Sarraf, R., & McGuire, M. P. (2020). Integration and comparison of +oudéria decision
making methods in safe route planngxpert Systems with Applicatiqrisb4, 113399.
https://doi.org/https://doi.org/10.1016/j.eswa.2020.113399

Sawyer, S. M., Azzopardi, P. S., Wickremarathne, D., & Patton, G. C. (2018). The age of
adolescencelhe lancet child & adolescent heal2{3), 223228.


https://doi.org/10.1136/injuryprev-2018-043125
https://doi.org/https:/doi.org/10.1016/j.eswa.2020.113399

149

Schoeppe, S., Duncan, M. J., Badland, H., Oliver, M., & Curtis, C. (2013). Associations of
children's independent mobility and active travel with physical activity, sedentary
behaviour and weight status: a systematic reviewrnal of science and medicine in
sport 16(4), 312319.

Schoeppe, S., Duncan, M. J., Badland, H. M., Oliver, M., & Browne, M. (2014). Associations
EHWZHHQ FKLOGUHQTV LQGHSHQ G BmxWulikHeaIDI14W-\ DQ G SK)
9.

Schofer, J. L., Christoffel, K. K., Donovan, M., Lavigne, J. V., Tanz, R. R., & Wills, K. E. (1995).
Child pedestrian injury taxonomy based on visibility and actAagtident Analysis &
Prevention27(3), 31%333.

Schwartz, N., Howard, A., Cloutier, M., Mitra, R., Saunders, N., Macpherson, A., Fuselli, P.,
& Rothman, L. (2022). Social inequalities in child pedestrian collisions: The role of the
built environmentTransportation Research Part D: Transport and Environméff,
103448 https://doi.org/https://doi.org/10.1016/j.trd.2022.103448

Serag, M. (2014). Modelling pedestrian road crossing at uncontrolledlotl locations in
developing countriegnternational Journal of Civil & Structural Engineerind(3), 274
285.

Shaw, B., Bicket, M., Elliott, B., FaganDWV R Q % ORFFD ( +LOOPDQ O
independent mobility: an international comparison and recommendations for action.

6KHQ < 5DFH HWKQLFLW\ EXLOW HQYLURQPHQW LQ QH
in the US.International Journal of Environmental Health Resea@®(2), 277291.

Shen, Z., Ma, J., & Wang, N. (2023). Development and validation of a-bideed assessment
tool for children's streatrossing safetyJournal of Transport & Health33, 101716.
https://doi.org/https://doi.org/10.1016/}.jth.2023.101716

Sheykhfard, A., & Haghighi, F. (2018). Behavioral analysis of velpelgestrian interactions in
Iran. Scientia Iranica25(4), 19681976.

Sheykhfard, A., & Haghighi, F. (2020). Assessment pedestrian crossing safety using vehicle
pedestrian interaction data through two different approaches: Fixed videography (FV) vs
In-Motion Videography (IMV). Accident Analysis & Preventipnl44, 105661.
https://doi.org/https://doi.org/10.1016/j.aap.2020.105661

Sheykhfard, A., Haghighi, F., Papadimitriou, E., & Van Gelder, P. (2021). Review and
assessment of different perspectives of velpeldestrian conflicts and crashes: Passive
and active analysis approachdeurnal of Traffic and Transportation Engineering
(English Edition) 8(5), 68%702.
https://doi.org/https://doi.org/10.1016/}.jtte.2021.08.001

Shladover, S. E. (2021). Opportunities and challenges in cooperative road vehicle automation.
IEEE Open Journal of Intelligent Transportation SysteZn216224.

Shonkoff, J. P., Richter, L., Van Der Gaag, J., & Bhutta, Z. A. (2012). An integrated scientific
framework for child survival and early childhood developmBetliatrics 1292), e460
e472.


https://doi.org/https:/doi.org/10.1016/j.trd.2022.103448
https://doi.org/https:/doi.org/10.1016/j.jth.2023.101716
https://doi.org/https:/doi.org/10.1016/j.aap.2020.105661
https://doi.org/https:/doi.org/10.1016/j.jtte.2021.08.001

150

Silva, L. T., Oliveira, M., & Silva, J. F. J. A. a. (2014). Urban form indicators as proxy on the
noise exposure of buildingd6, 366376.

Smeds, E., Verlinghieri, E., Kocsis, J., Connolly, J. J., Polgér, A., Manaugh, K., Waygood, E.,
&DVWDxHGD 3 DUJHQW O M6HHLQJ /LNH D &LW
Transformations through the Lens of Epistemic Justice: Edited by EmiliasSarel
Ersilia Verlinghieri.Planning Theory & Practice24(5), 69%729.

Smith, M., Hawley, G., Mackay, L., Hosking, J., Mackie, H., Ikeda, E., Egli, V., Ellaway, A., &
Witten, K. (2020). Impact of changing road infrastructure on children's active travel: A
multi-methods study from Auckland, New Zealaddurnal of Transport & Healthl8,
100868.

Smith, M., Hosking, J., Woodward, A., Witten, K., MacMillan, A., Field, A., Baas, P., & Mackie,
H. (2017). Systematic literature review of built environment effects on physical activity
and active transportan update and new findings on health equitiernational Journal
of Behavioral Nutrition and Physical Activjt¥4(1), 158 https://doi.org/10.1186/s12966
017-06139

Smith, M., Hosking, J., Woodward, A., Witten, K., MacMillan, A., Field, A., Baas, P., Mackie,
H. J. I.j. 0. b. n., & activity, p. (2017). Systematic literature review of built environment
effects on physical activity and active transpart update and nefindings on health
equity.14(1), 1-27.

Sobhani, A., Young, W., & Sarvi, M. (2013). A simulation based approach to assess the safety

performance of road locationEransportation research part C: emerging technologies
32, 144158.

Spycher, B. D., Feller, M., R66sli, M., Ammann, R. A., Diezi, M., Egger, M., & Kuehni, C. E. J.
E. j. 0. e. (2015). Childhood cancer and residential exposure to highways: a nationwide
cohort study30(12), 12631275.

Stansfeld, S., & Clark, C. J. C. e. h. r. (2015). Health effects of noise exposure in cB{@yen.
171-178.

StatisticsCanada. (2022https://www150.statcan.gc.ca/nl/en/catalogud/62X.

Stewart, D. W., & Shamdasani, P. N. (20)cus groups: Theory and practi¢¢ol. 20). Sage
publications.

Sucha, M., Dostal, D., & Risser, R. (2017). Pedestiiaver communication and decision
strategies at marked crossingéccident Analysis & Preventipn102 41-50.
https://doi.org/https://doi.org/10.1016/j.aap.2017.02.018

Sugiyama, T., Neuhaus, M., & Owen, N. (2012). Active transport, the built environment, and
human health. I®ustainable environmental Design in Architectyoe. 4365). Springer.

Sun, R., Zhuang, X., Wu, C., Zhao, G., & Zhang, K. (2015). The estimation of vehicle speed and
stopping distance by pedestrians crossing streets in a naturalistic traffic environment.
Transportation research part F: traffic psychology and behavidQr97-106.

Tang, U., Wang, Z. J. E. M., & Software. (2007). Influences of urban forms on-rafticed
noise and air pollution: Results from a modelling sys22(i.2), 175601764.


https://doi.org/10.1186/s12966-017-0613-9
https://doi.org/10.1186/s12966-017-0613-9
https://www150.statcan.gc.ca/n1/en/catalogue/92-169-X
https://doi.org/https:/doi.org/10.1016/j.aap.2017.02.018

151

Tester, J. M., Rutherford, G. W., Wald, Z., & Rutherford, M. W. J. A.j. 0. p. h. (2004). A matched
casecontrol study evaluating the effectiveness of speed humps in reducing child
pedestrian injurie94(4), 646650.

Thakur, S., & Biswas, S. (2019). Assessment of pedestahitle interaction on urban roads: a
critical review.Archives of Transporbl.

Tiesler, C. M. T., Birk, M., Thiering, E., Kohlbdck, G., Koletzko, S., Bauef?C Berdel, D.,
von Berg, A., Babisch, W., & Heinrich, J. (2013). Exposure to road traffic noise and
children's behavioural problems and sleep disturbance: Results fromNihauSland
LISAplus studies. Environmental Research 123 1-8.
https://doi.org/https://doi.org/10.1016/j.envres.2013.01.009

Tillmann, S., Tobin, D., Avison, W., & Gilliland, J. (2018). Mental health benefits of interactions
with nature in children and teenagers: A systematic revie®pidemiol Community
Health, 72(10), 958966.

Timperio, A., Ball, K., Salmon, J., Roberts, R., Gilésrti, B., Simmons, D., Baur, L. A,, &
Crawford, D. J. A. j. 0. p. m. (2006). Personal, family, social, and environmental
correlates of active commuting to scha@i)1), 4551.

Tobin, J. (2019)The UN Convention on the Rights of the Child: A commen@idP Oxford.

Torres, C., Sobreira, L., Castideto, M., Cunto, F., Vecin@rtiz, A., Allen, K., Hyder, A., &
Bachani, A. (2020). Evaluation of pedestrian behavior onbtodk crosswalks: A case
study in Fortaleza Brazil. Frontiers in Sustainable Citieg, 3.

Torretta, V., Rada, E. C., Schiavon, M., & Viotti, P. (2017). Decision support systems for
assessing risks involved in transporting hazardous materials: A revadety scienge
92, 1-9.

TransportCanada. (2021). https://tc.canada.ca/en/reerdnsportation/statistiedata/canadian
motorvehicletraffic-collision-statistics2021

TransportCanada. (2021)Canadian Motor Vehicle Traffic Collision Statistics: 2021
https://tc.canada.ca/en/rordnsportation/statistiedata/canadiamotorvehicletraffic-
collision-statistics2021

7TULIXQRYLO $ yLpHYLU 6 , YDQLAHYLUO 7 6LPRYLUO 6
children on the recognition of geometric shapes using new technolé&glasation
Science and Manageme@g(l1), 1-9.

Trivedi, P., Shah, J., Moslem, S., & Pilla, F. (2023). An application of the hybrid- AHP
PROMETHEE approach to evaluate the severity of the factors influencing road accidents.
Heliyon 9(11).

Ukkusuri, S., MirandaMoreno, L. F., Ramadurai, G., & ISeavarez, J. (2012Y.he role of built
environment on pedestrian crash frequen8afety Science50(4), 11411151.
https://doi.org/https://doi.org/10.1016/].ss¢i.2011.09.012

Ulleberg, P., & Rundmo, T. (2003). Personality, attitudes and risk perception as predictors of
risky driving behaviour among young driver§Safety Science4l(5), 427443.
https://doi.org/https://doi.org/10.1016/S092535(01)0007+7


https://doi.org/https:/doi.org/10.1016/j.envres.2013.01.009
https://tc.canada.ca/en/road-transportation/statistics-data/canadian-motor-vehicle-traffic-collision-statistics-2021
https://tc.canada.ca/en/road-transportation/statistics-data/canadian-motor-vehicle-traffic-collision-statistics-2021
https://tc.canada.ca/en/road-transportation/statistics-data/canadian-motor-vehicle-traffic-collision-statistics-2021
https://tc.canada.ca/en/road-transportation/statistics-data/canadian-motor-vehicle-traffic-collision-statistics-2021
https://doi.org/https:/doi.org/10.1016/j.ssci.2011.09.012
https://doi.org/https:/doi.org/10.1016/S0925-7535(01)00077-7

152

Umstattd Meyer, M. R., Bridges, C. N., Schmid, T. L., Hecht, A. A., & Pollack Porter, K. M.
(2019). Systematic review of how Play Streets impact opportunities for active play,
physical activity, neighborhoods, and communiti&8lC public health19, 1-16.

van Haperen, W., Riaz, M. S., Daniels, S., Saunier, N., Brijs, T., & Wets, G. (2019). Observing
the observation of (vulnerable) road user behaviour and traffic safety: A scoping review.
Accident Analysis & Prevention 123 211221.
https://doi.org/https://doi.org/10.1016/j.aap.2018.11.021

Van Roosbroeck, S., Jacobs, J., Janssen, N. A., Oldenwening, M., Hoek, G., & Brunekreef, B. J.
A. E. (2007). Longterm personal exposure to PM2. 5, soot and NOx in children attending
schools located near busy roads, a validation sdi{§6), 33813394.

Villanueva, K., GilesCorti, B., Bulsara, M., Timperio, A., McCormack, G., Beesley, B., Trapp,
G., Middleton, N. J. E., & Behavior. (2013). Where do children travel to and what local
opportunities are available? The relationship between neighborhoodatiessnand
FKLOGUHQTYTV LQGHZEZHGHMHOW PRELOLW)\

Wang, C., Quddus, M. A., & Ison, S. G. (2013). The effect of traffic and road characteristics on
road safety: A review and future research directiSafety Scienge57, 264275.
https://doi.org/https://doi.org/10.1016/j.ss¢i.2013.02.012

Wang, XJ., Jing, Y-Y., Zhang, GF., & Zhao, JH. (2009). Review on mulgriteria decision
analysis aid in sustainable energy decigimaking. Renewable and sustainable energy
reviews 13(9), 22632278.

Waygood, E., van den Berg, P., & Kemperman, A. (2021). The social dimensions of children's
travel. InAdvances in Transport Policy and Plannif\pl. 8, pp. 72100). Elsevier.

Waygood, E. O. D. (2020). Transport and social wellbeingTransport and Children's
Wellbeing(pp. 6180). Elsevier.

:D\JRRG ( 2 ' JULPDQ O &KLOGUHQYV WUDYHO
connections.  Travel behaviour and society  2(3), 174181.
https://doi.org/https://doi.org/10.1016/j.tbs.2015.03.003

Waygood, E. O. D., Friman, M., Olsson, L. E., & Mitra, R. (2020). Introduction to transport and
FKLOGUHQ TV TahspQrtakhd Children®@ Wellbeir{gp. 1:17). Elsevier.

Waygood, E. O. D., Friman, M., Olsson, L. E., & Taniguchi, A. (2017). Transport and chitd well
being: An integrative reviewl. ravel behaviour and societ9, 32-49.

Waygood, E. O. D., Friman, M., Olsson, L. E., Taniguchi, A. J. T. B., & Society. (2017).
Transport and child webeing: An integrative reviev@, 32-49.

:D\JRRG ( 2 ' O -RKDQVVRQ DQG $ /LWVPDUN )RUWKFRPL
and Sustainability. Handbook of Sustainable Urban Transport. M. Attard, S. Ison and L.
Budd, Routledge.

:D\JRRG ( 2 ' 20VVRQ [/ ( 7DQLJXFKL % JULPDQ O
independent mobility and social media use for f@etace social interaction with friends.
Transportation47(4), 198720009.


https://doi.org/https:/doi.org/10.1016/j.aap.2018.11.021
https://doi.org/https:/doi.org/10.1016/j.ssci.2013.02.012
https://doi.org/https:/doi.org/10.1016/j.tbs.2015.03.003

153

Waygood, E. O. D., Olsson, L. E., Taniguchi, A., & Friman, M. J. T. (2020b). The role of
FKLOGUHQYTY LQGHSHQGHQW PR E L dtfate sec@inhtarRttobD O PHG
with friends.47(4), 198720009.

Waygood, E. O. D., & Susilo, Y. O. (2015). Walking to school in Scotland: Do perceptions of
neighbourhood quality matter? IATSS Research 38(2), 125129.
https://doi.org/http://dx.doi.org/10.1016/j.iatssr.2014.12.002

Waygood, O., Friman, M., Olsson, L., & Mitra, R. (20199UDQVSRUW DQG &KLOGUHQT
Elsevier.

Wazana, A., Rynard, V. L., Raina, P., Krueger, P., & Chambers, L. W. J. C. J. 0. P. H. (2000).
Are child pedestrians at increased risk of injury onaag compared to twavay streets?
, 91(3), 201206.

WHO. (2010). Global recommendations on physical activity for health. World Health
Organization

WHO. (2023a)Pedestrian safety: a road safety manual for decisi@kers and practitioners
World Health Organization.

WHO. (2023b).World Health Organization: Adolescent healthttps://www.who.int/health
topics/adolescertealth#tab=tab 1

Widener, M. J., & Hatzopoulou, M. (2016). Contextualizing research on transportation and
health: A systems perspectivdournal of Transport & Health 3(3), 232239.
https://doi.org/https://doi.org/10.1016/}.jth.2016.01.008

Widener, M. J., Hatzopoulou, M. J. J. o. T., & Health. (208%)ntextualizing research on
transportation and health: a systems perspe@{gg,. 232239.

Witten, K., & Field, A. (2020). Engaging children in neighborhood planning for active travel
infrastructure. Infransport and Children's Wellbeir{gp. 199216). Elsevier.

Wu, X.Y., Tao, T., Cao, J. S., Fan, Y. L., & Ramaswami, A. (2019). Examining threshold effects
of built environment elements on trawelated carbowioxide emissionslransportation
Research Part Brransport and Environment 75, 1-12.
https://doi.org/10.1016/j.trd.2019.08.018

Wu, Y., AbdetAty, M., Ding, Y., Jia, B., Shi, Q., & Yan, X. (2018). Comparison of proposed
countermeasures for dilemma zone at signalized intersections based on cellular automata
simulations Accident Analysis & Preventiophl16 69-78.

Xiao, D., Ding, H., Sze, N., & Zheng, N. (2024). Investigating built environment and traffic flow
impact on crash frequency in urban road netwokksident Analysis & Preventip@01,
107561.

Xu, L., Cui, S., Tang, J., Yan, X., Huang, W., & Lv, H. J. S. 0. t. T. E. (20483stigating the
comparative roles of muiBource factors influencing urban residents' transportation
greenhouse gas emissiofig4, 13361345.

Xu, M., Shen, Y., Liao, Y., & Woolley, H. J. L. A. F. (2020). EVALUATION INDICATORS
OF CHILDREN'S MOBILITY SAFETY IN THE COMMUNITY ENVIRONMENT
BASED ON ENGLISH LITERATURE REVIEWS(2), 10-26.


https://doi.org/http:/dx.doi.org/10.1016/j.iatssr.2014.12.002
https://www.who.int/health-topics/adolescent-health#tab=tab_1
https://www.who.int/health-topics/adolescent-health#tab=tab_1
https://doi.org/https:/doi.org/10.1016/j.jth.2016.01.008
https://doi.org/10.1016/j.trd.2019.08.018

154

Yannis, G., Kopsacheili, A., Dragomanovits, A., & Petraki, V. (2020). Sthtee-art review on
multi-criteria decisioamaking in the transport sectodournal of Traffic and
Transportation Engineering (English Editign)  7(4), 413431.
https://doi.org/https://doi.org/10.1016/j.jtte.2020.05.005

Ye, T., Yu, P., Wen, B., Yang, Z., Huang, W., Guo, Y., Abramson, M. J., & Li, S. (2022).
Greenspace and health outcomes in children and adolescents: a systematic review.
Environmental Pollution314, 120193.

Yoshizawa, A., & Iwasaki, H. (2017). Analysis of driver's visual attention using-mesar
incidents. 2017 IEEE 16th International Conference on Cognitive Informatics &
Cognitive Computing (ICCI* CC),

Yu, C-Y. (2015). How differences in roadways affect school travel safiiyrnal of the
American Planning Associatip81(3), 203220.

Yu, C. Y. (2015). How Differences in Roadways Affect School Travel Saletytnal of the
American planning association 81(3), 203220.
https://doi.org/10.1080/01944363.2015.1080599

Yule, W., Smith, P. J. R. s. c., & psychiatry, a. (2015). Post traumatic stress disorei&21806

Zafri, N. M., Tabassum, T., Himal, M. R. H., Sultana, R., & Debnath, A. K. (2022). Effect of
pedestrian characteristics and their road crossing behaviors on driver yielding behavior at
controlled intersectiongdournal of Safety Researdil, 1-8.

Zahran, ES. M. M., Tan, S. J., Tan, E. H. A., Mohamad'Asri Putra, N. A. A. B., Yap, Y. H., &
Abdul Rahman, E. K. (2021). Spatial analysis of road traffic accident hotspots: evaluation
and validation of recent approaches using road safety dodithal of Transportation
Safety & Securityl3(6), 575604.

Zalewski, A., & Kempa, J. (2019). Traffic calming as a comprehensive solution improving traffic
road safety. IOP Conference Series: Materials Science and Engineering,

Zhang, C., Chen, F., & Wei, Y. (2019). Evaluation of pedestrian crossing behavior and safety at
uncontrolled mieblock crosswalks with different numbers of lanes in Chihecident
Analysis & Preventionl23 263273.

Zheng, L., & Sayed, T. (2020). A novel approach for real time crash prediction at signalized
intersectionsTransportation research part C: emerging technologids, 102683.

Zheng, L., Sayed, T., & Mannering, F. (2021). Modeling traffic conflicts for use in road safety
analysis: A review of analytic methods and future directighsalytic Methods in
Accident Research 29, 100142.
https://doi.org/https://doi.org/10.1016/j.amar.2020.100142

Zhou, H., & Huang, F. (2013). Development of Traffic Safety Evaluation Method based on
Simulated Conflicts at Signalized Intersectioocedia - Social and Behavioral
Sciences96, 881-885. https://doi.org/https://doi.org/10.1016/j.sbspro.2013.08.100

Zhou, Z., Kang, J., Zou, Z., Wang, H. J. E., Analytics, P. B. U., & Science, C. (2017). Analysis
of traffic noise distribution and influence factors in Chinese urban residential blocks.
44(3), 570587.


https://doi.org/https:/doi.org/10.1016/j.jtte.2020.05.005
https://doi.org/10.1080/01944363.2015.1080599
https://doi.org/https:/doi.org/10.1016/j.amar.2020.100142
https://doi.org/https:/doi.org/10.1016/j.sbspro.2013.08.100

155

Ziakopoulos, A., Yannis, G. J. A. A., & Prevention. (2020). A review of spatial approaches in
road safety135 105323.

Zoom. (2024).



156

APPENDIX A SEARCH TERMS

The following search logic was used to identify literature. It wa@stucted in January 2023
using Web of Science (Core Collection).

("built environment" OR "physical environment" OR "urban environment") AND ("children” OR
"youth" OR "adolescents") AND ("mental health” OR "psychologicaliavelhg” OR "emotional

well-being" OR "behavioral problems").

("built environment" OR "physical environment” OR "urban environment") AND (“transport”

OR "transportation” OR "active transportation" OR "walking" OR "cycling" OR "public
transportation™) AND ("children” OR "child" OR "adolescent” OR "youth") AND ("phgbic
KHDOWK 25 FKLOGKRRG REHVLW\ 25 SK\WLFDO DFWLYLW\ 2

("built environment" OR "physical environment” OR "urban environment") AND (“transport”

OR "transportation” OR "active transportation” OR "walking" OR "cycling" OR "public

transportation”) AND ("children” OR "child" OR "adolescent” OR "youth") AND ("solcelth"

OR "social weHbeing" OR "social interactions" OR "community engagement” OR
QHLIJKERUKRRG FRKHVLRQ’

JROORZLQJ FRPPHQWYV IURP UHYLHZHUV 3QDWXUH" ZDV DGGH
each search and two additional relevant reviews on nature and green space were identified. That

search was run on the 12th of June 2023.
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APPENDIX B SEGMENT CRITERIA DESCRIPTION

Traffic characteristics

This criteriais a combinationof speedfraffic volume numberof street lanesnd
streetdirection.

Measurement:

Speedspeedimit (km/h)

Traffic volume:AverageAnnualDaily Traffic (AADT)

Low <2000,2 Vehicle/Minutes
Medium20006-3000,2-3 Veh/min

High>3000

Traffic characteristics

Somewhat dangerous _

Acceptable
-6000 -4000 -2000 0 2000 4000 6000 8000 10000

Figure B.1Traffic characteristics interval scale
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Table B1 Performance level (Street Directi@®peed LimitTraffic volume Number of lanes)

15- Low-one or
two lanes

¢ One or two way-
15- Medium-one
or two lanes

¢ One or two way-
20- Low-one or
two lanes

¢ One way-30- Low-
One lane

¢ Two way- 10- Low-
2 lanes

¢ Two way- 10-
medium-2 lanes

¢ Two way- 30- Low-
2 lanes

¢ Pedestrian roads

Medium-one lane

One way-30-
Medium

One way-30s- Low

One way-40- Low-
One lane

Two way- 20-

medium

Two way-30s- Low

Two way-30-

Medium-two lanes
Two way-30- low-
3 or more lanes
Two way-30- High-
two lanes

Two way-40- Low-
two lanes

*0One way-20- very High-one lane

*One way-30- High

*One way-30s- Medium

*One way-40- Low- 2 lanes

*One way-40- Medium- one lane

sOne way-40- High- one lane

sOne way-40- Very high- one lane

*One way-50- Low- One or two
lanes

*One way-60- Low

*Two way-30s- low- 4 lanes

sTwo way-30s- Medium

sTwo way-30- Medium-3 lanes

sTwo way-30- High-3 lanes

sTwo way-30- Very high-2 lanes

sTwo way-30s- High

stwo way-40-Low- More than two
lanes

sTwo way-40- Medium or high-
two lanes

*two way-50- Low-two lanes

*+two way-60- Low

sTwo way-30- Low- More than 4
lanes

*One way-40- Low-More than
three lanes

*One way-40- Medium-two or
three lanes

*One way-40- High-two lanes
*One way-40- Very High-two lanes

*One way-50- Low- more than 3
lanes

*One way-50- Medium-One or
two lanes

*One way-50-High-One or two
lanes

*Two way-30- Medium-More than
3 lanes

sTwo way-30s- High-More 2 lanes

*Two way-30s- Medium-More 2
lanes

sTwo way-30- High or very high-
More than 3 lanes

*Two way-40- Medium- More
than 2 lanes

sTwo way-40- High- three lanes

sTwo way-40-Very high- Two
lanes

*Two way-50- Low- More than 2
lanes

*Two Medium

*Two way-50- High-two lanes

Safe Acceptable Some-what dangerous Dangerous Very dangerous
0 -20- High-2 | 0 -30s- High 0 -50- Very High-
* One or two way- e One way~20- ne way igl anes ne way-30s- Higl thr::\\g/a‘;/nes ery High-more

s0One way-50- High-more than 3
lanes

*0One way-50- Very High-more
than 3 lanes

*Two way-60- Medium-More than
one lanes

*Two way-60- High-More than
one lanes

eTwo way-60- Very High

etwo way-70- Low

*Two way-70- Medium

*Two way-70- High

*Two way-70- Very high

*0One way-40- Medium-More than
3 lanes

*Two way-40- High-More than 3
lanes

s0One way-40- High-More than 3
lanes

*One or two way-40- Very high-
More than 3 lanes

*One way-30- High-More than 3
lanes

*0One way-30- Very high-More
than 3 lanes

*One or two way-30s- Very high-
More than 3 lanes

#Two way-50- High- more than
two lanes

Presence of heavy vehicle

This criteriaaremeasured by number sifnall truck, heavy truck and bussdsach street segment

perday. This is the only quantitative criteria for segment MCDA model.

Visibility

r® rr e e

..

) vy

Heavy vehicle

»
-

”
e

o 2] e e e s N s e one e S o S P Pt B Bt e S8

Figure B. 2Heavy vehicle scale
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The criteria are based on driver visibility andmbines the number of streets lanes with the

presence of trees on the street.
Measurement:
Number of lanes: -6

Presence of trees: Yes/No

Driver's visibility

Low

o
o
o

100 150 200

Figure B. 3 Visibility interval scale

TableB.2 Performancével (presencef tree Number of street lanes)

Low Medium High

Tree-1 Tree3 No tree 3

Tree-2 No tree 1 No tree 4 or more than 4
No tree 2 Tree4

Tree more than 4

Traffic calming

This criteriaarebased on the number and typetrafffic calming measures in specific buffer of

streets.



Traffic calming

Very good effect

Some effect

Very little effect

No traffic calming

[=]

50 100 150

200 250 300

Figure B.4 Traffic calming interval scale

Table B3 Traffic calming performance level

No traffic
calming

Very little
effect

Some effect

Good effect

Speed
feedback
sign

Bollard

In street signBollard

Median
separation

Permanent speed bump

In street sighPermanent speed bump

Street
buffer
zone

Temporary speed bump

In street signtemporary speed bump

Traffic direction change

In street sighTraffic direction change

In street sigrSpeed feedback
sign

Speed feedback sighermanent speed
bump

In street signstreet buffer
zone

Speed feedback sigviedian
separation

Bollard-speed feedback sign

Speed feedback siggtreet buffer zone

Speed feedback sign
Temporary speed bump

Permanent speedraffic direction
change

Permanent speed bump
Temporary speed bump

Traffic direction changd&ermanent
speed bump

Speed feedback sighraffic
direction change

Median separaticrPermanent speed
bump

Street buffer zon®ollard

Permanent speed burBwllard

Median separation/Bollard

In street sighPermanent speed bump

Permanent speed burhp street sign

Permanent speed burigmporary
speed bump

In streetsign-Speed feedback sign
Permanent speed bump

In street sigrBollard-Permanent
speed bump
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Presence of Point of interestCommercial area size

This criteria are a combination Number of Point of interest and Size of commercial area (meter

square) in specific buffer the streets.
Measurement:

Point of interest: "point of interest" typically refers to a specific location or area within an urban
environment that is of particular significance or interest due to its unique characteristics,
importance, or relevance to the community and its developng®me examples of PQ@te
&EXOWXUDO DQG UHFUHDWLRQDO IDFLOLWLHY 7UDQVSRUW KX

Number of points of intersect in 5@eter buffer of street:

T Low; 1-3
T Medium 46
T High7-9 Commercial size; (m?/ft?)

The area of the commercial area that intersects with the segment's buffer.

s Small; 36474 m?/387.5102 ft2
s Medium 4757249 m?/510278027 ft2

t Big >7249 m2/78027 ft2
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POl-commercial area

Somewhat dangerous _
Acceptable
-250 -200 -150 -100 -50 0 50 100 150 200 250

FigureB.5 POFCommercial area size interval scale

Table B.4 POICommercial area size performance level

Some-what

Safe Acceptable Dangerous
dangerous
*0-0 * Medium-5mall * Low-Big
s O-small * High-Small » Low-Medium
s Low-0 * Medium-0 * 0-Medium

* Low-Small * High-0
* Medium-Medium

'"ULYHUTV EHKDYLRU

7KLV FULWHULD DUH UHODWHG WR WKH OHYHO RI GULYHUVY |
Measurement:

T Full respect (FR)

T Adequate respect (AR)

T Moderatedisrespect (MD)

T Strong disrespect (SD)



Driver's behavior

Acceptable

-150 -100 -50 0 50 100 150 200 250

Figure B.6 Drivers' behavior interval scale

Table B5 Performance level, speed limit/stop sign/traffic signal

Very low Low Medium High
* FR/ FR/FR * FR/ MD/FR * AR/MD /MD * MD/ FR /MD
*FR/ FR /MD * MD/FR [FR * MD/ MD /FR
* FR/ AR/FR *FR/MD/ AR * MD/ AR [FR * MD/AR /MD
* FR/AR/MD * MD/ FR /AR * MD/ MD /AR
*FR/ FR/ AR * AR/ FR [FR * MD/ AR /AR * MD/MD /MD
* AR/ FR AR * 5D to speed limit
*FR/ AR/AR * AR/ AR [FR * SD to stop sign
* AR/AR fAR * SD to traffic signal
* AR,/ FR /MD
* AR/MD /FR
* AR/MD /AR
* AR/ AR/MD
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APPENDIX C ASSESSMENTOF DRIVERS' COMPLIANCE WITH TRAFFIC
REGULATIONS IN MONTREAL

Objective:

The objective is to assess the level of compliance among drivers in Montreal with regard to traffic

controls and speed limits.

Methodology:

An online survey was conducted using Lime Survey with residents of Montreal. Recruitment was
facilitated by Leger, a firm specializing in public opinion polls in Canada. Participants were
selected from Leger's proprietary database, and each was assigngdeaidentifier or "token"

to maintain confidentiality and link responses accurately. To ensure a representative distribution
of responses, limits were set for each postal code and gender according to population statistics

from the 2021 Census. The targeas 1,000 responses; however, 1,028 were collected.

Data Collection:

The survey comprised four sections:

1. Demographics: Participants provided their postal code and duration of residency and

some general sociodemographic question.

2. Speed Limit Adherence: Participants rankedyeeral adherence to speed limits in their
neighborhood on a scale from very low to very high, and answered detailed questions about the

frequency and extent by which drivers exceed speed limits.

3. Traffic Control Respect: Participants rated the respect for traffic lights and stop signs

generally and also answered detailed questions about the frequency and extent of violations.

4, Pedestrian Priority: This section focused on safety concerns regarding pedestrian
crossings to evaluate the level of respect drivers show towards pedestriai-vigiyt
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The frequency options were designed for better categorizing the final résderstanding the
frequency of violations helps quantify the severity and regularity ofcoompliance, thus

providing a clearer analysis of drivers' behaviors:

Low frequency: yearly and essentially never. (For speed limit low frequency is essentially never

since even a very low frequency of exceeding speed limit is very dangerous)
Medium frequency: weekly, monthly, (for speed limit yearly and monthly)
High frequency: daily, (for speed limit weekly)

Very high frequency: always (for speed daily, always)

Data Cleaning and Results Extraction:

Responses were classified into four categories based on adherence levels: full respect, acceptable
respect, moderate disrespect, and strong disrespect. Each category was defined by frequency of
non-compliance, ranking, and percentage by which drivers exspeed limits. TableC.1

illustrates the details of classification.

Table G1 Variables' classification

Level/variable  Speed limit Stop sign Traffic light Crossing

full respect Low frequency  Low frequency Low frequency Low frequency
Ranking:90100 Ranking:90 Ranking:90100  Ranking:96
Speed 100 100

exceeding: 35

acceptable Medium Medium Medium Medium
respect frequency frequency frequency frequency

Ranking:7589 Ranking:7589 Ranking:7589 Ranking:7589

Speed
exceeding: B




Table G1 Variables' classification mtinued).
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moderate High frequency  High High frequency  High
disrespect Ranking:50-74 frequency Ranking:50-74 frequency
Speed Ranking:50- Ranking:50-
exceeding: 10 4 4
14
strong Very high Very high Very high Very high
disrespect frequency frequency frequency frequency
Ranking: More Ranking: More Ranking: More Ranking: More
than 50 than 50 than 50 than 50

Speed
exceeding: more
than 15
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Participants characteristics

Table D1 Participants characteristics

| Gender | Frequency | Proportion (%) |
Female 552 50.09
Male 547 49.64
Other 3 0.27
Age Frequency | Proportion (%)
Under 18 6 0.54
18-24 53 4.81
2534 197 17.88
3544 206 18.69
4554 117 10.62
55-64 209 18.97
More than65 314 28.49
| Income | Frequency | Proportion (%)
Under $15,000 55 4.99
Between$15,000 and $29,999 133 12.07
Between $30,000 and $49,999 191 17.33
Between $50,000 and $74,999 233 21.14
Between $75,000 and $99,999 167 15.15
Between $100,000 and $150,000 209 18.97
Over $150,000 114 10.34
| Household Size | Frequency | Proportion (%)
1 366 33.21
2 595 53.99
3 or more 138 12.52
Prefer not to say 3 0.27
Ethnicity Frequency | Proportion (%)
Other North American origins 462 41.92
European origins 393 35.66
Middle East origins 37 3.36
African origins 35 3.18
North American Aboriginal origins 33 2.99
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Table D1 Participants characteristi¢sntinued).

Latin, Central and South American origin 28 2.54
Asian origins 27 2.45
Caribbean origins 19 1.72
Southwest asian origins 9 0.82
Oceania origins 1 0.09
Prefer not to say 58 5.26
Employment | Frequency | Proportion (%)
Full-time (more than 30 hours per week) 498 45.19
Parttime/casual job 88 7.99
Retired 374 33.94
Student 66 5.99
Not currently employed, but looking for
work 35 3.18
Homemaker 34 3.09
Prefer not to say 7 0.64
Travel Mode \ Frequency | Proportion (%)
Car driver 443 40.20
Walking 325 29.49
Public transport 242 21.96
Car passenger 50 4.54
Cycling 31 2.81
Other 9 0.82
Motorized twewheel vehicle 2 0.18
Having children Frequency | Proportion (%)
No 686 62.25
Yes 416 37.75
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APPENDIX E INTERSECTION CRITERIA DESCRIPTION

Segment danger level

This criteria are based on the danger level (from the segment MCDA model) of segments reaching
each intersection.

Measurement:

Segment danger level (safe, acceptable, somewhat dangerous, dangerous, very dangerous)

Table E1 Performancé&evelSegment danger level

169

Safe Acceptable Somewhat dangerous Dangerous Very dangerous
F3way all Bway- all Bway all Bway- all Bway with two
safe acceptable Somewhat dangerous or more very

HAway- all dangerous Away all dangerous
Faway-all accenptabl Away all q ith
ptable Somewhat angerous # way with two
safe B or 4 way +one dangerous B or 4 way +one or more very
13 way-one somewhat 8 or 4 way +one very dangerous, dangerous
acceptable, dangerous , the dangerous, the the other streets Bway one very
two safe other streets safg other streets safe dr | safe or dangerous
or acceptable acceptable, acceptable, dangerous
f4way one Bway: 2 Somewhat Somewhat Hway one very
acceptable, acceptable,1 saf¢ | 9angerous dangerous dangerous2 or
three safe Away-2 Bway 2 Somewhat| | gygy 2 more dangerous
dangeroud safe or d f
acceptable, 2 acceptable angeroud. safe
table
safe Hway-2 Somewhat oraccep
dangerous, 2 safe Away-2
or acceptable dangerous, 2 safg
or acceptable

Intersection design

The criteria include two variables: the number of streets that reach an intersection and the type of
streets that reach it.

Measurement:

Type of intersectioifthreeway or four way)



B Street classification

L= local
P=pedestrian
C=collector

A= Arterial

Table E2 Performance levelntersection design

* 3-way- L-L-L
* 3way-P-L-L

* qway-L-L-L-L
¢ 4way-L-L-L-P
s 4way-P-P-L-L

Traffic control

* 3-way-C-L-P
* 3way-C-L-L
e 4way-L-L-L-C
¢ qway-P-L-C-C

This criteria are based on the type of traffic control.

3-way- C-A-P
* 3way-A-C-L

¢ qway-L-L-L-A
e Away-A-C-C-L
¢ 4way-A-C-L-L
¢ 4\Way-A-L-L-L
¢ 4WAY-C-C-C-L
o 4\WAY-C-C-C-P
¢ 3way-C-C-C

Table E3 Performance levelraffic control
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Very high

light

Low Medium High Very high
TAIl way stop tTraffic signal tTraffic signal tNo stopsign
sign with No traffic
pedestrian signal

* 3-way - A-A-A
* 3way- A-C-C

¢ 3way- C-A-A

e 4way- P-L-A-A
e 4way-A-C-C-C
*« 4WAY-A-A-C-C
o J\WAY-A-A-L-L
¢ 4JWAY-A-A-A-C
* JWAY-A-A-A-A
* 4WAY-C-C-C-C
* 3way-L-A-A
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Bike path design

Based on the criterid, was evaluating the impact of the presence and type of bike paths on
pedestrian safety among children.

Table E4 Performance leveBike path design

No bike path

* Piste cyclable au
niveau du trottoir

e Piste cyclable en

* Bande cyclable

* Chaussée
désignée

 Non déterminé site propre
* Voie partagée * Piste cyclable sur
Bus-Vélo rue
e Sentier
polyvalent
* \Vélorue

Presence of point ofnterest & Commercial area size

This criteria are a combination type of Point of interest and Size of commercial area (meter
square) in specific buffer the streets.

Measurement:

Point of interest: "point of interest" typically refers to a specific location or area within an urban
environment that is of particular significance or interest due to its unique characteristics,
importance, or relevance to the community and its developng®me examples of PQ@re
&EXOWXUDO DQG UHFUHDWLRQDO IDFLOLWLHY 7UDQVSRUW KX

Commercial size; (m?/ft?)

The area of the commercial area that intersects with the segment's buffer.
T Small; 36474 m?/387.5102 ft2

T Medium 4757249 m?/5102/8027 ft2

¥ Big >7249 m?/78027 ft2
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Table E5 Performance levellype of POI & commercial area size

Low

¢ 0-0

® Public Art-0

¢ Public Art-small

® Building & Landmark-0

e Library-0

o Library-small

 Cultural Establishment-o

* Venue-0

* Park & Other Green Space-0
® Park and other green space-small
* Government Service-0

* Municipal Service-0

* Municipal Service-small

Traffic calming

This criteria measured basedtbe number and type of traffic calming measure in specific buffer

on intersection.

o Library-medium

* Community Equipment-0

* Community-small equipment

* Municipal-Medium Service

® Transport-0

® Sports & Recreation Equipment-o

* Government Service-Medium

® Public-medium art

 Cultural-small establishment

* Medium-cultural establishment

¢ Venue-small

* Venue-Medium

* Building & Place of Interest-
Medium

® Health Service-Medium
* School-0

® School-small

* School-medium

Medium
® Transport-small
* Transport-medium
* Emergency-Medium Service

* Emergency Department-0

* Emergency Department-small

* Park and other green-medium
space

* Health Service-0

¢ Health Service-small

* Community-Medium Equipment
* Sports & Recreational Equipment-

Vey high

e Community-big equipment

* Emergency-big department

* Sports & Recreational-Big
Equipment

¢ Building & Interest-Big

e Park and other green space-
big

¢ Venue-big

TableE-6 Performance levelTraffic calming

Very little effect

Some effect

Good effect

Avancée de trottoir
virtuelle/Virtual curb
extension

Curb extension
In street sign
Pedestrian Refuge

Elevated intersection
Pedestrian Refuge curb
extension

Elevated Intersection- curb
extension

Lurb extension #In street
sign

Elevated Intersection- Curb
extension- Removable
marker

Virtual curb extension- Curb
extension
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Intersection visibility
The criteria is based on how visilakildren are on the street as pedestrians.
Measurement:

B Presence of parked vehicle

TableE-7 Performance levelntersection visibility

Low visibility

* No parked
vehicle

® One side

e All street -
two side
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APPENDIX F VALUE JUDGEMENTS-INTERSECTION

My Segment danger index X
Current
ery Dangerous Dangerous Some-what dangerous Acceptable Safe P
v. strong
Very Dangerous weak =trong v. strong extreme 2ZEE.EL

strong

Dangerous _ mod-strg v. gtrong extreme 155_9¢€
Some-what dangerous _ moderate strg-vsir i00.00
Acceptable e weak-mod 0.00

Sate |

Consistent judgements

&l Al 9 215 &1 B EE~ & 2] W

Figure F.1 Segment danger level

Hy, Intersection design >

Dangerous Some-what dangerous Acceptable Safe C;"cr;?:t extreme
v. strong

Dangerous mod-strg v. strong extreme 1&0
strong

Some-what dangerous _ stron extreme 100 | et
S g moderate

Consistent judgements

2 O @ 21%d &1 B EE- 5 1

Figure F.2ntersection design

Hg, Traffic control *
Too dangerous | one way stop Dangerous acceptable Safe C:;;T:t e

¥. strong

Too dangerous wvery weak strong v. strong extreme 300

one way stop _ moderate strong v. strong 20
Dangerous _ mod-strg v. strong 150
acceptable _ moderate 100

Sare . -

Consistent judgements

2 O 91515 &1 B =g & % 2] 8

Figure F.3 Traffic control




Ha, Bike path design

Mo path
Little effect
Some effect

Mo path

scale

weak

moderate za0

Little effect | Some effect || “U°M | EAUENG

v. strong

weak-mod 100
- moderate

B -

Consistent judgements

B Ol 9l 21%d £1 BlEE- & 8 2] =

FigureF.4 Bike path design

W* Traffic calming

no traffic calming measures.
Little effect

Some what effect
Good effect

no traffic calming mea.suresl Little effect

Some what effect ‘ Good effect

Current
scale

very weak

mod-strg extreme

D oo

Consistent judgements

2 O 91215 &1 Bl HEF- 25 2] W

FigureF.5 Traffic calming

233.33
200.00
100.00

v. strong

strong

Dangerous

Dangerous

Some-what dangerous.

Acceptable
Safe

Some-what dangerous Acceptable ‘ Safe C:cr::t
moderate: strg-vstr extreme 200.00
_ moderate v. strong ioo.00

Consistent judgements

2l O 7l 25 & = EhEn & H 2 H

FigureF.6 Type of POl & Commercial area size

extreme

v. strong

strong

moderate
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Mg, Intersection visibility

Intersection Visibility

Less Visible

Lezs Visible
Somewhat Visible
Visible

Somewhat Visible Visible Current
scale

moderate v. strong 175

_ strong ioag

B

Consistent judgements

&l O 91 &l% & B EF & | & T

FigureF.7 Intersection visibility
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APPENDIX G: DATA SOURCE

TableG.1 Data description

177

Variable

Measurement

Data Source

Speed

Speedimit: extracting the speed limit
from theSign dataset

https://donnees.montreal.ca/

Street direction

([WUDFW L @dobbdeR Pésgau
routier {dataset

https://donnees.montreal.ca/

Number oflanes

Extracting from Street dataset

https://www.openstreetmap.org/

Number of bus

Calculating number of bus at each
VWUHHW V HBUR Bt@p IV GXD/W
andBus route dataset

https://donnees.montreal.ca/

Number of heavy vehicle

x  Calculation usingVehicle,
cyclist and pedestrian
counts at intersections with
traffic lights (with camera)
dataset

x Estimation of remaining
street segment using BE
variables

https://donnees.montreal.ca/

Estimation data

Presence of trees

Extracting fromPublic treesdataset

https://donnees.montreal.ca/

Traffic calming

Traffic ~ calming dataset  for
intersections and street segments

Prepared by City of Montreal

Point of intersect

POI dataset

https://www.donneesquebec.ca/

Commercial area

Aggregation of different commercial
dataset

https://www.openstreetmap.org/

https://www.donneesquebec.ca/

POI dataset

Stop sign Extracting the speed limit from the| https://donnees.montreal.ca/
Sign dataset

Traffic signal Extracting from Traffic signals https://donnees.montreal.ca/
dataset

Type of street (local, collector, arterial)

([WUDFW L @dobbser Pésgau
U R X atabet {street class section)

https://donnees.montreal.ca/

Shape of intersection

Extracting from GéobaseNodes

dataset

https://donnees.montreal.ca/

Bike path design

Extraction fromBike path dataset

https://donnees.montreal.ca/

Presence of parked vehicles

Extraction from On-street parking
signsdataset

https://donnees.montreal.ca/

Traffic volume Average Annual Daily Traffic | Simulation data
(AADT)
Borough (City of Montreal) Neighborhood dataset https://www.openstreetmap.org/

Census block

Census block

https://www.statcan.gc.ca/



https://donnees.montreal.ca/
https://www.openstreetmap.org/

